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In order to comprehend the concepts of operating in the ocean world, an understanding of the

details of this environment is needed. The content of this chapter explores the makeup of fresh

water and seawater and then goes into the interaction of this substance with the world of robotics.

We will explore the basic concepts of water density, ocean circulation, currents and tides and how

each of these affects the operation of ROV equipment. Armed with a general knowledge of ocean-

ography, work site predictions may be made on such variables as turbidity (affecting camera

optics), temperature/salinity (affecting acoustic equipment and vehicle buoyancy), tide and current

flows (affecting drag computations on the submersible/tether combination), and dissolved gases

(affecting biological population). This section condenses information from complete college curric-

ulums; therefore, for further details, please see the references in the bibliography. Special thanks go

to Steve Fondriest of Fondriest Environmental, Inc. for his contribution to the fundamentals of

environmental monitoring and data collection instrumentation.

2.1 Physical oceanography
2.1.1 Distribution of water on earth
Earth is the only planet known to have water resident in all three states (solid, liquid, and gas). It is

also the only planet to have known liquid water currently at its surface. Distribution of the earth’s

water supply is given in Table 2.1.

As shown in Table 2.1, most (97%) of the world’s water supply is in the oceans. Water can dis-

solve more substances (and in greater quantities) than any other liquid. It is essential to sustain life

and is a moderator of our planet’s temperature, a major contributor to global weather patterns, and,

of course, essential for operation of an ROV.

The oceans cover 70.8% of the earth’s surface, far overreaching earth’s land mass. Of the ocean

coverage, the Atlantic covers 16.2%, the Pacific 32.4%, the Indian Ocean 14.4%, and the margin

and adjacent areas the balance of 7.8%. It is also interesting to note that the Pacific Ocean alone

covers 3.2% more surface area on earth than all of the land masses combined.

2.1.2 Coastal zone classifications and bottom types
General coastal characteristics tend to be similar for thousands of kilometers. Most coasts can be

classified as either erosional or depositional depending upon whether their primary features were
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created by erosion of land or deposition of eroded materials. Erosional coasts have developed

where the shore is actively eroded by wave action or where rivers or glaciers caused erosion when

the sea level was lower than its present level. Depositional coasts have developed where sediments

accumulate either from a local source or after being transported to the area in rivers and glaciers or

by ocean currents and waves.

Of primary interest to the ROV pilot, with regard to coastal zones, is the general classification

of these zones and its effect upon general water turbidity in the operational area. Depositional

coasts tend to have a higher quantity of suspended solids in the water column, thus a higher turbid-

ity and degraded camera performance. Erosional coasts tend to possess fewer suspended particles,

thus featuring better camera optics. Further, the depositional source will greatly affect the level of

turbidity since mud deposited from a river estuary will have a higher turbidity than a rock and sand

drainage area.

As stated earlier, oceans cover 70.8% of the earth’s surface. Of that composition, the distribu-

tion between continental margins and deep-sea basins is provided in Table 2.2.

A substantial amount of scientific and oil exploration/production work is done in the continental

margins with ROVs. The continental margins are, in large part, depositional features. Their charac-

teristics are driven by runoff deposited from the adjacent continent.

Sediments are carried from the marine estuaries and then deposited onto the continental shelf.

As the seafloor spreads due to tectonic forces, the sediments fall down the continental slope and

come to rest on the abyssal plain. Substantial amounts of oil and gas deposits are locked in these

Table 2.1 Earth’s Water Supply

Water Source Water Volume, in
Cubic Miles

Water Volume, in
Cubic Kilometers

Percent of
Fresh water

Percent of
Total Water

Oceans, seas, and
bays

321,000,000 1,338,000,000 � 96.5

Ice caps, glaciers, and
permanent snow

5,773,000 24,064,000 68.7 1.74

Groundwater

Fresh 2,526,000 10,530,000 30.1 0.76

Saline 3,088,000 12,870,000 � 0.94

Soil moisture 3959 16,500 0.05 0.001

Ground ice and
permafrost

71,970 300,000 0.86 0.022

Lakes

Fresh 21,830 91,000 0.26 0.007

Saline 20,490 85,400 � 0.006

Atmosphere 3095 12,900 0.04 0.001

Swamp water 2752 11,470 0.03 0.0008

Rivers 509 2120 0.006 0.0002

Biological water 269 1120 0.003 0.0001

Source: US Geological Survey.
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sediments and are the focus of exploration and production efforts. The general bottom characteris-

tics of this shelf are mud and sediment.

2.2 Chemical oceanography
Water is known as the “universal solvent.” While pure water is the basis for life on earth, as more

impurities are added to that fluid the physical and chemical properties change drastically. The

chemical makeup of the water mixture in which the ROV operates will directly dictate operational

procedures and parameters if a successful operation is to be achieved.

Two everyday examples of water’s physical properties and their effect on our lives are (i) ice

floats in water and (ii) we salt our roads in wintertime to “melt” snow on the road. Clearly, it is

important to understand the operating environment and its effect on ROV operations. To accom-

plish this, the properties and chemical aspects of water and how they are measured will be

addressed to determine their overall effect on the ROV.

The early method of obtaining environmental information was by gathering water samples for

later analysis in a laboratory. Today, the basic parameters of water are measured with a common

instrument named the “CTD sonde.” Some of the newest sensors can analyze a host of parameters

logged on a single compact sensing unit.

Fresh water is an insulator, with the degree of electrical conductivity increasing as more salts

are added to the solution. By measuring the water’s degree of electrical conductivity, a highly accu-

rate measure of salinity can be derived. Temperature is measured via electronic methods, and depth

is measured with a simple water pressure transducer. The CTD probe measures “conductivity/tem-

perature/depth,” which are the basic parameters in the sonic velocity equation. Newer environmen-

tal probes are available for measuring any number of water quality parameters such as pH,

dissolved oxygen and CO2, turbidity, and other parameters.

The measurable parameters of water are needed for various reasons. A discussion of the most

common measurement variables the commercial or scientific ROV pilot will encounter, the infor-

mation those parameters provide, and the tools/techniques to measure them follows.

2.2.1 Salinity
2.2.1.1 Salt water
The world’s water supply consists of everything from pure water to water plus any number of dis-

solved substances due to water’s soluble nature. Water quality researchers measure salinity to

assess the purity of drinking water, monitor salt water intrusion into fresh water marshes and

groundwater aquifers, and research how the salinity will affect the ecosystem.

Table 2.2 Ocean Coverage Distribution

106 km2 Percentage of Earth’s Surface Area

Continental margin 93 18.2

Deep basins 268 52.6

Total 361 70.8
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The two largest dissolved components of typical seawater are chlorine (56% of total) and

sodium (31% of total), with the total of all lumped under the designation of “salts.” Components of

typical ocean water dissolved salts are comprised of major constituents, minor constituents, and

trace constituents. An analysis of 1 kg of seawater (detailing only the major constituents of dis-

solved salts) is provided in Table 2.3.

The total quantity of dissolved salts in seawater is expressed as salinity, which can be calculated

from conductivity and temperature readings. Salinity was historically expressed quantitatively as

grams of dissolved salts per kilogram of water (expressed as percentage) or, more commonly, in

parts per thousand (ppt). To improve the precision of salinity measurements, salinity is now defined

as a ratio of the electrical conductivity of the seawater to the electrical conductivity of a standard

concentration of potassium chloride solution. Thus, salinity is now defined in practical salinity units

(PSU), although one may still find the older measure of salt concentration in a solution as parts per

thousand or percentage used in the field.

Ocean water has a fairly consistent makeup, with 99% having between 33 and 37 PSU in dis-

solved salts. Generally, rain enters the water cycle as pure water and then gains various dissolved

minerals as it travels toward the ocean. Water enters the cycle with a salt content of 0 PSU, mixes

with various salts to form brackish water (in the range of 0.5�30 PSU) as it blends with rivers and

estuaries, homogenizes with the ocean water (75% of the ocean’s waters have between 33 and 34

PSU of dissolved salts) as the cycle ends, and then renews with evaporation.

Just as a layer of rapid change in temperature (the thermocline) traps sound and other energy,

so does an area of rapid change in salinity, known as a “halocline.” These haloclines are present

both horizontally (see cenote example later in this chapter) and vertically (e.g., rip tides at river

estuaries).

As the salinity of water increases, the freezing point decreases. As an anecdote to salinity, there

are brine pools under the Antarctic ice amid the glaciers in the many lakes of Antarctica’s

McMurdo Dry Valleys. A team recently found a liquid lake of super-concentrated salt water, seven

times saltier than normal seawater, locked beneath 62 ft (19 m) of lake ice—a record for lake ice

cover on earth.

Table 2.3 Dissolved Salts in Water

Component Weight in Grams

Pure water 965.31

Major constituents

Chlorine 19.10

Sodium 10.62

Magnesium 1.28

Sulfur 2.66

Calcium 0.40

Potassium 0.38

Minor constituents 0.24

Trace constituents 0.01

Total (in grams) 1000.00
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Salts dissolved in water change the density of the resultant seawater for these reasons:

• The ions and molecules of the dissolved substances are of a higher density than water.

• Dissolved substances inhibit the clustering of water molecules (particularly near the freezing

point), thus increasing the density and lowering the freezing point.

Unlike fresh water, ocean water continues to increase in density up to its freezing point of

approximately 22�C. At 0 PSU (i.e., fresh water), maximum density is approximately 4�C with a

freezing point of 0�C. At 24.7 PSU and above, ocean water has a freezing point of its maximum

density; therefore, there is no maximum density temperature above the freezing point. The maxi-

mum density point scales in a linear fashion between 0 and 24.7 PSU (Figure 2.1).

Thus, ocean water continues to increase in density as it cools and sinks in the open ocean. As a

result, the deepwaters of the world’s oceans are uniformly cold.

Comparisons of salinity and temperature effects upon water density yield the following:

• At a constant temperature, variation of the salinity from 0 to 40 PSU changes the density by

about 0.035 specific gravity (or about 3.5% of the density for 0 PSU water at 4�C).
• At a constant salinity (i.e., 0 PSU), raising the temperature from 4�C (maximum density) to

30�C (highest temperature generally found in surface water) yields a decrease in density of

0.0043 (1.000�0.9957) for a change of 0.4%.

Clearly, salinity has a much higher effect upon water density than does temperature.

As a practical example, suppose a 220 pound (100 kg) ROV is ballasted for 4�C fresh water at

exactly neutral buoyancy. If that same submersible were to be transferred to salt water, an addi-

tional ballasting weight of approximately 7.7 pounds (3.5 kg) would be required to maintain that

vehicle at neutral buoyancy.
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Salt water density, salinity versus temperature.
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Ice at 0�C has a density of 57.25 lb/ft3 (0.917 g/cm3), which is about 8% less than that of water

at the same temperature. Obviously, water expands when it freezes, bursting pipes and breaking

apart water-encrusted rocks, thus producing revenues for marine and land plumbing contractors.

2.2.1.2 Fresh water
A vast majority of the world’s fresh water supply is locked within the ice caps and glaciers of the

high Arctic and Antarctic regions. Fresh water is vital to man’s survival, and thus most human

endeavors surround areas of fresh water. Due to the shallow water nature of the fresh water collec-

tion points, man has placed various items of machinery, structures, and tooling in and around these

locations. The ROV pilot will, in all likelihood, have plenty of opportunity to operate within the

fresh water environment.

The properties of water directly affect the operation of ROV equipment in the form of tempera-

ture (affecting components and electronics), chemistry (affecting seals, incurring oxidation, and

degrading machinery operation), and specific gravity (buoyancy and performance). These param-

eters will determine the buoyancy of vehicles, the efficiency of thrusters, the numbers and types of

biological specimens encountered, as well as the freezing and boiling points of the operational envi-

ronment. The water density will further affect sound propagation characteristics, directly impacting

the operation of sonar and acoustic positioning equipment.

Fresh water has a specific gravity of 1.000 at its maximum density. As water temperature rises,

molecular agitation increases the water’s volume, thus lowering the density of the fluid per unit

volume. In the range between 3.98�C and the freezing point of water, the molecular lattice structure

(in the form of ice crystals) again increases the overall volume, thus lowering its density per unit

volume (remember, ice floats). The point of maximum density for fresh water occurs at 3.98�C (the

point just before the formation of ice crystals). At the freezing point of water, the lattice structure

rapidly completes, thus significantly expanding the volume per unit mass and lowering the density

at that temperature point. A graph describing the temperature/density relationship of pure water is

shown in Figure 2.2.
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Fresh water has a maximum density at approximately 4�C (Figure 2.1) yet ocean water has no

maximum density above the freezing point. As a result, lakes and rivers behave differently at the

freezing point than ocean water. As the weather cools with the approach of winter, the surface

water of a fresh water lake is cooled and its density is increased. Surface water sinks and displaces

bottom water upward to be cooled in turn. This convection process is called “overturning.” This

overturning process continues until the maximum density is achieved, thus stopping the convection

churning process at 4�C. As the lake continues to cool, the crystal structure in the water forms, thus

allowing the cooler water at the surface to decrease in density, driving still further the cooler (less

dense) surface water upward, allowing ice to form at the surface.

2.2.2 Pressure
The SI unit for pressure is the kilopascal (expressed as kPa). One pascal is equal to one newton per

square meter. However, oceanographers normally use ocean pressure with reference to sea-level

atmospheric pressure. The imperial unit is one atmosphere. The SI unit is the bar. The decibar is a

useful measure of water pressure and is equal to 1/10 bar. Seawater generally increases by one

atmosphere of pressure for every 33 ft of depth (approximately equaling 10 m). Therefore, one deci-

bar is approximately equal to one meter of depth in seawater (Figure 2.3).

As an ROV pilot, seawater pressure directly affects all aspects of submersible operation. The

design of the submersible’s air-filled components must withstand the pressures of depth, the flota-

tion must stand up to the pressure without significant deformation (thus losing buoyancy and sink-

ing the vehicle), and tethers must be sturdy enough to withstand the depth while maintaining their

neutral buoyancy.

2.2.3 Compressibility
For the purposes of ROV operations, seawater is essentially incompressible. There is a slight com-

pressibility factor, however, that does directly affect the propagation of sound through water. This

compressibility factor will affect the sonic velocity computations at varying depths (see

Section 2.2.8 later in this chapter).

2.2.4 Conductivity
Conductivity is the measure of electrical current flow potential through a solution. In addition,

because conductivity and ion concentration are highly correlated, conductivity measurements are

used to calculate ion concentration in solutions. Commercial and military operators observe con-

ductivity for gauging water density (for vehicle ballasting and such) and for determining sonic

velocity profiles (for acoustic positioning and sonar use). Water quality researchers take conductiv-

ity readings to determine the purity of water, to watch for sudden changes in natural or wastewater,

and to determine how the water sample will react in other chemical analyses. In each of these

applications, water quality researchers count on conductivity sensors and computer software to

sense environmental waters, log and analyze data, and present this data.
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PressureDistance

Feet Meters ATM PSI kPa

18,000 0.5 7.34 50.6

0 0 1 14.7 101.3

–33 –10 2 29.4 202.6

–66 –20 3 44.07 303.9

5486

FIGURE 2.3

Pressure in atmospheres from various levels.
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2.2.5 Water temperature
Water temperature is a measure of the kinetic energy of water and is expressed in degrees

Fahrenheit (F) or Celsius (C). Water temperature varies according to season, depth, and, in some

cases, time of day. Because most aquatic organisms are cold blooded, they require a certain temper-

ature range to survive. Some organisms prefer colder temperatures and others prefer warmer tem-

peratures. Temperature also affects the water’s ability to dissolve gases, including oxygen. The

lower the temperature, the higher the solubility. Thermal pollution, the artificial warming of a body

of water because of industrial waste or runoff from streets and parking lots, is becoming a common

threat to the environment. This artificially heated water decreases the amount of dissolved oxygen

and can be harmful to cold water organisms.

In limnological research, water temperature measurements as a function of depth are often

required. Many reservoirs are controlled by selective withdrawal dams, and temperature monitoring

at various depths provides operators with information to control gate positions. Power utility and

industrial effluents may have significant ecological impact with elevated temperature discharges.

Industrial plants often require water temperature data for process, use, and heat transfer calculations.

Pure water freezes at 32�F (0�C) and boils at 212�F (100�C). ROV operations do not normally

function in boiling water environments; therefore, the focus here will be upon the temperature

ranges in which most ROV systems operate (i.e., 32�F to 86�F or 0�C to 30�C). The examination

of salinity will be in the range from fresh water to the upper limit of seawater.

Temperature in the oceans varies widely both horizontally and vertically. On the high tempera-

ture side, the Persian Gulf region during summertime will achieve a maximum of approximately

90�F (32�C). The lowest possible value is at the freezing point of 28.4�F (22�C) experienced in

polar region(s).

The vertical temperature distribution nearly everywhere (except the polar regions) displays a

profile of decreasing water temperature with increasing depth. Assuming constant salinity, colder

water will be denser and will sink below the warmer water at the surface.

There is usually a mixed layer of isothermal (constant temperature) water from the surface to

some near-surface depth due to wind mixing and convective overturning (thermally driven vertical

density mixing) that changes with the seasons (Figure 2.4). The layer is thin at the equator and

thick at the poles. The layer where there is a rapid change in temperature over a short distance is

termed a “thermocline” and has some interesting characteristics. Due to the rapid temperature gra-

dient, this thermocline forms a barrier that can trap sound energy, light energy, and any number of

suspended particles. The degree of perviousness of the barrier is determined by the relative strength

or degree of change over distance. For the ROV pilot, a thermocline in the area of operation can

hinder the function of acoustic positioning, sonar, and any sounding equipment aboard attempting

to burn through the layer. It is especially of concern to anti-submarine warfare technicians.

2.2.6 Density
Density is mass per unit volume measured in SI units in kilograms per cubic meter (or, on a smaller

scale, grams per cubic centimeter). The density of seawater depends upon salinity, temperature, and

pressure. At a constant temperature and pressure, density varies with water salinity. This measure is

of particular importance to the ROV pilot for the determination of neutral buoyancy for the vehicle.
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The density range for seawater is from 1.02200 to 1.030000 g/cm3 (Thurman, 1994). In an ide-

alized stable system, the higher density water sinks to the bottom while the lower density water

floats to the surface. Water under the extreme pressure of depth will naturally be denser than sur-

face water, with the change in pressure (through motion between depths) being realized as heat.

Just as the balance of pressure/volume/temperature is prevalent in the atmosphere, so is the temper-

ature/salinity/pressure model in the oceans.

A rapid change in density over a short distance is termed a “pycnocline” and can trap any number

of energy sources from crossing this barrier, including sound (sonar and acoustic positioning sys-

tems), current, and neutrally buoyant objects in the water column (underwater vehicles). Changing

operational area from a lower latitude to a higher latitude produces a mean temperature change in
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the surface layer. As stated previously, the deep ocean is uniformly cold due to the higher density

cold water sinking to the bottom of the world’s oceans. The temperature change from the warm sur-

face at the tropics to the lower cold water can be extreme, causing a rapid temperature swing within a

few meters of the surface. This surface layer remains near the surface, causing a small tight “surface

duct” in the lower latitudes. In the higher latitudes, however, the difference between ambient surface

temperature and the temperature of the cold depth is less pronounced. The thermal mixing layer at

these latitudes, as a result, is much larger (over a broader range of depth between the surface and the

isothermal lower depths) and less pronounced (Figure 2.5). In Figure 2.5(a), density profiles by lati-

tude and depth are examined to display the varying effects of deepwater temperature/density profiles

versus ambient surface temperatures. Figure 2.5(b) and (c) looks at the same profiles only focusing on

temperature and salinity. Figure 2.5(d) demonstrates a general profile for density at low to midlati-

tudes (the mixed layer is water of constant temperature due to the effects of wave mechanics/mixing).

A good example of the effect of density on ROV operations comes from a scientific mission

conducted in 2003 in conjunction with National Geographic magazine. The mission was to the ce-

notes (sinkholes) of the Northern Yucatan in Mexico. Cenotes are a series of pressure holes in a cir-

cular arrangement, centered around Chicxulub (the theoretical meteor impact point), purportedly

left over from the K�T event from 65 million years ago that killed the dinosaurs.

The top water in the cenote is fresh water from rain runoff, with the bottom of the cenote

becoming salt water due to communication (via an underground cave network) with the open

ocean. This column of still water is a near perfect unmixed column of fresh water on top with salt

water below. A micro-ROV was being used to examine the bottom of the cenote as well as to sam-

ple the salt water/fresh water (halocline) layer. The submersible was ballasted to the fresh water on

the top layer. When the vehicle came to the salt water layer, the submersible’s vertical thruster had

insufficient downward thrust to penetrate into the salt water below and kept “bouncing” off the hal-

ocline. The submersible had to be re-ballasted for salt water in order to get into that layer and take

the measurements, but the vehicle was useless on the way down due to its being too heavily bal-

lasted to operate in fresh water.

2.2.7 Depth
Depth sensors, discussed below, measure the distance from the surface of a body of water to a

given point beneath the surface, either the bottom or any intermediate level. Depth readings are

used by researchers and engineers in coastal and ocean profiling, dredging, erosion and flood moni-

toring, and construction applications.

Bathymetry is the measurement of depth in bodies of water. Further, it is the underwater version

of topography in geography. Bottom contour mapping details the shape of the seafloor, showing

the features, characteristics, and general outlay. Tools for bathymetry and sea bottom characteriza-

tion are as follows.

2.2.7.1 Echo sounder
An echo sounder measures the round trip time it takes for a pulse of sound to travel from the source

at the measuring platform (surface vessel or on the bottom of the submersible) to the sea bottom

and return. When mounted on a vessel, this device is generally termed a “fathometer” and when

mounted on a submersible it is termed an “altimeter.”
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Individual sound velocity components (a) density, (b) temperature, and (c) salinity combined into a composite

(d) sound velocity curve by depth.
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According to Bowditch (2002), “the major difference between various types of echo sounders is

in the frequency they use. Transducers can be classified according to their beam width, frequency,

and power rating. The sound radiates from the transducer in a cone, with about 50 percent actually

reaching the sea bottom. Beam width is determined by the frequency of the pulse and the size of

the transducer. In general, lower frequencies produce a wider beam, and at a given frequency, a

smaller transducer will produce a wider beam. Lower frequencies penetrate deeper into the water,

but have less resolution in depth. Higher frequencies have a greater resolution in depth, but less

range, so the choice is a trade-off. Higher frequencies also require a smaller transducer. A typical

low-frequency transducer operates at 12 kHz and a high-frequency one at 200 kHz.” Many smaller

ROV systems have altimeters, such as the Imagenex 852, on the same frequency as their imaging

system for easier software integration (the same software can be used for processing both signals)

and reduced cost (Figure 2.6).

Computation of depth as determined by an echo sounder is determined via the following

formula:

D5 ðV 3 T=2Þ1K1Dr

where D is depth below the surface (or from the measuring platform), V is the mean velocity of

sound in the water column, T is time for the round trip pulse, K is the system index constant, and

Dr is the depth of the transducer below the surface.

2.2.7.2 Optic�acoustic seabed classification
Traditional seafloor classification methods have, until recently, relied upon the use of mechanical

sampling, aerial photography, or multiband sensors (such as Landsatt) for major bottom-type

Vehicle
depth

Vehicle
altitude

Transducer
depth

Sounded
depth

FIGURE 2.6

Vessel-mounted and sub-mounted sounders.
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discrimination (e.g., mud, sand, rock, sea grass, and corals). Newer acoustic techniques for collect-

ing hyperspectral imagery are now available through processing of acoustic backscatter.

Acoustic seabed classification analyzes the amplitude and shape of acoustic backscatter echoed

from the sea bottom for the determination of bottom texture and makeup (Figure 2.7). Seafloor

roughness causes impedance mismatch between the water and the sediment. Further, reverberation

within the substrate can be analyzed in determining the overall composition of the bottom being

insonified. Acoustic data acquisition systems and a set of algorithms that analyze the data allow for

determining the seabed acoustic class.

2.2.8 Sonic velocity and sound channels
Sound propagation (vector and intensity) in water is a function of its velocity. And velocity is a

function of water density and compressibility. As such, sound velocity is dependent upon tempera-

ture, salinity, and pressure and is normally derived expressing these three variables (Figure 2.8).

The speed of sound in water changes by 3�5 m/s/�C, by approximately 1.3 m/s/PSU salinity

change, and by about 1.7 m/s/100 m change in depth (compression). The speed of sound in seawa-

ter increases with increasing pressure, temperature, and salinity (and vice versa).

The generally accepted underwater sonic velocity model was derived by W. D. Wilson in 1960.

A simplified version of Wilson’s (1960) formula on the speed of sound in water follows:

c5 14491 4:6T 2 0:055T2 1 0:0003T3 1 1:39ðS� 35Þ1 0:017D

where c is the speed of sound in meters per second, T is the temperature in degrees Celsius, S is

the salinity in PSU, and D is the depth in meters.

Temperature/salinity/density profiles are important measurements for sensor operations in many

underwater environments, and they have a dramatic effect on the transmission of sound in the

Echo
trace

Echo
trace

Smooth simple bottom Rough complicated bottom

FIGURE 2.7

Acoustic seabed classification.
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ocean. A change in overall water density over short range due to any of these three variables (or in

combination) is termed a “pycnocline.” Overall variations of pressure and temperature are depicted

graphically in Figure 2.9.

This layering within the ocean, due to relatively impervious density barriers, causes the forma-

tion of sound channels within bodies of water. These “channels” trap sound, thus directing it over

possibly long ranges. Sound will refract based upon its travel across varying density layers, bending

toward the denser water and affecting both range and bearing computations for acoustics

(Figure 2.10). Over short ranges (tens or hundreds of meters) this may not be a substantial number

and can possibly be disregarded, but for the longer distances of some larger ROV systems, this

becomes increasingly a factor to be considered.
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2.2.9 Viscosity
Viscosity is a liquid’s measure of internal resistance to flow or resistance of objects to movement

within the fluid. Viscosity varies with changes in temperature/salinity, as does density. Seawater is

more viscous than fresh water, which will slightly affect the computations of vehicle drag.

2.2.10 Water flow
Water flow is the rate at which a volume of water moves or flows across a certain cross-sectional

area during a specified time and is typically measured in cubic feet per second/cubic meters per

second (cfs/cms). The flow rate changes based upon the amount of water and the size of the river

or stream being monitored. Environmental researchers monitor water flow in order to estimate pol-

lutant spread, to monitor groundwater flow, to measure river discharge, to manage water resources,

and to evaluate the effects of flooding.

2.2.11 Turbidity
Turbidity (which causes light scattering—see Section 2.2.17.3), the measure of the content of sus-

pended solids in water, is also referred to as the “cloudiness” of the water. Turbidity is measured

by shining a beam of light into the solution. The light scattered off the particles suspended in the

solution is then measured, and the turbidity reading is given in nephelometric turbidity units. Water

quality researchers take turbidity readings to monitor dredging and construction projects, examine

microscopic aquatic plant life, and monitor surface, storm, and wastewater.

2.2.12 Chlorophyll
In various forms, chlorophyll is bound within the living cells of algae and other phytoplankton

found in surface water. Chlorophyll is a key biochemical component in the molecular apparatus

that is responsible for photosynthesis, the critical process in which the energy from sunlight is used

to produce life-sustaining oxygen. In the photosynthetic reaction, carbon dioxide is reduced by

water, and chlorophyll assists this transfer.

2.2.13 Water quality
Water quality researchers count on sensors and computer software to sense environmental waters and

log and analyze data. Factors to be considered in water quality measurement are discussed below.

2.2.13.1 Alkalinity and pH
The acidity or alkalinity of water is expressed as pH (potential of hydrogen). This is a measure of

the concentration of hydrogen (H1) ions. Water’s pH is expressed as the logarithm of the reciprocal

of the hydrogen ion concentration, which increases as the hydrogen ion concentration decreases

(and vice versa). When measured on a logarithmic scale of 0�14, a pH of 0 is the highest acidity,

a pH of 14 is the highest alkalinity, and a pH of 7 is neutral (Figure 2.11). Pure water is pH neutral,

with seawater normally at a pH of 8 (mildly alkaline).
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pH measurements help determine the safety of water. The sample must be between a certain pH

to be considered drinkable, and a rise or fall in pH may indicate a chemical pollutant. Changes in

pH affect all life in the oceans; therefore, it is most important to aquatic biology to maintain a

near-neutral pH. As an example, shellfish cannot develop calcium carbonate hard shells in an acidic

environment.

1 Hydrochloric acid

2 Lime juice

3 Acetic acid

4 Tomato juice

5 Black coffee

6 Milk

7 Pure water; blood

8 Seawater; baking soda

9 Borax solution

10

11

12 Household ammonia

13

14 Sodium hydroxide

3.5 Acid rain

5.5 River water

FIGURE 2.11

Graphical presentation of common items with their accompanying pH.
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2.2.13.2 Oxidation reduction potential
Oxidation reduction potential (ORP) is the measure of the difference in electrical potential between

a relatively chemically inert electrode and an electrode placed in a solution. Water quality research-

ers use ORP to measure the activity and strength of oxidizers (those chemicals that accept elec-

trons) and reducers (those that lose electrons) in order to monitor the reactivity of drinking water

and groundwater.

2.2.13.3 Rhodamine
Rhodamine, a highly fluorescent dye, has the unique quality to absorb green light and emit red

light. Very few substances have this capability, so interference from other compounds is unlikely,

making it a highly specific tracer. Water quality researchers use rhodamine to investigate surface

water, wastewater, pollutant time of travel, groundwater tracing, dispersion and mixing, circulation

in lakes, and storm water retention.

2.2.13.4 Specific conductance
Specific conductance is the measure of the ability of a solution to conduct an electrical current.

However, unlike the conductivity value, specific conductance readings compensate for temperature.

In addition, because specific conductance and ion concentration are highly correlated, specific con-

ductance measurements are used to calculate ion concentration in solutions. Specific conductance

readings give the researcher an idea of the amount of dissolved material in the sample. Water qual-

ity researchers take specific conductance readings to determine the purity of water, to watch for

sudden changes in natural or wastewater, and to determine how the water sample will react in other

chemical analyses.

2.2.13.5 Total dissolved solids
Total dissolved solids (TDS) is the measure of the mass of solid material dissolved in a given vol-

ume of water and is measured in grams per liter. The TDS value is calculated based on the specific

conductance reading and a user-defined conversion factor. Water quality researchers use TDS mea-

surements to evaluate the purity or hardness of water, to determine how the sample will react in

chemical analyses, to watch for sudden changes in natural or wastewater, and to determine how

aquatic organisms will react to their environment.

2.2.14 Dissolved gases
Just as a soda dissolves CO2 under the pressure of the soda bottle, so does the entire ocean dissolve

varying degrees of gases used to sustain the life and function of the aquatic environment. The soda

bottle remains at gas�fluid equilibrium under the higher-than-atmospheric pressure condition until

the bottle is opened and the pressure within the canister is lowered. At that point, the gas bubbles

out of solution until the gas/air mixture comes back into balance. If, however, that same bottle

were opened in the high-pressure condition of a saturation diving bell deep within the ocean, that

soda would (instead of bubbling) absorb CO2 into solution until again saturated with that gas.

The degree of dissolved gases within a given area of ocean is dependent upon the balance of

all gases within the area. The exchange of gases between the atmosphere and ocean can only occur at

the air�ocean interface, i.e., the surface. Gases are dissolved within the ocean and cross the air/water
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interface based upon the balance of gases between the two substances (Table 2.4). A certain gas is

said to be at local saturation if its distribution within the area is balanced given the local environmen-

tal conditions. The degree upon which a gas is able to dissolve within the substance is termed its “sol-

ubility” and in water is dependent upon the temperature, salinity, and pressure of the surrounding

fluid (Figure 2.12). Once a substance is at its maximum gas content (given the local environmental

conditions), the substance is saturated with that gas. The degree to which a substance can either

accept or reject transfer of gas into a substance is deemed its saturation solubility.

The net direction of transfer of gases between the atmosphere and ocean is dependent upon the

saturation solubility of the water. If the sea is oversaturated with a certain gas, it will off-gas back

into the atmosphere (and vice versa). Once equilibrium is again reached, net gas transfer ceases

until some environmental variable changes.

Table 2.4 Distribution of Gases in the Atmosphere and Dissolved in Seawater

Gas

Percentage of Gas Phase by Volume

Atmosphere Surface Oceans Total Oceans

Nitrogen (N2) 78 48 11

Oxygen (O2) 21 36 6

Carbon dioxide (CO2) 0.04 15 83

Source: Segar (1998).
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Solubility of two sea-level pressure gases based upon temperature.
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Oxygen and CO2 are dissolved in varying degrees within the world’s oceans. Most marine life

requires some degree of either of these dissolved gases in order to survive. In shallow water, where

photosynthesis takes place, plant life consumes CO2 and produces O2. In the deepwaters of the

oceans, decomposition and animal respiration consume O2 while producing CO2.

Dissolved oxygen is the amount of oxygen that is dissolved in water. It is normally expressed in

milligrams per liter (mg/l5 ppm) or percent air saturation. Dissolved oxygen can also enter the

water by direct absorption from the atmosphere (transfer across the air/water interface).

Aquatic organisms (plants and animals) need dissolved oxygen to live. As water moves past the

gills of a fish, microscopic bubbles of oxygen gas, dissolved oxygen, are transferred from the water

to the bloodstream. Dissolved oxygen is consumed by plants and bacteria during respiration and

decomposition. A certain level of dissolved oxygen is required to maintain aquatic life. Although

dissolved oxygen may be present in the water, it could be at too low a level to maintain life.

The amount of dissolved oxygen that can be held by water depends on the water temperature,

salinity, and pressure.

• Gas solubility increases when temperature decreases (colder water holds more O2).

• Gas solubility increases when salinity decreases (fresh water holds more O2 than seawater).

• Gas solubility decreases as pressure decreases (less O2 is absorbed in water at higher altitudes).

There is no mechanism for replenishing the O2 supply in deepwater while the higher pressure of

the deep depths allows for greater solubility of gases. As a result, the deep oceans of the world con-

tain huge amounts of dissolved CO2. The question that remains is to what extent the industrial pol-

lutants containing CO2 will be controlled before the deep oceans of the world become saturated

with this gas. Water devoid of dissolved oxygen will exhibit lifeless characterization.

Three examples of contrasting dissolved oxygen levels are as follows:

1. During an internal wreck survey of the USS Arizona in Pearl Harbor performed in conjunction

with the US National Park Service, it was noted that the upper decks of the wreck were in a

fairly high state of metal oxidation. However, as the investigation moved into the lower spaces

(less and stable oxygenation due to little or no water circulation), the degree of preservation

took a significant turn. On the upper decks, there were vast amounts of marine growth that had

decayed the artifacts and encrusted the metal. However, on the lower living quarters, fully

preserved uniforms were found where they were left on that morning over 60 years previous,

still neatly pressed in closets and on hangers.

2. During an internal wreck survey of a B-29 in Lake Mead, Nevada (again done with the US

National Park Service), the wreck area at the bottom of the reservoir was anaerobic (lacking

significant levels of dissolved oxygen). The level of preservation of the wreck was amazing,

with instrument readings still clearly visible, aluminum skin and structural members still in a

fully preserved state, and the shiny metal data plate on the engine still readable.

3. During the cenote project in the Northern Yucatan (mentioned earlier in this chapter), the fresh

water above the halocline was aerobic and alive with all matter of fish, plant, and insect life

flourishing. However, once the vehicle descended into the anaerobic salt waters below the

halocline, the rocks were bleached, the leaves dropped into the pit were fully preserved, and

nothing lived.
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2.2.15 Ionic concentration
There are four environmentally important ions: nitrate ðNO2

3 Þ, chloride (Cl2), calcium (Ca21), and

ammonium ðNH1
4 Þ. Ion-selective electrodes used for monitoring these parameters are described

below.

• Nitrate ðNO2
3 Þ: Nitrate ion concentration is an important parameter in nearly all water quality

studies. Nitrates can be introduced by acidic rainfall, fertilizer runoff from fields, and plant or

animal decay or waste.

• Chloride (Cl2): This ion gives a quick measurement of the salinity of water samples. It can

even measure chloride levels in ocean salt water or salt in food samples.

• Calcium (Ca21): This electrode gives a good indication of the hardness of water (as Ca21). It is

also used as an end point indicator in EDTA-Ca/Mg hard water titrations.

• Ammonium ðNH1
4 Þ: This electrode measures levels of ammonium ions introduced from

fertilizers. It can also indicate aqueous ammonia levels if sample solutions are acidified to

convert NH3 to ðNH1
4 Þ.

2.2.16 Solar radiation
Solar radiation is the electromagnetic radiation emitted by the sun and is measured in some under-

water scientific applications.

2.2.17 Light and other electromagnetic transmissions through water
Light and other electromagnetic transmissions through water are affected by the following three

factors:

1. Absorption

2. Refraction

3. Scattering

All of these factors, which can be measured by the ROV using light sensors, are normally

lumped under the general category of attenuation.

2.2.17.1 Absorption
Electromagnetic energy transmission capability through water varies with wavelength. The best

penetration is gained in the visible light spectrum (Figure 2.13). Other wavelengths of electromag-

netic energy (radar, very low-frequency RF, etc.) are able to marginally penetrate the water column

(in practically all cases only a few wavelengths), but even with very high intensity transmissions

only very limited transmission rates/depths are possible under current technologies. Submerged sub-

marines are able to get RF communications in deepwater with very low-frequency RF, but at that

frequency it may take literally minutes to get through only two alphanumeric characters.

In the ultraviolet range, as well as in the infrared wavelengths, electromagnetic energy is highly

attenuated by seawater. Within the visible wavelengths, the blue/green spectrum has the greatest

energy transparency, with other wavelengths having differing levels of energy transmission.
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Disregarding scattering (which will be considered below), within 1 m of the surface, fully 60% of

the visible light energy is absorbed, leaving only 40% of original surface levels available for light-

ing and photosynthesis. By the 10-m depth range, only 20% of the total energy remains from that

of the surface. By 100 m, fully 99% of the light energy is absorbed, leaving only 1% visible light

penetration—practically all in the blue/green regime (Duxbury and Alison, 1997). Beginning with

the first meter of depth, artificial lighting becomes increasingly necessary to bring out the true color

of objects of interest below the surface.

Why not put infrared (IR) cameras on ROVs? The answer is simple—the visible light spectrum

penetration in water favors the use of optical systems (Figure 2.13). IR cameras can certainly be

mounted on ROV vehicles, but the effective range of the sensor suffers significantly due to absorp-

tion. The sensor may be effective at determining reflective characteristics, but the sensor would be

required to be placed at an extremely close range, negating practically all benefits from non-optical

IR reflectance.

2.2.17.2 Refraction
Light travels at a much slower speed through water, effectively bending (refracting) the light

energy as it passes through the medium. This phenomenon is apparent not only with the surface

interaction of the seawater, but also with the air/water interface of the ROV’s camera system.

2.2.17.3 Scattering
Light bounces off water molecules and suspended particles in the water (scattering), further degrad-

ing the light transmission capability (in addition to absorption) by blocking the light path. The scat-

tering agents (other than water molecules) are termed “suspended solids” (e.g., silt, single-cell

organisms, salt molecules, etc.) and are measured in milligrams per liter on an absolute scale.

Modern electronic instruments have been developed that allow real-time measurement of water tur-

bidity from the ROV submersible or other underwater platform. The traditional physical measure of
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Light transparency through water (by wavelength).
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turbidity, however, is a simple measure of the focal length of a reflective object as it is lost from

sight. Termed “Secchi depth,” a simple reflective Secchi disk (coated with differing colors and tex-

tures) is lowered into the water until it just disappears from view.

All of the above issues and parameters will aid in determining the submersible’s capability to

perform the assigned task within a reasonable time frame.

2.3 Ocean dynamics
2.3.1 Circulation
The circulation of the world’s water is controlled by a combination of gravity, friction, and inertia.

Winds push water, ice, and water vapor around due to friction. Water vapor rises. Fresh water and

hot water rise. Salt water and cold water sink. Ice floats. Water flows downhill. The high-inertia

water at the equator zooms eastward as it travels toward the slower-moving areas near the poles

(Coriolis effect—an excellent example of this is the Gulf Stream off the East Coast of the United

States). The waters of the world intensify on the Western boundary of oceans due to the earth’s

rotational mechanics (the so-called Western intensification effect). Add into this mix the gravita-

tional pull of the moon, other planets, and the sun, and one has a very complex circulation model

for the water flowing around our planet.

In order to break this complex model into its component parts for analysis, oceanographers gen-

erally separate these circulation factions into two broad categories, “currents” and “tides.” Currents

are broadly defined as any horizontal movement of water along the earth’s surface. Tides, on the

other hand, are water movement in the vertical plane due to periodic rising and falling of the ocean

surface (and connecting bodies of water) resulting from unequal gravitational pull from the moon

and sun on different parts of the earth. Tides will cause currents, but tides are generally defined as

the diurnal and semidiurnal movement of water from the sun/moon pull.

A basic understanding of these processes will arm the ROV pilot with the ability to predict con-

ditions at the work site, thus assisting in accomplishing the work task.

According to Bowditch (2002), “currents may be referred to according to their forcing mecha-

nism as either wind-driven or thermohaline. Alternatively, they may be classified according to their

depth (surface, intermediate, deep, or bottom). The surface circulation of the world’s oceans is

mostly wind driven. Thermohaline currents are driven by differences in heat and salt. The currents

driven by thermohaline forces are typically subsurface.” If performing a deep dive with an ROV,

count on having a surface current driven by wind action and a subsurface current driven by thermo-

haline forces—plan for it and it will not ruin the day.

An example of the basic differences between tides and currents is as follows:

• In the Bay of Fundy’s Minas Basin (Nova Scotia, Canada), the highest tides on planet Earth

occur near Wolfville. The water level at high tide can be as much as 45 ft (16 m) higher than at

low tide! Small Atlantic tides drive the Bay of Fundy/Gulf of Maine system near resonance to

produce the huge tides. High tides happen every 12 h and 25 min (or nearly an hour later each

day) because of the changing position of the moon in its orbit around the earth. Twice a day at

this location, large ships are alternatively grounded and floating. This is an extreme example

of tides in action.
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• There is a vertical density current through the Straits of Gibraltar. The evaporation of water

over the Mediterranean drives the salinity of the water in that sea slightly higher than that of the

Atlantic Ocean. The relatively denser high-salinity waters in the Mediterranean flow out of the

bottom of the Straits while the relatively lower (less dense) salinity waters from the Atlantic

flow in on the surface. This is known as a “density current.” Trying to conduct an ROV

operation there will probably result in a very bad day.

• Currents flow from areas of higher elevation to lower elevation. By figuring the elevation

change of water over the area, while computing the water distribution in the area, one can

find the volume of water that flows in currents past a given point (volume flow) in the

stream, river, or body of water. However, the wise operator will find it much easier to just

look it up in the local current/tide tables. There are people who are paid to make these

computations on a daily basis, which is great as an intellectual exercise but is not

recommended to “recreate the wheel.”

2.3.1.1 Currents
The primary generating forces for ocean currents are wind and differences in water density caused

by variations in heat and salinity. These factors are further affected by the depth of the water,

underwater topography, shape of the basin in which the current is running, extent and location of

land, and the earth’s rotational deflection. The effect of the tides on currents is addressed in the

next section.

Each body of water has its peculiar general horizontal circulation and flow patterns based upon

a number of factors. Given water flowing in a stream or river, water accelerates at choke points

and slows in wider basins per the equations of Bernoulli. Due to the momentum of the water at a

river bend, the higher volume of water (and probably the channel) will be on the outside of the

turn. Vertical flow patterns are even more predictable with upwelling and downwelling patterns

generally attached to the continental margins.

Just as there are landslides on land, so are there mudslides under the ocean. Mud and sediment

detach from a subsea ledge and flow downhill in the oceans, bringing along with it a friction water

flow known as a turbidity current. Locked in the turbidity current are suspended sediments. This

increase in turbidity can degrade camera optics if operating in an area of turbidity currents—take

account of this during project planning.

Currents remain generally constant over the course of days or weeks, affected mostly by the

changes in temperature and salinity profiles caused by the changing seasons.

Of particular interest to ROV operators is the wind-driven currents culled into the so-called

Ekman spiral (Figure 2.14). The model was developed by physicist V. Walfrid Ekman from data

collected by arctic exploration legend Fridtjof Nansen during the voyage of the Fram. From this

model, wind drives idealized homogeneous surface currents in a motion 45� from the wind line to

the right in the Northern Hemisphere and to the left in the Southern Hemisphere. Due to the friction

of the surface water’s movement, the subsurface water moves in an ever-decreasing velocity (and

ever-increasing vector) until the momentum imparted by the surface lamina is lost (termed the

“depth of frictional influence”). Although the depth of frictional influence is variable depending

upon the latitude and wind velocity, the Ekman frictional transfer generally ceases at approximately

100 m depth. The net water transfer is at a right angle to the wind.
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2.3.1.2 Tides
Tides are generally defined as the vertical rise and fall of the water due to the gravitational effects

of the moon, sun, and planets upon the local body of water (Figure 2.15). Tidal currents are hori-

zontal flows caused by the tides. Tides rise and fall. Tidal currents flood and ebb. The ROV pilot is

concerned with the amount and time of the tide, as it affects the drag velocity and vector computa-

tions on water flow across the work site. Tidal currents are superimposed upon non-tidal currents

such as normal river flows, floods, and freshets. Put all of these factors together to find what the

actual current will be for the job site (Figure 2.16).
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On a vertical profile, the tide may interact with the general flow pattern from a river or

estuary—the warm fresh water may flow from a river on top of the cold salt water (a freshet, as

mentioned above) as the salt water creeps for a distance up the river. According to Van Dorn

(1993), fresh water has been reported over 300 miles at sea off the Amazon. If a brackish water

estuary is the operating area, problems to be faced will include variations in water density, water

flow vector/speed, and acoustic/turbidity properties.

2.3.1.3 Water velocity
Water velocity is the measure of the speed at which water travels, or the distance it travels over a

given time, and is measured in meters per second. Hydrologists and other researchers measure

water velocity for monitoring current in rivers, channels, and streams, to measure the effect of ves-

sel traffic in harbors and ports, and to calculate water flow. To account for drift, water velocity

readings are key factors in knowing where and when to deploy buoys and other environmental

devices to ensure their correct location.

2.3.1.4 Waves and the Beaufort scale
Most operations manuals will designate launch, recovery, and operational parameters, as they relate

to sea state, which is measured in the Beaufort scale (Table 2.5). Waves are measured with several

metrics, including wave height, wavelength, and wave period. Wave height, -length, and period

depend upon a number of factors, such as the wind speed, the length of time it has blown, and its

fetch (the straight distance it has traveled over the surface).

Energy is transmitted through matter in the form of waves. Waves come in several forms,

including longitudinal, transverse, and orbital waves. The best example of a longitudinal wave is a

sound wave propagating through a medium in a simple back and forth (compression and rarefac-

tion) motion. A transverse wave moves at right angles to the direction of travel, such as does a
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Tidal movement in conjunction with planets.

48 CHAPTER 2 The Ocean Environment



guitar string. An orbital wave, however, moves in an orbital path as between fluids of differing

densities.

A visual example of all three waves can be gained with a simple spring anchored between two

points demonstrated as follows:

• Longitudinal wave—Hit one end with your hand and watch the longitudinal wave travel

between end points.

• Transverse wave—Take an end point and quickly move it at a 90� axis to the spring and watch

the transverse wave travel between end points.

• Orbital wave—Now rotate the end points in a circular fashion to propel the circular wave

toward its end point. Orbital waves have characteristics of both longitudinal and transverse

waves.
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Described here are the basic components of ocean waves in an idealistic form to allow the anal-

ysis of each component individually. As described in Thurman (1994):

As an idealized progressive wave passes a permanent marker, such as a pier piling, a succession

of high parts of the wave, crests, will be encountered, separated by low parts, troughs. If the

water level on the piling were marked when the trough passes, and the same for the crests, the

vertical distance between the marks would be the wave height (H). The horizontal distance

between corresponding points on successive waveforms, such as from crest to crest, is the wave-

length (L). The ratio of H/L is wave steepness. The time that elapses during the passing of one

Table 2.5 Beaufort Scale (Thurman 1994)

Beaufort
No.

Surface Winds in
m/s (mph)

Seaman’s
Description Effect at Sea

0 ,1 (,2) Calm Mirror-like sea

1 0.3�1.5 (1�3) Light air Ripples with appearances of scales; no foam
crests

2 1.6�3.3 (4�7) Light breeze Small wavelets; crests of glassy appearance,
no breaking

3 3.4�5.4 (8�12) Gentle breeze Large wavelets; crests beginning to break;
scattered whitecaps

4 5.5�7.9 (13�18) Moderate breeze Small waves, becoming longer;
numerous whitecaps

5 8.0�10.7 (19�24) Fresh breeze Moderate waves, taking longer to form;
many whitecaps; some spray

6 10.8�13.8 (25�31) Strong breeze Large waves begin to form; whitecaps
everywhere; more spray

7 13.9�17.1 (32�38) Near gale Sea heaps up and white foam from breaking
waves begins to be blown in streaks

8 17.2�20.7 (39�46) Gale Moderately high waves of greater length; edges of
crests begin to break into spindrift; foam is blown
in well-marked streaks

9 20.8�24.4 (47�54) Strong gale High waves; dense streaks of foam and sea
begins to roll; spray may affect visibility

10 24.5�28.4 (55�63) Storm Very high waves with overhanging crests; foam is
blown in dense white streaks, causing the sea to
appear white; the rolling of the sea becomes
heavy; visibility reduced

11 28.5�32.6 (64�72) Violent storm Exceptionally high waves (small- and medium-
sized ships might be for a time lost to view
behind the waves); the sea is covered with white
patches of foam; everywhere the edges of the
wave crests are blown into froth; visibility further
reduced

12 32.7�36.9 (73�82) Hurricane The air is filled with foam and spray; sea
completely white with driving spray; visibility
greatly reduced
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wavelength is the period (T). Because the period is the time required for the passing of one wave-

length, if either the wavelength or period of a wave is known, the other can be calculated, since

L (m)5 1.56 (m/s)T2.

Speed (S)5 L/T.

For example: Speed (S)5 L/T5 156 m/10 s5 15.6 m/s.

Another characteristic related to wavelength and speed is frequency. Frequency (f) is the

number of wavelengths that pass a fixed point per unit of time and is equal to 1/T. If six wave-

lengths pass a point in one minute, using the same wave system in the previous example, then:

Speed (S)5 Lf5 156 m3 6/min5 936 m/min3 (1 min/60s)5 15.6 m/s.

Because the speed and wavelength of ocean waves are such that less than one wavelength

passes a point per second, the preferred unit of time for scientific measurements, period (rather

than frequency), is the more practical measurement to use when calculating speed.

The complexities of air/wave as well as air/land and fixed structure interaction, while quite

important to the operation of ROV equipment in a realistic environment, are beyond the scope of

this text. Please refer to the bibliography for a more in-depth study of the subject.

A more practical system of gauging the overall sea state/wind combination was developed in

1806 by Admiral Sir Francis Beaufort of the British Navy. The scale runs from 0 to 12 (Table 2.5),

calm to hurricane, with typical wave descriptions for each level of wind speed. The Beaufort scale

reduces the wind/wave combination into category ranges based upon the energy of the combined

forces acting upon the sea surface.

2.3.2 Effects of wave pattern upon ROV operation
There is a plethora of information on wave propagation and its effect upon vessel management.

Please refer to the bibliography for more detailed information. This section will address the effect

of waves upon ROV operations.

The energy to produce a sea wave comes principally from wind but can also be generated through

some lesser factors, such as submarine earthquakes (which happen less often but are possibly devas-

tating when they occur), volcanic eruptions, and, of course, the tide. The biggest concern for wave

pattern management in ROV operations is during the launch and recovery of the vehicle. During ves-

sel operations, the hull is subject to motions broken down into six components—pitch, roll, and yaw

for rotational degrees of freedom, and heave, surge, and sway for translational motion. The distance

from the vessel’s pivot point on any axis, combined with the translational motion from waves hitting

the hull, will translate into the total swinging moment affecting the suspended weight—the ROV.

The closer the launch platform is located to the center of the vessel’s pivotal point, the smaller

will be the arm for upsetting the suspended weight. The longer the line is from the hard point on

the launch winch, the longer the arm for upsetting the suspended weight. Add a long transit dis-

tance from the hard point to the water surface, with an over-the-side launch from a larger beam

vessel, and the situation is one just waiting to get out of control (Figure 2.17).

Regardless of the sea state, it is best to complete this vulnerable launch operation (from the

time the vehicle is lifted from the deck to the vehicle’s submergence) as quickly as possible, given

operational and safety constraints. This concept will be addressed further in Chapter 9.
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ROV operations manuals should set the maximum sea state in which to deploy the submersible.

In a high sea state on a rocking vessel, the submersible becomes a wrecker ball suspended in mid-

air, waiting to destroy the vessel structure as well as the vehicle, deployment system, and any bod-

ies unfortunate enough to be in the wrecker ball’s path. If the sea state ramps up unexpectedly

while the vehicle is still in the water, most operations manuals specify to leave the vehicle sub-

merged until a sea state that allows safe recovery.

Another important wave propagation factor affecting ROV operations includes the heave com-

ponent of the vessel while the vehicle is in the water. Particularly affected is the umbilical or tether

length between the hard point of the launching platform and the clump weight, cage deployment

platform, tether management system, or the vehicle itself. Of particular concern is the snap loading

of the tether due to tether/umbilical pull with the vessel heaving. This rapid loading of the tether/

umbilical can easily exceed the structural limitation of the tether and/or part conductors and

communications components within the line. If this snap load parts the line, the vehicle could be

lost. Larger and more sophisticated launch systems have a stress limit adjustable to the tether or

umbilical loading limit. The system will slack or pull based upon the given parameters to maintain

tension while avoiding overstressing the line.

FIGURE 2.17

Vehicle suspended from vessel over the side.
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1. Introduction to seafloor mapping 

 
In the twenty-first century, acoustic (sonar) systems are routinely used for rapid, 
noninvasive surveys of the seafloor and subsurface. Both the Irish National Seabed Survey 
(INSS) and the Integrated Mapping for the Sustainable Development of Ireland’s Marine 
Resource (INFOMAR) mapping programmes have relied on these acoustic techniques for the 
last two decades, mapping the seafloor off Ireland at a resolution once thought improbable 
(Figure 1). Although bathymetric survey techniques have been employed in the marine 
sciences since at least the early part of the nineteenth century, existing bathymetric charts 
for most parts of the world are Victorian in vintage, compiled from lead-line soundings and 
sextant positioning. These charts are therefore severely outdated in terms of spatial and 
temporal resolution and are unsuitable for marine research and stewardship.  
 

 
Figure 1 The ‘real map of Ireland’ - Ireland's designated continental shelf area superimposed on a 

shaded relief image of bathymetric data collected under INSS, PAD and GEBCO (Geological Survey of 
Ireland and the Marine Institute, 2012). 

In the early part of the twentieth century, single-beam echo-sounders (SBES) replaced 
traditional lead-weighted lines as the primary bathymetric survey technique for civilian and 
military purposes (Lurton 2002). Between 1925 and 1927, the first large-scale scientific 
bathymetric survey was conducted by the German Atlantic Expedition on RV Meteor using 
SBES (Wüst and Defant 1936). In the early 1960s, side-scan sonar (SSS) was developed as 
a tool for regional-scale geological mapping, revolutionizing seafloor mapping in terms of 
spatial coverage and data resolution (Figure 2). The effectiveness of acoustic mapping 
evolved between the 1970s and the twenty-first century with the advent of multi-beam 
echo-sounders (MBES) allied to powerful and affordable desktop computing facilities (Figure 
2). In addition to modern bathymetric charts providing highly accurate depth information, 
the results from these acoustic surveys now routinely provide details of objects on the 
seabed and the geological and biological components therein. Modern seabed mapping 
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therefore results from the integration of many different types of information, much of which 
is gathered acoustically (Lurton 2002). 
 

 
 

Figure 2 Sonar surveying using a hull-mounted multi-beam echo-sounder and a towfish-mounted 
side-scan sonar (orange platform tethered by cable). 

 
 
The major advantages of acoustic mapping systems are that they are rapid, noninvasive 
and capable of surveying large tracts of the seabed at very high resolution (circa 10cm). A 
full discussion of the theory behind the acquisition, processing, and interpretation of these 
data is beyond the scope and remit of this lecture. However, an excellent introduction to the 
principles and applications of underwater acoustics can be found in Lurton (2002). 
 
This lecture outlines the most common acoustic techniques employed in seafloor mapping 
(single- and multi-beam echo-sounders, side-scan sonar and seismic profilers), how the 
data from these systems are geo-referenced using the global positioning system (GPS) and 
how these systems are deployed from RV Celtic Voyager.     

 
2. Navigation and positioning at sea  
 
To effectively map, interpret, integrate, and ground-truth remotely sensed acoustic data, 
tight navigational and positional control is essential in all phases of the investigation. To 
precisely locate the position of features and objects on the seabed, knowledge of the 
following three parameters is required: (1) the location of the survey vessel on the sea-
surface, (2) the location of the sonar platform below the sea-surface, and (3) the portion of 
the seafloor that is being insonified (exposed to sonar energy) at any given time. This 
precise positional control is achieved through a combination of position fixing (latitude, 
longitude and altitude above a reference datum), heading, speed, and attitude (heave, roll, 
pitch and yaw) information.  
 
The minimum requirement for accurate navigation of a survey vessel is the Global 
Positioning System (GPS). Using the calculated distance and orbital position of satellites (a 
minimum of three is required for accuracy), the GPS receiver determines a position fix in 
degrees of latitude and longitude, conventionally to the WGS84 datum (World Geodetic 
System of 1984, the default datum for GPS units). This position can in turn be translated into 
any global or local metric coordinate system (e.g., UTM). Accuracy of GPS varies with satellite 
constellation geometry and receiver type, but an accuracy of ±5 m with an update rate of once 
per second (1 Hz) is now common.  
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To reduce positional errors to an acceptable level for high-resolution surveys (±1 m), 
differential GPS (DGPS) employs a land-based station to calculate the error in positioning and 
transmit the error to the shipboard receiver. Corrected data from the shipboard GPS unit is 
output to software packages for survey navigation and logging. Furthermore, for quantitative 
analysis of the seafloor and/or subsurface, it is essential to relate depth data to a static 
horizon, and therefore it is necessary to remove the effects of tidal variation over the survey 
period. Tidal corrections are achieved with reference to either a static tidal gauge or to 
modeled tidal predictions. For high-accuracy surveys the tidal curve should be recorded 
continuously at a site in close proximity (±1 km) to the survey site. Recently the technology of 
DGPS has been superseded by Real Time Kinematic (RTK) systems that use the characteristics 
of the signal carrying the GPS data from satellite to the receiver, to give x, y, and z values to 
an accuracy of ±1 cm. RTK-GPS also negates the requirement to set up a tide gauge, as tidal 
corrections can be derived from the z-component of the signal.  

 
In some applications, the sonar platform is towed by the ship (often referred to as the towfish, 
see Figure 2), and its position determined in one of two ways—either by manual calculation or 
by using acoustic tracking techniques. ‘Layback’ is the term used to define the horizontal 
distance between the towfish and the GPS antenna mounted on the survey vessel. It is 
important to remember that the sonar data is generated not at the survey vessel, but at the 
towfish. The layback correction can be calculated manually using Pythagoras’ theorem, where 
the length of cable deployed corresponds to the hypotenuse and the depth of the towfish 
equates to one leg of the right-angled triangle. Alternatively, an acoustic beacon 
(transponder), operating at a set frequency, is attached to the towfish and interrogated by a 
ship-mounted hydrophone to accurately determine the position of the towed array. In the 
majority of applications, the sonar platform is attached directly to the hull of the ship, i.e. it is 
hull-mounted. The echo-sounders and seismic profiler employed on RV Celtic Voyager are 
hull-mounted systems.  
 
Which portion of the seafloor is being insonified at any given time is addressed by measuring 
the motion of the ship or sonar platform using an Inertial Measurement Unit (IMU) or Motion 
Referencing Unit (MRU). This system uses a combination of accelerometers and angular rate 
sensors (gyroscopes) to track vessel movement, detecting the current acceleration and rate of 
change in attitude. These corrections are applied to remotely sensed data to correct for the 
effects of pitch, roll, and yaw on the survey vessel and/or towfish. In practice, as IMUs are 
expensive to purchase and/or hire and their mobilization is time-consuming, they are usually 
only used for MBES surveys, where these corrections are essential for high-quality data.
 
3. Brief introduction to ocean acoustics 
 
In order to effectively interpret acoustic data, it is essential to understand how these data 
are generated. Sonar systems function by transmitting acoustic pulses toward the seafloor 
and waiting for the returned energy to be received and processed by onboard computers. 
Once an acoustic pulse is transmitted by a survey instrument, it is at the mercy of the 
medium through which it propagates (the water column and sediment pile) and is no longer 
in the control of the surveyor or survey instrumentation. The interaction of the acoustic 
pulse with the water column, seafloor, and subsurface is not always straightforward and can 
influence the resulting acoustic data in many ways. In order to correctly interpret acoustic 
remote-sensing data, it is therefore essential to have some appreciation of underwater 
acoustics. Two factors must be considered: (1) interactions of the acoustic pulse with the 
water column, the seafloor, and the subsurface, and (2) mechanisms whereby the 
transmitted energy is returned to the instrument.  
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Figure 3 Variation in sound velocity as a function of depth. 
 

Sound is used to measure physical properties of the seafloor, the depth of the ocean, ocean 
temperature, and ocean currents, by transmitting an acoustic pulse into the water column 
and measuring the time taken for the pulse to travel back to the instrument. Sound velocity 
in water (Figure 3) is dependent on temperature, salinity, and pressure. A typical value of 
sound velocity in saline water is 1,480 ms-1. The value for freshwater is lower, as freshwater 
is less dense than saline water. Velocity depends primarily on temperature, less on 
pressure, and very little on salinity. All of the acoustic techniques described in this chapter 
are founded on the same basic principles of seismic reflection: each technique measures the 
time taken for an acoustic pulse to be transmitted from the survey instrument, travel 
through the water column (or sediment), reflect (or scatter) from a boundary, and travel 
back to the instrument. 

 
The sonar transmits a fixed amount of energy into the water in the form of the acoustic 
pulse. As the pulse wavefront spreads in a spherical pattern, the intensity of the pulse falls 
with increasing distance (or range) from the source. The energy returning to the sonar is 
also affected by spherical spreading. As the acoustic pulse propagates through the water 
column and subsurface, some of the energy is simply absorbed by the medium due to 
frictional effects. In general terms, the higher the frequency of the transmitted pulse, the 
higher the absorption rate. Absorption is also stronger in saline water than in freshwater.
  
The transmitted acoustic pulse may be deflected as it propagates through the water column 
and subsurface. For example, it may encounter air bubbles, fish, suspended sediment, 
rough seafloors, subsurface targets, and so on. In each scenario, a proportion of the sound 
is scattered and reflected in various directions, including back toward the survey 
instrument. It is important to understand the differences between reflected energy and 
scattered energy. In general terms, echo-sounders and sub-bottom profilers rely on 
specular reflection, and side-scan sonar relies on scattered (diffuse) energy, to produce 
acoustic images of the seafloor and subsurface.  

 
When the transmitted pulse reaches an obstacle in the water column, at the seafloor or in 
the subsurface, some portion of the acoustic pulse is reflected from the interface. The 
orientation of the reflecting medium with respect to the incident ray (measured as the angle 
of incidence, or grazing angle) is the most important factor in determining whether the 
reflected energy travels toward or away from the survey instrument.  

 
As seismic reflection techniques (echo-sounders and sub-bottom profilers) rely on specular 
reflection, these sources conventionally transmit the acoustic pulse vertically downward and 
rely on the acoustic pulse being reflected vertically upward. The relative proportion of 
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energy transmitted to each of these rays is determined by the contrast in acoustic 
impedance (Z) across the boundary, where acoustic impedance is equal to the velocity (V) 
of the medium multiplied by density (ρ): 

 
Z = ρV.          Eq 1 
 

The strength of the reflection from the boundary between two materials (a measure of the 
proportion of energy returned toward the survey instrument) is governed by the reflection 
coefficient (KR), where 

 

    
K R =

Z 2 − Z1

Z 2 + Z1

.         Eq 2 

 
The polarity of the reflection coefficient is dependent on whether there is an increase 
(positive reflection) or decrease (negative reflection) in the acoustic impedance across the 
interface. In normal subsurface geological situations, values of KR fall into the range of ±0.1 
(Anstey 1981), with the majority of energy being transmitted.  

 
Seismic reflection surveys account for more than 90% of the money spent worldwide on 
applied geophysics (Milsom 1996). The majority of these surveys are conducted by and for 
the hydrocarbon exploration industry in the search for oil and gas reserves. However, in the 
marine environment, seismic reflection techniques are employed in the form of bathymetric 
surveys and sub-bottom profiling surveys and, in a looser framework, in side-scan sonar 
surveys.  

 
In side-scan sonar systems, the transducers transmit the acoustic pulse out to the side of 
the system, inclined at an angle toward the seafloor. The majority of the incident energy in 
this case is reflected away from the actual source. However, as the seafloor (and objects 
lying upon it) contain an inherent roughness, a proportion of the incident pulse is scattered 
by the roughness of the medium, and some of this scattered energy is “backscattered” (or 
diffused) toward the side-scan instrument. This backscattered sound is also known as 
reverberation. The intensity of the backscattered signal is a direct function of bottom 
roughness and angle of incidence. The rougher the bottom, the stronger the reverberation. 
However, roughness is a relative term and is dependent on the frequency (and, more 
importantly, the inherent wavelength) of the acoustic pulse. 

 
To date, we have spoken in terms of time (or travel time), that is, the time taken for a 
pulse to be transmitted toward the seafloor and returned to the survey instrument. 
However, all measurement of depth or distance in marine acoustics depends on the 
conversion of time to depth and an assumption regarding the velocity of sound through 
sediment or water. The time taken for the acoustic wave to travel from the transducer to 
the reflecting boundary and back again is known as the two-way-travel-time (twt), which is 
related to depth (d) by the following equation: 

    
d =

V × twt
2

.         Eq 3 

 
V is highly variable for different sediment types. As noted above, V for salt water is 
approximately 1,480 ms-1. V varies between different sediment types and rocks. In general, 
hard rigid materials (rock, metal, wood) have relatively high compressional wave velocities, 
while soft plastic materials such as unconsolidated sediment have low compressional wave 
velocities. Furthermore, the general empirical rule applies that the compressional wave 
velocity increases in step with density in similar material types. For example, sediment 
generally becomes denser with depth of burial, hence their compressional wave velocity 
also increases with depth. In some shallow penetration applications, no differentiation is 
made between the velocity of sound in the water column and in the sediment pile. Instead, 
a constant value of 1,500 ms-1 is used for V. This is usually the same value used in side-
scan sonar and bathymetric surveys. 
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The majority of users and manufacturers of acoustic instruments state that the resolution of 
acoustic systems is principally dependent on the frequency of the acoustic waves employed. 
This rule of thumb is misleading. It is naive to assume that higher-frequency acoustic 
systems always acquire higher-resolution acoustic data. In fact, the resolution and detection 
capability of acoustic instrumentation and resultant data is a complex issue, dependent on 
pulse lengths, beam angles, pulse rates, speed over ground, sample frequencies, and 
display mechanisms, to name a few (Quinn et al. 2005). It is therefore imperative that 
users of these data have some appreciation of underwater acoustics in order to carry out 
accurate and realistic interpretations. Some processed images derived from acoustic 
remote-sensing surveys are now of sufficient detail that they are interpretable by almost 
anyone, sometimes without much prior experience in remote-sensing interpretation. These 
types of images prove enormously beneficial in convincing resource managers and 
government bodies of the worth of this approach.  
 
4. Profiling methods 
 
4.1 Single-beam echo-sounders (SBES) 

 
An essential component of all marine studies is the production of a detailed bathymetric 
(depth) chart, with bathymetric maps often forming the baseline data set for the 
investigation. Inexpensive SBES are commonplace, with many vessels equipped to conduct 
relatively unsophisticated but effective low-resolution bathymetric surveys. More 
sophisticated MBES are becoming increasingly common in investigations (see below), 
although cost remains a prohibitive factor for some.  
 

 
Figure 4 Koden echo-sounder display. Note the steep gradient of the seafloor (in red) and 

the shoal of fish in the water column located between 20 and 40 m. 
 
SBES measures depth by multiplying half the time from the signal's outgoing pulse to its 
return by the speed of sound in the water (Eq 3). For precise applications of echosounding, 
such as hydrography, the speed of sound must also be measured accurately, typically by 
deploying a sound velocity profiler (SVP). Since the traditional pre-SI unit of water depth 
was the fathom, some people call SBESs ‘fathometers’ (particularly common in the USA). 
Fishers often refer to SBES as ‘fish-finders’ as echo-sounders also produce a return from 
swim bladders, so can be used to locate fish in the water column (Figure 4).     

 
Conventional echo-sounder systems consist of single hull-mounted or pole-mounted 
transducers that act as both an acoustic transmitter and receiver (transceiver). These 
systems transmit a single- or dual-frequency pulse, typically within the 50–300 kHz 
bandwidth. The frequency-dependent, vertical resolution of these systems can be as great 
as a few centimeters. Echo-sounders produce an acoustic pulse with a 30–45° cone angle, 
oriented vertically downward, concentrating the acoustic energy in a small circular area of 
the seabed (the radius of this circle is dependent on the water depth). The horizontal 
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resolution of these systems is controlled by a combination of source frequency, cone angle, 
and water depth. For example, a 200 kHz echo-sounder with a 50° cone angle has a 
horizontal resolution of 0.14 m in a water depth of 20 m. 

 
One major disadvantage of SBES systems is that the density of the survey grid controls the 
effective horizontal resolution of the survey. In a tidal environment, the maximum survey 
grid density achievable is on the order of 5 m. Therefore, the highest possible horizontal 
resolution for the bathymetric survey is ±5 m. Bathymetric data is conventionally 
represented as profiles, two-dimensional contour plots, or three-dimensional digital 
elevation models (DEMs). Regional-scale SBES surveys are conventionally designed with 
survey lines oriented perpendicular to the coast, as bathymetric variation is usually at a 
maximum in this direction. Site-specific SBES surveys are conventionally designed with 
survey lines oriented on a grid. RV Celtic Voyager is equipped two single-beam echo 
sounders - Kongsberg Simrad EK500 and EA600 operating at user-selectable frequencies of 
12, 38 and 200 kHz.   
 
4.2 Sub-bottom (seismic) profilers (SBP) 
 
Knowledge of the strata underlying the seabed is fundamental to many marine geological, 
engineering, biological and archaeological studies. Seismic profilers employ acoustic sources 
with lower frequencies than SBESs – these sources therefore penetrate the seabed, and 
reflect off boundaries, layers or objects in the subsurface (Figure 5), and are detected by an 
acoustic receiver (or hydrophone) that is usually mounted in close proximity to the source. 
Reflections occur from boundaries or layers where there are differences in density and/or 
sound velocity across a boundary, that is, where an acoustic impedance contrast exists. 
Seismic profilers generate a data set that can be processed to give a cross section in the 
direction of movement of the boat in two-way travel time (Figure 6). With additional 
knowledge of the speed of sound through the sediments (obtained from in situ 
measurements of core material or by comparison with empirically derived values), the time 
section can be converted to a depth section. 
 
A variety of seismic sources are available for marine applications, including water guns (20-
1500 Hz), air guns (100-1500 Hz), sparkers (50-4000 Hz), boomers (300-3000 Hz), pingers 
(c. 3500 Hz) and chirp systems (500 Hz - 12 kHz).  The greatest resolution of near surface 
structure is generally obtained from the higher frequency sources such as the Chirp 
systems, while the lower frequency tend to better characterize structure at depth (for 
example locating oil or gas reservoirs). 
 
The seismic system mounted on the hull of RV Celtic Voyager is a pinger, which transmits 
short pulses of a single frequency (3.5 kHz, for example), which gives a vertical resolution 
of 0.3–0.5 m and penetration of 10–50 m. Transmission of the pulse and reception of the 
returning echoes are conducted within a single set of transceivers, optimizing the system’s 
horizontal resolution. Similar to SBES surveys, regional-scale seismic surveys are 
conventionally designed with track lines oriented perpendicular to shore, as stratigraphic 
variation is usually highest in this direction.  
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Figure 5 An illustration adapted from an educational website on petroleum illustrates the basic 
application of seismic data acquisition in a marine setting. 
 
 

 
Figure 6 Seismic-reflection profile acquired by the USGS showing three small channels cut into 
glacial-marine sediment.  The transgressive unconformity (red line) is eroded into the upper surface of 
fluvial deposits and locally overlain by a sheet of sandy marine sediment generally less than 1 m thick.  
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5. Swath methods 
 
5.1 Side-scan sonar 
 
Side-scan sonar is a method of seabed imaging using narrow beams of acoustic energy 
transmitted out either side (port and starboard, Figure 7) of the towfish and across the 
seabed (Fish and Carr 1990). Sound, backscattered from the seafloor and from submerged 
objects, is processed to provide laterally undistorted acoustic images of the seafloor in real 
time (Figure 8). The swath-width of side-scan sonars (i.e. the area of the seafloor surveyed 
in a single pass) is user-controlled, generally 10 times the water depth. Up to the early part 
of the twenty-first century, side-scan sonar was regarded as the workhorse of offshore 
survey, featuring heavily in all offshore investigations. However, side-scan sonar is now 
slowly being replaced by the multi-beam echo-sounder as the instrument of choice as multi-
beam systems allow the user to collect high-resolution backscatter data in addition to 
bathymetric data.  

 
As with most acoustic instruments, side-scan systems are available in a variety of types, 
depth ratings, and operating frequencies. Standard systems are portable and suitable for 
deployment from inshore survey vessels, employing one of two industry-standard 
frequencies for imaging: 100 kHz and 500 kHz. In general terms, a 100 kHz operating 
frequency is chosen for regional surveys with swath widths in excess of 100 m per channel. 
Frequencies of 500 kHz are generally used where a higher resolution is required, such as for 
detailed shipwreck surveys.  
 

 
 

Figure 7 Towfish-mounted side-scan sonar, insonifying large tracts of the seafloor (Kleinsonar.com).  
 
Material properties of the substrate determine the acoustic response of the seafloor (Quinn 
et al. 2005), and the data generated during side-scan sonar surveys. All materials have an 
inherent roughness — for example, coarse-grained material scatters more energy than fine-
grained material due to the rougher interface presented to the acoustic pulse. Therefore, 
rock, gravel, wood, and metals scatter more energy than finer-grained sediments and will 
therefore be recorded as darker elements on the sonar record. Reflector shape, including 
seafloor gradient, also influences reflectivity and backscattering.  
 
The majority of side-scan investigations follow a predetermined survey pattern, with lane 
spacing less than the swath width of the sonar, allowing for overlap between successive 
survey lines. This overlap allows for deviation off the survey line and also compensates for 
loss of resolution with range. Although data in the past was conventionally displayed on  
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Figure 8 Side-scan sonar record of shipwrecks imaged on a mixed rock and sand substrate (Delph 
Sonar). The black area at the centre of the sonagraph represents the water column. 

 

 
 

Figure 9 Side-scan sonar mosaic (comprising in excess of 50 individual side-scan lines) collected over 
a heterogeneous seafloor at Petit Bios Pass by the USGS. 

 
 
thermal film, modern systems allow for digital acquisition and geo-rectification. Individual 
geo-rectified side-scan lines are routinely compiled into sonar mosaics to provide large-area 
acoustic images at the original resolution (Figure 9). 
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5.2 Multi-beam echo-sounders (MBES) 
 

Multi-beam echo-sounders are a direct development of the SBES, but instead of estimating 
the depth of a single point on the seafloor directly beneath the transceiver, they estimate 
the depths of tens or hundreds of points within a swath orthogonal to the transceiver, 
ensuring high-density, high-resolution coverage (Figure 10). MBES systems are therefore 
used to increase bottom coverage, with each of the narrow beams producing data at a 
resolution equivalent to that of a narrow SBES. MBES systems are usually mounted on the 
hull or on a remotely operated vehicle (ROV) but can be mounted on a towfish if required.  
 

 
 

Figure 10 MBES data acquisition – MBES systems estimate the depths of tens or hundreds of points 
within a swath orthogonal to the transceiver, ensuring high-density, high-resolution coverage.  

 
Two types of swath systems are commonly employed for bathymetric mapping—multibeam 
echo-sounders and interferometric sonars (also termed bathymetric side-scan sonar). Each 
of these systems has its own advantages and disadvantages. To put it simply, MBES 
systems offer higher-resolution bathymetric data with low-order backscatter data as a by-
product, whereas interferometric systems offer lower-order bathymetric data and true side-
scan. The more sophisticated MBES can simultaneously acquire depth and backscatter data 
for each point insonified on the seafloor (Figure 11). These data can then be used to derive 
charts of the seafloor showing relief and backscatter intensity, which can in turn be used to 
produce geological maps when ground-truthed using direct (grabs, cores) or indirect (video, 
stills) sampling methods. Despite their complexity and relative expense, MBES now 
dominate seafloor mapping.  
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Figure 11 JIBS MBES data - (A) 1m-resolution bathymetry and (B) backscatter data acquired over 
the dispersed remains of the armoured cruiser HMS Drake (torpedoed in 1917) and steam trawler Ella 
Hewett (collided with remains of HMS Drake in 1962). Note the importance of the backscatter data in 
providing a clearer image of the wreck remains and the bedforms (eg. to the SW) in addition to giving 

information on sediment types (dark areas = gravel; light areas = sand). 
 
MBES have many uses and are designed to operate in various water depths. System choice 
therefore depends on the water depth range to be surveyed. MBES systems are grouped 
into three main categories (Lurton 2002). Deepwater systems are designed for regional 
survey and operate in the frequency range of 12 kHz (deep ocean mapping) to 30 kHz 
(continental shelf investigations). The large size and weight of these MBES transceivers 
limits their installation to deep-sea vessels. Shallow-water systems typically operate at 
100–200 kHz and are designed for hydrographic survey of the continental shelves. High-
definition systems, operating between 300 and 500 kHz, are used for high-definition work 
and object detection. Their small size and weight makes them ideal for small-vessel 
deployment and for mounting on ROVs. RV Celtic Voager is equipped with two MBES 
systems – a Kongsberg Simrad EM1002 (95 kHz) for deeper water work and EM3002 (295 
kHz) for shallower water, higher-resolution survey. 
 
6. Data acquisition, processing and interpretation 

 
The quality of remotely sensed data is affected by many factors, including vessel and 
towfish instability, positioning accuracy, weather, boat heave, and water column noise. To 
aid data interpretation, detailed and time-stamped (always use GPS time) field notes should 
be logged during survey. As the person interpreting the data has often not been involved in 
the data acquisition phase, comprehensive survey logs can be of great benefit to the 
interpreter. Simple things like “start of line” (SOL) and “end of line” (EOL) marks should be 
recorded both on the data and in a field log to facilitate data processing. Due to the large 
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volume of data acquired in acoustic remote sensing surveys, systems of file naming should 
be logical and consistent. Files should be numbered sequentially to avoid ambiguity.  

 
To the surveyor, ‘signal’ is the portion of data that is required, and ‘noise’ describes 
anything else that is recorded but is considered to contain no useful information. Good-
quality data has a high signal-to-noise ratio (SNR). Because of this, much of the surveyors’ 
efforts are dedicated to the need to improve the SNR of data. In the marine environment, 
noise is caused by such phenomena as vessel engine noise, wake from passing vessels, 
sea-surface chop, and in extreme cases by marine life. Survey procedures should be 
adapted to ensure that the best possible data is acquired. For example, a pulsing echo-
sounder may cause regular interference on side-scan data. The easiest way of eliminating 
this interference is to turn off the echo-sounder. However, in shallow-water applications, the 
skipper may require a depth readout, so the echo-sounder cannot be switched off. In this 
case, interference may be limited by increasing the distance between the echo-sounder 
transducer and the side-scan towfish by towing on a longer cable length (Fish and Carr 
1990).  

 
The results from geophysical surveys can be presented in many formats, depending on data 
type and audience. The results of surveys along single traverses can be presented in profile 
form, where the horizontal scale is distance and the vertical scale is the quantity being 
measured: for example, the results of a single bathymetric transect would plot distance 
against depth. The results along grid-type surveys can be contoured and presented as two-
dimensional or three-dimensional plots and surfaces: for instance, the results of a 
bathymetric survey could be contoured to provide a bathymetric chart of the area. The 
results of side-scan sonar surveys are usually presented as either acoustic snapshots 
(image data) or mosaics of the seafloor. Whatever method is used, it is important to 
present data in such a way that the target audience is addressed and data attributes are 
clear. Data should be presented to inform, not to impress. 

 
The only satisfactory method presently available for quantifying marine acoustic data is to 
physically ground-truth anomalies and ambiguous targets, either through diver, drop-down 
video, or ROV investigations (see accompanying lecture notes).  
 
7. Applications of acoustic techniques 
 
Acoustic instruments are now standard in marine investigations where knowledge of 
properties of and processes in the water column, seafloor and sub-surface are required. 
Navies, exploration companies, government organisations, research institutions, 
engineering companies, fisheries scientists, marine ecologists, geologists, oceanographers 
and archaeologists all use these techniques to acquire non-invasive high-resolution high-
volume data sets. For example, acoustics can help to quantify sediment budgets, provide 
information on hydrodynamics, investigate specific habitats, quantify seabed movement, 
detect hydrocarbons, map the geology of an area and play a role in recording the 
distribution and state of small objects/features on the seafloor. Furthermore, repeat (time-
lapse) sonar surveys have proven effective in quantifying change in a variety of studies. 
 
Marine archaeologists use the techniques to locate and identify shipwrecks (Figure 12) and 
investigate submerged archaeological landscapes (Figure 13). In fact, much of the recent 
renewed interest in the archaeology of submerged coastlines stems from the increased 
resolving capability of acoustic methods and their role in locating, mapping, and 
reconstructing these environments (Figure 13). Perhaps some of the most exciting 
developments in this area of research in recent years are being realized through the 
provision of high-resolution MBES data sets acquired over large geographic areas. 
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Figure 12 Multi-beam echo-sounder data of (a) HMS Royal Oak and (b) the SS Richard Montgomery 
(bottom) wreck sites. HMS Royal Oak was anchored at Scapa Flow in Orkney, Scotland when she 
became the first of five Royal Navy battleships and battle cruisers sunk in World War II. She was 

torpedoed at anchor by the German submarine U-47 on 14 October 1939. SS Richard Montgomery 
was an American Liberty ship built during World War II, and subsequently wrecked in the Thames 

Estuary (UK) in 1944 with around 1,500 tons of explosives on board. The explosives continue to be a 
hazard to the area. Data acquired by ADUS for Salvage and Marine Operations, UK Ministry of 

Defence. 
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Figure 13 Palaeogeographic reconstruction of the Bann Estuary at 12,000 BP when the relative sea 
level was at -14.0m. The reconstruction is based on JIBS 1m multibeam bathymetry, 10m resolution 

terrestrial DEM and interpreted seismic profiles. 
 
Marine biologists use MBES data to map biomass in the water column (Figure 14) and to 
create habitat maps of the seafloor (Figure 15), where acoustics are used as physical 
proxies for specific biological habitats. Knowledge of the distribution and extent of marine 
habitats serves to establish sensible approaches to conservation needs and to facilitate 
better management of the marine environment through an understanding of how particular 
human activities are undertaken in relation to marine habitats (JNCC).   
 

 
Figure 14 Images of a fish school of Sardinella aurita from a multibeam sonar. Arrows indicate vessel 
route. a) 3D reconstruction of the school (volume 2260 m3, surface area 5796 m2, overall length 41.6 

m, width 16.7 m, height 14.9 m). Multibeam sonar receiving beams are shown at the front of the 
vessel. Remaining panels show cross-sections of density in fish from: b) horizontal plane; c) vertical 
plane alongships; d) vertical plane athwartships. Red cross-hairs indicate location of the other two 

cross-sections. Image from Gerlotto et al., 2003. 
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Figure 15 Habitat map of Stanton Banks (Stanton 4) derived from the integration of multi-beam 
echo-sounder (bathymetry and backscatter), sediment samples and video footage (McGonigle et al, 

2009). 
 

 
8. Acoustic instrumentation on RV Celtic Voyager 
 
The onboard acoustic instrumentation on RV Celtic Voyager (Figure 16) includes an acoustic 
doppler current profiler (RDI, BV ADCP38, 38 kHz), two hull-mounted multi-beam echo 
sounders (Kongsberg Simrad EM1002 and EM3002), two single-beam echo sounders 
(Kongsberg Simrad EK500 and EA600: 12, 38, 200 kHz), a hull-mounted pinger seismic 
profiler (SES Probe 5000, 2x2 array, CODA DA200 acquistion) and a sound velocity profiler 
(AML SVPlus/+ smart SV+T). Navigation and positioning is supplied by a Trimble NT 
Differential dGPS. 
 

 17



 
Figure 16 Onboard acoustic instrumentation on RV Celtic Voyager includes two MBES systems 

(EM1002 and EM3002) and a seismic profiler (pinger).   
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Synonyms

Controlled-source seismology; Multichannel reflection seismics; Wide-angle reflection/refraction
profiling (WARRP)

Definitions

Methods to image and to physically parameterize the subsurface geologic structures and conditions
by means of artificially generated shock waves that travel through the subsurface and return to the
surface.

Overview

Controlled-source seismology comprises a variety of geophysical methods to image and to physi-
cally parameterize the subsurface geologic structures and conditions. All these methods base upon
the principle that artificially generated shock waves travel through the subsurface and that the
returned signal can be analyzed regarding the properties of the subsurface. During the last decades
the discrepancies between marine seismic equipment as used by the academic marine research
community and that used by the hydrocarbon (HC) exploration industry increased significantly,
caused by different research targets and the simple fact that gear commonly used for HC exploration
is much too costly. In this chapter we will focus on those systems which are typical for academic
marine research.

In principle, seismic data acquisition requires an energy source, a receiver, and a recording
system. The two most important seismic methods are reflection and refraction seismology (Fig. 1).

Reflection seismologists deal mainly with steep angle reflections, which means that the source to
receiver distance is small compared to the target depth. This method utilizes the fact that a small part
of the down-going energy is reflected on geological layer boundaries. The main fraction of the
energy is transmitted and travels deeper where reflections occur at the next layer boundary and so
on. This method results in a good vertical and horizontal structural resolution of the subsurface.
Earth scientists benefit from the technical and methodical developments of the exploration industry
which uses reflection seismology for the detection of oil and gas in depths of up to several kilometers
below the seafloor.
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In refraction seismology, seismic waves are recorded that propagate along layer boundaries or as
arcuate “diving waves” mainly subhorizontally. This method is either used in engineering geology
for near-surface investigations or (the other extreme) to analyze deep crustal structures, the
crust–mantle boundary and the upper mantle. Wide-angle reflections recorded at large distances
between source and receivers are part of this data analysis scheme. Geophysicists often use the
abbreviation WARRP (wide-angle reflection/refraction profiling) for these techniques. The main
advantage of WARRP is that the inversion procedure directly results in crustal depth sections; its
major disadvantage is the relatively low structural resolution.

History of Refraction and Reflection Seismology

One of the founders of the seismic refraction method was German scientist Ludger Mintrop
(1880–1956) who received a patent in 1917 for a so-called portable field seismograph and
a method to locate artificial shock sources. In fact, he used this method in World War I to locate
the position of Allied heavy artillery pieces. After the war he reversed this method: He released an
explosive blast in a known distance to the seismograph and used the underground travel time of the
shock wave to calculate the depth of geological features. In 1919 the seismic refraction method was
successfully used to constrain the location of a salt dome in northern Germany.

Marine reflection seismology evolved from work by Reginald Fessenden who developed a sonic
sounder to find icebergs (after the sinking of the Titanic) (Roden, 2005). The first reported usage of
seismic reflections for subsurface studies was in 1921 when a small team of geophysicist and
geologists performed a historical experiment in Oklahoma (Dragoset, 2005). The team analyzed the
return time of reflected waves generated by small dynamite charges and detected the boundary
between two subsurface geological layers. The success of this so-called Vines Branch experiment
stimulated a boom in seismic exploration when the oil price rose in 1929.

During the first decades each subsurface point was imaged by a single set of source and receiver.
Multichannel seismics became more common in the 1950s. This method allowed for significant
noise reduction and for computing of layer velocities, enabling the conversion of travel times

young sediments

old sediments

basaltic rock

refracted wave

hydrophone streamer (100 - >12000 m long)

air-gun array

sea-floor

ocean-bottom
seismographreflected waves

Fig. 1 Basic principles of reflection and refraction seismology. Reflection seismologists deal mainly with steep angle
reflections, which means that the source to receiver distance is small compared to the target depth. Refracted waves
propagate along layer boundaries or as arcuate “diving waves” mainly horizontally. This method is either used in
engineering geology for near-surface investigations or (the other extreme) to analyze deep crustal structures, the earth
crust–mantle boundary and the upper mantle
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to depth. The advent of the digital technology in the 1960s represented a giant step forward because
digital post-processing opened a wide variety of possibility to enhance seismic data and image
quality. Several technical developments in the 1980s such as plotters for wiggle trace display or
color maps as well as methodical progress including seismic stratigraphy or seismic attribute
analysis became available for earth scientists and stimulated academic frontier research.

The hydrocarbon industry benefited largely from the introduction of the 3D seismic method which
enhanced understanding of petroleum reservoirs and reduced exploration risks. However, the earth
science community has had quite limited access to these data, also because 3D seismic experiments
for nonprofit-oriented research are generally too costly.

Seismic Energy Sources

The theoretical optimum seismic source produces a Dirac delta function like signal (called wavelet)
which is infinitesimal short in time by having a maximum spectral bandwidth. In the real world,
a “good” seismic source creates a high energy and temporally short signal with repeatable charac-
teristics in terms of wavelet signature and frequency content.

Marine seismic sources are subdivided into exploders and imploders. Exploders create the
wavelet by an expanding volume (solid material or gas/air). Imploders generate the signal by the
collapse of a volume, created for instance by cavitation. We can further distinguish between
chemical, mechanical, electrical, and pneumatic/hydraulic sources (Parkes and Hatton, 1986).
Chemical sources comprise various explosives. Explosives can create very strong signals; however,
the shot interval is relatively low and the signal characteristics are reproducible to a limited amount
due to surface waves and explosion depth. Mechanical sources, such as a boomer or piezoelectric
transducers, rely on physical vibration to transmit seismic waves into the water. Sparkers are
electrical sources that discharge large electrical charges into the water. The steam bubble that
vaporizes along the spark collapses, thus producing the desired signal. Pneumatic/hydraulic sources
dispel gas (usually air) or fluid (usually water) under high pressure into the water. For instance,
a water-ejecting water gun produces a cavitation and its subsequent collapse generates a seismic
wave-field. The water is accelerated in the water gun by a piston, whereas the driving pressure
consists usually of compressed air.

The pneumatic so-called air gun is nowadays the most common source in marine seismics
(Dragoset, 1990). Compressed air of usually 140–210 bar is released into the water every few
seconds. The rapid expansion creates the highly reproducible primary signal (Fig. 2a). The reflection
at the sea surface creates a similar strong but phase-reversed signal, the so-called ghost. Signal
strength is described either as the peak amplitude pk (level A in Fig. 2a) or as pk-pk amplitude which
includes the amplitude of the ghost arrival (A–B in Fig. 2a), both traditionally expressed in bar-meter
(bar-m). If the peak amplitude is 1.5 bar-m as in Fig. 2a, a hydrophone located in a distance of 1 m to
the source would measure peak amplitude of 1.5 bar, in 3 m distance 0.5 bar. A second important
source characteristic is the spectral bandwidth (Fig. 2b). Amplitude spectra are usually shown on
a logarithmic scale. A reasonable parameter for the bandwidth is the range between the�3db (71 %
of maximum) or �6db (50 % of maximum) points. The frequency notch in the spectra results from
the destructive interference between the primary and the surface (ghost) reflection. It is a function of
the source towing depth and can be easily calculated by fNotch ¼ VH2O= 2 � towing depthð Þ. VH2O is
the seismic wave speed in water which amounts to ca. 1,500 m/s.

The bubble signal is an undesired effect which results from an oscillation of the air bubble.
Consequently, an important characteristic of a single air gun or an array of air guns is the peak to
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bubble (amplitude) ratio (PBR) (Fig. 2a). There are several possibilities to enhance the PBR. As the
bubble period depends on the same parameters as the primary signal, the bubble can be suppressed
by simultaneously firing several air guns with different bubble frequencies. The PBR can be further
enhanced if the separation distance between the air guns is small enough that the air bubbles interact
(Strandenes and Vaage, 1992), which is the so-called cluster effect. Many modern air gun arrays
consist of several pairs of clustered air guns. A high-end system frequently used by geophysicists is
the so-called GI-Gun (by Sercel), which consists of two air gun chambers built into a single housing.
The first chamber, called generator, releases highly compressed air. The air bubble expands, and just
before it starts to oscillate, an additional volume is injected by the second air gun chamber (the
injector), thus stabilizing the air volume in order to prevent oscillations.

Amplitude and spectral bandwidth (Fig. 2b) can be adjusted by air pressure, air chamber volume,
towing depth, and geometry of discharge ports. Air chamber volumes may vary between 32 l to less
than 1 l. Large air chambers are used for low-frequency, high-amplitude sources which are desirable
for deep crustal refraction and wide-angle reflection seismics. Small air guns of up to a few liters
chamber volumes are used for high-resolution shallow reflection seismics.

Data Acquisition and Processing: Reflection Seismology

A seismic recording system comprises a sensor or receiver that converts the seismic wave into an
electrical signal, an analog–digital converter and a recorder. The most common sensors in marine
seismics are hydrophones, which are piezoelectric elements that produce an electric potential
difference caused by the pressure pulses of the seismic wave. Usually groups of hydrophones are
used to eliminate translational accelerations and to enlarge the signal-to-noise ratio by signal
summation (Telford et al., 1990).
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Fig. 2 (a) Definitions of time-domain air gun specifications (After Dragoset, 1990, 2005). The signal is composed of the
primary signal, the phase-reversed sea surface reflection (ghost), and the bubble signal, caused by oscillations of the air
bulb. Signal strength is measured in bar-m. Values are either given for the strength of the peak amplitude of the primary
signal (pk amplitude. Marked by an “A”) or the ghost amplitude marked by a “B” is included (pk-pk amplitude). (b) The
spectral bandwidth is usually shown on a logarithmic scale. A reasonable parameter to characterize the bandwidth is the
range between the�3db (71 % of maximum; ca. 10–52 Hz) and�6db (50 % of maximum; 8–80 Hz) points. The bubble
oscillations are visible in the low-frequency domain. The ghost signal forms a notch at a frequency depending on the
source depth due to destructive interferences
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Seismic Streamers
The standard device for marine reflection seismics is the streamer (also towed array, seismic cable)
which comprises hydrophone groups (so-called channels) or single hydrophones (Fig. 1). There is
a huge variety in the length and number of channels. A streamer geometry quite common for systems
operated by academic research institutes comprises a lead-in cable (also tow-lead) which is a heavy,
steel mash protected cable with negative buoyancy which connects the streamer with the streamer
winch (Fig. 3). The next part of the streamer is the elastic stretch section (also passive or compliant
section) which mechanically decouples irregular ship accelerations from the active sections,
consisting of the hydrophone channels. Another stretch section decouples the streamer from the
tail buoy.

The length of the individual sections may vary. Typical values for systems operated by academic
institutions are front stretch 50–200 m, active length 300–3,000 m, and end stretch 50–100 m. Depth
levelers, so-called birds, are connected every 100–200 m.

Typical hydrophone group distances are integer multiples of 6.25 m. This number results from
times when no satellite positioning was available. A good trade-off between water current-induced
noise and progress is a ship speed of about 5 kn (5 nautical miles per hour). This speed corresponds
to 2.5 m/s. A shot interval of 5 s results in 12.5 m shot distance, an interval of 10 s in 25 m. With
those figures the geometry of the multichannel data could be easily calculated (see below). The
number of hydrophones within and the total length of a hydrophone group control its spatial
response characteristic (H€ubscher and Spieß, 1997).

The towing depth of the streamer should be a quarter of the wavelength (l/4) of the expected
seismic signal in order to prevent destructive interferences within the frequency range of the source.
Buoyancy of a streamer is controlled both by the average density of the stretch and active sections
and by cable levelers. For several decades, the sections have been filled by kerosene and later by
Isopar. These fluids have a density less than that of seawater. The volume of the oil is calculated in
a way that the average density of the section containing hydrophones and towing and data cables is
close to that of seawater to yield neutral buoyancy. So-called solid streamers filled with polyurethane
and similar solid materials have replaced more and more the conventional oil-filled ones, because
they have proven to be more robust. Birds allow for an active control of the streamer depth (insert
Fig. 3). The bird is attached to the streamer by bird collars and can rotate freely around. Depth
sensors determine the actual depth. Inductive communication coils within birds and streamer allow
data transmitting to the shipboard controller system where depth values are averaged depending on
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Fig. 3 A marine seismic streamer typically used for academic 2D reflection seismic surveys comprises a lead-in cable,
a stretch section that mechanically decouples ship movements from the active sections, an end stretch, and a tail buoy.
The streamer is depth controlled by cable levelers also called birds (insert)
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the swell. If depth correction is necessary, the controller sends a signal to the birds, which turns the
fins accordingly, and the streamer segment is dragged up or down. Heading sensors (fluxgate
magnetometers or mechanical compass) allow for geometric corrections if the streamer drifts off
the track by currents. On the opposite side of the bird, a flotation tube is also attached to the collars.
The flotation tube eliminates the negative buoyancy of the bird and keeps the bird always beneath the
streamer and, consequently, the fins parallel to the sea surface. For 3D applications the precise
position of each streamer segment with respect to the air guns is determined by acoustic triangula-
tion. This requires acoustic senders (so-called pingers), e.g., close to the air guns, and acoustic
modules (Fig. 3) in the birds which receive the pings and send travel times to a control PC.

Seismographs
The term “analog acquisition” refers to a receiver–recorder system where the electrical signal is
digitized by a seismic recording unit, which is a data recorder specially designed for seismic data
recording, located in the vessel. The seismic recorder fulfills several tasks. Prior to analog–digital
conversion, data is usually preamplified and low-pass filtered in order to avoid spectral aliasing.
Since the suppression of frequencies becomes significant at about 60–70 % of the Nyquist fre-
quency, the A/D conversion frequency should be about three times the maximum signal frequency.
High-pass filtering can be wise to apply in order to suppress high-amplitude ship propeller noise.
After A/D conversion, data are normally formatted to standard formats developed by the Society of
Exploration Geophysicists (SEG), e.g., the SEG-D or SEG-Y formats. Analog data transfer via
cables results in some loss in data quality, e.g., due to the antenna effects. This disadvantage is
overcome by digital systems which digitize the electric signal representing the incoming seismic
wave inside the streamer. More expensive digital receivers are standard in exploration geophysics,
while the scientific community still operates many analog systems. The disadvantage is less
significant for the often near-surface applications.

Acquisition Schemes
The classical acquisition scheme for academic marine reflection seismic surveys is the 2D geometry.
The first dimension is the 1D acquisition geometry and the second one the travel time of the seismic
waves. This acquisition scheme is designed for common midpoint (CMP)-based processing (Fig. 4).
If a shot is released, the seismic signal travels from the shot point down to the seafloor. Assuming
a horizontal seafloor, the reflection points have a distance half of the hydrophone group spacing
DH/2 (Fig. 4). Let us focus on the reflection point of the ray traveling from the shot point down to the
seafloor and up to the nearest hydrophone group (Fig. 4a). If the shot spacing is also DH/2, the same
reflection point on the seafloor is covered by the ray between the second shot point and the second
channel (Fig. 4b), but the travel time is longer and so is the travel time of the wavelet between shot
3 and channel 3 (Fig. 4c). The effect that travel time increases with offset is called normal move-out
(NMO). During data processing, the individual shot records are sorted to CMP gathers which
comprise all those records which have the common midpoint between shot and receiver coordinates
(Fig. 4d). Analysis of the offset-dependent travel time discrepancies allow – if offset is not much less
than reflector depth – calculating interval velocities and reflector depth. During data processing (see
below), recordings of each CMP gather (Fig. 4e) are NMO corrected and stacked (summed to one
single trace) which results in a constructive superposition of primary information (reflections) and
destructive superposition of (incoherent) noise (Fig. 4f). Displaying of all CMP traces along a profile
(Fig. 4g) gives an image of subsurface strata.

In the exploration industry, 2.5D, 3D, and 4D data acquisition schemes are more common.
Sequential acquisition of parallel and fairly narrow-spaced 2D lines results in a 3D subsurface
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model. However, this is called 2.5D seismics because azimuth-dependent factors are not considered.
In a strict sense, the term 3D seismics refers to acquisition geometry only if seismic waves are
recorded by a 2D pattern of receivers; thus, the seismic waves are measured with different azimuth
angles. Repeated measurements within the same area with a 3D geometry are called time-lapse
monitoring or 4D seismics, enabling the interpreter concluding on subseafloor fluid dynamics.
Recently a highly mobile 3D seismic system has been introduced which allows imaging the upper
1–2 km with high lateral and vertical resolution. A bundle of 12 short streamers containing 8–16
channels is towed behind the survey vessel (e.g., Berndt et al., 2012).

Data Processing
Seismic data processing comprises a vast of different methods for the analysis of recorded seismic
signals to reduce or eliminate unwanted components (noise), to create an image of the subsurface to
enable geological interpretation, and eventually to obtain an estimate of the distribution of physical
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material properties in the subsurface (inversion) (Chowdhury, 2011). Processing is a science by its
own and it is impossible to give a complete overview here (for a comprehensive text book, see
Yilmaz, 2008).

One of the primary goals is the enhancement of the seismic signal and the suppression of noise.
The term signal refers commonly to primary reflections, which is seismic energy reflected only once
during its path from source to receiver. Everything else can be considered as noise; it comprises
random and coherent noise (Kumar and Ahmed, 2011). Random noise does not correlate with
neighboring channels. Coherent noise includes multiple reflected energy, side wipes (out-of-plane
reflections), and energy from previous shots or processing artifacts. Ambient noise means noise
resulting from other sources such as waves, swell, ship propeller, or marine animals. Noise
suppression is easy if its frequency lies outside the signal frequency range; otherwise more
sophisticated methods have to be applied.

A fundamental parameter which is crucial to know for several processing steps is the distribution
of the seismic wave speed, called “velocity.” For example, the velocity controls the propagation of
the seismic wave, its reflection, refraction, and diffraction as well as the geometrical spreading of the
wave front and the related amplitude loss (spherical divergence). Vice versa, seismic velocities are
crucial to correct for amplitude losses, travel time differences within a CMP gather, and dislocated
reflections and to bring the seismic energy smeared along diffraction hyperbola into focus (called
migration). The conversion from a seismic time section to a depth section can be only correct if the
velocity distribution is well known. Further, velocity functions can be used to remove multiple
reflections. Basically, the velocity distribution can be calculated from the move-out in CMP gathers.
The bigger the move-out, the more accurate are the derived velocities. If the reflector depth is much
higher than the maximum offset (streamer length), the move-out becomes neglectable and no
reliable velocity calculation is possible. For example, if a 600 m streamer is used – a quite typical
value for streamers operated by academic institutions – accurate velocities beneath depths of
1,000 m can hardly be derived. The necessary computation of velocity is a relatively easy task if
the subsurface is a horizontal layer cake, but geological formations are often not formed in this
simple matter. It becomes more difficult if strata are tilted, deformed, disrupted, and anisotropic, all
resulting in lateral velocity changes.

The supreme discipline in seismic data processing is seismic migration (Yilmaz, 2008; Gray,
2011). It comprises a set of techniques for transforming reflection seismic data into an image of
reflecting boundaries in the subsurface. It brings the seismic energy distributed along a diffraction
hyperbola into focus and corrects geometric effects caused by dipping reflectors and velocity effects.
If the velocity model is well known, pre-stack migration gives best results; however, it is quite costly
in terms of CPU time. Migration can result either in time or depth sections. Pre-stack depth migration
(PSDM) is the ultimate goal of seismic data processing.

A basic processing sequence for marine seismic data includes the following steps:

• Preprocessing: Set amplitudes of bad traces to zero, correct misfires, assign geometry (CMP
numbers) to traces. Suppress noise outside signal frequencies by band-pass filtering.

• Pre-stack processing I: Mute direct wave; balance energy between individual channels.
• Velocity analysis: Sort shot gathers to CMP gathers; calculate velocity model.
• Pre-stack processing II (based on velocity model): Correct amplitudes for spherical spreading,

absorption, and energy partitioning at interfaces; suppress multiples with the help of velocity
model.

• Pre-stack time or depth migration (optional).
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• Stacking: Flatten reflection events by NMO correction using velocity model within CMP gather;
stack all traces.

• Post-stack time or depth migration (optional).

Data Acquisition: Refraction Seismology

Modern ocean-bottom seismometers (OBS) or hydrophones (OBH) are autonomous receiver and
recording systems which are deployed on the seafloor where they remain for days or even several
months and where they record seismic profiles during this time. The decoupling between seismic
source and receiver allows for great distances which is necessary to receive refracted waves from the
deep crust and upper mantle. These systems consist of a data logger, batteries, a three-component
seismometer and/or a hydrophone, a radio beacon, a xenon flashlight, and a flag. These components
are either mounted on a steel frame, which is kept afloat by syntactic foam bodies, or are installed
within and on top of a floatable glass sphere. Either system type is connected to an anchor frame via
an acoustic releaser. On hydroacoustic signaling, the releaser opens a hook to release the OBS/OBH
system from its anchor and the system ascends to the sea surface. Recording parameters such as
sample rate (e.g., 200 Hz) and gain are set before deployment, and data are retrieved from the data
logger after recovery. Most commonly the data logger is programmed such that it records
continuously.

Data Processing and Signal Enhancement
Data processing of standard seismic refraction records is – compared to that of the seismic reflection
technique – relatively straightforward. As a major component of the record analysis and modeling is
focused on extracting seismic velocities from the relationship of seismic travel times to source-
receiver offsets, the accurate determination of source and receiver coordinates is of great importance.
While this is a trivial problem to be solved in land surveys, the exact location of an ocean-bottom
seismometer, which may have drifted on its sinking path to the seafloor, can in most cases only be
estimated by using the direct acoustic water wave phase in the record. After this so-called
re-localization process of each OBS, the remaining data processing includes mainly band-pass
filtering for enhancement of the signals which have their largest amplitudes between 5 and 12 Hz in
deep crustal seismics. Deconvolution filters can be applied in some instances to improve the
identification of the time onset of particular refraction phases. Some workers use coherence filters
in order to enhance seismic phases of a particular dip range or to suppress the so-called wrap-around,
which is the direct acoustic wave-field through the water emitted from the previous shot. As this
direct wave travel with only 1.5 km/s water velocity, it is still recorded at large offsets and is
sometimes superposed on reflected or refracted phases from the deep crust or upper mantle. Most
commonly, seismic refraction records are displayed with travel times reduced (Fig. 5) in order to
include all refraction and wide-angle reflection phases of interest into a reasonably sized display
window and to provide the viewer with a visual impression of the velocities of the main refraction
phases. For instance, a record displayed with travel time T reduced with a velocity Vred of 8.0 km/s
(Tred ¼ T – X/Vred, where X is offset) shows refractions with an apparent P-wave velocity of
8.0 km/s as horizontal phases.

The processing flow is similar for the four components (hydrophone h, vertical z, horizontal x,
horizontal y) of an OBS record or the three components of a land instrument record. When searching
for S-waves or converted wave phases (P-to-S or S-to-P), records are displayed with the
corresponding main reduction velocity applied to travel time.
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Modeling, Inversion, and Tomography
Various modeling strategies are exercised to derive physical properties of the subsurface, the crust
and/or the upper mantle from the seismic refraction, and wide-angle reflection records. Deriving the
seismic velocity–depth distribution along a surveyed 2D profile or in a 3D area is the most widely
desired aim for modeling because of the strength of seismic refraction technique to provide firsthand
information on P- and S-wave velocities of the layers penetrated. While basic geometric methods
such as the plus-minus method, the intercept-time method, the delay-time concept, and reciprocal
methods (e.g., Palmer, 1986) are sufficient to represent simple 2D subsurface geometries, even with
irregular interfaces, as often approximated for the shallow subsurface, deep crustal complex layer
structures and heterogeneous velocity–depth distributions can only be modeled with more
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sophisticated numerical methods using a ray-geometric or elastic wave-field inversion approaches.
A short overview of commonly used modeling schemes is given here.

Forward ray-tracing and travel time inversion: Based on acoustic wave propagation laws,
software for ray-tracing in complex multilayered media was first developed in the 1970s (e.g.,
Cerveny et al., 1977). The method of ray-tracing is performed by an efficient numerical solution of
the 2D ray-tracing equations coupled with an automatic determination of ray takeoff angles. The
model response is iteratively optimized by approaching a best fit to the observed travel times. This
ray-tracing method was further optimized by Zelt and and Smith (1992) who implemented a travel
time inversion by a best-fit approximation with a damped least-square algorithm. Due to its
nonlinear nature, the inversion process is controlled by strict boundary conditions on travel time
picking uncertainties as well as model parameterization and resolution bounds. Due to its efficiency,
the open-source software RAYINVR, originally developed by Zelt and and Smith (1992), is still the
most widely used 2D ray-tracing scheme in academic research to date (Fig. 5), although different
modifications exist, mainly improving model parameterization and visualization and adding more
features (Zelt, 1999). The software was further developed to allowmodeling in 3D subsurface media
(Zelt and and Barton, 1998). Ray-tracing can also be used to calculate synthetic amplitudes that can
be compared with the observed ones. However, this has limitations as it does not take into account
the full elastic properties of the subsurface layers and interfaces.

Travel time tomography: A 2D and 3D travel time inversion by using an iterative first-arrival
seismic tomographic (FAST) algorithm, in which a regularized inversion routine is computed
rapidly over a regular grid using finite-difference extrapolation (Vidale, 1990), was developed by
Zelt and and Barton (1998). This routine was originally developed for mid- and deep crustal seismic
refraction tomography (e.g., Zelt et al., 2004; Stankiewicz et al., 2008) but has been utilized for
shallow subsurface imaging by appropriately adjusting model parameters (Deen and and Gohl,
2002). As required for a linearized inversion, an initial model has to be implemented first. From this
initial velocity–depth model, a series of iterations improves the model with respect to the picked
travel times. Each subsequent iteration of the model is developed using both a finite-difference
forward calculation of travel times and ray-paths and a regularized inversion incorporating
a combination of smallest, flattest, and smoothest perturbation constraints, the weights of each
being allowed to vary with depth. An advanced tomographic inversion based on a Monte Carlo
scheme with an implementation of automated model regularization and a polynomial expansion of
the probability function has been developed by Korenaga and and Sager (2012).

Wave-field inversion: One of the first widely used wave-field inversion techniques was developed
by Pratt et al. (1996) and is based on finite-difference modeling of the wave equation, thus allowing
very general wave types to be incorporated and enhancing the resolution when compared to travel
time methods. Their method operates in the frequency domain and allows modeling and inverting
velocity structure as well as inelastic attenuation factors. The inversion can be iterated to improve the
data fit and to take account of some nonlinearity. Some of the nonlinearity can be dealt with by using
starting models that have been developed with standard forward ray-tracing. Despite advances in
computational speed, full wave-field inversion techniques that incorporate (visco-)elastic and
anisotropic wave equations on full crustal model scales still remain in a small user niche as
parameterization is cumbersome and computational requirements are not always met. However, it
is a matter of time until this method will be taken to the next level of being accepted for more regular
use in the academic research and exploration communities.
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Seismic Interpretation

As seismic methods can be considered as a way of remote sensing into the earth, all interpretations
can be significantly corroborated by ground truthing, meaning to calibrate the interpretation by
drilling results, which includes both coring and well logging. The understanding of large-scale
crustal structures can be significantly supported by modeling and inversion of gravity and
magnetic data.

The interpretation of reflection seismic data consists of two major steps. During the first one data
are described by an association-free nomenclature in order to prevent a biased point of view. For
example, “disrupted horizons” is descriptive; the denotation “normal fault” is a possible interpre-
tation of this pattern. From that objective description of the data, conclusions are drawn regarding
tectonic and sedimentary processes.

The seismic interpreter should start with the evaluation of recording and processing parameters.
From this he/she will get a first idea about the reliability of his observations. The description of
reflection seismic images should follow the following scheme:

1. Identification and mapping of unconformities and correlated conformities
2. Determination of termination style (e.g., onlap, toplap, downlap, offlap, etc.)
3. Classification of internal reflection pattern (e.g., parallel, wavy, divergent, etc.)
4. Recognition of clinoforms, structural highs and lows
5. Categorization of seismic attributes (interval velocity, instantaneous frequency, etc.)

From the yet described data, the interpreter derives the processes which led to the observed
features. Both the inductive and deductive approaches are used. The consensus about earth processes
is used for deductive reasoning, which means propositions generally accepted by the scientific
community are used for explaining specific observations. New general propositions about earth
processes evolve from inductive reasoning by arguing that a specific example is representative for
other cases. A “good” interpretation explains a maximum of observations and makes minimum
assumptions about unknowns.

In all cases the interpreter should have a sound knowledge about both geology and geophysics.
Since a quantitative failure discussion is often not possible, the interpreter needs a sound knowledge
and experience to distinguish between imaging or numerical artifacts and geological features.

The primary information content of seismic refraction data consists of P-wave and – if properly
recorded – S-wave velocities of the penetrated subsurface layers. As seismic velocities translate to
ranges of sediment and rock types, velocity–depth distribution models are used to help interpret
shallow subsurface to deep crustal 2D cross-sections or 3D depth-slices, ideally in combination with
complimentary seismic reflection and/or potential field (gravity, magnetic) data. Interfaces of first-
order impedance discontinuities or layers with strong vertical velocity gradients with respect to
wavelength are well recognizable in travel time phases and can be meaningfully modeled. Ampli-
tude analyses of either refracted or wide-angle reflected wave-fields, using ray-geometric or wave-
field inversion techniques, are useful for characterizing layer interface properties such as thin
lamination or intercalation. For instance, such analyses have revealed a complex formation and
composition of the crust–mantle boundary in some regions (e.g., Levander et al., 2005).

Encyclopedia of Marine Geosciences
DOI 10.1007/978-94-007-6644-0_128-1
# Springer Science+Business Media Dordrecht 2014

Page 12 of 15



Contribution to Earth Science

Classical applications of the reflection and seismic refraction method to earth science are seismic
stratigraphy and structural geology. Both approaches are needed to unravel the dynamics of
continental and oceanic basins. Structural geology deals with the imaging of 3D distribution of
rock units; its interpretation aims on the reconstruction of their deformational histories.

Seismic refraction surveying has largely contributed to the understanding of the architecture and
composition of the earth’s crust and uppermost mantle. Crustal thicknesses of the ocean and
continental lithosphere have been determined largely due to the frequently encountered strong
impedance contrasts at the crust–mantle boundary. Intra-crustal reflection interfaces are deciphered
from analyses of amplitude characteristics in wide-angle reflection and refraction records. Being
a powerful tool in the studies of continent–ocean boundaries, refraction surveying and the resulting
velocity–depth models have revealed that these boundaries are often transitional zones of various
widths in continental margins of both volcanic and non-volcanic types (e.g., Mjelde et al., 2005;
Voss and and Jokat, 2007; Suckro et al., 2012). While the normal-incidence seismic reflection
technique largely fails to properly image sub-salt and sub-basalt sedimentary formations and
structures, the seismic refraction technique is used as a complimentary tool to provide velocity
information from such “hidden” zones.

Sequence stratigraphy is a methodology that provides a framework for the elements of any
depositional setting, facilitating paleogeographic reconstructions and the prediction of facies and
lithologies away from control points (Catuneanu et al., 2011). Seismic stratigraphy is the approach to
conclude on sequence stratigraphy by seismic interpretation. A special discipline of seismic
stratigraphy is the analysis of depositional geometries in terms of oceanic currents, which may
influence deposition processes forming so-called contourites or contourite drifts (Nielsen et al.,
2008). Geophysicist therefore may contribute to paleoceanographic and related paleoclimate
studies.

The contribution of the reflection seismic method to chemical processes and the migration of
fluids and volatiles, both producing particular characteristics in seismic images, were acknowledged
in the 1990s, stimulating research cooperation with biologists and chemists. Further, the transition of
free gas to overlying gas hydrate, mainly consisting of methane trapped inside cages of hydrogen-
bonded water molecules, gives a strong reflection crosscutting depositional strata, which is easy to
detect in seismic data.

The assessment of geohazard potential caused by landslides including their tsunamigenic poten-
tial is a fast-developing research field. Owing to the specific internal and external deformation
pattern, large submarine landslides are easy to detect in seismic data. The imaging of the internal
geometry of volcanoes allows for conclusions on acting volcanism processes and recurrence rates.

The seismic refraction technique is successfully employed in geotechnical and engineering
surveys to determine the depth to bedrock. Applications range from the detection of fracture
zones in hard rocks in connection with groundwater prospecting, to delineating unconsolidated
strata in civil engineering (road and tunnel constructions), to hazardous waste disposal projects.

Conclusion

Seismic reflection and refraction methods are two of the most commonly used geophysical methods
in exploring the earth’s subsurface for both hydrocarbon exploration and academic research of the
buildup of the crust and its sedimentary cover. Both techniques have provided data to constrain the
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development of the earth’s crust from the sedimentary basins down to the transition to the uppermost
mantle of the continents and oceans. Their relatively high structural resolution capacity is one of
their greatest advantages. Future developments will see further improvement of 3D imaging and 4D
monitoring capabilities from observing resource reservoirs and hydrological systems to geotectonic
hazards in regions at risk of earthquake and tsunami.
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The display above is a raw seismic field data. The horizontal scale is the receivers (geo-
phones) numbers which can be translated into metres/kilometres. Two-way travel time is
recorded on the vertical axis of the seismic field record in fractions of seconds. Sometimes,
it is more convenient to express time as milliseconds. The two-way time is the time required
for the seismic energy to radiate from the source at the surface into the sub-surface until it
reaches a reflector and reflected back to the surface, where it is recorded by the receiver.

Note that a reflector is a boundary between rocks with different properties. There may be a
change of lithology or fluid fill from rock layer to layer. These property changes cause some
sound waves to be reflected towards the surface. And there are many reflectors on recorded
seismic data.
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FIGURE 3.1 Seismic field record.
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The receiver number nearest to the first seismic shot in Figure 3.1 is on the right and left
(say �2 and 2) in the middle. The receiver number furthest away from the shot is on the right
and left (say �6 and 6).

Notice the hyperbolic shape of the reflections in Figure 3.1. This is because near the first
shot the energy travels almost straight down and up – very little lateral distance. For receivers
far from the shot (say 6 km), the energy has not only a vertical component but also a horizontal
component. Based on the hyperbolic shape of the reflections, the geophysicists can calculate
the average velocity along the ray paths.

The data recorded by the receiver far from the shot are known as the far-offset data. While
that recorded near the shot are known as near-offset data. The distance travelled by the
reflected seismic energy is longer for the far offset than the near offset and takes more time.

Let’s explore in detail the fundamental concepts use to acquire the raw seismic field data in
Figure 3.1.

SEISMIC DATA ACQUISITION

Seismic acquisition starts with a clear goal in mind of what the geoscientists want to image
in the sub-surface. For example, a roll-over anticline at 10,500 ft. covering 40 km2 and sands
believed to be 200 ft. thick. This will determine the survey parameters such as survey area, the
fold, shooting direction, etc.

Thus, the objective of seismic data acquisition is to obtain data that can be related to the
structural image of the sub-surface geology for the purpose of locating oil and gas traps.

Before seismic acquisition is carried out, the area or locationwhere the exploration activities
will take place is surveyed by a surveyor and the seismic line is accurately marked out by the
surveyor. The lines serve as paths for preparing shot holes and laying of cables for recording.

Global Positioning System (GPS) and total stations are used for setting out the lines. The
survey lines usually form grids of 500 – 500-m spacing (Figure 3.2).

Before going further, let’s define some acquisition parameters.
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FIGURE 3.2 3D survey lines.
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Swath

Swath is the sub-division of seismic survey area into six receiver lines.

Shot Line Interval

The distance from one shot line to the next shot line is called the shot line interval. The shot
line is also called cross-line.

Shot Point

Shot points are locations at the surface of the Earth at which a seismic shot is activated.

Salvo

Salvo is the number of fired shot in a shot line. For example, if the number of fired shots in a
shot line is 120 and the distance from one shot to the next shot point is 50 m apart; therefore,
the shot line length is 120 multiple by 50, which is equal to 6000 m or 6 km.

Shot Point Interval

Shot point interval is the distance between one shot point and the next shot point located on
the same receiver line.

Source Density

Source density is the number of shots per surface area. The number of source lines per kilo-
metre and the number of sources per kilometre determine the shot density.

Receiver Line

Receiver line is the line where geophone groups are located at a regular distance. The
receiver line is called in-line.

Receiver Interval

Receiver interval is the distance between two receiver groups located on the same
receiver line.

Receiver Line Interval

Receiver line interval is the distance between two consecutive receiver lines.
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Receiver Density

Receiver density is the number of receivers per surface unit. The number of receiver lines
per kilometre and the number of receivers per kilometre determine the receiver density.

Azimuth

Azimuth refers to the direction of the line from shot to receiver.

Template

Template represents all active receivers corresponding to one given shot point (Figure 3.3).
Shot point can be inside the template or outside.

In-Line Move-Up

After the completion of the shots per salvo, the template is moved up to the next shot line
(salvo). This process is called in-line move-up.

Cross-Line Move-Up

This occurs when the template reaches the edge of the survey area andmoves up across the
survey to start a new in-line move-up.

Patch

Patch is an acquisition technique where source lines are not parallel to receiver lines.

Geometrical Parameters

Geometrical parameters correspond to offsets, source, and receiver layouts.

Recording Parameters

Recording parameters are related to recording length and sampling rate.
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FIGURE 3.3 A template.
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ONSHORE SEISMIC SOURCE

Seismic source is a device that provides acoustic energy for acquisition of seismic data.
Examples of seismic source are explosive charge, vibrator, and airgun.

Onshore seismic data are acquired using an explosive energy source, such as dynamite.
Dynamite is used as the seismic source to generate acoustic waves that are sent into the

sub-surface. The detonation of an explosive (dynamite) is referred to as the seismic ‘shot’.
The seismic shots are normally placed below the weathered (low velocity) layer of the earth.
This improves the coupling of the seismic source to the sub-surface and avoids problemswith
the very variable acoustic velocities in the weathering layer.

Shot holes are drilled at shot points and dynamite is placed in the holes. Drill casing and
hand auger are used for shallow pattern holes usually 3.5–4 m deep. In swamp terrain the
shot holes are usually 45–60 m deep. The explosives (about 2 kg) are placed into the drilled
shot holes (shot point). Each shot position is numbered, and the position of each shot (shot
point) is accurately mapped. With other onshore seismic sources, such as vibrators and shots
from air shooting, the shots occur at the Earth’s surface.

The number of shots and their positions are carefully designed to improve the downward-
going energy and to attenuate the energy going in other directions.

Note that the size of the explosives used depends on the objective of the survey, in partic-
ular, on the depth of the target reflectors. One kilogram of seismic source releases about 5 MJ
of energy. Some oil companies use 2 kg of dynamite as their source of seismic energy.

FIGURE 3.4 Shows drillers drilling shot hole and also place the charge in shot hole.
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Thus, the energy released in a shot depends on

• The explosive size
• The depth of the shot hole
• The local ground conditions.

The position and elevation of each shot position is carefully recorded, and also the depth of
the shot hole is measured. These parameters are required for the correct processing of the
acquired seismic data.

Once theshotpositionshavebeenmarkedout,geophone ingroupsare laidoutatregular inter-
vals prior to shooting around or to one side of the shot position typically extending over 3–6 km
and are connected by wire to the recording truck and the acquisition work begins. As the shot
position advances down the line, different sectionsof the recording groups (geophone) aremade
‘live’ by the recording instruments. This maintains a similar range of ‘offsets’ for each shot.

The offset is the distance from the shot to the receiver. At some point, the geophone group
must be moved to maintain the same range of offsets in the ‘live’ section.

Note that changes in the speed (velocity) of sound and density within a particular rock
layer cause reflection and refraction of the sound waves produced by a seismic source. Var-
iation of these parameters at an interface between two different rock types causes reflection of
some of the seismic energy back towards the surface. It is the record of these reflections
against time that produces the seismic section shown in Figure 3.5.

FIGURE 3.5 A seismic section.
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ONSHORE SEISMIC RECORDING

Seismic recording is done using a device that detects seismic energy in the form of ground
motion or a pressure wave in fluid and transforms it to an electrical impulse.

Onshore seismic data are recorded using a simple electro-magnetic device known as a geo-
phone (Figure 3.6).

Geophone is used, both onshore and on the seabed during marine seismic acquisition, to
detect ground velocity produced by acoustic waves and transform the motion into electrical
impulses.Thegeophonegeneratescurrent that isproportional to theparticlevelocityof theearth.

The electrical current flows out of the wires connected to the geophones and goes to an
analogue-to-digital converter to form digital data. The data could travel along a cable to
the recording unit and be digitized there, or it could come out of the geophone group as ana-
logue data and be digitized at that point to be sent via wire to the recording unit (Figure 3.7).

FIGURE 3.6 A geophone. Source: Geophone.png-commons.

wikimedia.org.
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FIGURE 3.7 Conceptualized seismic data recording.
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Note that geophones detect motion in only one direction (in the vertical direction).
The amount of energy recorded by one geophone is small. Therefore, several geophones

are grouped together in an array around the central receiver position and this is called a chan-
nel (Figure 3.8).

The geophone in an array is analogue summed to form the output signal going
into the central receiver. This represents one channel going into the recording truck
(Figure 3.7).

Simultaneous recording of 500–2000 channels is common during 3D seismic acquisition
and 120–240 channels during onshore 2D seismic acquisition.

Note that grouping geophones in an array improves the total signal output from the group
and also ‘tunes’ the geophones so that energy from below is enhanced while those from the
side (for instance, ground-roll) is attenuated.

SEISMIC TRACE

Seismic traces are data recorded from one ‘shot point’ at one receiver position. Seismic
traces are recorded as a function of time. As this time represents the time taken for the acoustic
energy to travel into the earth, reflect, and then return to the surface, it is correctly called ‘two-
way time’. It is measured in seconds or milliseconds (Figure 3.9).

FIGURE 3.8 Geophone string.
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The resultant collection of traces recorded from one shot point is generally recorded
together and it is referred to as ‘seismic field record’.

The horizontal scale of the field record is receiver number which can be translated into ft./
miles or metres/km. The vertical scale is a two-way travel time (Figure 3.10).

FIGURE 3.9 Seismic trace.
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FIGURE 3.10 Seismic field record.

42 3. UNDERSTANDING SEISMIC EXPLORATION

I. BASIC SEDIMENTOLOGY AND SEISMIC DATA ACQUISITION



A field record could consist of 240 seismic traces recorded every 25 mon the surface, and so
a large amount of data are acquired in a seismic survey.

The display of many traces side by side in their correct spatial positions produces the final
‘seismic section’ that provides the geologists/geophysicists with a structural picture of the
sub-surface (Figure 3.11).

FOLD OF COVERAGE

In 3D seismic processing, the survey area is divided into a grid of 25�25 m called bin
(Figure 3.12).

FIGURE 3.11 Seismic section. Source: GEOSPHERE INC – Seismic methods: Data Processing. www.geosphereinc.com.
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FIGURE 3.12 A bin.
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A bin is a square or rectangular area, which contains all traces that correspond to the same
common midpoint (CMP). To the geophysicists, seismic traces live at the midpoint of the
source–receiver distance (Figure 3.13).

The fold of coverage of a 3D survey is the number of traces that are locatedwithin a bin and
that will be stacked. Typical values of fold formodern seismic data range from 60 to 240 for 2D
seismic data, and 10–120 for 3D seismic data.

CMP Fold

The number of traces that are associated with any given midpoint location and are added
during stacking to produce a single trace is termed the CMP fold.

Fold Map

A fold map or multiplicity map shows the total coverage area of a 3D seismic survey.

Nominal Fold

The nominal fold (full fold) of a 3D survey is the fold for the maximum offset. Due to the
reflection technique, the fold is not nominal at the edge of 3D survey as shown in Figure 3.14.
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FIGURE 3.13 Conceptualized the midpoint position where the seismic trace is located.
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HOW TO CALCULATE FOLD OF COVERAGE

The fold of coverage can be calculated as follows.

In-Line Fold

In-line fold ¼ Nc � Rs=2 � SI
where Nc is the number of recording channels per receiver line, Rs is the receiver interval or
spacing, and SI is the shot line interval.

Cross-Line Fold

Cross-line fold ¼ Ns � Ss=2 � RI
where Ns is the number of shot points in a shot line or the number of shots per salvo, Ss is the
shot point interval or spacing, and RI is the receiver line interval or spacing

Total fold ¼ In-line fold � Cross-line fold
Total multiplicity is the percentage of the total fold.
For example, let’s calculate the fold from this set-up shown in Figure 3.15.

FIGURE 3.14 Fold map. It represents the total coverage area of the seismic survey.
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Shot spacing or interval (Ss)¼50 m
Shot line spacing or interval (SI)¼600 m
The number of shots in a shot line or shots per salvo (Ns)¼120
Receiver spacing or interval (Rs)¼50 m
Receiver line spacing or interval (RI)¼500 m
Assume the number of receiver channels per receiver line (Nc)¼240
Recall that,

In-line fold ¼ Nc � Rs=2 � SI
¼ 240 � 50=2 � 600 ¼ 12; 000=1200

In-line fold ¼ 10

Cross-line fold ¼ Ns � Ss=2 � RI
¼ 120 � 50=2 � 500
¼ 6000=1000

Cross-line fold ¼ 6

Thus,

Total fold ¼ In-line fold � Cross-line fold
¼ 10 � 6 ¼ 60

Therefore,

Totalmultiplicity ¼ 6000% 60-foldð Þ

Shot line

Receiver
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Receiver line
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Shot
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per salvo

Receiver spacing 50 m

Shot spacing 50 m

FIGURE 3.15 This set-up is used to describe how fold is calculated.
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MARINE SEISMIC SURVEY

Marine seismic surveys are conducted using specially equipped vessels that tow one or
more cables containing a series of hydrophones at constant intervals (Figure 3.16).

Three seismic vessels can sometimes be used inmarine seismic survey. One of these vessels
is used as the main shooting, recording, and processing vessel. The other two vessels towed
additional streamers for increased coverage. These two other vessels record seismic signal but
are not involved in the shooting or processing of the data. The streamers locations are accu-
rately positioned by the aid of Global Positioning System (GPS).

Note that seismic vessel can easily obtain 10 times more data per day than the best land
seismic crew. This is because the hydrophone arrays are towed behind the boat, eliminating
the need for continuous laying of new spreads.

OFFSHORE SEISMIC SOURCE

Airguns are used as sources of seismic energy in the acquisition of marine seismic data.
This airgun releases a blast of highly compressed air into the surrounding water. Airguns
are also used in water-filled pits on land as an energy source during acquisition of vertical
seismic profiles.

FIGURE 3.16 Multiple sources and receivers behind the seismic vessel.
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Following the initial burst of energy, pressure interaction between the air ‘bubble’ and
the water causes the bubble to oscillate as it floats towards the surface. The amplitude and
time difference between these bubble pulses depend on the depth of the gun and the size
of the main chamber in the gun. The depth of the gun is determined by the bandwidth
desired.

The gas bubble produced by an airgun (Figure 3.17) oscillates and generates subsequent
pulses that cause source-generated noise.

A single airgun is not a perfect source. Combination of an array of airguns with different
chamber sizes and firing these simultaneously improves effectiveness as well as makes it a
better source.

Careful use of multiple airguns can cause destructive interference of bubble pulses and
alleviate the bubble effect. A cage, or a steel enclosure surrounding a seismic source, can
be used to dissipate energy and reduce the bubble effect.

Depending on the marine acquisition design, each airgun array is composed of three air-
gun strings. Each string in turn is made up of nine airguns. The airgun array is typically about
23 m long (Figure 3.18).

FIGURE 3.17 An airgun used in marine seismic
survey.

FIGURE 3.18 An airgun array been deployed into the sea. Source: oceansjsu.com in Google image.
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MARINE SEISMIC DATA RECORDING

The recording of marine seismic data is done by a streamer. 3D seismic vessel may deploy
from 1 to 12 streamers and shooting arrays. These provide the high densities of data required
in marine seismic acquisition. The streamers are deployed just beneath the surface of the
water and are at a set distance away from the vessel.

All of the recording equipment (hydrophone) is encased in the streamer (Figure 3.19) that
is towed behind the seismic vessel.

The hydrophone detects changes in pressure that are created as sound waves from the
airguns bounce off geological strata beneath the seafloor. Hydrophones used in marine
recording use a pressure-sensitive device to record the incoming energy. Hydrophones
are connected together in groups in the streamer and may be placed 6 m apart. Complex
electronics within the streamer filters the incoming signal from a whole group of hydro-
phones and then converts the resultant voltage into a digital format. The numbers corre-
sponding to the values for all of the groups at any one time are interleaved in a process
called multiplexing and then sent digitally down just a few wires to the recording instru-
ments. The resultant digital recordings are eventually sent to the processing centre (which
may also be on the vessel).

Bird in the streamer and other positioning equipment are used to provide dynamic
information about the position of every hydrophone group for every streamer for
every shot.

A tail buoy (a floating device) is used to identify the end of a streamer. The front end of the
streamer is connected to the seismic vessel by a system of floats and elastic stretch sections.
This eliminates any noise reaching the streamer from the seismic vessel. The tail buoys allow
the seismic acquisition crew to monitor the location and direction of streamers. The tail buoy
attached at the end of the cablemay contain its ownGPS receiver and radar reflector so that its
position can be established (Figure 3.20).

FIGURE 3.19 A Columbia gad student carries ‘bird’ for seismic streamer. Source: The Earth Institute Columbia
University and Donna Shillington. Blogs.ei.columbia.edu.
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TWO-DIMENSIONAL SEISMIC DATA (2D)

In 2D seismic survey, shot and receivers are in the same line (Figure 3.21). And the next line
is spaced kilometres away. In other words, 2D seismic data are acquired individually, as
opposed to themultiple closely spaced lines acquired together that constitute 3D seismic data.

PROBLEM WITH 2D SEISMIC DATA

• 2D seismic data only cover thin slice of the sub-surface.
• There are problems associated with off-line reflections. Off-line reflections are sometimes

referred to as sideswipe and are indistinguishable from the reflections directly below.

Sideswipe is a type of event in 2D seismic data in which a feature out of the plane of a seis-
mic section is apparent, such as an anticline, fault, or other geologic structure. A properly
migrated 3D survey will not contain sideswipes.

x x
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FIGURE 3.21 Conceptualized 2D
seismic configuration.

FIGURE 3.20 Conceptualized how the front end of the streamer is connected to the seismic vessel.
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The only way to solve both coverage and sideswipe problems is to cover the entire survey
area with a series of very closely spaced seismic lines, producing a 3D volume of seismic data.

3D SEISMIC DATA

In 3D survey, shot is within the grid ofmultiple lines of receivers and the next line is spaced
tens of metres away. In other words, a 3D seismic volume is created by shooting a closely
spaced grid of 2D lines and interpolating between the lines to create a ‘three-dimensional
volume’ of data that is also referred to as a cube (Figure 3.23). Both land and marine 3D data
are acquired with multiple source and receiver arrays to facilitate the acquiring of large
volumes of data (Figure 3.22).

BENEFITS OF 3D SURVEY

• 3D seismic method often improves data density
• Resolves many of the problems found in 2D sections, such as out-of-plane reflections

or sideswipe
• 3D seismic data provide detail information about fault distribution and the sub-surface

structure unlike 2D
• Because 3D seismic method provides a cube of data that represent a volume of the earth, it

allows us to examine data in many different ways. The results are an improved
understanding of structures and nature of the earth beneath us and enhance probability of
finding recoverable reserves of hydrocarbon.
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FIGURE 3.22 Conceptualized 3D seismic configuration.
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4D (3D-TIME LAPSE) SEISMIC SURVEYS

4D seismic survey is a three-dimensional (3D) seismic data acquired at different
times over the same area to assess changes in a producing hydrocarbon reservoir with
time. Changes may be observed in fluid movement and saturation, pressure, and
temperature.

The oil and gas industry uses 3D-time-lapse seismic survey to monitor the way fluids
flow through a reservoir during production, by carrying out a baseline (pre-production)
seismic survey (Figure 3.24) and then repeat surveys over the production lifetime of
the reservoir (Figure 3.25). When 3D surveys are repeated in this way, they are often
referred to as 4D seismic.

Typically, 4D seismic data are processed by subtracting the data from the baseline 3D sur-
vey from the data from the monitor 3D survey. The amount of change in the reservoir is
defined by the difference between the two. If no change has occurred over the time period,
the result will be zero.

FIGURE 3.23 3D seismic cube. Source: Clifford, A., Goodman. E., 2010. Southeast Louisiana shallow gas – 1: Louisiana

lagniappe: shallow gas play concept, evaluation techniques, analogs. Oil Gas J.
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FIGURE 3.24 Conceptualized baseline
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FIGURE 3.25 Conceptualizedmonitor 3D
seismic survey (after x years oil production).
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Taking a closer look at both surveys in Figure 3.26, you will notice a remarkable difference
between both surveys. This difference is called the 4D signature.

BENEFITS OF 4D SURVEY

• 4D survey will allow the reservoir engineers and geoscientists using state-of-the-art
computer systems to optimize static and dynamic models of the complex reservoir. The
end result of such a survey will be enhanced recovery of hydrocarbon from the field, better
sitting of production and injection wells, and reduced cost of drilling and prolonged life of
the field.

• 4D survey provides information for efficientmanagement of oil and gas field. For example,
to monitor the expansion of a gas cap, with the intention of managing production so as to
prevent it from reaching producing wells and thus decreasing the oil production rate.

• It also provides a baseline for the development of other oil and gas fields that have been
identified in the vicinity.

• 4D survey can help to locate untapped pocket of oil and gas in a reservoir.

SIMILARITY BETWEEN THE BASELINE AND THE
MONITOR 3D SURVEYS

At the top of the reservoir, the two-way time between the baseline 3D survey (pre-
production) and the monitor 3D survey is the same.

FIGURE 3.26 4D seismic survey data. Source: FairfieldNodal. www.fairfieldnodal.com.
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DIFFERENCE BETWEEN THE BASELINE AND THE
MONITOR 3D SURVEY

In the reservoir (Figure 3.25), the oil has decreased by Y as oil is being produced from the
well, and the gas expanded byX. This is because at the producingwell, the pressure drops. As
the pressure decreases further, gas will come out of solution. This will result in decrease in
seismic velocity and density and therefore decrease in acoustic impedance. Therefore, the
two-way time thickness of the reservoir will change as oil is produced.

Seismic events below the reservoir will therefore change in two-way time between the
baseline and the monitor 3D seismic surveys. Such time-shift in and below the reservoir gives
rise to the time-lapse effect that is noticeable between the baseline and the monitor
3D surveys.

Monitor 3D seismic survey is different from the baseline 3D survey in that it adds the ele-
ment of time so that changes in the fluid composition in the reservoir can be monitored over
the production life of the field (Figure 3.27).

Note that differences in seismic amplitudes or travel times between the monitor and base-
line surveys can reveal the movement of fluids or the extent of pressure changes that affect
reservoir properties.

Also, the ambient noise for the baseline 3D survey will be different from the monitor 3D
survey. This is because as production takes place there will be many sources of noise gener-
ated by production facilities that were absent when the baseline survey was shot.

Furthermore, some source areas that were shot in the baseline (pre-production) survey
cannot be shot in the monitor 3D survey during production because of production facilities
such as the FPSO (floating production storage and offloading) and SPM (single point moor-
ing) in the area. The FPSO and the SPMwill prevent themonitor survey vessel from acquiring
data in that area and this will create a hole in the acquired data (white area in Figure 3.28) and
makes imaging the sub-surface reservoir challenging. Therefore, it will not be possible to
acquire a monitor 3D survey that is the same as the baseline 3D survey.

Baseline

Oil

Water

1985

1995

A

B

A

B

Monitor

Production lifetime

Non-reservoir

FIGURE 3.27 Changes in a reservoir
seen through 4D seismic. Source:
Schlumberger.
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OCEAN BOTTOM NODE (OBN)

OBN technology is introduced to enable surveying in areas of obstructions (such as pro-
duction platforms) or shallow water inaccessible to ships towing seismic streamers
(floating cables).

As stated earlier, 3D monitor streamer surveys tend to leave seismic holes in under-
platforms areas or in areas inaccessible to towed streamers. An image of this is shown in
Figure 3.28.

In other words, 3D streamer surveys lack near-offset data and poorly imaged the produc-
ing reservoirs. To mitigate this effect and improve sub-surface reservoir imaging and inter-
pretation, OBN (Ocean BottomNode) technology is employed as seismic infill to an earlier 3D
monitor streamer survey around the production facilities.

In the OBN survey, every receiver location is a 4C sensing system: a three-component geo-
phone and a hydrophone.

OBN is acquired using two vessels: a source vessel and a nodal vessel.

OBJECTIVE OF OBN SURVEY

• To improve the image of the producing reservoirs underneath the production facilities.
• To provide seamless data acquisition and processing that can enhance and combine with

existing 3D streamer, OBC, or permanent reservoir monitoring programmes to provide a
more complete view of the sub-surface for enhanced exploration, field development, and
reservoir optimization.

FIGURE 3.28 An offshore field with seismic hole in near-offset data around the area where the production facil-
ities are located from a 3D streamer survey. Source: NAPE extended abstract 2011.
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OBN SEISMIC SOURCE

Airgun is used as the seismic source to generate seismic energy. The airgun used has an
operating pressure of about 2000 psi, nominal operating airgun depth is 10 m, and gun vol-
ume 4370 in.3, at a pop interval of 18.75-mdual source. An airgun array (Figure 3.29) are use to
improve effectiveness as well as to makes it a better source.

While the receiver system is stationary on the seabed, a source vessel towing a marine
source array shoots on a pre-determined dense grid on the sea surface.

RECEIVER

In OBN survey, every receiver location uses a 4C component sensing system. That is, three
orthogonally oriented geophones and one hydrophone with an ocean-bottom sensor
(deployed in node-type systems as well as cables). The receivers (geophones and hydro-
phones) are place in contact with the seabed. The geophones allow for the recording of S-
waves, while the hydrophone measures P-waves and can be fixed in position to allow for
repeatable seismic records, which is important for reservoir monitoring.

The nodes are place on the seabed with the aid of a remotely operated vehicle (ROV). The
ROV is fitted with a custom built tool known as the Beck Tool, which is used to deploy the

FIGURE 3.29 An array of airgun whose operating pressure is 2000 psi. Source: www.offshoreenergyresearch.ca.

Remotely operated vehicle (ROV) Node on the seabedFIGURE 3.30 The node been placed
on the seabed using ROV. Source: SUB-
SEA world news – The Netherland: Fugro

Awarded Ocean Bottom Node Survey Pro-

gram. Posted on 5 September 2012. www.

subseaworldnews.com.
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sensor (node), containing the hydrophones and geophones, and plants it into the seabed. This
is shown in Figure 3.30.

Note that the nodes use a battery that can last for 65–70 days.
When the shooting vessel has acquired sufficient source lines, the nodes are retrieved, data

downloaded, and the nodes are redeployed into the seabed in a nearby location and the acqui-
sition work continues.

USES OF OBN SURVEY

The uses of OBN data can be divided into three broad categories:

• Firstly, lithology and fluid prediction by the combined analysis of pressure and
shear waves.

• Secondly, time-lapse (4D) seismic monitoring.
• Thirdly, imaging in geologically complex areas.

COMPARISON BETWEEN OBN AND OBC (3D STREAMER SURVEY)

OBN survey can provide unique data quality and therefore, more information can be
obtained for improving characterization of subsurface compares to 3D streamer data.

OBN acquisition offers the prospect of full illumination and high multiplicity of signals
from the same sub-surface points (high data fold).

Although conventional 3D streamer seismic data serve exploration purposes well in many
cases, the data quality may not be sufficient to support an adequatemodel for reservoir devel-
opment, in particular below complex overburden. This experience led to the development of
OBN technology.

1996 OBC data 2004 OBN data FIGURE 3.31 Imaging comparison of
1996 OBC (3D streamer survey) and 2004
OBN data at Cantarell. Courtesy: Pemex/SeaBed

Geophysical. Source: Amundsen, L., Landro, M.,

2008. Seismic imaging technology part 111.

GeoExPRO Magazine 5(4). www.geoexpro.com.
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OBN uses 4C receivers that are placed directly on the seafloor by a remote operating vehi-
cle (ROV), properly GIS referenced and therefore allow the most accurate positioning and
orientation.

Advantages of OBN systems are their high repeatability in 4D applications for reservoir
monitoring, their ability to operate in complex topography or infrastructure areas, and their
excellent coupling with the seafloor compared to 3D streamer surveys.

Note the drawback in OBN is that nodes cover a sparsely sampled acquisition zone.
From Figure 3.31, comparing the OBC 1996 data, with the Seabed’s OBN 2004 data, the

OBN data demonstrated higher resolution, excellent reflector continuity, and improved
structural definition.

RECORDING SEISMIC DATA ON TAPE

This flow chart show the key steps involved with recording and handling seismic data.

Data from geophones

Analog to digital conversion Amplifier

Pre-amplifier Low-cut filter (optional)

High-cut filter

Formatted output to tape

The geophones or hydrophones measure the seismic wave field, and their output is elec-
trical signals. The voltages, that is, the data from the geophones are initially amplified at the
preamplifier andmay then pass through analogue low-cut filter (a low-cut-off filter applied to
a seismic signal attenuates frequencies less than the cut-off frequency).

The data are filtered by the analogue high-cut filter (a high-cut-off filter applied to a seismic
signal attenuates frequencies above the cut-off to make the output more low frequency) so
that frequencies above Nyquist are removed and then amplified again.

Note that the maximum frequency beyond which aliasing will occur is called the
Nyquist Frequency.

Finally, the data are converted from analogue to digital information, before being recorded
on tape in a known readable format.

RECORDING MULTI-CHANNEL SEISMIC DATA

Multi-channel seismic data recording is the process of recording the reflections from a single
seismic shot withmultiple channels (that is, groups of geophone in a string) at the surface. Such
redundancy of recorded data enhances the quality of seismic data when the data are stacked
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ISSUES WITH RECORDING MULTI-CHANNEL
SEISMIC DATA

• The first issue is that as soon as the seismic shot (Figure 3.32) is fired all of the receiver
groups will be receiving data simultaneously. If these data are recorded on tape as soon as
it is available, the data on tape will be in the wrong order. This order is not appropriate for
later processing of the data. The geophysicists will have all data at one time sample,
followed by all data at the next sample – the data are ordered by time, not as seismic traces.
This type of recording format is known as multiplexed recording.

• Second issue is that the collection of data is done in time-sequential order. The first sample of
channel 1 is collected followed by the first sample of channel 2, then the first sample of
channel 3, etc., until the first sample of all the channels are collected. Then the second sample
of channel 1 is collected and then followed by the second sample of channel 2, etc. There is a
slight time difference between the samples of the channels, as data from later channels are
recorded later than data from earlier channels. This multiplexer skew, dependent on the
channel number, is usually corrected in the earliest stages of data processing –when the data
are being de-multiplexed from the field tape into an internal tape format in trace order.

DIFFERENCE BETWEEN MULTIPLEXED AND
DE-MULTIPLEXED

Multiplexed Data Format

When data are stored in multiplexed format, the groups of numbers are referred to as a
scan. This is one time sample for all channels, or geophone groups, in channel number order.

FIGURE 3.32 Conceptualized receiver groups recording data simultaneously. Source: www.enviroscan.com.

60 3. UNDERSTANDING SEISMIC EXPLORATION

I. BASIC SEDIMENTOLOGY AND SEISMIC DATA ACQUISITION



De-Multiplexed Data Format

When data are stored in de-multiplexed format, the order is changed so that all samples for
one receiver group or channel are kept in time order; this is referred to as a trace.

In otherwords, de-multiplexed data format is a trace-sequential format. The first sample of
channel 1 is collected followed by the second sample of channel 1 and then the third sample of
channel 1, etc., until all of channel 1 is collected, followed by the first sample of channel 2, etc.

Note that the difference betweenmultiplexed data format and de-multiplexed data format
is simply in the order in which one field record or shot is stored.

Table 3.1 shows the numbers recorded in a seismic record. Each row is recorded at one
time; each column is recorded from one channel. The multiplexed data order would be
D001, E001, and F001. The de-multiplexed data order would be D001, D002, and D003.

STANDARD WAY SEISMIC DATA IS STORED

Every processing contractor and Oil Company has their own format for storing seismic
data during in-house processing of the data. But the society of exploration Geophysicists
has a standard for storage of acquired and processed seismic data. Seismic data are stored
on tape either in SEG-D or SEG-Y format.

SEG-D Format

SEG-D is used to store acquired seismic field data. It can contain multiplexed or de-
multiplexed data.

Multiplexed data are stored in a series of scans per block. The set of data values of each scan
is preceded by a Start–Of–Scan code and time value, which identifies the scan.

De-multiplexed data are stored in a sequence of a header record followed by a number of
de-multiplexed data records and then a single end file mark. This sequence is repeated for
each shot on the line.

SEG-Y Format

SEG-Y is a trace-sequential (or de-multiplexed) format used for storage of processed seis-
mic data or partially processed data from field processing crew. SEG-Y data format enhances
data transfer from one contractor to another. That is, SEG-Y is used for data exchange.

TABLE 3.1 Conceptualized how Multiplexed and De-Multiplexed Data are Ordered

Channel

Time 1 2 3

0.001 D001 E001 F001

0.002 D002 E002 F002

0.004 D003 E003 F003
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All tape formats share a common general layout. Each tape or file on a multi-file tape con-
sists of some or all of the following:

• A general header that identifies the tape
• A header for each ‘batch’ of data, for example, one field record on the tape
• A header for the individual traces or scans on the tape
• The seismic samples

Note that a file may consist of many individual traces or records, and the tape may consist
of many different files. Each file on the tape is ended by a particular ‘End of File’ code. Then
the recording sequence is repeated along the length of the tape until the tape is full.
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The Study of Mapping the Seafloor - 15/01/2019

What is the Difference Between a Bathymetry Chart and a Hydrographic Chart?

Kristiyan Panayotov (/content/author/kristiyan-panayotov)

This article will immerse you into the deep water of

Bathymetry. It explains in detail what a bathymetry map is, what it shows, what methods we use to collect the bathymetry data

and last but not least, how to create a good quality bathymetry map. It will also cover the difference between a bathymetry

chart (https://geo-matching.com/multibeam-echosounders) and a hydrographic chart and the techniques our ancestors used in

the past to collect and record depths?

What is Bathymetry?
Bathymetry is the study of mapping the seafloor. Bathymetric maps (https://www.encyclopedia.com/places/oceans-continents-

and-polar-regions/oceans-and-continents/bathymetric-maps) represent the ocean (sea) depth as a function of geographical

coordinates, just as topographic maps represent the altitude of the Earth (https://www.encyclopedia.com/earth-and-

environment/geology-and-oceanography/geology-and-oceanography/earth)'s surface at different geographic points. On

topographic maps, the lines connect points of equal elevation. On bathymetric maps, they connect points of equal depth

(Figure 1). The name derives from the Greek words: βαθύς (bathus), ’deep’, and μέτρον (metron), ’measure’. The general

purpose of producing Bathymetric (or hydrographic) charts/maps is supporting the safety of surface or sub-surface navigation

and usually displaying seafloor relief or terrain as contour lines called isobaths. A bathymetric chart differs from

a hydrographic (https://en.wikipedia.org/wiki/Hydrography) chart in that accurate presentation of the underwater features is the

goal while safe navigation (https://en.wikipedia.org/wiki/Navigation) is the requirement for the hydrographic chart.

A hydrographic chart (https://en.wikipedia.org/wiki/Hydrographic_chart) will obscure the actual features to present a simplified

version to aid mariners (https://en.wikipedia.org/wiki/Sailor) in avoiding underwater hazards. Illustrating the depths on a

bathymetry map combines different methods such as using a Digital Terrain Model (DTM) or artificial illumination techniques

[1]. Like geographical maps of the surface of Earth, bathymetric maps are designed also in cartography projection. Generally,

the projection used most often in bathymetric maps is the Mercator projection. It has been used for a long time to produce sea

charts that are used for sailing in all latitudes except Polar ones.

(/cache/f/e/7/7/5/fe775335c9a0800b2a220c49f894adb4ca70b994.jpeg)

Figure 1: A bathymetric image of Lake Huron. In the same way that topographic maps represent the three-dimensional

features (or relief) of overland terrain, bathymetric maps illustrate the land that lies underwater. (Source NOAA)385
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What is the Bathymetry Data Used For?
Bathymetry data (https://geo-matching.com/category/hydrographic-processing-software) is used for various purposes

including:

Charting and navigation purposes

Harbour constructions

Determination of marine boundaries

Fishery management

Environmental management

Alternative energy assessment

Investigation into coastal process (beach erosion, sea level rising and subsidence) and ocean currents (tsunami

modelling)

Valuation and identification of environmental geohazards, such as underwater landslides

Providing useful forensic evidence in court when certain types of crimes involving the sea are committed

Treasure-seekers when investigating the seafloor to identify the most likely areas to seek sunken ships (HMS Titanic in

the 1980s)

Biological oceanography, defining the habitat for benthic (bottom-dwelling) organisms.

 

How did We Collect the Bathymetry Data in the Past?
There are various methods to collect bathymetric data. The first officially recorded depths were entered into log books and

sailing guides (’rutters’), and then in 1584, the first depth chart was produced by the Dutch. Early techniques used pre-

measured heavy rope or cable deployed manually into the water (Figure 2). The crew of the ship had to ‘feel’ when the rope

hit the seafloor and then record the current depth. That method was quite inefficient, incorrect and incomplete because the

rope often did not travel straight to the seafloor but was shifted by currents. The surveyors were also measuring the depths

only to a single isolated point at a time and thus, until the next measuring, missing possibly significant features like underwater

hills or trenches.

(/cache/d/0/9/4/0/d094037ebe29ed59fe3bb97e76673e01c53ee533.gif)

Figure 2: Hydrographic survey by lead line. (Source NOAA)

For instance, the most important structure in the Atlantic Ocean (https://www.encyclopedia.com/places/oceans-continents-

and-polar-regions/oceans-and-continents/atlantic-ocean), the Middle-Atlantic ridge, was discovered and began to be

investigated only after World War II (https://www.encyclopedia.com/history/modern-europe/wars-and-battles/world-war-ii). This

method is also subject to steady movement of the ship (heaving, rolling) due to waves and currents and therefore also

quite inaccurate. For safe navigation, all that is needed is the minimum depth, so at the beginning of the 19th century, drag385
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wires began to be used in coastal waters (Figure 3). A drag wire is strung between two vessels, with supporting buoys in

between, that are at a known depth. If this can be taken safely along a channel, then it is known that the minimum safe depth

for navigation is the depth of the drag wire.

From the beginning of the 19th century, European States also started setting up national Hydrographic Offices to provide

charts to support their navies, as they had poorer charts than merchants who bought charts from commercial publishers [2].

(/cache/e/1/b/2/7/e1b277cd567a1d85db2a9089405ea01a6c6e4427.gif)

Figure 3: Hydrographic survey using a drag wire. (Source NOAA)

What Techniques Do We use Today to Collect Bathymetry Data?

Nowadays, the data used to make bathymetric maps are derived from modern devices such as:

Single-beam echo sounders (SBES)
S (https://geo-matching.com/singlebeam-echosounders)tarting in the early 1930s, SBES produced a single line of

depth points directly under the equipment. During a bathymetric survey, the echo sounder system is mounted on the

hull of a survey vessel and measurements are made while the vessel is moving to identify general seafloor patterns or

fish schools (Figure 4). The sonar system sends out multiple soundwaves that bounce off the seafloor and return to

the ship. The delay between sending and receiving the signal provides a measurement of ocean depth. These

measurements are then used to produce a map charting the seafloor (bathymetric map).
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(/cache/f/3/f/8/6/f3f866b0096bb7b60e18dd9d678039338fbad0da.png)

Figure 4: The sonar system mounted on the hull of the vessel sends out sound waves that bounce off the seafloor and return

to the ship.

Multibeam echo sounders (MBES)
Most commonly used method. The principle is the same as the SBES, except that equipment uses hundreds of very

narrow adjacent beams arranged in a fan-like swath (https://en.wikipedia.org/wiki/Swath_width) of typically 90 to 170

degrees across to acquire multiple depth points over an area. This method produces high-resolution data and

accuracy (Figure 5).

Satellite-derived bathymetry data
Satellite-derived bathymetry (SDB) is actually an umbrella term for a number of very different approaches to producing

bathymetric data, which only have in common their dependence on satellite data. This method produces maps at low-

resolution, therefore showing only general features over a large area (Figure 6). Satellite altimetry measures the height

of the ocean surface. If there are hills/mountains on the seafloor, the gravitational pull around that area will be greater

and hence the sea surface will bulge. [3]

Light detecting and ranging (Lidar)
Like the MBES (https://geo-matching.com/multibeam-echosounders), it derives the data by acquiring multiple depth

points through a wide swath angle, but it is mounted on an airplane. The amount of time it takes for the sound or light

to travel through the water, bounce off the seafloor, and return to the sounder informs the equipment of the distance to

the seafloor [3]. As with the MBES method, the Lidar technique obtains very high-resolution and accurate datasets.

Hydrographic survey by crowdsourcing
This method is quite new and relies on public volunteer vessels recording position, depth and time data using their

standard onboard navigation instruments. The data is then further uploaded to crowdsource organisations such as

OpenSeaMap, TeamSurv or ARGUS and further post-processed for tidal corrections or speed of sound. This approach

does not require a specific survey vessel, or professionally qualified surveyors to be on board but it cannot substitute a

rigorous systematic survey, where this is required. Nevertheless, the results are often more than adequate for many

requirements where high-resolution or high-accuracy surveys are not required or are unaffordable [6].
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(/cache/d/d/f/d/1/ddfd1a89d5fb06608598ba21080223528013da2a.jpeg)

Figure 5: Image of the seafloor in the same location as Figure 2 but showing a strip of high-resolution data (in colour) where

multibeam data has been acquired. (Source: Australian Government, portal Geoscience Australia.)

What Else is Important to Create a Good Quality Bathymetry Map?
To the various different methods, we have to add some extra bathymetry equipment that helps acquire more accurate and

reliable data. Gyrocompasses with an accurate heading provide information to correct for vessel yaw, and attitude sensors

help correct roll and pitch on the ocean surface. The modern MBES systems have an integrated motion sensor fixing the

correction errors and a mounted GNSS that positions the soundings with respect to the surface of the Earth. During the

surveying process, supplementary measurements for factors such as water salinity, sea temperature and ocean depth need to

be made due to the refraction of ‘ray-bending’ of the sound waves owing to non-uniform water column characteristics. These

factors affect how quickly sonar waves travel through the water. The most significant device that measures the propagation

velocity of the acoustic wave within the water column is called Sound Velocity Profiler (SVP). In general, sound travels faster

as temperature, salinity and pressure increase. The ocean has different currents, with different temperatures and salinities. A

sensor recording that data is named CTD (Conductivity, Temperature, Depth). When processing multibeam bathymetry data,

corrections for those factors need to be made in order to get high-quality data.

To construct a precise map of the region, it is necessary to perform surveying in such a manner that map stripes, obtained in

different vessel tracks, are as close to each other as possible, or even overlap.

During the acquisition of the data, the surveyor can choose different operating frequencies (low or high). Generally, the higher

the frequency, the better the resolution of the data, because the higher frequencies create better-returning signals. However,

high frequencies (greater than 100kHz) usually dissipate faster within the water column and therefore we use low frequencies

(less than 30kHz) in deep waters. The greater the water depth, the worse the resolution of the data. That is due to two main

factors:

1. In deep waters, we use low frequencies instead of high frequencies, so that the acoustic waves reach the seafloor.

The low frequencies do not produce a good resolution of the data.

2. The deeper the water, the greater the area the beam covers. That is due to the swath opening angle. However, the

outer beams of the swath create poorer returning signals and therefore lower resolution data.
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Finally, hydrographic processing software (https://geo-matching.com/category/hydrographic-processing-software) processes

all the data. The resulting sounding measurements are then processed either manually, semi-automatically or automatically (in

limited circumstances) to produce a bathymetry map of the area. After performing such surveying, all the data is joined

together, and the map of the entire region is constructed [4].

(/cache/d/3/f/2/9/d3f29b540ca25fdc1520a5a22e729336a635cfbb.jpeg)

Figure 6: Image of the seafloor mapped using satellite data. (Source: Australian Government, portal Geoscience Australia.)

The Hydrographic Processing Software
As mentioned above, after the data has been collected, it has to undergo post-processing. The amount of data collected

during a hydrographic survey is massive, often with several soundings per square metre. Depending on the goal for which the

bathymetry map will be created (for example, navigation charts (https://en.wikipedia.org/wiki/Navigation_chart), Digital Terrain

Model (https://en.wikipedia.org/wiki/Digital_Terrain_Model), volume calculation for dredging

(https://en.wikipedia.org/wiki/Dredging), topography (https://en.wikipedia.org/wiki/Topography), or bathymetry

(https://en.wikipedia.org/wiki/Bathymetry)), this data must be reduced. The data will also need to be corrected for errors (i.e.,

bad soundings,) and for the effects of tides (https://en.wikipedia.org/wiki/Tides), waves

(https://web.archive.org/web/20070325091416/http:/www.thsoa.org/hy03/3a_3.pdf)/heave

(https://web.archive.org/web/20070614123051/http:/chl.erdc.usace.army.mil/library/publications/chetn/pdf/cetn-vi-

17.pdf), water level

(https://web.archive.org/web/20070324014031/http:/www.hydrographicsociety.org/Articles/journal/2002/104-

3.htm) and thermoclines (https://en.wikipedia.org/wiki/Thermocline) (water temperature differences). The final output of charts

can be created with a combination of speciality Hydrographic Processing Software or a computer-aided design

(https://en.wikipedia.org/wiki/Computer-aided_design) (CAD) package.

Hydrographic Processing Software is designed to process hydrographic data. Hydrographic Acquisition Software allows for

the creation of bathymetry maps, target detection, a difference analysis between new and old surveys as well as many other

features for a wide variety of applications such as removing outliers, plotting field sheets, exporting data to CAD, computing

volume quantities, generating contours, creating side-scan mosaics, etc.

From Paper Facsimiles to a Digital Chart

385
Shares



8/20/2019 The Study of Mapping the Seafloor

https://www.hydro-international.com/content/article/the-study-of-mapping-the-seafloor 7/8

It must be remembered that no map is a real model of the world, but has been created to meet the needs of the intended user.

Bathymetric nautical charts are no different in this respect. Firstly, they are mostly planned for the safety of navigation showing

the shallowest depths in an area, which is great for navigators but does not meet the needs of many other users who want a

more balanced view of the depths. Secondly, they were constructed and intended for marine sailors to plot their tracks on,

which means that the amount of information shown beyond that needed for safe navigation is limited.

(/cache/9/e/d/1/8/9ed1884fae757055a251334619b25ca5cc91a1de.jpeg)

Figure 7: The contour lines on this map show the bathymetry of the southern part of Lake Michigan. (Map courtesy

NOAA/NGDC, NOAA National Ocean Service, Canadian Hydrographic Service, and Army Corps of Engineers)

Digital charts would overcome the problems of displaying less data on the paper maps, but most digital charts are still

basically just facsimiles of the paper charts and have yet to use the benefits that a digital approach could offer. This may

change with the S-100 series of standards for digital charts, but these have not been implemented in commercial products yet

[5].

Finally, whilst the preponderance of GPS for positioning means that most charts have now been redrawn to the WGS84

horizontal datum, vertical charts refer to a local sea level. Nowadays, there is still a big variety in choosing the right vertical

datum. Some states are still using datums like Mean Lower Low Water (MLLW) in the USA and not the Lowest Astronomical

Tide (LAT) or Mean Sea Level (MSL) in areas with minimal tidal ranges as recommended by the International Hydrography

Office (IHO). However, this is not a big issue for navigation but makes it difficult to set any sort of global mapping to a common

vertical datum.

Conclusion
The taking and analysing of bathymetric measurements, as well as the creation of bathymetric maps, is one of the core areas

of modern hydrography (https://en.wikipedia.org/wiki/Hydrography), and a fundamental component in ensuring the safe

transport of goods worldwide.

Overall, very little is known about the seafloor; less than 8% of the Earth’s waters have been mapped. Even the surface of

Mars and Venus has been better mapped than the Earth’s seafloor. The existing maps of the seafloor are often low-resolution

maps, mostly derived from satellites and only provide a general indication of water depth. Therefore, great efforts will need to

be made in the future to change this.
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Seismic waves are the waves of energy caused by the sudden breaking of rock 
within the earth or an explosion. They are the energy that travels through the earth 
and is recorded on seismographs.

Types of Seismic Waves

There are several different kinds of seismic waves, and they all move in 
different ways. The two main types of waves are body waves and surface 
waves. Body waves can travel through the earth's inner layers, but surface 
waves can only move along the surface of the planet like ripples on water. 
Earthquakes radiate seismic energy as both body and surface waves.

BODY WAVES

Traveling through the interior of the earth, body waves arrive before the 
surface waves emitted by an earthquake. These waves are of a higher 
frequency than surface waves.

P WAVES

The first kind of body wave is the P wave or primary wave. This is the 
fastest kind of seismic wave, and, consequently, the first to 'arrive' at a 
seismic station. The P wave can move through solid rock and fluids, like 
water or the liquid layers of the earth. It pushes and pulls the rock it moves 
through just like sound waves push and pull the air. Have you ever heard a 
big clap of thunder and heard the windows rattle at the same time? The 
windows rattle because the sound waves were pushing and pulling on the 
window glass much like P waves push and pull on rock. Sometimes animals 
can hear the P waves of an earthquake. Dogs, for instance, commonly begin 
barking hysterically just before an earthquake 'hits' (or more specifically, 
before the surface waves arrive). Usually people can only feel the bump and 
rattle of these waves.

P waves are also known as compressional waves, because of the pushing 
and pulling they do. Subjected to a P wave, particles move in the same 
direction that the the wave is moving in, which is the direction that the 
energy is traveling in, and is sometimes called the 'direction of wave 
propagation'. 



FIGURE 1 - A P WAVE TRAVELS THROUGH A MEDIUM BY MEANS OF COMPRESSION AND DILATION. PARTICLES ARE 
REPRESENTED BY CUBES IN THIS MODEL. IMAGE ©2000-2006 LAWRENCE BRAILE, USED WITH PERMISSION.

S WAVES

The second type of body wave is the S wave or secondary wave, which is 
the second wave you feel in an earthquake. An S wave is slower than a P 
wave and can only move through solid rock, not through any liquid 
medium. It is this property of S waves that led seismologists to conclude 
that the Earth's outer core is a liquid. S waves move rock particles up and 
down, or side-to-side--perpendicular to the direction that the wave is 
traveling in (the direction of wave propagation). 



FIGURE 2 - AN S WAVE TRAVELS THROUGH A MEDIUM. PARTICLES ARE REPRESENTED BY CUBES IN THIS MODEL. IMAGE 
©2000-2006 LAWRENCE BRAILE, USED WITH PERMISSION.

SURFACE WAVES

Travelling only through the crust, surface waves are of a lower frequency 
than body waves, and are easily distinguished on a seismogram as a result. 
Though they arrive after body waves, it is surface waves that are almost 
enitrely responsible for the damage and destruction associated with 
earthquakes. This damage and the strength of the surface waves are reduced 
in deeper earthquakes.

LOVE WAVES

The first kind of surface wave is called a Love wave, named after A.E.H. 
Love, a British mathematician who worked out the mathematical model for 
this kind of wave in 1911. It's the fastest surface wave and moves the 
ground from side-to-side. Confined to the surface of the crust, Love waves 
produce entirely horizontal motion.



FIGURE 3 - A LOVE WAVE TRAVELS THROUGH A MEDIUM. PARTICLES ARE REPRESENTED BY CUBES IN THIS MODEL. 
IMAGE ©2000-2006 LAWRENCE BRAILE, USED WITH PERMISSION.

RAYLEIGH WAVES

The other kind of surface wave is the Rayleigh wave, named for John 
William Strutt, Lord Rayleigh, who mathematically predicted the existence 
of this kind of wave in 1885. A Rayleigh wave rolls along the ground just 
like a wave rolls across a lake or an ocean. Because it rolls, it moves the 
ground up and down, and side-to-side in the same direction that the wave is 
moving. Most of the shaking felt from an earthquake is due to the Rayleigh 
wave, which can be much larger than the other waves. 



FIGURE 4 - A RAYLEIGH WAVE TRAVELS THROUGH A MEDIUM. PARTICLES ARE REPRESENTED BY CUBES IN THIS MODEL. 
IMAGE ©2000-2006 LAWRENCE BRAILE, USED WITH PERMISSION

• Earthquake waves are known as seismic waves. There are three main types of seismic waves. 

• Each type of wave  has a characteristic speed and manner of travel.

Primary Waves 



• Seismic waves that travel the fastest are called primary waves, or P waves. P waves arrive at a 
given point before any other type of seismic wave. P waves travel through solids, liquids and 
gases. 

• P waves are push-pull waves. As P waves travel, they push rock particles into the particles 
ahead of them, thus compressing the particles. The rock particles then bounce back. They hit 
the particles behind them that are being pushed forward. The particles move back and forth in 
the direction the waves are moving.

Secondary Waves 

• Seismic waves that do not travel through the Earth as fast as P waves do are secondary waves, 
or S waves. S waves arrive at a given point after P waves do. S waves travel through solids but 
not through liquids and gases.

Surface Waves 

• The slowest-moving seismic waves are called surface waves, or L waves. L waves arrive at a 
given point after primary and secondary waves do. L waves originate at the epicenter. Surface 
waves travel along the surface of the earth, rather than down into the earth. Although they 
are the slowest of all the earthquake waves, L waves usually cause more damage than P or S 
waves.

---------------

• Energy is released in the form of waves and radiates in all directions from its source, the focus. 

• Body Waves

• Travel through Earth’s interior. 

• Two types based on mode of travel. 

• Primary (P) Waves

• Push-pull (compress and expand – compressional waves) motion, 
changing the volume of the intervening material. 

• Therefore, can travel through solids, liquids, and gases.

• Generally, in any solid material, P waves travel about 1.7 times faster 
than S waves.

• Body Waves

• Secondary (S) Waves



• “Shake” motion at right angles to their direction of travel that changes the 
shape of the material transmitting them (shear waves).

• Therefore, can travel only through solids.

• Slower velocity than P waves.

• Slightly greater amplitude than P waves.

• Lesser amplitude than L Wave.  

• Surface Waves

• Travel along outer part (surface) of the Earth. 

• Complex motion (up-and-down motion as well as side-to-side motion).

• Cause greatest destruction. 

• Exhibit greatest amplitude and slowest velocity. 

• Waves have the greatest periods (time interval between crests). 

• Often referred to as long waves, or L waves. 

Radio activity

1. Radio activity is the process of spontaneous disintegration of certain 
unstable chemical elements and consequent emission of certain 
particles with the release of heat energy. 

2. This process continues untill a stable element is produced.
3.  Thus a parent element disintegrates to form a daughter element which 

is stable.
(eg.) U-238 disintegrates to form Lead-206, -through a series of unstable 

isotopes of different elements.

4. The transformation of parent element to daughter element takes place 
in regular manner.

5. That is in a unit of time, the amount of substance reduces itself in to 
half by radio activity is known as Half-life.



6. The uniform rate of disintegration of any radioactive element is not 
affected by any physical or chemical change.so half-life is also 
constant.

7. Half-life period is variable for different elements.

The disintegration of radioactive elements generates heat which causes 
convective currents. According to Holmes there is maximum concentration of 
radioactive elements in the crust but temperature is not so high because there is 
gradual loss of heat through conduction and radiation from the upper surface. On 
the other hand, though there is very low concentration of radio active elements in 
the sub stratum but the gradual accumulation of heat produced by the radio 
active elements causes convective currents. 

According to Joly the rocks of the earth contain radioactive elements but 
their distribution is not uniform in all zones of the earth. Continuous breakdown 
of certain radioactive elements like Uranium, Thorium etc..generates heat. 
According to Joly the disintegration of radioactive elements of sialic or continental 
rocks produces heat but it does not accumulate in the continents or sial because 
the total loss of heat through radiation from the sialic crust is more than the total 
heat produced by the radioactive elements. He has further pointed out that the 
temperature increases with increasing depth. After detailed mathematical 
calculation, Joly estimated the amount of temperature at the depth of 30km to be 
1050 c. He estimated the maximum thickness of sial to be 30km. The melting 
point of basalt is 1150c. In other wards, in order that the sima or sub-stratum 
may melt, the temperature should rise by another 100c. Joly calculated that it 
may take33 to 56 million years for the accumulated heat derived from 
radioactivity to melt the basaltic rocks.

STRUCTURE& TECTONIC  FEATURES OF EARTH   



1. The earth’s surface is divided in to land areas and areas under the marine 

water. 

2. These two primary units have different geomorphic features.

3.  A great variety of landscape exists both on the continents and the areas 

under marine water.

4.  A major part of the continents is characterized by plain areas raised only a 

little above the mean sea level.

5.  A major part of oceanic areas are also plain areas, which are at depths 

greater than three kilometer from the mean sea level.

6. The formation of land areas on continents is brought about by the inter 

action of endogenetic tectonic processes and exogenetic processes of erosion 

and deposition . 

7. Oceanic plains have been formed by the endogenetic tectonic processes 

alone. There is no denudational and erosional processes.

8. Mountain chains of continents are relatively narrow belts raised above the 

average heights of the continental plain. 

9. The great contrast in the relief of oceanic and continental areas is directly 

related with the differing structure and composition of the earth’s crust 

beneath the continents and oceans. 

10.The crustal structure is inferred from the study of seismic waves which are 

produced by earthquakes.

               Earth’s crust beneath the continents comprises three layers. The upper  

layer is made up of sedimentary rocks having thickness 2 to 10 km. The middle 

layer has a thickness varying from 15 to 20 km. Since the physical properties of 

this layer correspond to those of the granites and metamorphic rocks, this layer is 



known as granitic layer . The lower layer corresponds to the physical properties of 

basalts, gabbro and other basic rocks. This layer is therefore known as basaltic 

layer. The total thickness of the earth’s crust beneath the continents range from 

30 to 40 km, where as under the ‘roots’ the crustal thickness has a range of 50 to 

80km.

                 Structure of the earth’s crust is very different beneath the oceanic 

areas. Total crustal  thickness, predominantly made up of the basaltic layer is 

greatly reduced to about 5 to 15 km only. Granitic layer beneath the oceanic 

areas are missing. The upper layer of sedimentary rocks is reduced to an average 

thickness of 0.2 to 0.5 km. In some oceanic areas the sedimentary rocks are as 

thick as 3km, while in others they are completely missing.

            TECTONIC  ELEMENTS OF CONTINENTS :   Continents are broadly divided in 

to areas of folded mountain belts and cratons. 

Folded mountain belts comprise thick sedimentary sequence of 

geosynclinal types which were deformed and uplifted during an orogenic phase of 

its evolution . 

Cratons, relatively stable areas of the earth’s surface has not undergone 

any violent (orogenic) types of tectonic activity since the end of Middle 

Precambrian. 

The Precambrian Basements generally exposed in the central parts of the 

craton, are known as shields. 



The precambrian basement is overlain in other parts of the craton by a thin 

layer of middle and upper proterozoic and phanerozoic sedimentary succession 

known as platform cover.

         CRATONS;  The Precambrian basements (shields) of varrios cratons have 

evolved in four stages. The oldest unit representing the first stage comprises the 

greenstone belt which represent the remarks of primordial crest. At the second 

stage of  evolution these green stone belts were intruded and largely assimilated 

by granite gneisses and migmatites. 

Elongate and relatively narrow sedimentary basins were formed over their 

basement of gneisses and migmatites at the third stage of evolution as volcano - 

Sedimentary sequence. These earliest volcano sedimentary sequence were 

intensively deformed, metamorphosed and later, at the fourth stage of evalution 

of the Precambrian basement, intruded by large granitic plutons.

FOLDED MOUNTAIN BELTS;   The folded mountain belts have mostly been 

peneplained due to continuous erosion since the Precambrian time . 

The folded mountain belts come in to existence by three phased evolution of 

elongate and narrow basins of deposition known as geosynclines. 

The first phase, geosynclinal phase, is characterised by a prolonged period of 

sedimentation. The rate of sedimentation is generally compensated by an equal 

amount of subsidence of geosynclinal basin. 

During the second phase, known as inversion phase, the rock successions of the 

basin are subjected to intense deformation, metamorphism and plutonic 

magmatism. Tectonic movements are directed vertically downward at the first 



phase whereas at the second phase they are directed upwards leading to the 

uplift of the region.

A shield is generally a large area of exposed Precambrian crystalline igneous and 

high-grade metamorphic rocks that form tectonically stable areas. In all cases, the 

age of these rocks is greater than 570 million years and sometimes dates back 2 to 

3.5 billion years. They have been little affected by tectonic events following the 

end of the Precambrian, and are relatively flat regions where mountain building, 

faulting, and other tectonic processes are greatly diminished compared with the 

activity that occurs at the margins of the shields and the boundaries between 

tectonic plates.

Shields themselves can be very complex: they consist of vast areas of granitic or 

granodioritic gneisses, usually of tonalitic composition, and they also contain belts 

of sedimentary rocks, often surrounded by low-grade volcano-sedimentary 

sequences, or greenstone belts. These rocks are frequently metamorphosed 

greenschist, amphibolite, and granulite facies.

Shields are normally the nucleus of continents and most are bordered by belts of 

folded Cambrian rocks. Because of their stability, erosion has flattened the 

topography of most of the continental shields; however, they commonly do have a 

very gently convex surface. They are also surrounded by a sediment-covered 

platform. By contrast, in a platform, the shield (more accurately referred to then as 

the crystalline "basement") is overlain by horizontal or subhorizontal sediment. 

Together, the shield, platform and basement are the parts that comprise the stable 

interior portion of the continental crust known as the craton.



The margins surrounding a shield generally constitute relatively mobile zones of 

intense tectonic or plate-like dynamic mechanisms. In these areas, complex 

sequences of mountain building (orogeny) events have been documented over the 

past few hundred million years.

For example, the Ural Mountains, to the west of the Angaran Shield, are atop the 

mobile zone that separates the shield from the Baltic Shield. Similarly, the 

Himalayas are on the mobile boundary between the Angaran and Indian shields. 

Shield margins have been subject to geotectonic forces that have both destroyed 

and rebuilt the margins and the cratons that they partially comprise. In fact, the 

growth of continents has occurred as a result of the accretion of younger rocks that 

underwent deformations during series of mountain building processes. In a sense, 

these belts of folded rocks have been welded onto the borders of the preexisting 

shields, thus increasing the size of the proto-continents that they make up.

A craton  is an old and stable part of the continental lithosphere, where the 

lithosphere consists of the Earth's two topmost layers, the crust and the 

uppermost mantle. Having often survived cycles of merging and rifting of 

continents, cratons are generally found in the interiors of tectonic plates. They 

are characteristically composed of ancient crystalline basement rock, which may 

be covered by younger sedimentary rock. They have a thick crust and deep 

lithospheric roots that extend as much as several hundred kilometres into the 

Earth's mantle.

Formation

The process by which cratons were formed from early rock is called cratonization. 

The first large cratonic landmasses formed during the Archean eon. During the 



early Archean, Earth's heat flow was nearly three times higher than it is today 

because of the greater concentration of radioactive isotopes and the residual heat 

from the Earth's accretion. There was considerably greater tectonic and volcanic 

activity; the mantle was less viscous and the crust thinner. This resulted in rapid 

formation of oceanic crust at ridges and hot spots, and rapid recycling of oceanic 

crust at subduction zones. 

 

Rift valley

 A rift valley is a lowland region that forms where Earth’s tectonic plates move 

apart, or rift. Rift valleys are found both on land and at the bottom of the ocean, 

where they are created by the process of seafloor spreading. 

Tectonic plates are constantly in motion—shifting against each other in fault 

zones, falling beneath one another in a process called subduction, crashing against 

one another at convergent plate boundaries, and tearing apart from each other at 

divergent plate boundaries.

A rift valley is formed on a divergent plate boundary, a crustal extension, a 

spreading apart of the surface, which is subsequently further deepened by the 

forces of erosion. When the tensional forces were strong enough to cause the plate 

to split apart, a center block dropped between the two blocks at its flanks, forming 

a graben. The drop of the center creates the nearly parallel steeply dipping walls of 

a rift valley when it is new. That feature is the beginning of the rift valley, but as 

the process continues, the valley widens, until it becomes a large basin that fills 

with sediment from the rift walls and the surrounding area. One of the best known 



examples of this process is the East African Rift.[1] On Earth, rifts can occur at all 

elevations, from the sea floor to plateaus and mountain ranges in continental crust 

or in oceanic crust. They are often associated with a number of adjoining 

subsidiary or co-extensive valleys, which are typically considered part of the 

principal rift valley geologically.

Earth's rift valleys

The most extensive rift valley is located along the crest of the mid-ocean ridge 

system and is the result of sea floor spreading. Examples of this type of rift include 

the Mid-Atlantic Ridge and the East Pacific Rise.

Many existing continental rift valleys are the result of a failed arm  of a triple 

junction, although there are two, the East African Rift and the Baikal Rift Zone, 

which are currently active, as well as a third which may be, the West Antarctic 

Rift. In these instances, not only the crust, but also entire tectonic plates, are in the 

process of breaking apart to create new plates. If they continue, continental rifts 

will eventually become oceanic rifts.

TECTONIC ELEMENTS OF OCEANS :-   The structure of the oceanic bottoms is 

distinctly different from that of the continents. Structural elements of the 

continents extend up to the continental shelves and than come to an abrupt end 

of the margins of the continental slopes.

          The three  main types of structural elements characterizing the oceanic 

bottoms are 

1. Mid-oceanic ridges 



2. oceanic trenches 

         and 3.   transform faults.

MORPHOLOGY OF THE DEEP OCEAN FLOOR:-

Though the deep ocean floor has a floor has a fairly uniform structure it is 

characterized by a considerable variety of relief which is comparable in diversity 

to the relief features found on land. On land an important cause of this diversity 

is erosion. But on the deep ocean floor sedimentation is far more important then 

erosion. The verity of relief features on the surface of the deep ocean floor can 

be explained primarily by reference to volcanism and diastrophism. The surface 

of deep ocean floor is in fact, highly irregular and complex, and beside level 

plains, plateaus, mountain ranges, high peaks and deep trenches are found. From 

the morphological point of view, it is however, possible to divide the deep ocean 

floor into three distinct physiographic provinces:

(1) Abyssal plains or the ocean floor plain –a very flat surface found in many 

of the deep ocean basins.

(2) Mid – ocean ridges, 

(3) Deep sea trenches and Island arcs.

ABYSSAL PLAINS OR OCEAN BASIN;

         The abyssal plains usually lie at the base of continental rise and extend up to 

the mid – ocean ridges. They are found on 41.8% of the total area of the oceans. 

They are most extensive in the Indian Ocean where they occupy 49.2% of the 

total area. The average depth of the abyssal plains is 3,000to 6,000 m 



(approximately 10,000to 20,000 ft). They are for the most part flat and 

featureless having a gradient of less then 1:1,000 which is the critical bottom 

slope across which sediment can be transported by suspended flow . They are 

usually covered by a thick layer of fine sediments, half a km to one km deep. It 

has been suggested that the original relief has been buried under sediments 

brought by turbidity currents. The sediments consist of clay, silt and brought by 

river which are mixed with pelagic oozes derived from marine organisms and 

volcanic ash. The composition of the oozes varies with depth. Calcium carbonate 

predominates in upper strata. Below this silica becomes more important, while 

at the bottom and in deeper waters red clay (brown clay) is mainly found.

Mid-Ocean Ridges

Many of Earth’s deepest rift valleys are found underwater, dividing long 

mountain ranges called mid-ocean ridges. As tectonic plates move away from 

one another at mid-ocean ridges, molten rock from the mantle may well up and 

harden as it contacts the frigid sea, 

forming new oceanic crust at the bottom of the rift valley. 

         Of all the physiographic features found on the deep ocean floor, the mid-

ocean ridges are the most impressive and the most significant. They cover nearly 

one –third (32.7%) of the total surface area of the oceans. They are generally 

centrally placed in the oceans and run across their entire length. The mountains 

are bordered by plateaus and rises of varying height. Though generally centrally 

placed in the oceans, the exact alignment of the mid- ocean ridges varies with 



the different shapes of the oceans. In the Indian Ocean the ridges has an inverted 

Y shape. 

             The mid ocean ridges are active, as they contain evidences of the large 

scale faulting and vulcanicity and are the scenes of frequent seismic activity. At 

the crest is the central rift valley, usually 30 km wide and 2 km deep which is 

called the oceanic rift or the mid ocean rift. According to the plate tectonics 

theory, hot magma from the earth’s mantle rises up though the rift and spreads 

out on either side of the rift. Thus the surface of the ridge has been built up by 

successive lava flows and volcanic cones. The lava cools rapidly in the ocean 

water and becomes rounded like pillows and hence is called pillow lava.

CONTINENTAL SHELF

             Continental shelf is the shallowest part of the ocean and surrounds the 

continents as a shallow platform which is terminated sea wards by a sharp break 

in slope, called the shelf-edge or shelf-break. The depth at which this change of 

gradient occurs is   variable and so the shelf width. The continent shelf has a 

slope which varies from less than 1 to 3 . The continental shelf has an average 

width of 75 km but actually the width varies widely in the different parts of the 

world. Along the east coast of the Indian peninsula the shelf is narrow and 

usually 40 km  wide, becoming only 20 km wide, around Sri Lanka, but the east-

west shelf skirting the Ganga -Brahamputra  delta at the head of the Bay  of 

Bengal is much wider. Along the Western coast of India the 110 km wide in the 

south widening to about 350 km off the Gulf of Cambay.  



ORIGIN OF THE CONTINENTAL SHELF:

Four possibilities have been suggested for the formation of the 

continental shelves. First is that they could be constructional features, built up by 

deposition from the land. Second, they could result from the marine erosion of 

the off shore islands while the intervening basins become filled with fine 

sediments. A third possibility is that they are submerged deltas. A fourth 

possibility is that they are submerged and down- warped wave- cut terraces. 

CONTINENTAL SLOPE

                   The continental slope is the relatively steep decent from the shelf 

break to the deep –sea floor. From the shelf break which is usually less then 200 

m deep, the continental slope plunges down at least 1 km and usually 2or 3 km, 

to the top of the continental rise. The continental slope is usually a very irregular 

area, being diversified by valleys or basin.

                    The depths of the base of the continental slopes vary extensively. 

They are generally deeper (-5,000to- 10,000m) on active margin then on stable 

margins (-200to 3,000 or -4,000m). The typical sediments of the continental 

slopes are finer then those of the shelves and appear to be different from land 

sediments, though originally most of the shelves and appear to be different from 

land sediments, though originally most of them must have been derived from 

deposits brought by rivers. Roughly, about 60% is mud 25% sand and the 

remainder rock, gravel, shells and ooze.



           The continental slope is a major relief feature which lies at the junction of 

two fundamentally different structural types, with two very different levels – the 

continental platforms and the ocean basins. The steep, escarpment-like 

character of the continental slope has been shown to be the result of various 

kinds of structural control. Some are fault scarps, and others seem to result from 

a variety of ‘dams’ i.e. ridges that have trapped shelf sediments to a varying 

degree. Some of the kinds of dams that have been suggested include horsts and 

tilted fault blocks, coral reefs, volcanic islands, salt domes and anticlines. 

SUBMARINE CANYANS: -

The surface of the continental slope is not smooth and regular but is 

incised by deep and narrow valleys and canyons. These distinctive sea valleys 

found on the continental slope are called submarine canyons. The cross profiles 

of typical submarine canyons are V-shaped with several tributaries and resemble 

those on land but their longitudinal profiles are much steeper. The longitudinal 

profiles are also steeper near their heads than in the lower portions. They follow 

a sinuous or winding course and are usually about 120 km long, but some have 

been found to be 200-300km long. 

Most canyons extend to the base of the continental slope where they 

either end or change into levied fan valleys cut in the sediments of the 

continental rise which forms an apron below the relatively steep rocky 

continental slopes. The depth of the submarine canyons varies usually between 

300 to 1,000 m but some have been found to be as deep as 4,000m below the 

surface of the slope. The walls and floors of many of the canyons are rocky and 

consist of soft shales as well as hard rocks like granite and even quartzite. 



THE DEEP- SEA TRENCHES AND ISLAND ARCS 

            The trenches are the deepest parts of the oceans and cover about 7% of 

total surface of the oceans. Their depth below sea level is usually between 

7,500to 10,500 metres (25,00 to 35,000ft). They occur as linear and narrow 

depressions on the ocean floor and are 3,000 to 6,000 m deeper than the deep 

sea plain. Most trenches are V-shaped with steep sides, and their floor, though 

often flat, is usually free from sediments. Most trenches are about 100 km wide 

and 1,000 km long. Generally the trenches are located along those coasts where 

island arcs are found in areas of active volcanoes and earthquakes or where 

extensive mountain ranges called mountain arcs are found on the continental 

margins.

Geosyncline, linear trough of subsidence of the Earth’s crust within 
which vast amounts of sediment accumulate. The filling of a geosyncline 
with thousands or tens of thousands of feet of sediment is accompanied 
in the late stages of deposition by folding, crumpling, and faulting of the 
deposits. Intrusion of crystalline igneous rock and regional uplift along 
the axis of the trough generally complete the history of a particular 
geosyncline, which is thus transformed to a belt of folded mountains.

ISOSTASY      



           

Different features of varying  magnitudes (eg) Mountains, plateaus, plains, 
lakes, seas and oceans, fault and rift valley etc.. Standing on the earth’s surface are 
probably balanced by certain definite principle, otherwise these would have not 
been maintained in their present form. Whenever this balance is disturbed, there 
starts violent earth movement and tectonic events. Thus, Isostasy simply means a 
mechanical stability between the upstanding parts and low lying basins on a 
rotating earth. The excess mass of lighter materials which rises in the form of 
mountain chains on the earth’s surface is compensated by light materials extending 
as rocks in to the denser strata below.

 AIRY’S VIEWS

           According to Airy the continents which are made of lighter sial are 
floating over the sub- stratum which is built of the denser sima.  He suggested that 
the lighter sial of the Himalayas is floating over the denser materials of the sima 
lying underneath. Just as a large part of the boat remains immersed in water to 
keep it afloat, so are the Himalayas floating on the denser rocks below and the 
weight of mountain is balanced by light materials penetrating into considerable 
depth. If we assume the average density of the continental rocks to be 2.67 and that 
of the sub –stratum as 3, as suggested,by Joly , then nearly eight times the height of 
the rocks above the sub-stratum should penetrate into the denser sub-stratum.

            Airy showed that the landmasses could be conceived of as wooden blocks 
of different heights floating in water. The blocks emerge by amounts which are 
proportional to their heights, so that the blocks which rises highest above the water 
is also the block which goes deepest into the water. These blocks are said tobe in a 
state of hydrostatic balance or equilibrium. Similarly the landmasses are composed 
of similar density of rocks, but they penetrate deep into the sub-stratum in 
proportion to their height. Thus Airy assumed that the continents and islands are 
resting ,or rather floating ,in a denser mass and that excess of matter above the 
upper surface of the sub- stratum is balanced by deep projection of the lighter 
materials into the sub –stratum.

THE VIEWS OF A .PRATT 



            Pratt stipulated that the rocks of the mountain chains should have a lower 
density than those of the plateaus, the rocks of the plateaus lower then the plains 
and the plains lower then the rocks of the ocean floor. In other words , in his 
opinion there was an inverse relationship between height and density. Higher the 
column lesser the density, and smaller the column greater the density.Pratt believed  
that there was a level above which these density changes were found and below 
that level the density was uniform.

VIEW OF HAYFORD AND BOWIE; 

           Following Pratt, Hayford and Bowie of America conceived the idea of a 
level of compensation, a little over 100 kms below the earth’s surface. In other 
words, it is the level of uniform pressure. Above this level there is variation in 
density and the density is inversely proportional to height for contiguous columns 
of equal cross- section. There are four columns of interior plain, plateau, coastal 
plain and offshore region respectively which go down to the level of compensation. 
There is difference in their height but they are kept in balance due to their differing 
density. The pressure of all the columns is thus equal at the level of compensation. 
Bowie tried to explain the concept of the level of compensation and the theory of 
isostasy with reference to particular experiment. He took eight pieces of iron, 
silver, copper, lead, zinc, pyrite, tin and nickel, each of equal width and thickness 
but of varying heights. When these pieces were placed in a basin filled with 
mercury, it was found that the bottom of all the eight pieces lay at the same level, 
but their height above the mercury differed. The pieces with lower density floated 
higher and those with higher density stood lower. 

VIEW OF JOLY 

           Joly has criticized the views of Hayford and Bowie and supported the 
views of Airy. First of all, Joly has objected to the depth of the level of 
compensation as suggested by Hayford, as at a depth of 100 kms the temperature 
would be so high that all rocks would become liquid. According to Joly there is a 
ten mile thick layer below the areas having similar low density. The areas of low 
density penetrate into this 10mile thick layer, while where the surface rocks are of 
higher density, the heavier materials below rise to higher levels. In other words, in 
the layer containing rocks of different density the bottom of the different columns 



of varying density does not lie in a straight line but is at different levels. Thus Joly 
conceived the level of compensation not as a straight line surface but as a zone of 
compensation 10 mile thick. This view is much closer to the floatation theory of 
Airy. According to Joly the earth’s crust consists of sial of lighter materials whose 
average density is 2.67. Below this is the sima layer whose density is 3.00. The sial 
is floating over the sima like iceberg.

VIEW IF ARTHUR HOLMES;  

             While supporting the views of Airy, Holmes agrees that the higher relief 
features of the earth’s surface are composted of lighter materials and their major 
portion lie buried in the heavier and denser rocks below to keep them in a state of 
hydrostatic balance. He supports the root hypothesis of Airy and states that 
exploration of the crust by earthquake waves confirm the inference that mountain 
ranges have roots largely composed of sialic rocks, going down to depths of 50 to 
60 kms.

ISOSTATIC ADJUSTMENT   

            When an uplifted landmass or mountain worn down by the agents of 
erosion,   the load on the underlying column of the crust is reduced by the weight 
of the material that has been eroded away. At the same time a neighboring column 
underlying a region of delta and sea- floor where the denuded materials is being 
deposited, receives a corresponding increase of load. At the base of the crust the 
pressure exerted by the unloaded column is decreased, while the pressure exerted 
by the unloaded column is increased. In response to this pressure difference in the 
mantle there is a sub- crustal slow flow of sima from under the loaded column 
towards the base of the unloaded column. The loaded column therefore sinks while 
the unloaded column rises. This process, where by isostatic equilibrium is restored, 
is called isostatic adjustment (or re –adjustment). This is made possible by a 
compensating transfer of materials in the sub- crust.



Relative Sea-level, tectonics, and eustasy
Definition of sea-level
 In order to understand the controls on sequence development, it is first necessary 
to define what is meant by:
 Eustasy
 Relative sea-level and water depth
Global Eustasy
 Eustasy- the world-wide sea-level regime and its fluctuations, caused by 
absolute
changes in the quantity of seawater, e.g. by continental icecap fluctuations.
Global Eustasy
 Eustasy is measured between the seasurface and a fixed datum, usually the 
center of the Earth.
 It can vary by changing ocean-basin volume; (e.g. by varying ocean-ridge 
volume);
 by varying ocean-water volume (e.g. by glacio-eustasy).

Eustatic vs. relative sea-level



Relative sea-level

 Relative sea-level is measured between the seasurface and a local moving 
datum, such as basement or a surface within the sediment pile.

 Tectonic subsidence or uplift of a basement datum, sediment compaction 
involving subsidence of a datum within the sediment pile, and vertical eustatic 
movements of the seasurface all contribute to relative sea-level changes.

Relative sea-level

¬ relative sea-level “rises” are due to:

• Subsidence

• Eustatic sea-level rise

¬  relative sea-level “falls” are due to:

• Tectonic uplift

• Eustatic sea-level fall

Accommodation

 Eustasy and subsidence rate together control the amount of space available for 
sediment accumulation termed accommodation space.



 It is defined as the space available for sediment to accumulate at any point in 
time.

 Accommodation is controlled by base level because In order for sediment to 
accumulate, there must be space available below base level.

Base level

 The base level datum varies according to depositional setting.

 In alluvial environments base level is controlled by the graded stream profile, 
which is graded to sea-level or lake-level at its distal end.

Base level



 In deltaic and shoreline systems base level is effectively equivalent to sea-level.

 In shallow marine base level is sea-level, although fair-weather wave base can 
form a temporary base level in the form of a graded shelf profile.

Δ accommodation= Δ eustasy + Δ subsidence + Δ compaction

 Sediment supply fills the accommodation created and controls water depth.

 Sediment supply fills available accommodation.

 If the rate of sediment supply exceeds the rate of creation of accommodation at a 
given point, water depth will decrease:

 Δ water depth= Δ eustasy + Δ subsidence + Δ compaction - sediment deposited





Accommodation through time

 To understand how accommodation varies through time it is useful to consider 
how different rates of tectonic subsidence and , in this , case, same sinusoidal 
eustatic sea-level curve combine to give different rates of addition and destruction 
of accommodation



Orders of cyclicity and global correlation

 A depositional sequence represents a complete cycle of deposition bounded 
above and below by erosional unconformities.

 The continental encroachment cycles is defined by the very largest scale (> 50 
my) cycles of sedimentary onlap and offlap of the super continents. Two of these 
cycles in the Phanerosioc.

 They are called first order cycle and are considered to be the results of tectono-
eustatic, I.e. changes in ocean basin related to tectonic cycles.

 Second-order (3- 50 my) cycles are the building blocks of the first-order 
sequences.

 May be caused by changes in the rate of tectonic subsidence or uplift in the 
sediment source terrane.

 Third-order (0.5- 3 my) sequence cycle are the foundation of sequence strat. 
Because they are the scale of seismic data.

 They are identified by recognition of individual cycles of accommodation 
creation and destruction.

 May be controlled by glacio-eustatic.



 Fourth-order cycles (parasequences) individual shallowing upward facies cycles.

 May be related to autocyclic processes.





sea-level change, resulting in transgression and regression, gives rise to a 
vertical succession of sedimentary facies in a given area, by virtue of the control of 
water depth on the nature of the sedimentation. The organized patterns of cyclic 
variation in stratigraphic sections occasioned by fluctuations in sea level come 
under the heading of sequence stratigraphy—sequences: packages of 
transgressive–regressive deposits bounded by major continent-wide 
unconformities. These sequences are believed to reflect eustatic sea-level changes 
on the longest time scales, tens of millions of years.  an increasingly detailed and 



sophisticated picture of marine stratigraphic successions deposited during times of 
fluctuating sea level have been developed. These concepts come under the term 
sequence stratigraphy. It is difficult, nowadays, to read about marine sedimentary 
successions without reference to sequence stratigraphy. A sequence is “a relatively 
conformable succession of genetically related strata bounded by unconformities 
and their correlative conformities”.. There are three fundamental controls on the 
nature of sequences 

• rate of crustal subsidence 

• eustatic sea-level change: magnitude and period 

 • rate of supply of siliciclastic sediment from land, and/or rate of 
production of           carbonate sediment in the depositional area

 The first two of these together determine the rate of change of 
accommodation. So it comes down to this, in the broadest context: the relative 
importance of rate of increase in accommodation, making way for more sediment 
deposition, versus the rate of supply of sediment to fill that accommodation. 
Beyond that, however, a number of other factors are of non-negligible importance 
in determining what the stratigraphic succession comes out to be.: the 
physiography of topography of the region, which is determined by tectonism, and 
the climate of the region, which is important in determining the kind of sediment 
that is being deposited in the first place



PHYSIOGRAPHIC DIVISIONS OF INDIA

STRUCTURE& TECTONICS OF INDIA-    The earth’s surface is divided in to 
land areas and areas under the marine water. The oceanic areas constitute about 
51.5% (i.e. 263million square kms) of the total earth’s surface. These two primary 
units have different geomorphic features. A great variety of landscape exists both 
on the continents and the areas under marine water.

           A major part of the continents is characterized by plain areas raised only a 
little above the mean sea level. A major part of oceanic areas are also plain areas, 
which are at depths greater than three kilometer from the mean sea level. The 
formation of land areas on continents is brought about by the inter action of 
endogenetic tectonic processes and exogenetic processes of erosion and deposition. 
Oceanic plains have been formed by the endogenetic tectonic processes alone. 
There are no denudational and erosional processes.

           Mountain chains of continents are relatively narrow belts raised above the 
average heights of the continental plain. The great contrast in the relief of oceanic 
and continental areas is directly related with the differing structure and 
composition of the earth’s crust beneath the continents and oceans. The crustal 
structure is inferred from the study of seismic waves which are produced by 
earthquakes. These seismic waves traverse through different layers of the earth’s 
interior. Based on the physical properties of each layer the velocities are recorded 
from the seismographs and the composition and structure of the earth’s interior is 
interpreted.

               Earth’s crust beneath the continents comprises three layers. The upper 
layer is made up of sedimentary rocks having thickness 2to 10 km. The middle 
layer has a thickness varying from 15 to 20 km. Since the physical properties of 
thin layer correspond to those of the granites and metamorphic rocks, this layer is 
known as granitic layer. The lower layer corresponds to the physical properties of 
basalts, gabbro and other basic rocks. This layer is therefore known as basaltic 
layer. The total thickness of the earth’s crust beneath the continents range from 30 
to 40 km, where as under the ‘roots’ the crustal thickness has a range of 50 to 
80km.



                 Structure of the earth’s crust is very different beneath the oceanic areas. 
Total crustal thickness, predominantly made up of the basaltic layer is greatly 
reduced to about 5 to 15 km only. Granitic layer beneath the oceanic areas are 
missing. The upper layer of sedimentary rocks is reduced to an average thickness 
of 0.2 to 0.5 km. In some oceanic areas the sedimentary rocks are as thick as 3km, 
while in others they are completely missing.

            TECTONIC ELEMENTS OF CONTINENTS:   Continents are broadly 
divided in to areas of folded mountain belts and cratons. Folded mountain belts 
comprise thick sedimentary sequence of geosynclinal types which were deformed 
and uplifted during an orogenic phase of its evolution. Cratons, relatively stable 
areas of the earth’s surface has not undergone any violent (orogenic) types of 
tectonic activity since the end of Middle Precambrian. 

                 The Precambrian basement of the cratons, forming the intensely deformed 
mountain belts, were violently twisted, folded and intensely metamorphosed. 
These mountain were peneplained prior to the deposition of the Middle and upper 
Proterozoic rocks giving raise to unconformities. The Precambrian Basements 
generally exposed in the central parts of the craton, are known as shields. The 
Precambrian basement is overlain in other parts of the craton by a thin layer of 
middle and upper Proterozoic and phanerozoic sedimentary succession known as 
platform cover.

        

 CRATONS; The Precambrian basements (shields) of various cratons have 
evolved in four stages. The oldest unit representing the first stage comprises the 
greenstone belt which represents the remarks of primordial crest. At the second 
stage of evolution these green stone belts were intruded and largely assimilated by 
granite gneisses and migmatites. Elongate and relatively narrow sedimentary 
basins were formed over their basement of gneisses and migmatites at the third 
stage of evolution as volcano - Sedimentary sequence. These earliest volcano 
sedimentary sequences were intensively deformed, metamorphosed and later, at the 
fourth stage of evolution of the Precambrian basement, intruded by large granitic 
plutons.



FOLDED MOUNTAIN BELTS;   The folded mountain belts have mostly been 
peneplained due to continuous erosion since the Precambrian time. The folded 
mountain belts come in to existence by three phased evolution of elongate and 
narrow basins of deposition known as geosynclines. The first phase, geosynclinal 
phase, is characterized by a prolonged period of sedimentation. The rate of 
sedimentation is generally compensated by an equal amount of subsidence of 
geosynclinal basin. During the second phase, known as inversion phase, the rock 
successions of the basin are subjected to intense deformation, metamorphism and 
plutonic magmatism. Tectonic movements are directed vertically downward at the 
first phase whereas at the second phase they are directed upwards leading to the 
uplift of the region.

TECTONIC ELEMENTS OF OCEANS: -   The structure of the oceanic bottoms is 
distinctly different from that of the continents. Structural elements of the 
continents extend up to the continental shelves and than come to an abrupt end of 
the margins of the continental slopes.

          The three main types of structural elements characterizing the oceanic 
bottoms are 

3. Mid-oceanic ridges 
4. oceanic trenches  and 
5. transform faults.

 PHYSIOGRAPHIC DIVISIONS OF INDIA; - The tripartite physiographic 
division of India                                               

(A)The peninsula → (or) peninsular shield. It is a triangular plateau lying to                             
the south Of the Vindhyan ranges.

(B)Extra – peninsula  →lies at the northern extremity of the country and is made 
  up of the of the lofty Himalayan mountain.         

  (C )  Indo – gangetic Alluvial plain      →The extensive Indo - gangetic alluvial 
plains of Bengal, Bihar, Uttar Pradesh and the Punjab lie in   between the peninsula 
and the Extra –peninsula.       



              As for as stratigraphy is concerned, the peninsula is made up primarily of 
very ancient rocks of Archaean and Precambrian age. The Archaean rocks have 
been metamorphosed to varying degree. In addition there exist the Decan traps and 
the Rajmahal lava-flows of Jurassic to Eocene age. Post- Cambrian sedimentary 
formation occurs in the Gondwana basin occasionally along the coastal tracts of 
the peninsular shield. 

                          The mountain ranges forming the Extra-Peninsula are, on the other 
hand made up primarily of sedimentary formation, ranging in age from Cambrian 
to Pleistocene. The core of the Himalayan Mountains is made up of granite rocks, 
which may be of tertiary age.

                         The Indo gangetic alluvial plains have been formed only during the 
Quarternay era. They are made up of sand, clay and peat beds.

             From the physiographic point of view, the peninsula is a very ancient table 
land, which has been eroded continuously since its formation. The peninsular 
mountains the remnants of the ancient plateau and the rivers have attained their 
base level of erosion. The Extra peninsula is made up of young mountain ranges. 
The youthful rivers of this physiographic unit are now in action in grading their 
courses. The Indo-gangetic alluvial plains are, very extensive stretches of low land 
with a very small gradient towards the sea. 

              As for its geological structure is concerned, the peninsula may be regarded 
as a very stable land mass. It has not been affected by the tectonic revolutions of 
post-Cambrian diastraphism have been restricted to the mere development of a 
number of faults and retreat of the sea, along the coasts. The Extra –peninsula has 
been affected by severe orogenic movements, leading to the development of 
complex Himalayan Mountains, during the Tertiary Era. The Indo-gangetic alluvial 
plains are made up of undisturbed layers of recent sediments, deposited gradually 
in a very large depression, lying in between the peninsula and Extra-peninsula.

               The above mentioned three tectonic divisions are further sub divided in to 
tectonic units of smaller order. Each of these tectonic units is characterized by its 
own set of geological feature.

 



PENINSULAR INDIA:   The peninsular India comprises a complex association of 
plateau mountains with widely distributed drainage, peneplained ancient folded 
mountains, massifs, elongate graben like valley and coastal plains. The Western 
Ghats, running from the Tapti River in the north to Cape Comorin in the South, are 
the most prominent orographic feature along the Western fringe of the peninsular 
India.

The second group of plateau mountains is situated in the central northern 
parts of the peninsula. It comprises Malwa range along the northern slopes of the 
Narmada valley, Bhander and kaimur ranges along the Son valley and the main 
Vindhyan plateau of central India. The Indian Shield exposed in four regions have 
distinctly different structural – geomorphological trends, viz., N NW-S SE directed 
low lying ranges of the southern parts of Western Ghats, a loosely connected NE-
SW trending Eastern Ghats, E-W Satpura and Mahadeva ranges in Central India, 
and NE-SW trending Aravalli ranges of northwestern Peninsula   

INDIAN SHIELD:- The Indian Shield comprising the Pre-Cambrian basement is 
predominantely made up of granitic gneisses and migmatites. In a cross-section 
across the central parts of Karnataka and Andhra Pradesh, the four structural-
stratigraphical stages of the Basement are discernible. The Precambrian basement 
of the Indian craton has been delineated in to four sub-units according to their 
characteristic structural trends that are well reflected in the Orographic trends of 
these regions. These sub units are known as 1) Dharwar folding 2) Eastern ghats 
folding 3) Aravalli folding and 4) Satpura folding.

PROTEROZOIC COVER:- Proterozoic rocks are exposed in the southern 
Peninsula in the Cuddapah Depression. This Depression seems to have covered a 
major part of southern Peninsula. The Lower Proterozoic basin of geosynclinals 
type existed in the north-western Peninsula in the Area of Delhi Folding. The 
Satpura belt has also preserved Proterozoic formations of geosynclinal type. 
Middle and Upper Proterozoic successions were deposited in a great basin 
demarcated on the tectonic map as Vindhyan Synclase.

Upper Paleozoic and Mesozoic successions:- The Lower Paleozoic successions is 
conspicuously absent from the Indian Peninsula. Thick successions of the Upper 



Paleozoic and Mesozoic rocks deposited in three great graben type basins are 
demarcated on the tectonic map of India as : Narmada-Son-Damodar, Mahanadi 
ND Godavari Grabens. Sedimentary rocks of these grabens are grouped into 
Gondwana sequence known for its rich coal deposits. The rocks are almost entirely 
terrestrial with only marginal marine characters. 

Cenozoic cover:-  The greater part of north-western and south-eastern Peninsula 
was under marine trasgressive basins during Mesozoic and Cenozoic eras. A great 
thickness of marine rocks were deposited in these continental shelves.

  

EXTRA-PENINSULAR INDIA:-  The Extra-Peninsular India is composed of the 
Himalayan mountain ranges in the north and the Arakan-Yoma ranges in the east. 
The latter is considered to extend up to Andaman Nicobar Islands. The ranges are 
made up of the Tertiary mountain belts and the frontal foredeep folded belts. The 
Himalayan belt extends for a total length of about 2400 km.

INDO-GANGETIC PLAIN:- The Indo-Gangetic Plain is a deep crustal trough 
filled with Quaternary sediments. Its origin and structure are closely related with 
the rise of the Himalaya. Changes are still taking place at the bottom of this great 
trough giving rise to occasional earthquakes in the north Indian plains. 

INDIAN     PLATE MOBILE BELTS IN PENNINSULAS INDIAN   

                                                             

           1. Cuddpah depression→

            2. The satpura belt

            3. The vindhyan syneclase                                                                

        The Indian shield exposed in four regions. Via:

 1. NNW – SSE low lying ranges of southern part of Western Ghats, 2. Loosely 
connected NE SW trending Eastern Ghats, 3. E –W Satpura and Mahadeva ranges 
in central India, 4. NE SW trending Aravalli ranges in North Western peninsula.



          Elongate grabben like valleys and include E-W trending Narmada Son- 
Damodhar valleys and NW –SE directed Mahanadi and Godavari valleys. Large 
coastal plains are extensively developed along North Western, South eastern and 
South Western tips of the peninsula 

INDIAN SHIELD 

        The Indian shield comprising the Precambrian Basement made up of granitic 
gneiss and migmatites. The gneisses themselves are the basement for the 
deposition of the first sedimentary- volcanic sequence which is now represented by 
newer Greenstone Belt. The fourth stage of evolution of the Indian shield is 
characterized by the intrusion of large granitic plutons.

          The pre Cambrian basement of the Indian craton has been delineated in to 
four sub units according to their characteristic structural trends that are well 
reflected in the Orographic trends of these regions. These sub- units are known as 
areas of 

1. Dharrwar folding 2. Eastern Ghats folding 3. Aravalli folding and 4. Satpura 
folding.

                 The Eastern Ghats, the Aravalli and the Satpura trends were also formed 
during two or more orogenic cycles.                                                                                  

 PROTEROZOIC COVER

                The Proterozoic rocks are exposed in the Southern peninsula in the 
Cuddapah Depression. This depression seems to have covered a major part of 
Southern peninsula. The lower Proterozoic basin of geosynclinal type existed in 
the north – western peninsula in the area of Delhi –folding.The Satpura Belt has 
also preserved Proterozoic formation of geosynclinal type. 

             Middle and upper Proterozoic successions were deposited in a great basin 
demorcated on the tectonic map as Vindhyan syneclise.









GLOBAL TECTONICS

CONCEPT OF TECTONICS:

OROGENY &  EPIOROGENY:         

                  The landforms found on the earth’s surface are the result of complex 
interaction between the endogenetic or the internal earth forces acting through 
volcanic and tectonic processes and the exogenetic or external forces acting 
through the agents of denudation. 

                 The initial landforms by endogenetic process are produced directly by 
volcanism and tectonic activity. The energy for lifting molten rock and the crustal 
masses to produce the initial landforms is derived from the earth itself in the form 
of heat flow, volcanism, earth quakes and crustal movements. The internal heat 
source is by the radio activity in rocks in crust and mantle and is the fundamental 
source for the motion of lithospheric plates. 

                The sequential landforms by exogenetic process are by the modification 
of initial landforms by the processes of denudation which carve them in to a 
number of sequential landforms.

                The landforms that result from crustal movement are called as tectonic 
landforms which occurred largely during Quarternary or late Cenozoic earth 
movements continues till today. The crustal or earth movement may be slow or 
sudden. The sudden movement causes earth quakes and the slow movements are 
responsible for the major tectonic features. The slow movements may be either 

a) Vertical or radial. Or   b) Horizontal or tangential.
 The sudden movements caused by endogenetic forces(or) constructive forces 
creates volcanic eruptions result in the formation of volcanic cones and mountains 
while fissure flows of lava form extensive lava plateaus (e.g.)Decan plateau of 
India.

 The slow movements are divided in to two. 1) Vertical or epiorogenetic 
movements 

   2) Horizontal or  orogenetic movements. 



EPIOROGENETIC MOVEMENTS:

                Epiorogenetic movements cause upliftment and subsidence of 
continental masses through upward and downward movements respectively. Both 
the movements are vertical movements. Upward movements causes upliftment of 
continental masses in two ways (i.e.)   a) upliftment of whole continent or part 
thereof and b) upliftment of coastal land of the continents. Such types of upliftment 
is called emergence. 

       Downward movement causes subsidence of continental masses in two ways 
viz.

1) subsidence of land area called subsidence. 2) The land area near the sea 
coast is moved downward (or) subsidence below sea-level (or) submerged under 
sea water is called submergence.

OROGENETIC MOVEMENT: 

                  Orogenetic movement is caused due to endogenetic forces working in 
horizontal manner. Orogenetic or horizontal or tangential force work in two ways 
i.e.  

 1. In opposite direction and 2. towards each other.

When the horizontal force operates in opposite direction then it is called 
tensional force and the movements are called divergent movements. Thus tensional 
force creates rupture, cracks, fracture and faults in the crustal parts of the earth.

           The force when operators towards each other or face to face is called 
compressional force and the movements are called convergent movements. 
Compessional force causes crustal bending leading to the formation of folds or 
crustal warping.        



                                      Force which affect the earth’s crust

                                                               |

                                  ____________________________________
                                  |                                                                       |                                                                                                                                                                                               

                         Endogenetic force                                   exogentic force

                        ________|_____________________________  

                       |                                                                           |

                     Slow (or) diastrophic force                       sudden force

                                          |                                                        |       

                   ____________________                               ___________________

                   |                                       |                              |                                     |

    Epiorogenetic force       orogenetic force                 volcanic eruption    Earth 
quakes

  ________|__________                  _____|_____________                                                                                                                                                                                                                

  |                                    |                 |                                    |

Upward            Downward       tensional forces          compressional forces                                                        

movement         movement               | |

(emergence) (submergence)   Crustal fracture                      crustalbending                                     

                                                   _____|________                 ______|_________       

                                                   |             |                                |                          |

                                              Cracking         faulting               warping         folding

                   



                    MOUNTAIN BUILDING

Mountains are significant relief feature of the second order on the earth’s 
surface.                            Mountain may have several forms via.                                                                                                                                
1. Mountain ridges   -------    long, narrow and high hills.

2. Mountains range ---------   several ridges, peaks etc...

3. Mountain chains ---------- several parallel long&narrow mountains of different 
period.

4. Mountain system ----------different mountain range of same period.

5. Mountain group ----------several patterns of different mountains system. 

6. Cordillera -------------------several mountain groups & system.

CLASSIFICATION OF MOUNTAINS: 

   1. On the basis of height 2. On the basis of location. 3. On the basis of origin 
4.On the basis of period of origin.

1) On the basis of height
     a. Low mountains       --- height ranges between 700-1000m

     b. Rough mountains     – height 1000-1500m

     c. Rugged mountains---- 1500-2000m

     d. High mountains     ---- height above 2000m

2) On the basis of location.       
        a. Continental mountain.  ---      Coastal-  Western & eastern ghats of India 

                                                        ---Inland -   Himalaya Aravalli, Satpura

         B.oceanic Mountain ---

  



  

 3)  On the basis of mode of Origin: 

       a. Original or Tectonic Mountain  

             1. Folded -------young

                            -------medium     These are originated by compressive force.

                          --------old   

             2. Block -----Originated by tensile force leading to the formation of rift 
valleys        

             3. Dome-------By magmatic intrusions and up warping of crustal surface. 

             4. Mountain of accumulation of volcanic materials.  

       b. Erosional or relict Mountain.

4. On the basis of period of origin.                                   

                 A. pre-cambrian ----pre cambrian –ancient 

                 b. Caledonian ------silurian & devonian.---old.

                 c. Hercynion ---      permian & permocarboniferous. –old.

                 d.Alpine--- tertiary.----young.                                                                                                                                                                                                     
a. Ancient or pre Cambrian   →composed of complex crystalline and highly  
Metamorphosed rocks. Subjected to sub-aerial  denudation.

b. Old→        They have been base leveled by erosion. Present form is by uplift,

                       deformation &volcanicity. 

c. Young→   Young folded mountains. Upliftment, earth quakes and volcanicity 
and also  subjected to erosion by sub-aerial force. 



PHASES OF MOUNTAIN BUILDING: 

Period of Lithogenesis:  The rivers bring sediments from the landmasses situated 
on either side of geosyncline and deposit them in the geosynclinal sea. The 
geosynclinal basin gets slowly filled up with the sedimentary deposits and 
simultaneously either assume the form of mountains or undergoes subsidence due 
to the weight of the accumulating sediments. This process is called sedimentation –
subsidence. But there is a limit beyond which the floor of the geosyncline cannot 
subside by this process. As a result of sedimentation subsidence there is 
compression from both sides which further induces subsidence as the sides of the 
geosynclines tend to come closer together. This process is called compression-
subsidence. In this process, the geosyncline becomes deeper and narrower, but the 
rate of deposition is higher than the rate of subsidence and the deposition of 
sediments become thousands of feet thick.

THE PERIOD OF OROGENESIS: The process of actual formation of the 
mountains begins with further increase in pressure and crumpling of the sediments. 
Intense compression produces folds in the sedimentary strata, and as a result of 
fracture and riding of rocks over one another, thrust faults may be formed. The 
process of thrust –faulting and recumbent folding further increases the thickness of 
sediments as well as folding or faulting subsidence. After folding and faulting, 
vertical uplift of the region starts due to horizontal compression. 

THE PERIOD OF GLYPTOGENESIS: The real effect of uplift is to bring the 
folded sediments in to Isostatic equilibrium. The first uplift is sharp and sudden 
and pushes the mountain upwards, but slow vertical uplift continues thereafter for a 
long time. 

             In the first phases there is sedimentation and sinking of the geosynclines. 
In the second phase there is folding followed by uplift of the sediments, and in the 
final phase after mountain have been formed there is the end of disappearance of 
the geosynclines.



PLATE TECTONICS AND CENOZOIC MOUNTAIN BUILDING;            

     The great orogenic movement, which was responsible for the building up 
of the Alpine Himalayas and other equatorial mountain system, was in operation 
during the Tertiary era. The great Mediterranean ocean, the Tethys, was first 
shallowed as a result of the tangential compression to which the crust was 
subjected.

 The rise of the Himalayas look place in a series of five impulses punctuated 
by intervals of comparative quiescence. The first movement took place during the 
upper Cretaceous with extensive volcanism and the Tethys was furrowed in to a 
series of ridges and basins running longitudinally. Due to extensive volcanism 
‘Island arcs’ were formed accompanied by intense deformation, regional 
metamorphisms and emplacement of granitic gneisses in the deeper parts of the 
orogen. Simultaneously certain portion of the Tethys becomes deeper and 
radiolarian cherts were formed at great depths, while in the shallow areas flysch –
like sediments were deposited.  

Then followed a period of comparative rest after which the second major 
upheaval took place during the upper Eocene in which Tethyen Himalayan zone 
was up lifted as a land mass. This movement was accompanied by the 
emplacement of tourmaline – granites in the metamorphites and granitic gneisses 
that comprise the Higher Himalayan zone. The lesser Himalayan basins became 
shallower with the partial withdrawal of marine water

The third movement, which was probably the most powerful of all took place 
during middle Miocene, during which the lesser Himalayan zone were deformed 
into broad folds trending parallel to the Himalayan chain of mountains with 
intervening shallow lakes, marshes and large river valleys. The Tethys disappeared 
more or less completely during this period. At the same time a long narrow trough 
seems to have been formed between the rising Himalayas and the peninsular mass. 
In the trough, which is often referred to as the fore deep, were deposited by 
fluviatile lacusterine sediments from both sides and especially from the newly risen 
mountain ranges.



Towards the close of the Pliocene, the fourth phase of the Himalayan 
upheaval resulted in the rise of the Himalayan foothills and led to the vertical 
extinction of the rich mammalian fauna. The tectonic phase gave rise to the 
formation of the broad folds in the rocks of the fore deeps and a series of 
longitudinal thrust fault separate the lesser Himalayan zone from the outer 
Himalayan zone

The final and fifth phase of the Himalayan upheaval took place after the 
Pleistocene glaciers had receded in to the Higher Himalayan region. This upheaval 
may be attributed to the isostatic adjustment after the removal of the ice-sheet.

 The movements have not yet completely died as evidenced by slight 
adjustments being observed in different parts of the Himalayas. 



  

  

                                             CONTINENTAL DRIFT

         In 1858, French scholar Antonio Snider first suggested the possibility of 
drifting of continents. But nobody took notice of it. In, 1910, F.B.Tayler of 
America invoked the hypothesis of horizontal displacement of continents which 
received little attention. German professor Alfred Wegner was the first to put 
forward the idea in the form of a theory of continental drift in 1912. Wegner was a 
climatologist and collected evidence in support of his views from a very wide area 
and on the basis of these evidences he postulated that in the carboniferous period 
all the continents were joined together and formed one huge landmass. Wegner 
called this huge land mass as Pangea.

 Australia, Antartica, Peninsular India , Africa and South America together 
formed the Southern block of this landmass. Geologist had recognized the presence 
of such a land mass even earlier on the strength of other evidence and they had 
called it Gondwana land. North America, Europe and Asia formed the northern 
block of Pangea and were called Laurasia. These two blocks were separated by a 
long shallow inland sea called the Tethys. 

CONTINENTAL DRIFT THEORY   

            According to Wegner the Pangea started breaking up in the Carboniferous 
period, and the present shape and relative position of the continents is the result of 
fragmentation of Pangea by rifting and the drifting apart of the broken parts. 
Wegner fully accepted the theory of isostacy and according to this the continental 
blocks are made of sial while the ocean floor is made of sima, and the lighter sial is 
floating over the heavier sima. The disruption and drifting of Pangea floating over 
sima was made possible chiefly due to differential gravitational forces. 

According to Wegner the continents drifted in two directions – one towards 
the equator and the other towards west. On account of equator ward drift Africa 



and Eurasia were pushed closer together and the Tethys marine deposits located in 
between the two were raised up in the form of mighty fold mountain. On account 
of this equator ward drift, peninsular India and Africa separated from Antarctica 
and Australia, and as a result of their further drift a portion of Pantholassa got 
converted in to the Indian Ocean. The other movement of the continent was 
towards the west. The tidal force acted like a brake. On account of this west ward 
drift North America got separated from Europe and Africa respectively and the 
Atlantic Ocean came in to existence. 

FOLD MOUNTAINS

       Wegner also tried to explain the formation of fold mountains. On account of 
the movement of Africa, peninsular India and Eurasia towards the equator (i.e.) 
coming closer  together and the Southern land mass pressing against the northern, 
the Alpine and Himalayan ranges were formed in the Tertiary period in the region 
of Tethys. Similarly the Andes and the Rocky mountains were formed by the 
westward drift of the Americas and the resistance offered by the rocks of the ocean 
floor.

  EVIDENCES IN FAVOUR  

1. THE GEOGRAPHICAL SIMILARITY     The out lines of the coast on the 
two sides of the Atlantic Ocean is such that can be easily joined together and one 
appears to be the detached portion of the other. The Eastern coast of South 
America can be fitted against the Western coast of Africa. This was called the 
“Jigsaw fit” of the opposing coast of the Atlantic Ocean by Wegener.  
2. PALAEONTOLOGICAL EVIDENCE

                     Presence of fossil remains of land animals and plants and of fresh 
water  species in distant lands now separated by oceans as these species could 
migrate freely across, united continents but not across an intervening ocean.
e.g.  Glossopteris, a fern plant found in the rocks of the same age from South 
America, South Africa, India and Australia. 
3. EVIDENCE FROM GEOLOGICAL STRUCTURE

                      A number of geologic features end abruptly at the coast of one 
continent and reappear on the facing continent across the Atlantic Ocean. The 



Appalachian Mountain of N.America which come  right up to the coast and then 
continue their trend across the north –Atlantic ocean in the old or Hercynian fold 
mountain at South-West Ireland, Wales and central Europe. The folded mountain 
ranges at the Cape of Good Hope at the Southern tip of Africa trend from east to 
west and terminate sharply at the coast. An equivalent structure of the same age 
and style of deformation appears near Bunes Aires, Argentina.

4. EVIDENCE FROM GLACIATION   

                    The distribution of the permo- carboniferous glaciation presents a 
powerful proof of the fact that at one time these landmasses were assembled to 
gether, since the evidence of their glaciations are found in Brazil, Falkland islands, 
south Africa, peninsular India as well as Australia.

 5. EVIDENCE OF PALEO CLIMATIC RECORDS;  

                   Other evidence of climatic changes recorded in the stratigraphic record 
supports the drift theory. Coal deposits of Antarctica shows that plant life once 
flourished on that continent, now covered with ice more that two km thick.

6. PALAEOMAGNETIC EVIDENCE

                     According to Wegener, there has been change in the position of the 
poles in the different Geological periods, which he called ‘polar wandering’. The 
paleomagnetic data reliably indicate the existence of Pangea at the end of the 
Paleozoic era.

RIFT VALLEY

                    In the case of passive continental margin, the crust fractures and 
moves along faults- up thrown block form mountain, while down dropped blocks 
form basin. In this process eventually a long narrow valley called a rift valley 
appears. The widening crack in its centre is continually filled in with magma rising 
from the manta flow. The magma solidifies to form new crust in the floor of the rift 
valley. Crustal blocks on either side slip down along a succession of steep faults, 
creating a mountain landscape. The rift valley system of East Africa is a notable 
example of continental rupture. The red sea is also the result of continental rupture.



LITHOSPERIC PLATES

             Plate is a broad segment of the lithosphere (including the rigid upper 
mantle, plus oceanic and continental crust) that floats on the underlying 
asthenosphere and moves independently of other plates. La Pichon (1968) divided 
the earth into six major plates and nine minor plates. These are as under.

MAJOR PLATES:

1. African plate
2. American plate 
3. Antarctica plates 
4. Australian plates 
5. Eurasian plate   and
6. Pacific plate.

MINOR PLATES

1. Arabian plate 
2. Bismark plate 
3. Caribbean plate
4. Carolina plate 
5. Cocos plate 
6. Juan de Fuca plate
7. Nazca or East pacific plate 
8. Philippines plate    and
9. Scotia plate      (fig)

       

           It is proposed in the theory of plate tectonics that the entire surface of the 
earth comprises of internally rigid, but relatively thin (100-150km) plates. These 
plates are continuously in motion both with respect to each other and the earth’s 



axis of rotation. Virtually all seismicity, volcanicity and tectonic activity is 
localised around plate margins and is associated with differential motion between 
adjacent plates. Most of the plates include both continental and oceanic crusts. The 
area of the plates is fairly large on comparison to their depth and thickness. It has 
also been established that the depth of the plates is even less under the oceanic 
crust. Three types of motion are possible between the plates:    

I.Separation or divergent ,
II.Closing together or convergent ,and

III.Friction or shearing.
PLATES MARGINS

        It may be highlighted  that tectonically plate boundaries or plate margins are 
most significant because all tectonic activities occur along the plate margins e.g. 
seismic events, vulcanicity, mountain building, faulting etc…Thus the detailed 
study of plate boundaries is not only desirable but is also necessary. Plate margins 
are generally divided into three categories as follows (fig).

           (1)  Constructive plate margins are also called as ‘divergent plate 
boundaries’ or ‘accreting plate boundaries’. It may be mentioned that a distinction 
may be drawn between plate margins and plate boundaries e.g. plate margin 
represents marginal part of the plate whereas plate boundary represents ‘surface 
trace of the zone of motion between two plates’. Constructive plate boundaries 
represent zones of divergence where there is continuous upwelling of molten 
material (lava) and thus new oceanic crust is continuously formed. Oceanic plates 
split apart along the mid- oceanic ridges and move in opposite directions (fig ) 
.Divergent plate margins are constructive in the sense that there is continuous 
formation of new crust along these margins because of cooling and solidification 
of basaltic lava which comes up as magma due to rifting of plates along the mid-
oceanic ridges. Divergent movement of plates (i.e movement of two plates in 
opposite direction) results in            

I.  volcanic activity of fissure flow of basaltic magma
II.  Creation of new oceanic crust 

III. Formation of submarine mountain ridges and rises ,
IV. Creation of transform faults,



V. Occurrence of shallow focus earthquakes ,
VI. Drifting of oceanic plates etc.

    

(2)  Destructive plate margins are also termed as ‘convergent plate boundaries’ or 
‘consuming plate margin ’ because two plates move towards each other (face to 
face) or two plates converge along a line and collide wherein leading edge of one 
plate (of relatively lighter material) overrides the other plate (of relatively denser 
material) and the overridden plate is suducted or thrust into upper mental and thus 
a part of the crust (plate) is lost in the mantle (fig), this is why convergent plate 
margin are called destructive margins. The zone of collision of convergent plates is 
also called as ‘collision zone’, ‘subduction zone’ and ‘Benioff zone’ (after the 
scientist Hugo Benioff). Convergence, collision and resultant subduction of heavier 
plate margin under lighter plate margin result in 

I. Occurrence of explosive type of volcanic eruptions,
II. Deep focii earthquakes,

III. Formation of folded mountains, island arcs and festoons, oceanic 
trenches etc

Plate collisions are of three types via 

               1) Ocean –ocean collision (collision of two oceanic plates 

               2) Continent –continent collision (collision of two continental plates)

               3)  Ocean –continent collision (collision of ocean and continental plates)         

   Ocean –ocean collision involves collision of two convergent plates having 
oceanic crust where one oceanic crust having relatively denser material is 
subducted into upper mantle. Such collision and subduction occurs along East Asia 
and the resultant tectonic expression of plate collision and subduction includes 
deformation in crustal area, volcanism, metamorphism, and formation of oceanic 
trenches, island arcs and festoon etc., and occurrence of earth quakes.                            

Ocean-continental collision involves collision of one oceanic plate having 
oceanic crust and other one of continental crust along Benioff zone (subduction 



zone) and the resultant tectonic expressions are deformation of crustal rocks, 
metamorphism volcanic eruptions, and formation of folded mountains and 
occurrence of deep-focus earth quakes. Collision of American and Pacific plates is 
a typical example of this category and formation of majestic western cordillera of 
N. America and Andes of S.America is significant resultant tectonic expression of 
such situation. It may be mentioned that one of the manifestations of continent –
oceanic plate collision is the exposure of deep ocean rocks through their thrusting 
in resultant mountain masses. This process is called obduction which is opposite to 
subduction as the former implies thrusting up while the latter means thrusting 
down.

             Continent-continent collision involves collision of two continental plates 
along Benioff zone and is responsible for creation of folded mountains and 
occurrences of earthquakes of varying magnitudes. The collision of Asiatic –Indian 
plates, and European –African plates is typical example of such situation and the 
formation of Alpine and Himalayan mountain chains are major manifestions.

              (3) Conservative plate imargins are also called as shear plate margins and 
parallel/transform fault boundaries where two plates pass or slide past each other 
along transform fault. These are called conservative because crust is neither 
created nor destroyed. The significant tectonic expression of such situation is the 
creation of transform faults which move, on an average, parallel to the direction of 
plate motion. Translation faults offset mid- oceanic ridges. Besides oceanic 
transform faults, there are also continental transform faults e.g San Andreas faults 
(California, U.S.A.), Alpine faule (Africa) etc. It may be mentioned that San 
Andreas Fault ‘is ridge transform fault’. The other manifestations of conservative 
plate margin include no volcanic activity, seismic events creation of ridges and 
valley, fracture zone etc.

 Characteristics of plate boundaries:-

                    



                   



PLATE BOUNDARY PLATE 
MOVEM
ENT

SEAFLOOR EVENTS OBSERVED EXAMPLE 
LOCATION
S

Ocean –
ocean

Forms  by 
seafloor 
spreading

Ridge forms at spreading 
centre. Ocean basin expa
nds, plate area increases.
Many small volcanoes 
and /or shallow 
earthquakes. 

Mid
Atlantic 
Ridge, 
East 
Pacific 
Rise

Divergent 
plate 
boundaries

Continent 
– 
continent

Apart

New ocean 
basin may 
Form as conti
nental split

Continent spreads, 
central rift collapses, and 
ocean will intrude.

East 
African 
Rift

 Ocean 
continent

Dense oceanic lithospher
e 
Plunges beneath less den
se continental. Earth 
quakes
trace path of down 
moving 
plate as it descends into 
asthenosphere. A trench 
forms. Subducted plate p
artially melts. Magma 
rises to form curving 
islands. 

Western 
South 
America

Convergen
t plate 
boundaries 

Ocean- 
ocean

Togethe
r

                                 

Destroyed at 
subduction 
zone

Older, cooler, denser 
crust. Strong quake. 
Deep trench forms in are 
shape. Subducted plate 
heats in upper mantle, 
magma rises to 

Aleutians,
Marianas



form curving chains of 
volcanic islands. 

Continent
Continent 

Collision between 
masses of 
granitic continental litho
-sphere. Neither mass is 
subducted. Plate edges ar
e 
compressed, folded, upli
fted; 
one may move beneath t
he other.   
 

Himalayas
Alps

Transform 
plate 
boundaries

Past 
each 
other

Neither 
created nor 
destroyed 

A line (fault) along 
which lithospheric plate 
move past each other. 
Strong earth quakes 
along fault.

San 
Andreas 
Fault



SEA-FLOOR SPAREADING 

The hypothesis of sea- floor spreading was first put forward by Harry 
Hess in 1960. During the Second World War and shortly thereafter a number of 
investigations had resulted in considerable increase in our knowledge about the 
ocean floor. Between 1950 and 1960 scientists had been able to establish three 
important facts about the ocean floor. 1. Firstly, the crust below the ocean floor 
was found to be only 6to7kms thick whereas below the continental surfaces this 
thickness was 30 to 40kms. 

         2. Secondly, formerly people knew only about the existence of mid- Atlantic 
ridges, but it was discovered that mid-oceanic ridges were present in all oceans and 
were not confined to the Atlantic. Their summits are 2to3kms above the deep sea 
plain. These ridges contain large scale evidence of faulting and volcanicity and are 
frequently visited by earthquakes. 3. Thirdly, nowhere the rocks of the ocean floor 
were found to be older then the Cretaceous period which began about 135 million 
years ago. 

            On the basis of the above facts the realization dawned that the ocean floor 
was not an old and inactive part of the earth’s surface but possibly the youngest 
and the most active. In 1960 Harry Hess proposed that the ocean floor was mobile 
and hot magma rises up from the earth’s mantle by convection currents along the 
middle of the mid-ocean ridges and moves away on either side and is finally lost in 
the oceanic trenches situated along the continental coast. It is through this process 
of spreading that the ocean floor has been built. In other words, the ocean floor is a 
relatively young feature of the earth’s surface. It is constantly being regenerated at 
the mid-oceanic ridges and is subject to continuous lateral spreading until it is 
destroyed in the trench system and becomes re-in- corporated into the mantle (fig). 
On the other hand, inspite of the fact that the continents are old and permanent 
features, they passively drift apart and together on the backs of the mantle 
generated convection currents.

               It may be mentioned that Arthur Holmes had earlier suggested that 
mantle convection currents could be responsible for continental drift but at that 
time there were no adequate geophysical data to substantiate his views.



                Hess thought that near the mid-oceanic ridges the spreading rate is about 
one centimeter per year. At this rate 200million years were sufficient for the 
creation of the entire oceanic crust, whereas the age of earth is nearly 4,600 million 
years. Consequently, it would appear that some other process also must have been 
in operation by which the newly created crust is being destroyed at a balancing 
rate. Hess suggested that this destruction process happened in the deep ocean 
trenches, such as the Chile-Peru trench situated off the western coast of South 
America, where the relatively cold oceanic crust descends into the mantle and is 
ultimately incorporated into it, thus resulting in the thickening of the continental 
margins and formation of mountain ranges along the coast.

                 It was possible to explain a number of things with the help of Hess’s 
hypothesis, such as, continental drift, occurrence of earth quakes near the mid-
oceanic ridges and absence of sediments on their summits, association of active 
volcanic islands with the mid-Atlantic ridge, the existence of only a thin cover of 
sediments on the ocean floor and the absence of rocks older then 135 million years 
on the ocean-floor or the oceanic islands. His ideas were fully consistent with the 
major geological facts.



7MGE1C2  - GEOTECTONICS & STRUCTURAL 
GEOLOGY



Three Stages of Deformation

If a body is subjected to directed forces lasting over a short
of time minutes or hours. it usually passes through three stages
deformation, (although in brittle substances the intermediate stage
omitted).

At first, the deformation is elastic; that is, if the stress
withdrawn, the body returns to its original shape and size. There is always
limiting stress, called the elastic limit, if this is exceeded, the body does
return to its original shape. Below the elastic limit, the deformation
Hooke's law which states that strain is proportional to stress.

If the stress exceeds the elastic limit, the deformation is
that is, the specimen only partially returns to its original shape even
stress is removed. Steel rods under tension, for example, begin to get
or "neck" in the middle, and, even after the stress is released,
constriction remains in the rod.

When there is a continued increase in the stress, one or
fractures develop, and the specimen eventually fails by rupture.



Three Stages of Deformation
Brittle substances are those that rupture before any significant plastic deformation takes place.
Ductile substances are those that undergo a large plastic deformation before rupture. After the elastic limit has
exceeded, ductile substances undergo a long interval of plastic deformation.

Elastic deformation is primarily of importance in analyzing tidal deformation of the solid earth and
investigating the transmission of seismic waves through the earth. It is of even more direct significance to structural
geology in studying elastic rebound associated with earthquakes, in the fracturing of rocks to produce joints and faults,

in certain aspects of folding. Although most structural features observed by structural geologists are the result
deformation beyond the elastic limit, the same parameters of length, mass, time, and force are involved.

Plastic Deformation Although most rocks at room temperatures and pressures fail by rupture before attaining
stage of plastic deformation, most rocks, at sufficiently high temperatures and confining pressures deform plastically

in experiments lasting for a short time. This plastic deformation is not recoverable or is only partially recoverable
is, if the stress is removed, the material does not return to its original shape. In much experimental work

deformation of rocks results from internal adjustments within the mineral grains, notably gliding and dislocations..



Factors Controlling Behavior of Rocks.

CONFINING PRESSURE:
The mechanical behavior of rocks is controlled not only by

inherent properties mineralogy, grain size, porosity, fractures, etc. but
by factors that are of little or no concern in planning man-made structures
at the surface of the earth. These factors are confining pressure,
temperature, time, and solutions.

cylinders of rock are prepared for the experiments; usually
length is several times the diameter. The graph shows different behavior
same sample at different confining pressure.



Factors Controlling Behavior of Rocks.

TEMPERATURE
Changes in temperature modify the strength of rocks. Hot steel,

for example, undergoes plastic deformation much more readily than
cold steel. Figure 2-12 shows two tests run on Yule Marble, Conditions
were identical except for temperature; the axes of the cylinders
perpendicular to the foliation, the confining pressure was 10
atmospheres, and the deformation was produced by compressive stress
The uppermost curve is that obtained at room temperatures, whereas
intermediate curve is that obtained at a temperature of 150 C.



Factors Controlling Behavior of Rocks.

TIME
Geological processes have great lengths of time in which

operate. Although geologic time is impossible to duplicate experimentally,
it is possible from experiments to make some deductions concerning
influence of time. An analysis of the effects of time is concerned with
subjects as creep, strain rate, and viscosity. Creep refers to the
continuous deformation with the passage of time.

At the end of one day, it has been shortened about 0
percent; after 10 days about 0.011 percent; after 100 days about 0
percent; and after 400 days a little more than 0.019 percent. The general
form of a creep curve is shown in Fig. 2-14.



Factors Controlling Behavior of Rocks.

TIME
The fundamental strength of any material is defined as the

which that material is able to withstand, regardless of time, under
physical conditions: temperature, pressure, solutions without rupturing
deforming continuously. The fundamental strength, which is always less
the breaking strength and the ultimate strength, is much more significant
geologist. Unfortunately, at the present time we have few data on the value
the fundamental strength of rocks.



Factors Controlling Behavior of Rocks.

SOLUTIONS
Much rock deformation takes place while solutions capable

reacting chemically with the rock are present in the pore spaces.
notably true of metamorphic rocks, in which extensive or complete
recrystallization occurs. The solutions dissolve old minerals
precipitate new ones. Under such conditions the mechanical properties
of rock are greatly modified.



Factors Controlling Behavior of Rocks.
ANISOTROPY AND INHOMOGENEITY

Most of the tests described in the previous sections were made
isotropic materials, that is, rocks whose mechanical properties were uniform
in all directions. Rocks that show bedding, banding, or foliation are
isotropic. The strength of such rocks would depend upon the orientation
the applied forces to the planar structures of the rock. This point is
illustrated in Fig. 2-18. The rock was Yule Marble, confining pressure
10,000 kg/cm, and the tests were run at room temperature, All
specimens show great plastic deformation.

The solid lines represent experiments under compression; in
case the stress is compressive and the strain is shortening parallel to the
of the cylinder. Under compression the cylinder perpendicular to
foliation is stronger than the cylinder parallel to the foliation.

The broken lines represent tests under tension: in this case
stress is tensile and the strain is lengthening parallel to the cylinders. Under
tension the cylinder parallel to the foliation is much stronger than
cylinder perpendicular to the foliation



Factors Controlling Behavior of Rocks.

SUMMARY
It is clear that the mechanical properties of rocks are profoundly modified by confining pressure,

temperature, the time factor, and the presence of reacting solutions. Increase in confining pressure
increases the elastic limit and the ultimate strength. Increase in the temperature weakens the rocks. After
long continued stress the rocks become much weaker. The combined effect of these factors is so great

is impossible in the present state of our knowledge to treat rock deformation in a quantitative way.



Fold
What ?

Fold may be defined as a curve or zigzag structure shown by stratified rock beds. Which was originally
horizontal, fold due to external forces, i.e. Tectonic forces.

A fold occurs when one or a stack of originally flat and planar surfaces, such as sedimentary strata, are
curved as a result of permanent deformation. Such a fold may range from microscopic crinkle to great arches

troughs even up to 100 kms across. A complete fold is composed of arched portion or Anticline and a depressed
trough or syncline.

How ?

Why ?
Mineral industry - when searching for veins of valuable minerals

Oil industry - Hydrocarbons are trapped in the hinge of this fold

Engineering – care should be taken while working in folded region



Parts of fold
 Anticline – up fold where the limbs dip away from each

other. Also called crest.

 Syncline – is a down fold where the limbs dip towards
each other. Also called as trough.

 Limb – the sloping side of a fold from crest to trough is
called a Limb

 Axial plane – it is an imaginary plan or surface which
divides a fold into two equal halves.

 Hinge – hinge of the fold is the point of maximum
curvature in a fold bed.

 Plunge of fold – the angle of inclination of a fold axis
with the horizontal is called the angle of plunge



Types of Fold
1. Symmetrical fold
2. Asymmetrical fold
3. Overturned fold
4. Recumbent fold
5. Isoclinal fold

i. Vertical 
ii. Inclined 

6. Anticlinorium
7. Synclinorium
8. Open fold
9. Close fold
10. Fan fold
11. Box fold
12. Chevron fold
13. Monocline 
14. Structural terrace

15. Drag fold
16. Plunging fold
17. Non plunging fold
18. Plunging syncline
19. Plunging anticline
20. Dome
21. Basin 
22. Doubly plunging anticline
23. Doubly plunging syncline
24. Anti form
25. Syn form 
26. Antiformal syncline
27. Synformal anticline



Symmetrical fold
where the two limbs dips at equal angle but opposite direction, in this case the

plane is vertical cuts the fold in to symmetrical halves.

Types of Fold

Asymmetrical fold
where the two limbs dips at unequal angle and in opposite direction, in this

the axial plane is inclined doesn't cuts the fold in to symmetrical halves.

Overturned fold
where the two limbs dips at unequal angle and in same direction, in this case

axial plane is inclined.



Recumbent fold - where the two limbs dips at equal angle and in same
direction, in this case the axial plane is horizontal

Types of Fold

Isoclinal fold – Vertical - where the two limbs dips at equal
and in same direction, in this case the axial plane is

Isoclinal fold – Inclined where the two limbs dips at equal
and in same direction, in this case the axial plane is

inclined



Anticlinorium & Synclinorium
There are complex large fold of general anticlinal and synclinal

form. In this case a large anticline / syncline with number of secondary folds
developed on it.

Types of Fold

Open fold – A open fold is a mild fold where limbs met at obtuse angle.
Thickness of the continuous strata remains same everywhere.

Close fold – A close fold is a intense fold where limbs met at acute angle.
Thickening and thinning of bed takes place, i.e. Thickness of the continuous
strata doesnot remains same everywhere.



Fan fold – in this fold both the limbs are overturned. As a result the anticline dip
towards each other, where as the syncline dip away from each other. The crest
and trough were circular.

Types of Fold

Box fold – a box fold is one in which crest & troughs were flat with, and both
syncline and anticline have three limbs and two axial plane.

Chevron fold – the fold in ehich both the crest and trough are sharp and
angular, such a zigzag folds are called “chevron fold”



Monocline – A local warping in the horizontal strata is called the monocline. In this case the rock beds lying at two
levels are separated by a limb which shows steep inclination. A monocline is formed by the vertical movement.

Types of Fold

Structural terrace – A local flattening in an uniformly dipping bed is called structural terrace. In this case the
dipping strata become horizontal at a particular spot and then they continue to follow their original dip.

Drag fold – A minor fold developed within the body of incompetent beds which are inter-bedded between
competent beds. Drag folds are important because their shapes indicates the direction of relative motion.



Plunging fold & Non plunging fold: The axis of a fold may be horizontal or inclined. If the fold has a horizontal
fold axis it may be termed as ‘Non plunging fold’ and if the fold axis is inclined it is termed as ‘Plunging fold’.

Types of Fold

Plunging syncline & Plunging anticline: if the fold axis of the syncline is inclined it is termed as Plunging syncline
if the fold axis of the anticline in inclined then it is termed as Plunging anticline. The amount of plunge

measure with reference to horizontal.



Dome & Basin - Domes and basinsare structures with approximately circular or slightly
elongateclosed outcrop, patterns. Domes are convex upward; basins are concave upward.
Dome and basins have several origins. *Compressional domes and basins: In many
orogenic belts the motive force is ascribed to the compression responsible for associated
folding.

Types of Fold

Doubly plunging anticline & Doubly plunging syncline - A fold that plunges in opposite
directions from a central point. In a doubly plunging anticline, the plunge is away from this
point; in a doubly plunging syncline, the plunge is toward this point



form - A fold whose limbs close upward in strata for which the
stratigraphic sequence is not known.

form - A fold whose limbs close downward in strata for which the
stratigraphic sequence is unknown.

Anticline - A fold, generally convex upward, whose core contains the
stratigraphically older rocks.

Syncline - A fold in which the core contains the stratigraphically younger
it is generally concave upward.

Antiformal syncline: a second generation antiformal fold on the inverted limb
recumbent fold and containing youngest rocks in the core.

Synformal anticline: a second generation synformal fold on the inverted limb
recumbent fold and containing oldest rocks in the core

Types of Fold



Types of fold Axial plane
Limbs dip 

angle
Limbs dip 
direction

Inter limb 
angle

Limbs Crest & Trough Axis of fold

Vertical Equal Opposite

Inclined Un equal Opposite

Inclined Un equal Same

Recumbent fold 
(Horizontal) Horizontal Equal Same

Vertical Vertical Equal Same

Inclined Inclined Equal Same

Obtuse

Acute

Reversal of limbs

2 AP 3 limbs

Sharp

Inclined in one 
direction

Non plunging fold Horizontal

Doubly plunging fold Inclined in two
direction

Anticlinorium & 
Limbs get folded



Recognition of Fold
Recognition of folds in the field is not always easy. All the limbs of the fold are seldom visible and therefore
systematic study is required for identifying folds. The feature which help in recognizing folded strata are as follows

Direct observation – the easiest and more satisfactory method is to observe the fold, but this can be done
comparatively few regions.

in some regions folds are inferred by the topography, road cuts, aerial photographs, are used for this purpose

Space Radar Image of Sunbury, Pennsylvania



Recognition of Fold

Inferred fold – folds that are larger than an outcrop are based on inference. Moreover, the parts of the fold
was above the present surface of the earth has been removed by erosion. Information that are commonly required
to deduce folds are.
i. Different in attitude of some planar features at different localities.
ii. Repetition of outcrop.
iii. Presence of closure or nose
iv. Subsurface exploration by drilling, mining and tunnelling.
v. Subsurface studies by geophysical methods.
vi. Finding the top and bottom of beds in an isoclinal fold



Recognition of Fold
Different in attitude of some planar features at different localities:

This can be found out by plotting attitude of beds on a map, each observation being placed in its proper
geographic position.

Repetition of outcrop:
some places, when traverse we find that the outcrops of different beds come over and over again. Such a condition

called repetition of the outcrop. Due to the folding of the rock beds, repetition takes place, and the repetition is
Symmetrical type.

geological map of Sicily



Recognition of Fold
Presence of closure or nose: In plunging fold as a rule, it gives rise to curved outcrop
the apex of which looks like a closure or nose.

Subsurface exploration by
Drilling – where exposure are rare or absent the structure may be deduced from drilling. If some bed
sufficiently distinctive its altitude in various drill hole may be recorded and the structure determined.

Mining – mining operation gives the most complete information concerning under ground geological structure
Coal mining furnishes valuable data because individual beds were followed for long distance. The Anthracite
basins of Pennsylvania are well known.

Reports of the Inspectors of Mines of the anthracite coal regions of Pennsylvania for the year 1879" (1880)



Recognition of Fold
Geophysical methods: geophysical methods are largely used in deducting subsurface geology, it is advanced method

that reduce the cost of expenditure and less consumption of time. Few of the example are given below

Seismic data

Gravity & Magnetic data



Recognition of Fold
Finding the top and bottom of beds in an isoclinal fold: in case of over turned and isoclinal folds where all the limbs

dip in the same direction, detailed observation are necessary. The feature which aid in finding out the top
bottom of the bed are as follows.



Recognition of Fold
Cross bedding – the laminae of the rock are tangential to the bed of the bottom and sharp at the top.

Graded bedding – in graded sedimentary beds the coarse grains are always at the bottom.

Mud cracks – the tapering end indicates the bottom.



Fault
What

Defined as a fracture along which blocks of rock have been displaced relative to each other. This planar
discontinuity originates by tectonic forces acting regionally. The essential features is differential movement
parallel to the surface of the feature. They may be few inches and others may extend up to tens of miles.

How 
Faults results from tensional as well as compressional forces.



Parts of fault
plane - The fractural surface along which relative movement has

place is called fault plane.

- The hade of a fault is the angle of inclination of fault plane
measured from the vertical.

The dip is the angle the fault plane makes with a horizontal surface.
+ Dip = 90o]

– The vertical component of the displacement of the fractured rock
The side on which the strata appears to have thrown down is called

‘Down throw side’ while the other side which appears moved up is
‘Up thrown block’.

– The horizontal component of displacement.

slip – the total displacement measured along the fault plane is called
slip. It is measure between the two points which were originally in

.

Hanging Wall – when the fault plane is inclined the block of rock lying
it is known as hanging w all.

Foot wall – the block below the fault plane is called foot wall
vertical fault have neither foot wall nor hanging wall



Fault classification

the
movement

Based on the force
responsible

Based on the group
of faulting

Based on the
relation between
strike of the fault
and attitude of
strata

Based on the degree
of the dip of the
fault plane

Based on
relation
direction of
attitude of
plane

Genetic classification Geometric classification

Classification of 
fault

Class 1 Class 2 Class 3 Class 1 Class 2 Class 3



Genetic classification

Class 1
This classification is based on the apparent movement of the opposite blocks of the fault plane

i. Normal fault
ii. Reverse fault

Normal fault is one in which the hanging wall
appears to have moved downward relative to the
foot wall. They are also called as gravity fault.

Reverse fault is one in which the hanging wall
appears to have moved upward relative to the foot
wall.



Genetic classification
Class 2

This classification is based on Based on the force responsible for the formation of fault, the fault have been
classified in to four group

i. Tensional fault
ii. Compressional fault
iii. Transcurrent fault
iv. Pivotal fault

Tensional fault these fault formed by tensional
forces which pulls the earth crust apart. This
indicates the lengthening of earth crust.

Compressional fault are the fault formed by
compressional forces which pushes the earth crust
together. This indicates the shortening of earth crust.

Tenscurrent fault are caused by the lateral thrust
are wrench fault belong to this group. It exhibit

mainly horizontal movement.

Pivotal fault are caused by the rotational stress
scissor fault belong to this group. The movement
involved mainly is rotational



Genetic classification
Class 3

Fault accurse in groups comes under this classification. On the basis of their pattern, faults are classified
seven groups.

i. Parallel fault
ii. Step fault
iii. Graben
iv. Horst
v. Enechelon fault
vi. Peripheral fault
vii. Radial fault

We will try to group this fault for better understanding.



Genetic classification
Parallel fault

A series of fault that have the same strike
and dip are called parallel fault. Such fault run
parallel to one another and all the hade in the same
direction with the same angle.

Step fault
The step fault is the term applied to those

parallel faults where the down throw of all are in
same direction. In these fault the down throw block
produce a step like structure



Genetic classification
Graben

Long and narrow fault troughs bounded
by parallel heigh angle faults. This structure is
produced when two parallel normal fault hade
towards each other and the rock bed between them
are thrown down under the influence of gravity
forming a topographic low.

Horst
Long and narrow fault troughs bounded

by parallel heigh angle faults. This structure is
produced when two parallel normal fault hade away
from each other and the rock bed between them are
thrown up under the influence of convergent force
forming a topographic high.



Genetic classification
Peripheral fault

The curved fault which have nearly
circular or arc like outcrop on a level surface are
called peripheral fault.

Radial fault
A number of fault exhibiting a radial

pattern on the level ground surface is called radial
fault.



Genetic classification
Enechelon fault

These are relatively short fault which over
lap each other.



Geometric classification
Class 1

On the basis of the relation between the strike of the fault and attitude of strata, the faults are classified
four groups. They are,

1. Dip fault
2. Strike fault
3. Bedding fault
4. Oblique fault

fault the fault in which the fault plane strike
parallel to dip direction of the beds involved in
faulting is called dip fault.

trike fault the fault in which the fault plane strike
parallel to strike direction of the beds involved in
faulting is called strike fault.

Bedding fault the fault in which the fault plane
strike parallel to bedding plane of the beds involved
in faulting is called bedding fault.

Oblique fault the fault which runs oblique to the
strike and dip direction of the strata is called oblique
fault.



Geometric classification
Class 2

On the basis of the degree of dip, the fault are classified into two groups. They are,
1. High angle fault
2. Low angle fault

High angle fault the high angle fault are those which
a dip greater than 45o . Normal faults are

commonly high angle faults.

Low angle fault the low angle fault are those which
have a dip less than 45o . Thrust faults are commonly
high angle faults.



Geometric classification
Class 3

On the basis of the relation between the direction of slip and the attitude of the fault plane, the fault have
classified in to three. They are,
1. Strike slip fault
2. Dip slip fault
3. Oblique slip fault

Strike slip fault in strike slip fault
movement is essentially

horizontal along the strike of the
plane.

Oblique slip fault in oblique slip fault
the direction of movement is diagonal
to both strike and dip of the fault
plane.

dip slip fault in strike slip fault
the movement is essentially
vertical along the dip of the fault
plane.



Recognition of fault

criteria for recognition of fault can be divided in to three groups:

i. Geological Evidences
These are evidences which can be seen very clearly in geological maps.

ii. Fault plane evidences
Fault plane evidences include the minor structures which are associated with faults. They are
observed just along the fault plane.

iii. Physiographic evidences
The physiographic evidences are seen clearly from a distance or on an aerial photograph.



Geological evidences of fault

Offsets of rock units: displacement of rock beds, dykes, veins etc., occurs on the opposite sides of the fault plane

Repetition or omission of strata: while traveling along a track in the field, we may come across a series of strata
repeated in a cyclic pattern or some time a strata may omitted completely, such a repetition and/or omission may
caused due to faulting .



Abrupt termination of a structure: The strata, dykes, veins, folds or other structures may end abruptly against
plane.

Geological evidences of fault

Strata out of stratigraphic sequence: The normal sequential order of strata may also get disturbed by faulting
When older strata occurs over younger strata that may be due to faulting.

Abrupt change in attitude of strata: When the strike and dip of the strata changes suddenly that may be due
faulting .



Fault plane evidences

slickensides: The movement of one wall over other results in polishing & grooving of fault surface. These grooves
striations are called slickensides. These are useful in knowing the direction of last movement on fault surface.

Drag: In the immediate vicinity of a fault, the end of strata may bend up and down. This local bending which
caused by the fault is displacement is called drag.



Mineralization: Circulating water while percolating through fault plane may deposits minerals along the fault
.

Fault plane evidences

Feather joints: feather joints are tensional fractures formed due to fault displacement. They commonly develop
adjacent to major fault zone.

Fault Breccia & Gouge: along the fault plane the rocks are found highly fractured are even crushed to angular
fragments. According to the competency of rock that involves in fragment, the rocks may crushed down to powders

remain angular fragments. The powdered substances are called ‘Gouge’ & angular fragments are called ‘Breccia’



Physiographic evidences

Fault scrap: Fault scraps are the scarps that formed as a result of faulting. They are found only in those areas
where faulting has been geologically recent.

Offset ridges: In regions where resistant rock beds are displaced along a fault, offset ridges are formed

Fault controlled streams: Stream flow direction may be controlled in tectonically active region, and the flow
& direction may change as a result of slope changes due to faulting.
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Unit I 

Stratigraphic Principles – Study of standard European stratigraphic scale – methods of 

correlation – Homotaxis and Contemporaneity – Stratigraphic terminology, nomenclature and 
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Unit II 
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Deccan traps – inter and infra traps – Siwaliks – Tertiary and Quaternary formations – Age 
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Micropalaeontological techniques – Sampling methods, separation of microfossils from matrix, thin 
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PRINCIPLES OF STRATIGRAPHY: 

There are certain laws or principles made by pioneers, through 

which we can clearly understand the formation of earth during the past 

history. 

DEPOSITIONAL SUCCESSION: 

 Sedimentary rocks are deposited as beds or horizon in rock units. 

They record and preserve the depositional events. Beds are not continuous 

in spatially and vertically, i.e they can be eroded or lost resulting in the 

formation in gap in the geological record known as unconformity or 

hiatus. 

PRINCIPLES OF INTIAL HORIZONALITY: 

 In 1669 Nicolaus Steno introduced this law. This law states that the 

orientation of sediments is deposited essentially as horizontal beds. This 

principle applies to sedimentary rocks formed in an aqueous environment. 

The non-horizontal sedimentary rocks are initially formed as horizontal 

beds later modified by post deposition event like folding, faulting etc., 

PRIINCIPLES OF ORDER OF SUPERPOSITION: 

 This law states that the relative age of the rock unit from the 

sequence of rocks succession. Each layer or rock unit of sedimentary rock 

in a tectonically undisturbed squence is younger than the one below and 

older than the one above it. The deposition of stratigraphic column is not 

necessarily continuous but squential. 

 

 

 



 

PRINCIPLES OF LATERAL CONTINUTIY: 

 This law states that the spatial correlation of indivual rock unit and 

stratigraphic column. Sediments form as continous layers even from the 

formed area to the adjacent area. Thickness of indivual rock unit ends only 

when the environment of deposition changes. This law enables correlation 

of  postion of rock beds and stratigraphic column to the adjacent area. 

CROSS-CUT RELATIONSHIP: 

 The squence of events recorded in the rock relationships. 

PRINCIPLE OF UNIFORMITARIANISM: 

 James Hutton states “ present is the key to the past ”. the geological 

process that shaped the earth throughout geological time scale were the 

same as those observable today. 

WALTHER’S LAW : 

 FACIES: A set of palaeontological or lithological characterstics of 

a sedimentary rock which indicate particular environment of deposition. 

A lateral variation in lithology and fossil assemblage in a formation which 

result from change in the environment of deposition is called facies 

variation. For example a formation having shale in one locality having 

fresh water fossil and limestone in another locality having marine water 

fossil. 

 

 

 

 



 HOMOTAXIS :  

The similarity of position of strata or system in a sequence not 

implying similarity in age is termed as homotaxis.  

When geological formation are equivalent in age but situated wide 

apart in different districts, countries or continents they are called 

homotaxial. 

SYNCHORONOUS BED:  

Rock units formed at different places exactly at the same time are 

known as sunchronous beds. In these beds the same species of the fossils 

are found. 

CONTEMPORANEOUS BED:  

 Those rock units which are formed near about the same time, 

marked by the presence of  the same genera of fossils, they are said to be 

contemporaneous beds. 

 

 

 

 

 

 

 

 

 STRATOTYPE & ITS KINDS  



A stratotype or type section is a geological term that names the physical 

location or outcrop of a particular reference exposure of a stratigraphic 

squence or stratigraphic boundary. 

Unit stratotype: the type section of a layered stratigraphic unit that 

serves as the standard references for the definition and characterization 

of  the unit. 

Boundary stratotype: the specified squence of strata that contains the 

specific point that defines a boundary between two stratigraphic units. 

Composite stratotype: a unit stratotype formed by the combination of 

several specified intervals of strata combined to form composite 

standard of reference. 

Type locality: the specific geographic location  was the stratotype of a 

layered stratigraphic unit is situated. 

t ype area: the geographic area or region that encompasses the stratotype 

or type locality of stratigraphic unit or boundary. 

 

 

 

 

 

 

 

 

KINDS OF STRATOTYPE 



Primary stratotypes: 

Holostratotype: the original stratotype designated by the original author 

at the tim of proposing a stratigraphic unit or boundary. 

Parastratotype:  a supplementart stratotype used in the original definition 

by the original author to illustrate the diversity or heterogenity of the 

defined stratigraphic unit or some critical feature not evident or exposed 

in the holostratotype. 

Secondary stratotype: 

Lectostratotype: a stratotype for the previously described stratigraphic 

unit selected later in the absence of an adequately designated original 

stratotype.(holostratotype) 

Neosrtatotype: a nw stratotype selected to replace an older one which has 

been destroyed, covered or otherwise made inaccessible. 

Hypostratotype: a stratotype proposed after the original designation of the 

holostratotype and parastratotype in order to extend knowledgeof the unit 

or boundary to other geographic areas. It is subordinate to primary 

stratotypes. 



















23

Sequence Stratigraphy and
Sea-level Changes

Every now and then a new theory arrives on the scene that has a revolutionary effect on
science. In earth sciences, the development of the theory of plate tectonics in the mid-
1960s had a profound effect and completely changed the way that geologists, and
others, looked at the world around us. It is a truly global, unifying theory of the behaviour
of the planet that now underpins all modern geology. The emergence of the concept of
sequence stratigraphy a decade or more later has had nothing like the widespread
impact of plate tectonics, but within the field of sedimentology and stratigraphy it has
resulted in a fundamentally different way of thinking about successions of sedimentary
rocks. The underlying tenet of sequence stratigraphy is that a change in base level
(usually relative sea level) results in a change in the patterns of sedimentation in almost
all depositional environments. If we can recognise the pattern in the sediments produced
by, say, a rise in sea level in a coastal plain, a beach, a shallow shelf and the deep sea,
then it may be possible to correlate using these patterns. In this chapter the principles
that underlie sequence stratigraphy are presented and the application of the methodol-
ogy explained. To some extent the concepts are based on long established ideas from
traditional stratigraphy, but a plethora of new terms has been introduced as part of the
new approach and these require some explanation. Once the jargon has been pushed
aside the sequence stratigraphy approach can be seen to be a commonsense way of
looking at successions of sedimentary rocks.

23.1 SEA-LEVEL CHANGES
AND SEDIMENTATION

There is evidence from around theworld today that the
position of the shoreline is not constant, even in the
geologically short time-span of historical records: har-
bours built hundreds or thousands of years ago are in

some places drowned, in others left high and dry
away from the shoreline. The first obvious cause is
tectonic activity that moves the crust vertically, as
well as the horizontal movements due to plate motion.
This movement of the crust itself up or down relative
to the sea level may affect the crust within a few
kilometres of a single fault, or may be large-scale



‘thermo-tectonic’ activity that has an effect on whole
continental margins. Second, there can be changes in
the volume of water in the world’s oceans: this is
called ‘eustatic sea-level change’ (eustasy) and is
caused by melting and freezing of continental ice caps,
among other things. Debates about the effects of glo-
bal warming on the level of the sea worldwide have
brought this phenomenon to the attention of most
people. Third, there is the effect of sedimentation:
sand, gravel and mud piled up at the shoreline can
result in the shoreline moving away from its former
position.
These three factors – tectonic uplift/subsidence,

eustatic sea-level rise/fall, and sedimentation – and
how they occur, where they occur, their rates and
how they interact are fundamental to sedimentology
and stratigraphy. The character of sediment deposited
in environments ranging from rivers and floodplains
to shorelines, shelves and even the deep seas is in
some way influenced by these three factors. The
study of the relationships between sea-level changes
and sedimentation is often referred to as ‘sequence
stratigraphy’. In the following sections the princi-
ples underlying the basic concepts are considered
and then there is an explanation of some of the termi-
nology that has evolved to describe the relationships
between strata under conditions of changing sea
level. The causes of sea-level fluctuations and the
use of a sea-level curve as a correlative tool are also
discussed.

23.1.1 Changes to a shoreline

If the three variables are considered in isolation of
each other, five different scenarios can be considered
(Fig. 23.1). Consider what will happen to a palm tree
growing on a beach and a crab sitting on the sea floor
a few hundred metres away.
1 Eustatic sea-level rise: the palm tree is drowned and
the crab will find itself in deeper water.
2 Eustatic sea-level fall: the palm tree will end up
growing some distance from the shoreline, and the
crab is now in shallower water.
3 Uplift of the crust: the palm tree will end up grow-
ing some distance from the shoreline, and the crab is
now in shallower water.
4 Subsidence of the crust: the palm tree is drowned
and the crab will find itself in deeper water.

5 Addition of sediment at the shoreline: the palm tree
will end up growing some distance from the shoreline,
and the crab is now in shallower water (providing it is
not engulfed by sediment, but instead moves up to the
new sea floor).
It is important to note that scenarios 1 and 4 are

exactly the same, and viewed from just one point on
the Earth’s surface it is not possible to distinguish
between these two possible causes. The same is true
of scenarios 2 and 3, which are indistinguishable at
a local scale, and often the difference between either of
these and scenario 5 can be subtle. The controls on sea-
level fluctuations are considered in section 23.8, but
because it is difficult to distinguish between uplift and
eustatic sea-level fall on the one hand and subsidence
and eustatic sea-level rise on the other, it is usually
best to refer to changes in ‘relative sea level’ or
‘relative base level’ when looking at strata in one
place. The drowning of a palm tree may therefore be
considered to be evidence of a ‘relative sea-level rise’,
without any implication of the cause, and in the same
way, the crab is now in relatively deeper water. The
impact that these relative changes have on processes
and products of sedimentation is something that will
be considered in the next section, along with the
importance of the third factor, sedimentation.

23.1.2 Sea level and sedimentation

Although we may find palm trees fossilised in sedi-
mentary rocks, the evidence for the position of the
shoreline and the relative depth of water comes
mainly from the character of the sediments them-
selves. In Chapters 12 to 16 the characteristic facies
of sediment deposited at different positions relative to
the shoreline and in different depths of seawater were
considered. If, therefore, we can establish the water
depth/position relative to shoreline by examining the
sedimentary facies, we can also recognise relative
changes in the shoreline/water depth from changes
in those facies. In fact, the analysis of strata in terms
of relative sea-level changes can be carried out only if
a facies analysis is carried out first. Once all the beds
in a succession have been analysed and classified
according to environment of deposition using the
approaches described in earlier chapters in this book,
the effects of sea-level changes on their deposition can
then be considered.
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23.1.3 Transgression, regression and
forced regression

If there is a relative sea-level rise the shoreline will
move landward: this is referred to as transgression
(Fig. 23.2a). Movement of the shoreline seawards as a
result of sedimentation occurring at the coast is called
a regression (Fig. 23.2b), but if it is due to a relative
sea-level fall it is known as a forced regression
(Fig. 23.2c). The sedimentary response to these
changes in shoreline can be preserved in strata
as changes in facies going up through a succession,
changes that reflect either a landward movement of
the shoreline, transgression, or a seaward movement
of the shoreline, regression (forced or otherwise).
Under conditions of transgression, the shoreline

will move to a place that used to be land, and the

coastal plain deposits are overlain by beach deposits.
Similarly, beach (foreshore) deposits will be overlain
by shoreface deposits because the former beach is now
under shallow water. The same pattern of changes in
facies from shallower to deeper will be seen all the
way across the shelf (Fig. 23.2a). It is therefore possi-
ble to recognise the signature of a transgression in a
succession of beds by the tendency for the environ-
ment of deposition, as indicated by the facies, to
become deeper upwards. If there is a regression, the
pattern seen in vertical succession will be the oppo-
site: as the sea becomes shallower, either due to a
relative sea-level fall (forced regression) or addition of
more sediment (regression), the facies will reflect this:
shoreface facies will be overlain by foreshore deposits,
offshore transition sediments by shoreface deposits,
and so on (Fig. 23.2b & c). In some circumstances,
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Fig. 23.1 Relative sea-level change (the change in water depth at a point) may be due to uplift or subsidence of the crust,

increase or decrease in the amount of water, or addition of sediment to the sea floor. It is often not possible to determine which

mechanism is responsible if there is information from only one place.
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Fig. 23.2 (a) If sea level rises faster than sediment is supplied the coastline shifts landward: this is known as transgression

and the pattern in the sediments is retrogradational. (b) If sediment is supplied to a coast where there is no (or relatively slow)

sea-level rise the coastline moves seaward: this is regression and the sediment pattern is progradational. (c) Sea-level fall

results in a forced regression and the sediment pattern is retogradational, and may include erosion surfaces. (d) A situation

where the coastline stays in the same position for long periods of time is relatively unusual and requires a balance between

relative sea-level rise and sediment supply producing a pattern of aggradation in the sediments.
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a forced regression may be distinguished from a simple
regression by evidence of erosion in the coastal and
shallowest marine deposits: as sea level falls, the river
may have to erode the older coastal deposits as it cuts a
new path to the shoreline. However, this may not
always happen, and depends on rates of sediment sup-
ply and the slope of the foreshore/shoreface.

23.1.4 The concept of accommodation

Sediment will be deposited in places where there is
space available to accumulate material: this is the
concept of accommodation (or accommodation
space) and its availability is determined by changes
in relative sea level (Muto & Steel 2000). In shallow
marine environments an increase in relative sea level
creates accommodation that is then filled up with
sediment until an equilibrium profile is reached. The
equilibrium profile is a notional surface of deposi-
tion relative to sea level and sedimentation occurs on
any point in the shallow marine environment until
this surface is reached: any material deposited above
the surface is reworked by processes such as waves
and tidal currents. The equilibrium profile is at differ-
ent positions relative to sea level in different environ-
ments: in the foreshore it is at sea level, in the
shoreface a few metres below sea level and then pro-
gressively deeper through further offshore.
Accommodation in shallow marine environments is

created by any mechanism that results in a relative rise
in sea level, including eustatic sea-level rise, tectonic
subsidence and compaction of sea-floor sediments.
Accommodation is reduced by the addition of sediment
to fill the space or by tectonic or eustatic mechanisms
that lower the relative sea level. The rate of change of
accommodation is determined by the relative rates of
relative sea-level change and sediment supply. Deposits
in places where there has been a relative sea-level fall
will often be eroded, and this can be considered to be a
condition where there is negative accommodation.
The ideas of accommodation and equilibrium pro-

files can also be applied to fluvial environments. A
mature river will erode in its upper tracts and deposit
in the downstream parts until it develops an equili-
brium profile, whereby the main channel is neither
eroding nor depositing. Under these conditions erosion
still continues in the hillslopes above themain channel
valley, but sediment is carried through the river down
to the sea. This profile may be disturbed by a fall in sea

level that creates negative accommodation along part
of the profile, resulting in erosion, or by sea-level rise
generating accommodation that allows sediment to
accumulate in the channels and overbank areas until
it returns to the equilibrium position.
The concept can also be applied to non-marine

systems such as lakes and river systems feeding
them, where it is the level of the water in the lake
that determines the amount of accommodation avail-
able. In the following discussion, accommodation is
considered in terms of relative sea level, and deposi-
tional systems described are either marine or have
marine connections. The same principles can be
applied to lacustrine systems and the deposits of
large lakes can be considered in terms of relative
changes in the lake level. Global eustasy does not
directly control the level of water in lakes, but climatic
controls are important because the balance between
precipitation/run-off and evaporation determines the
amount of water in the lake and hence its level.

23.1.5 Rates of sea-level change
and sediment supply

In a previous section it was stated that if there is a
relative sea-level rise, the shoreline will move land-
wards. In fact, this is not necessarily the case: if the
rate at which sediment is supplied is greater than the
rate at which the sea level is rising, then the shoreline
will still move seawards. Similarly, if the rate of sedi-
ment supply and the rate of sea-level rise are in bal-
ance, the shoreline position does not change
(Fig. 23.2d). Several different situations can be envi-
saged when the sea level is rising (either due to sub-
sidence or eustatic sea-level rise) which give rise to
different stratal geometries (Fig. 23.3).
I If the rate of sediment supply is very low then the
shoreline will move landward without deposition
occurring and with the possibility of erosion.
II With moderate sedimentation rates, but high rates
of sea-level rise, deposition will occur as the shoreline
moves landward.
III If it is a higher sedimentation rate, then as fast as
the sea level rises the space is filled up with sediment
and the shoreline stays in the same place.
IV At high sedimentation rates, the shoreline will still
move seawards, even though the sea level is rising.
V During periods when the sea level is static the addi-
tion of sediment causes the shoreline to shift seawards.
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VI At low rates of sea-level fall and/or high rates of
sediment supply deposition occurs as the shoreline
moves seawards.
VII If the rate of sea-level fall is relatively high and
the rate of sedimentation is low, there is no sedimen-
tation, and there may be erosion.
VIII A coast undergoing rapid erosion during sea-
level fall could theoretically fall into this category.

Shoreline trajectory

The different relationships between relative sea-level
rise/fall and sediment supply shown in Fig. 23.3 can
be divided into situations where there is transgression
(I and II), regression (IV and V) and forced regression
(VI and VII). These terms refer to changes in the
position of the shoreline, so none of them apply to
case III in which the shoreline remains fixed.
Another way of considering these different relation-
ships is in terms of ‘shoreline trajectory’ (Helland-
Hansen & Martinsen 1996). The arrows on Fig. 23.3
indicate the trajectory of the shoreline relative to a
fixed horizontal datum, and in the scheme suggested
by these authors, a shoreline trajectory of 08 is no
change in vertical position (geometry V), negative
values, round to �908 are cases where the shoreline
has changed its relative position to a lower elevation
(geometries VI and VII), and positive values (þ18 to
þ1798) are instances where the shoreline has moved
to a higher elevation. Values between �898 andþ898
represent scenarios where the shoreline has moved
seawards (regression) and values over þ908 are
cases where the shoreline has moved landwards
(transgression). This scheme can be readily applied
to seismic reflection profiles (22.2.5) and can be
used to help interpret the subsurface stratigraphy in
terms of relative sea-level changes.

Depositional slope, onshore and offshore

In all of the above scenarios it is the relative rates of
sea-level rise/fall and sediment supply that are impor-
tant. A further factor that should be considered is the
physiography of the margin, that is, the slope of
both the land onshore and the sea-floor offshore. If
the onshore slope is a low angle, then the shoreline
will move much further landward during sea-level
rise. Similarly, a gently sloping sea floor will result
in the shoreline shifting further seaward during sea-
level fall because the accommodation will be filled

more quickly by the available sediment. Other aspects
of the relationship between sea-floor bathymetry and
the distribution of sediments during cycles of sea-level
rise and fall are considered in 23.2.

23.1.6 Progradation, aggradation
and retrogradation

The concepts of transgression, regression and forced
regression refer to the change in the position of the
shoreline. Another way of looking at it is to consider
the arrangement of the strata deposited during peri-
ods of sea-level rise, standstill or fall and to look at the
relative positions in time and space of the facies
within those strata. If the rate of creation of accom-
modation is exactly balanced by the rate of sediment
supply (Fig. 23.3, geometry III) the sediment in all
environments along the profile will simply build up
without any variation of character: foreshore deposits
will be overlain by more foreshore deposits, shoreface
sediments by shoreface sediments, and so on. This
may be referred to as aggradation of the sedimentary
succession (Fig. 23.3). Shorelines that receive sedi-
ment at a higher rate than accommodation is created
build out through time, with foreshore deposits on top
of shoreface sediments, shoreface deposits overlying
offshore transition facies and so on: this pattern of
shallowing up of the facies through the succession is
called progradation and it is the signature in the
sediments of geometries IV, V and VI (Fig. 23.3). A
distinction can be drawn between the progradational
pattern in IV, which is building up as well as out, and
the pattern in VI, which is stepping down as it pro-
grades. Where there is a high rate of creation of
accommodation relative to the sediment supply (sce-
nario II) the pattern is one of deeper deposits progres-
sively though the succession, as foreshore facies will
be overlain by shoreface and so on: this is referred to
as a retrogradation within the succession and is
characteristic of transgression (Fig. 23.3).
The fundamental approach to considering succes-

sion of strata using the sequence stratigraphic
approach is to look for these patterns in the beds. A
retrogradational pattern in the succession indicates
an increase in accommodation due to transgression.
A progradational pattern is indicative of a reduction
in the rate of creation of accommodation relative to
sediment supply and may be interpreted as occurring
during sea-level fall, sea-level stasis or relatively slow
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sea-level rise. Aggradational patterns are relatively
uncommon because they require the specific condi-
tion of a balance between the creation of accommoda-
tion and sediment supply. Recognition of these
patterns within a succession of strata makes it possi-
ble to divide the beds up into groups on the basis of
changes in relative sea level.

23.1.7 Cycles of sea-level change

Analysis of strata of different ages throughout the
world has revealed that in many instances there is
evidence for cycles of sea-level change. The periods of
alternating sea-level rise and fall can be represented
as a sinusoidal curve (Fig. 23.4) that shows the
change in accommodation through time. Assuming
that sediment supply is constant (which may or may
not be the case, but this assumption provides the
simplest scenario), the patterns of progradation,
aggradation and retrogradation can be matched to
different sections of the curve. The different stratal
geometries shown in Fig. 23.3 can also be related to
the curve in Figure 23.4. Two cases can be consid-
ered, depending on whether the sediment supply is
relatively high or relatively low compared with the
rate of change of accommodation.
1 With a high sediment supply rate, deposition may
occur throughout the cycle, with stratal geometry II
deposited during transgression, geometries III and IV
forming as the rate of sea-level rise slows down and

stops V followed by geometry VI as relative sea
level falls.
2 Under conditions of low sediment supply and/or
rapid changes in sea level, erosion may occur during
sea-level fall (geometry VII) and there can also be
situations where erosion occurs during transgression
(geometry I).
The shape of the curve in Fig. 23.4 signifies that the

base of the second cycle is at a higher level than the
base of the first. This means that there is an overall
increase in the amount of accommodation through
time and this is required in order that there may be a
net accumulation of sediment. If the sea level at the
bottom of the second cycle fell to the same point as the
first, and if there was erosion during sea-level fall,
then all the sediment deposited earlier in the second
cycle might be completely removed. A condition of net
accommodation creation though time is therefore
required in order to preserve a cycle of sedimentation.

23.2 DEPOSITIONAL SEQUENCES
AND SYSTEMS TRACTS

In the discussion thus far the terminology used pre-
dates the advent of sequence stratigraphy: terms such
as transgression and regression to describe sea-level
changes have been in use for a long time and the idea
that strata are sometimes arranged into repeating
cycles of lithologies was established in the 19th cen-
tury. The development of the concepts of sequence

Fig. 23.4 A sinusoidal curve of sea-

level variation combined with a

long-term increase in relative sea-level

results in periods when there is relative

sea-level rise (and hence transgression)

and periods of relative sea-level fall

(resulting in regression).
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stratigraphy has resulted in the introduction of a large
number of new terms into sedimentary geology and
although at first this new terminology seems to be
quite daunting, it is generally quite logical and easy to
relate to the concepts. To illustrate and introduce the
application of sequence stratigraphic terminology,
and to show how facies distributions can relate to
changes in relative sea level, two types of continental
margin are considered, each with certain conditions
regarding rates of sea-level change and sediment sup-
ply. These two case studies are the ones most often
illustrated in texts on sequence stratigraphy (e.g. Coe
2003; Cateneaunu 2006), but variations on these
two are not only possible, but common, depending on
the rates of sea-level rise and fall, changes in sediment
supply, and the shape of the bathymetry of the shelf.
1 A continental margin with a distinct shelf break:
sediment supply is assumed to be constant, and the
sea level falls to below the edge of the shelf so that
there is erosion on the shelf during sea-level fall
(Fig. 23.5). Beyond the edge of the shelf lies a slope
and a deeper basin area that receives sediment during
certain stages of the sea-level cycle.

2 A continental shelf that is a sloping ramp with no
distinct change in slope: the sediment supply is again
considered to be constant and is relatively high such
that deposition occurs throughout the cycle (Fig. 23.5).
A deeper basin area may exist, but is not strongly influ-
enced by sea-level fluctuations on the ramp.

23.2.1 Shelf-break margin depositional
sequence (Fig. 23.6)

Highstand

The highstand is the period of high sea level during
the cycle and the beds deposited during this period are
called the highstand systems tract (HST). (A ‘sys-
tems tract’ is the term used in sequence stratigraphy
for strata deposited during a stage of a depositional
sequence.) The beds show either an aggradational or
a progradational pattern as the shoreline shifts sea-
wards across the shelf. Sediment is supplied by rivers
from the hinterland and most of the accumulation
occurs on the shelf with little sediment reaching the
deeper basin.
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Fig. 23.5 Two main types of continental

margin are recognised, each resulting in

different stratigraphic patterns when

there are sea-level fluctuations: (a) shelf-

break margins have a shallow shelf area

bordered by a steeper slope down to the

deeper basin floor; (b) ramp margins do

not have a distinct change in slope at a

shelf edge.
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Sequence boundary

During sea-level fall erosion of the shelf occurs as rivers
erode into the sediment deposited during the previous
cycle: where erosion is localised the rivers cut incised
valleys. This erosion creates an unconformity, which
in this context is also called a sequence boundary
(SB). It marks the end of the previous depositional
sequence and the start of a new one: depositional
sequences are defined as the packages of beds that
lie between successive sequence boundaries. If the
sea level falls to the level of the shelf edge then both
the detritus from the hinterland being carried by the
rivers and the material eroded from the shelf are
carried beyond the edge of the shelf. This sediment
forms a succession of turbidites on the basin floor that
are deposited during the period of falling sea level,
forming a basin floor submarine fan. There is no
unconformity within the basin floor succession to
mark the sequence boundary, so the start of the
next sequence is marked by a correlative confor-
mity, a surface that is laterally equivalent to the
unconformity that forms the sequence boundary on
the shelf.

Lowstand

The interval of low sea level is called a lowstand and
the deposits of this period are called the lowstand
systems tract (LST). The relative sea level is rising
slowly but the rate of sediment supply is relatively
high. The rivers cease to erode on the shelf but the
shelf continues to be by-passed: sedimentation con-
tinues to occur on the basin-floor fan as turbidites
(also referred to as lowstand fan deposits). Sediments
also start to build up above the fan at the base of the
slope to form a lowstand wedge (not shown in
Fig. 23.6). The pattern of beds in these deposits is
initially progradational, becoming aggradational in
the lowstand wedge as the rate of sea level increases.

Transgressive surface

The point at which the rate of creation of accom-
modation due to relative sea-level rise exceeds the rate
of sediment supply to fill the space is called the trans-
gressive surface (TS). It marks the start of retrogra-
dational patterns within the sedimentary succession
as accommodation outpaces sediment supply. If sedi-
ment supply is relatively low the transgressive surface
may be erosional: surfaces of erosion formed during
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Fig. 23.6 Variations in sea level that follow the pattern in

Fig. 23.4 affecting a shelf-break margin result in a series of

systems tracts formed at different stages: the lowstand is

characterised by deep-basin turbidites if the sea level falls to

the shelf edge.
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transgression are called ravinement surfaces and
they form because high wave energy in the shallow
water that floods over the land surface can result in
erosion.

Transgressive systems tract

Deposits on the shelf formed during a period of relative
sea level rising faster than the rate of sediment sup-
ply are referred to as the transgressive systems
tract (TST). They show a retrogradational pattern
within the beds as the shoreline moves landwards.
Sediment is no longer supplied to the basin floor
because there is now sufficient accommodation on
the shelf. The relative sea-level rise results in the
formation of estuaries as the incised valleys are
flooded with seawater: estuarine sedimentation
(13.6) is characteristic of the transgressive systems
tract. The rise in base level further upstream creates
accommodation for the accumulation of fluvial depos-
its within the valleys.

Maximum flooding surface

As the rate of sea-level rise slows down the deposi-
tional system reaches the point where the accommo-
dation is balanced by sediment supply: when this
happens transgression ceases and the shoreline initi-
ally remains static and then starts to move seawards.
This point of furthest landward extent of the shoreline
is called the maximum flooding surface (MFS): it
should be noted that it does not represent the highest
sea level in the cycle, which occurs later in the high-
stand systems tract. As the point of the maximum
flooding surface is approached the outer part of the
shelf is starved of sediment because there is abundant
accommodation near the shoreline: very low sedi-
mentation rates on the shelf can be recognised by a
number of features including concentrations of authi-
genic glauconite and phosphorites (11.5.1, 3.4), con-
densed beds rich in fossils (11.3.2) and evidence of
sea-floor cementation from hardgrounds and firm-
grounds (11.7.4).

Highstand

A return to aggradational and progradational pat-
terns of shelf sedimentation marks the onset of the
highstand systems tract above the maximum flooding
surface. Continued relative sea-level rise creates

accommodation within the continental realm: fluvial
deposition is no longer confined within incised
valleys (cf. transgressive systems tract) resulting in
deposition in rivers and on overbank areas over wide
areas of the coastal plain.

23.2.2 Ramp margin depositional sequence
(Fig. 23.7)

Highstand

Highstand deposition on a ramp margin is essentially
the same as for the shelf-break example, with an
aggradational to progradational pattern of deposition
on the inner part of the margin.

Sequence boundary

The sequence boundary in the ramp succession is
placed on the surface on which there is the first
evidence of erosion caused by sea-level fall (Coe
2003). Erosion starts at the landward end, but further
seaward there will be continued sedimentation, with
the geometry of the strata changing from building
up to stepping down (i.e. from geometry IV to geome-
try VI on Fig. 23.3). This change in stratal geometry
may not always be easy to recognise in practice. It is
worth noting that in the original schemes for shelf-
break margins summarised in publications such as
Van Wagoner et al. (1990) the highstand was con-
sidered to continue into the initial stages of sea-level
fall and the sequence boundary placed at the point
when erosion was widespread across the shelf: if this
approach is applied to a ramp margin it would be
placed at some point within the succession deposited
during sea-level fall. Hunt & Tucker (1992) suggested
an alternative scheme in which the sequence bound-
ary is placed above all the strata deposited during the
period of falling sea level, but this creates the situation
where the sequence boundary lies within the package
of strata deposited in the basin in the shelf-break
setting.

Falling stage systems tract

Sediments deposited during the period from the onset
of the relative fall in sea level until the point where it
stops falling are considered to form the falling stage
systems tract (FSST) (Plint & Nummedal 2000). The
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sediment is supplied by rivers from the hinterland and
also as a result of erosion of the landward part of the
ramp. Erosion by rivers may create incised valleys
between the landward part of the ramp and the shore-

line. The shoreline moves seawards and steps down as
the relative sea level falls and hence the geometry of
the strata is progradational and down-stepping. Note
that under the alternative scheme suggested by Hunt
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Fig. 23.7 Variations in sea level that

follow the pattern in Fig. 23.4 affecting a

ramp margin result in a series of systems

tracts formed at different stages: during

lowstand the deposition is shifted down

the ramp.
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& Tucker (1992), these deposits would be considered
to be below the sequence boundary and they refer to
them as the forced regressive wedge systems tract
(FRWST).

Lowstand

The lowstand systems tract is deposited during the
early stages of sea-level rise. The inner part of the
ramp is no longer erosional and the water level starts
to rise in the incised valleys. The geometry of the
strata in the outer part of the ramp is progradational,
becoming aggradational as the rate of sea-level rise
increases and the shoreline stops moving seawards
and becomes stationary.

Transgressive surface, transgressive systems
tract, maximum flooding surface, highstand

The processes and patterns of sedimentation during
these stages of rising sea level are essentially the same
as for the shelf-break margin depositional sequence.

23.3 PARASEQUENCES: COMPONENTS
OF SYSTEMS TRACTS

23.3.1 Parasequences

Each of the systems tracts in Figs 23.6 and 23.7
is shown as consisting of several separate packa-
ges of strata. In detail each package is itself a cycle
of beds showing a progradational pattern and
these depositional cycles are known as parase-
quences in sequence stratigraphy terminology. They
form because the actual variation in sea level is
not the smooth sinusoidal curve shown in
Fig. 23.4: sea level does not rise or fall at steadily
varying rates as the smooth curve indicates, but
occurs in a series of shorter stages. A curve shape
generated by superimposing a short-term sinusoidal
pattern onto the longer term trend can account for
the variations in accommodation indicated by the
presence of parasequences (Fig. 23.8) During the
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Fig. 23.8 A higher frequency sea-level fluctuation curve superimposed on the curve in Fig. 23.4 produces a pattern of

short-term rises and falls in sea level within the general trends of transgression and regression. These short-term fluctuations

result in creation of small amounts of accommodation being created, even during the falling stage.
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rising limb of the depositional sequence curve the
superimposed curve results in short periods of accel-
erated relative sea-level rise separated by periods
when sea level is rising more slowly or not at all.
Superimposition of curves on the falling limb creates
short periods when the relative sea-level rise is
enough to create some accommodation.

Parasequence boundaries

Parasequences are hence packages of beds deposited
as a consequence of the creation of a small amount of
accommodation that is then filled up by sediment.
Within a succession, the boundary of a parasequence
is marked by a facies shift from shallower to deeper
water deposition (e.g. from foreshore to offshore tran-
sition facies), which signals a sudden increase in rela-
tive sea level. This surface marking the parasequence
boundary is called a flooding surface (not to be
confused with a ‘maximum flooding surface’).

Parasequence thickness

The thickness of a parasequence measured between
flooding surfaces is determined by the relative sea-
level rise: it is usually in the range of metres to tens
of metres (Fig. 23.9). The accommodation created is
filled by sediment until the next flooding surface
occurs, and there are three different possibilities for
the succession of beds within the parasequence. If the
sea level is static between flooding events the thick-
ness of the beds representing each of the facies belts
will be equivalent to the depth ranges of those facies
belts: for example, if the foreshore covers the range
from 0 to 2m depth, the foreshore deposits will be
2m, and if the shoreface is from 2 to 15m deep, the
shoreface facies will be 13m thick, and so on. How-
ever, if the sea level is continuing to slowly rise during
the period of deposition of the parasequence, as could
happen in a transgressive systems tract, each of these
facies units will be thicker: this can be considered to
be an expanded succession within a parasequence.
On the other hand, falling sea level during parase-
quence formation would result in thinner units, per-
haps only 1m of foreshore facies and 6m of shoreface
deposits: such a foreshortened succession within a
parasequence would be characteristic of falling stage
systems tract. The facies present in a parasequence
and the thickness of beds will also be determined by
the position on the shelf where deposition is occur-

ring: in a more distal setting the parasequence will be
made up of finer grained facies (Fig. 23.10).

Parasequence sets

Although an individual parasequence shows an inter-
nal progradational bed pattern, they may be arran-
ged into parasequence sets that may overall show
progradational, aggradational or retrogradational
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Fig. 23.9 A schematic graphic sedimentary log of a para-

sequence in an inner shelf shallow-marine setting.
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patterns (Fig. 23.10). In a progradational parasequence
set each successive parasequence going up through the
set shows shallower water facies, that is, an overall
shallowing-up trend. Retrogradational parasequence
sets are made up of parasequences that show a trend
of becoming deeper up through the succession, that is,
the top bed of the higher parasequence is a deeper water
facies than the beds that form the top of the parase-
quence below. In aggradational parasequence sets all

the individual parasequences show the same cycle of
facies with no overall trend of shallowing or deepening.

Parasequence sets and systems tracts

The trends within parasequence sets are indicative of
the systems tract that they make up (Fig. 23.11): a
highstand systems tract will have parasequence sets
with aggradational to progradational trends, a trans-
gressive systems tract is characterised by parase-
quence sets with a retrogradational trend, and a
lowstand by progradational to aggradational trends
within parasequence sets. A systems tract may be
made up of one or more parasequence sets, but all
sets in the same tract will show the same trends. In
falling stage systems tracts the parasequences are not
stacked vertically but are instead arranged laterally
(Fig. 23.12). The relationship between parasequences
within a fallings stage systems tract depends on the
rate of sea-level fall in relation to the rate of sediment
supply: with a high sedimentation rate or slow sea-
level fall the individual parasequences are stacked
against each other to form an attached falling
stage systems tract, whereas faster sea-level fall
and/or lower sediment supply results in a detached
falling stage systems tract (Fig. 23.12).

23.3.2 Sequences and parasequences:
scales and variations

Building up from parasequences, which are metres to
tens of metres thick, to parasequence sets and syst-
ems tracts, which are several tens of metres thick,
depositional sequences can be expected to be in the
order of a hundred metres or more in thickness. In
practice, depositional sequences vary from a few
metres to hundreds of metres thick depending on the
amount of accommodation that is created. The great-
est amount of accommodation occurs in places where
there is a large amount of tectonic subsidence that
occurs in certain types of sedimentary basin (Chapter
24). Accommodation tends to be much less in regions
that are tectonically stable and where the sea-level
variations are due to global eustatic fluctuations. The
mechanisms and magnitudes of relative sea-level
change are discussed in section 23.8.
The two conceptual models for the arrangement of

strata in depositional sequences present in section
23.2 are idealised and merely represent possible

Fig. 23.10 A schematic graphic sedimentary log of a

parasequence in an offshore shelf shallow-marine setting.
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scenarios. In addition to variations in the scales, there
is huge scope for variations in the character of the
deposits and the way that the strata are arranged
depending on the variables that control sequence
development. These variables are (a) the magnitude
of relative sea-level change, (b) the rate of relative sea-
level change, (c) the supply of sediment and (d) the
physiography of the margin. Different combinations of
these variables can generate any number of stratal
patterns, but there are several points to consider.
1 Rapid changes in relative sea level can lead to the
complete omission of systems tracts. For example, a
rapid sea-level rise can result in a succession of a
lowstand systems tract directly overlain by highstand
deposits, with no deposition during transgression.
Also, highstand deposits may be absent if relative
sea level falls abruptly after transgression and simi-
larly the lowstand systems tract may not be repre-
sented if there is a quick turnaround from fall to rise of
relative sea level.
2 The physiography of the margin and the magni-
tude of the relative sea-level changes determine the
proportion of the deposition that occurs in shallow
marine environments. Margins with a very wide shelf
with a shelf break below the lowest point of sea level
experience predominantly ramp-type geometries and

most of the sedimentation is accommodated on the
shelf, with little reaching the basin. Conversely, nar-
row shelves do not accommodate very much sediment
and it may be that only highstand deposits are pres-
ent, with the bulk of the deposition occurring on the
basin floor.
3 Sedimentation rates are important because if they
are low then accommodation will not be filled up and
progradation will be subdued, but at high sedimenta-
tion rates progradational geometries will tend to dom-
inate the succession.

23.4 CARBONATE SEQUENCE
STRATIGRAPHY

A fundamental difference between the behaviour of
carbonate depositional systems and terrigenous clas-
tic settings is the control on the supply of sediment. In
clastic depositional systems the sediment supply is
mainly detritus coming from a hinterland area sup-
plemented at times by the erosion and reworking of
material from the margin. In small clastic depositional
systems, such as alluvial-fan supplied fan-deltas at
active basin margins, there may be a close link
between relief, sediment supply and relative sea

Fig. 23.11 The stacking patterns of

parasequences to form parasequence sets

are characteristic of different systems

tracts.

+�������������������	,-	��	��	�
���
�����
�	����#�����������
��

�	��������������������	,-	��	��	�
���
�����
�	����!�����������
��

&������������������	,-	��	��	�
��������	��
� �������

��������

������������
�
��

�������

���
�����
�	����"�����������
��	����)�����

Carbonate Sequence Stratigraphy 365



TECTONIC FRAMEWORK OF INDIA 

Precambrian shields all over the world like those of Canada, Africa, Australia, South 

America, Russia, China and India are divided into structural provinces or tectonic blocks. The 

traditional divisions namely cratons and mobile belts is widely used in Precambrian literature. 

The Indian shield is a mosaic of cratons and mobile belts. 

Cratons are the broad central areas of continents that have remained tectonically stable 

for prolonged periods. They are affected by younger epiorogenic movements. 

Mobile belts are curvilinear, high grade, gneiss-granulite belts that surrounds the craton. 

These belts are called orogens. 

TECTONIC DIVISIONS OF INDIA 

 Indian shield consist of five major Archaean cratons and three prominent Proterozoic 

mobile belts. They are as follows 

CRATONS: 

 1. Dharwar craton. 

 2. Bastar craton. 

 3. Singhbhum craton. 

 4. Bundelkhand craton. 

 5. Aravalli craton. 

MOBILE BELTS: 

 1. Eastern Ghats mobile belt. ( fringing  Dharwar , Bastar  and Singhbhum cratons) 

 2. Pandyan mobile belt. ( fringing  Dharwar craton) 

 3. Satpura mobile belt. ( fringing  Bastar and Singhbhum cratons) 

 

 The Himalayan orogenic belt bounding the Indian shield to the north is largely a Tertiary 

mountain belt that has a Proterozoic foundation. 

 

  



ARCHAEAN ROCKS OF PENINSULAR INDIA 

Precambrian Eon encompasses 88% of Earth’s history. The period from the origin of the 

earth to the beginning of the terrestrial rock record is left undefined called Hadean. The period 

succeeding Hadean to the base of the Cambrian at 542 Ma is divided into Archaean and 

Proterozoic Eons with dividing line by (ISCPS) INTERNATIONAL SUB-COMMISON ON 

PRECAMRIAN STRATIGRAPHY. The Archaean eon spanning is more or less about 2500 

million years is divided into four eras namely 

 1. Eoarchaean (from the top of the Hadean to 3600 Ma) 

 2. Palaeoarchaean (3600 to 3200 Ma) 

 3. Mesoarchaean (3200 to 2800 Ma) 

 4. Neoarchaean (2800 to 2500 Ma) 

 

 The term Archaean was introduced by Dana in 1872. In the Indian geology the term 

Archaean includes all the geological formations older than the Cambrian. The rocks belonging to 

the Archaeans were formed during the very early period when there is no life on the earth. They 

are mostly of Igneous origin including metamorphosed grsnitic and basaltic rocks together with 

subordinate amount of sediments. 

 According to Pitchamuthu, the Archaean rocks of the peninsular india may be divided 

into two principal types i.e, the Schistose (Dharwars) and the Gneissose (Peninsular Gneiss). He 

is of the opinion that the term Dharwar should not be used for the schistose rocks outside the 

type area. Considering the difficulties in correlation these two units the Archaean and Dharwar 

are always treated together in Indian geology. 

 In order to study or understand the Archaean rocks of peninsular India it is done best 

through knowing Archaean stratigraphy in all cratons and mobile belts of  which the peninsular 

region is made. 

 

 

 

 

 



ARCHAEAN ROCKS IN DHARWAR CRATON 

AND  

DHARWAR SUPERGROUP 

 

GENERAL INTRODUCTION: 

The Archaean Dharwar Craton covering an area of about 4.5 lakh sq.km. It is bounded to 

the south by Pan-African Pandyan mobile melt; to the north by Deccan traps; to the east by 

Eastern Ghats mobile belt and to the west by the Arabian sea. Karnataka state in this cratons is 

the type area for the oldest rocks recognized in peninsular region. This is one of the best studied 

terrain of Archaean in Peninsular India. This region is occupied by gneisses and granites and 

traversed by a number of bands of schistose rocks. It is renowned for its greenstone/schist belts, 

grey gneisses, charnockites and younger granites. Since these rocks form the basement for all the 

youngest formations they are classified as BASEMENT COMPLEX OR FUNDAMENTAL 

GNEISS. Roger (1986) divided this craton into two tectonic blocks named as Western Dharwar 

Craton (WDC) and Eastern Dharwar Craton (EDC). 

 

CLASSIFICATION: 

 PREVIOUS CLASSIFICATION: 

  W.F. Smeeth  divided the schistose rocks of the Dharwar system into a lower 

hornblendic and upper chloritic divisions and mentioned progressive sequences of igneous 

intusion in Dharwar System namely the Champion Gneiss, Peninsular Gneiss, Charnockite and 

Closepet Granite. 

  B. Rama Rao proposed two kinds of classification based on Geography and 

stratigraphy. The stratigraphic scheme of B. Rama Ramo consisting Lower , Middle and Upper 

division on Dharwar System. 

  C.S. Pitchamuthu adopter Rama rao classification with difference of including the 

Champion Gneiss as a unit within the Dharwar System and held the Peninsular Gneiss was 

basement. 

 

 

 



 NEW CLASSIFICATION: 

 

  The Dharwar craton was divided for the first time into two tectonic blocks, WDC 

and EDC. 

  Two other major classification that provided  by Pitchamuthu and Srinivasan 

(1983) and Radhakrishna and Vaidyanadhan (1997).  According to Pitchamuthu and Srinivasan 

Sargur Group of rocks are included as tha base for Dharwar System and the whole sequence 

intruded by the peninsular Gneiss followed by Charnockite and Closepet Granite. Radhakrishna 

and Vaidyanadhan visuvalized  Sargur Group (Ancient supracrustal Enclaves) intruded by Older 

Gneissic complex and together overlain by Dharwar supracrustal rocks. Followed succeesively 

by younger Gneissic Complex and Charnockites and Closepet Granites. 

 

 

 

AGE WESTERN DHARWAR CRATON EASTERN DHARWAR CRATON 

2500-2600Ma Younger Granite 

(Chitradurga and equivalents) 

Charnockites 

Younger Granite/Gneiss 

(Closepet and equivalents) 

Charnockites 

2600-2800Ma Chitradurga Group 

   

                                        Dharwar  

                                     Supergroup 

 

Bababudan Group 

        Kolar Group 

 

 

 

 

      Yashwantanagar Formation 

 unconformity unconformity 

   ˜ 3000 Ma Peninsular Gneiss Enclaves of Older Gneiss 

3100-3300 Ma Sargur Group Warangal Group 

Salem Group 

3300-3400 Ma Gorur Gneiss Putative Basement 



DHARWAR SUPERGROUP  

OF  

WESTERN DHARWAR CRATON 

& 

EASTERN DHARWAR CRATON 

 

OLDEST ROCK AND ANCIENT SUPRACRUSTAL ROCKS: 

 

 In WDC the oldest gneiss is a suite of tronhjemitic gneisses with associated tonalities and 

granodiorite called Gorur Gneiss. The gneiss yieds Rb-Sr and Pb-Pb isochrones at 3300-3400 

Ma. Sargur Group is a zone of high – grade schist occur either as  

Enclaves and 

Narrow bands. 

Fresh outcrops of Various Lithologies were best exposed in canals of Kabini River near Sargur 

hence the name Sargur Group. Fuchsite quartzites, Metapilites Marbles and calc- silicate rocks 

denoting basal platform. (Narrow band). Mafics are more abundant than Ultramafic rocks 

(Enclaves). Serpentinites , layered Anorthosite in Gabbro and Komatiite are common UMR. 

 

 In EDC recognizable area of older gneisses are not widespread. There are 2700 Ma old 

banded gneisses which are scattered represent the oldest units. In some gneissic outcrops there 

are some greestone belts like the Kolar and Ramagiri that are putative basement.  Warangal 

Group of rocks are comparable to the Sargur group of WDC. The rocks includes quartzite – 

pelite – carbonate suite consisting Fuchsite Quartzite, Quartz pebble conglomerate cordierite – 

sillimanite gneiss. Warangal Group enclaves may be older. 

 

DHARWAR SUPER GROUP IN WDC: 

  

 This group well developed in WDC where it is divided into a lower Bababudan Group 

and upper Chitradurga Group. These two group of rocks are well exposed in 

 Bababudan – Western Ghats – Shigmoga belt. 

 Chitradurga – Gadag belt. 



BABABUDAN GROUP: 

The base of the Bababudan Group is marked by a prominent thin horizon of 

quartz-pebble conglomerate (Kartikere) which marks a profound unconformity between 

older Gneiss (TTG). This group is divided into four formations as follows. 

 

Kalasapura formation:  

It is made of amygdaloidal Metabasalts with filled quartz and chlorite. BIF with  

garnet also occur locally. 

Allampur Formation:   

It consist of Metabasalt with Intercalation of phyllite, quartzite and local BIF. 

Sills are also seen within the basaltic sequence. 

Santaveri fomantion:  

It is also dominated by Metabasalts with sills of Gabbro, Serpentinite and 

Ultramafic schist. At the base of the formation cross-bedded fuchsite quartzite are 

found. 

Mulaingir formation:  

It begin with chloritic phyllite with graphitic and phyllitic type. Almoga – type 

BIF ranging in composition from oxide to silicate facies. 

 

CHITRADURGA GROUP: 

 It starts with polymict Talya Conglomerate associated with siliceous schist. 

Bababudan Group was deformed, uplifted and eroded together with the basement before 

Chitradurga Group was deposited. This group divided into two subgroup namely 

 Vanivilas subgroup and  

 Rannibennur subgroup. 

  

Vanivilas subgroup: 

 It consist of quartz arenite, phyllite, limestone/marble manganese formation and 

BIF. Rb-Sr isotopes in the volcanic appear to have a age of 2200- 2300 Ma. 

Rannibennur subgroup: It is unconformably overlies the vanivilas subgroup. It consisit of 

fine grained greywackes with mafic-felsic volcanic and volcanoclastics. 



Regional Stratigraphy of Western Dharwar Craton 

   Proterozoic mafic dykes 

   Charnockites (2500 – 2600 Ma) 

   Younger Granites (2600 Ma) 
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CHITRADURGA 

GROUP 

Rannibennur 

Subgroup 

Greywackes with BIF, Polymict 

conglomerate, Mafic-Felsic 

volcanic, 

Vanivilas 

Subgroup 

Mafic-Felsic volcanic, BIF 

Phyllites Mn and Fe formation. 

Talya/Kaldurga Conglomerate = 

Metabasalts. 

Disconformity 

BABABUDAN 

GROUP 

Mulaingiri 

Formation 

BIF with phyllites and rare 

Ultramafic mafic sills. 

Santaveri  

Formation 

Metabasalts, Felsic volcanic, 

layered basic complex. 

Allampura 

Formation 

Metabasalts, gabbros, Ultramafic 

schists, local BIF, phyllites, cross – 

bedded quartzite. 

Kalasapura 

Formation 

Metabasalts, gabbros, Ultramafic 

schists, local BIF, phyllites, 

quartzite. Basal Quarts pebble 

conglomerate. 

Deformed angular unconformity 

 Peninsular Gneiss with TTG (>3100 Ma) 

 Intrusive/Tectonic Contact 

 SARGUR GROUP 

3100-3300 Ma 

Ultramafic-mafic layered complexes, Komatiites, BIF. 

Quartzites, pelites, Marble and Calc-silicates. 

 Intrusive/Tectonic Contact 

 Gorur Gneiss ( 3300-3400 Ma) 

  



DHARWAR SUPER GROUP IN EDC: 

 

 In this region this supergroup is  divided into two formation/group namely 

  Yashwantanagar formation. 

  Kolar group. 

  

YASHWANTANAGAR FORMATION: 

 This formation mainly consist of Mafic – Ultramafic rocks, quartzites and BIF which are 

almost similar in geological age with Bababudan group of WDC. It lies over the putative 

basement and ancient supracrustal older gneisses. 

KOLAR GROUP: 

 This group is divided into three divisions namely  

  The lower Sakarsanahalli formation. 

  The middle Goldfield volcanic and  

   The upper Champion Gneiss.  

 

They are similar in age with chitradurga of WDC. This group constitutes following rocks 

quartzites, Mn rich marble,carbonate rocks BIF and ultra basic sills with sheared grey micaceous 

gneiss, it contains oplascent quartz. Total group was intruded by batholiths and charnockites. 

Gold mineralization occurs in the volcanic suite as quartz carbonate veins and minor stratiform 

sulphide lodes in BIF.  

 

 

 

 

 

 

 

 

  

  



 

 

Regional Stratigraphy of EDC 

     

   Proterozoic mafic dykes 

   Charnockites (2500 – 2600 Ma) 
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  Dharwar Batholith (2500 – 2700) 

Kolar Group 

(Chitradurga 

Group) 

Champion 

Gneiss 

Felsic volcanic and volcano clastic 

minor BIF polymict conglomerate 

Goldfield 

Volcanics 

Bimodal mafic – Felsic volcanic 

komatiites BIF chert greywackes 

polymict conglomerate. 

Sakarsanahalli 

Formation 

Quartzites, Mn rich marbles, 

stromatolites, carbonate rocks calc 

silicate rocks, BIF and Basic – 

Ultrabasic sills 

  

Yashwantanagar 

Formation 

(Bababudan Group) 

Mafic – ultramafic rocks, quartzites, BIF 

                                   Basement not seen (>3000 Ma) 

 

 

YOUNGER INTRUSIONS OF DHARWAR: 

 

 CHARNOCKITES: 

   Charnockites displaying spectacular transformation from the TTG suites 

of Peninsular Gneiss. It is associated with Peninsular Gneiss continue up to Moyar – Bhavani 

and Bavali shear zones in the south. It represents progressive metamorphism relation with 

gneisses. Charnockites are more prominent in EDC and the origin of metamorphism differs from 

WDC. 



 

 

 

 YOUNGER GRANITES: 

   Late to post – tectonic Dharwar granites (2600 Ma) denote crustal 

reworking in WDC occur as isolated discrete intrusions cutting across the Peninsular Gneiss. 

Most important younger granic intrusion of WDC are Chitradurga Granite, Jampalnaikankote 

Granite (J.N.Kote), Arsikere and Banavara Granites, Hosadurga Granite,  Chamundi Granite and 

Alkali Granite and Syenite. 

 

CLOSEPET GRANITE: 

   The diffuse transition zone between WDC and EDC is at Closepet 

Granites. It is unique linear, arcuate body consisting of granitic types. It represent a 400 km long 

20 -30 km wide plutonic belt bounded by shear zone. Age ranging  2510 – 2530 Ma. The granite 

is divisible into two parts the southern and northern separated near Kalyandurga. The southern 

part extending from the Cauvery River to Kalyandurga is the best studied main body. 

 

ECONOMIC IMPORTANCE: 

 In Karnataka Dharwar rocks form the rich storehouse for economic Mineral deposits of 

Gold, Iron, Manganese, Chromium and Copper etc., in addition to these good deposits of non 

metallic minerals like beryl, corundum, graphite, magnesite sillimanite etc., have also been 

found. 



 

 

 

ARECHAEAN ROCKS IN BASTAR CRATON (Central India) 

& 

SAKOLI AND SAUSAR GROUP OF ROCKS 

 

 Bastar craton covers an area of 1, 30,000 sq.km and it is bounded by Godavari graben in 

the south, Mahanadi graben in the north-east, Central Indian Tectonic Zone(CITZ) forming part 

of the satpura mobile belt in the north, Eastern ghats in the East and Deccan traps in the west. 

This craton is also named as BHANDARA CRATON or CENTRAL INDIAN CRATON. 

MAIN STRATIGRAPHICAL COMPONENTS OF THE BASTAR CRATON: 

Proterozoic 
Purana basin   

Mafic Dykes   

1800 – 1000 Ma Sausar Group   

2000 – 1800 Ma Sakoli Group                              

                        

Dharwar  supergroup 

Equivalents. 

 

3000-2200 Ma 

                                  

                                  Khairagarh 

Kotri- Dongargarh    Nandgaon 

                                  Amgaon 

                 

˜ 3000 Ma Granulites belt   

>3000 Ma Gneissic Complex - TTG   

 

DESCRIPTION OF STRATIGRAPHICAL DIVISIONS: 

Older Supracrustals:  

 Sukuma group of rocks are widespread enclaves of supracrustals within the Gneissic 

complex TTG. The age of the or vestiges of the oldest rocks ranging 3510 Ma & 3560 Ma. It is 

best developed around Sukma in southern Bastar. This group of rocks include Sillimanite 

quartzites, Cordierite-andalusite schist, Amphibolites, BIF and Ultramafics. 



 

Gneissic complex: 

 It consist of TTG(Tonalite-Trondhjemite-Granodiorite) suites that are exposed in the 

south and west of the craton. The TTG gneisses encloses ‘continental’ sediments of quartzite-

carbonate-pelite(QCP) facies together with Sukma group and Amagaon group of rocks. These 

gneisses yield widespread ages of 2500 – 2600 Ma. 

Granulites: 

 These group of rocks includes Charnockites and Leptynites occur as two prominrnt belts 

in the craton. 

 1. Bhopalpatnam Granulite belt – North of Godavari Graben. 

 2. Kondagaon granulite belt – North of Indravati Purana basin. 

Kotri-Dongargarh orogen belt: 

 

 The NNE trending Dongargarh belt covers a tract of about 90 km wide and 130 km long 

region between the Sakoli triangle and the Chattisgarh Depression. The belt consist of three 

groups of rock formations each separated by pronounced unconformity. The oldest of three 

groups and the base of the division called the Amgaon group. The newer classification includes 

Bengal Group and Bailadila Group. These group of rocks overlies Gneissic complex with 

enclaves of Sukma Group. It consist of quartz schist and Feldspathic Quartzites alternating with 

metabasic lava. Based on Rb-Sr and K-Ar isochron age data have inferred these orogeny 

formation closed earlier than 2300 Ma. 

Bailadilam Group 

BIF 

Chloritic Phyllites 

Conglomerates 

Mafic-Ulramafic rocks  

Feldspathic Quartzites 

 

 

Unconformity Unconformity 

Bengal Group Metavolcanics and andalusite schists  

UnconformityUnconformity 

Gneissic complex with enclaves of Sukma Group 



 

The Nandgaon Group comprising a lower Bijli Rhyolites around 4.5 km with 

intertrappean Conglomerates, Sandstone, Siltstone, Shale and Tuffs. These are overlain by 

Pitepani volcanic phase and followed by Granitic emplacement “Dongargarh Granite”. 

The Sandstone – basalt alternation of  Khairagarh Group overlies Nandgaon group and 

Dongargarh Garnite. The Styratigraphy of Khairagarh Group is given below. 

Khairagarh Group 

Ghogra Sandstone 

Mangikhuta Basalt 

Karutola Sandstone 

Sitagota Basalt 

Bortalao Sandstone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SAKOLI GROUP OF ROCKS: 

 Sakoli belt covering an area of 3500 sq km is a triangular belt which occur at the 

convergence of three major tectonic trend lines. 

 1. The Satpura mobile belt. 

 2. Kotri-Dongargarh Orogen. 

 3. Bhopalpatnam granulite belt. 

  

 The triangular tract covers Nagpur, Bhandara and Chanda districts. The 

succession is at the type area in Sakoli village of Bhandra district. It comprises schist, Quatzites, 

Slates and phyllites. These formation experienced two phase of deep folding which make those 

formation into NW folded limbs and E limbs. The firsh phase of fold occur during 1330 – 1340 

Ma and the second phase of folding occur at 862 – 952 Ma.  The Amgaon Gneiss and 

supracrustals forms the basement for the Sakoli group of rocks. This group of rocks comprises 

four formations namely Gaikhuri formation, Dhabetekri formation, Bhiwapur formation and 

Pawni formation. The generalized Lithostratigraphic of Sakoli Group is given below after A.Roy 

1995. 

 

 

 

Pawni Formation Slate,Phyllite,Arkose,Quartz-Arenite and Conlomerate. 

Bhiwapur Formation Metapelites Rare basalts Felsic Volcanics and tuffs. 

Dhabetekri Formation Metabasalt, Ultramafics,Chert and Metapelites and BIF. 

Gaikhuri Formation Coarse Arenite, Arkose, Minor Pelites and BIF Conglomerate. 

Unconformity 

The Amgaon Gneiss and supracrustals 

 

SAUSAR GROUP OF ROCKS: 

 The type area of the group is situated in the Sausar subdivision of the Chindwara district 

in Madhya Pradesh. The rocks of this group largely of sedimentary origin were subsequently 

metamorphosed and invaded by acid and basic plutonic rocks. The Sausar Group has been 

divided into eight units. The rock type shows variable facies characters in different areas. The 



lowermost unit Tirodi Biotite Gneiss was consider to be the basement for the deposition of 

Sausar succession. 

 The MANASAR FORMATION in the Sausar succession contain some of the richest 

Manganese deposits of India. The outcrop of the Mn-bearing rocks extends in the form of a 30 

km wide and 200 km long arcuate belt from Chindwara to Balaghat districts. The Mn-horizon 

occur one each at the bottom of Lohangi Formation and in Middle Mansar Formation and top of 

the Chorbali Formation. The rocks of the Sausar group have been intensely deformed giving rise 

to a southern belt of Overturned isoclinals fold and northern belt of recumbent folds. The 

stratigraphic classification of Sausar Group are given below. 

                Classification of Sausar Group  

                  (after Straczek et al 1956) 

       Formation         Dominant Lithology 

Bichuva Formation Dolomitic Marbles and Calc Silicates. 

Junewani Formation Muscovite-biotite schist and granulites 

Charbaoli Formation Quartzites and schists 

Mansar Formation 
Muscovite schists and Muscovite biotite schists                   

 with Mn-ore azones. 

Lohangi Formation Dolomitic Marbles and Calc Silicates. 

Kadibikhera Formation Quartz biotite granulites 

Sitasaongi Formation Feldspathic schists and quartzites 

Triodi Botite Gneiss 
Biotite gneiss with amphibolites calc gneisses and quartz quartz-biotite 

granulites. 

  

 

  



ARCHAEAN ROCKS IN SINGHBHUM CRATON 

& 

IRON ORE GROUP 

 

 The Singhbhum craton covers a triangular area of 50,000 sq km. It is bounded in the 

north by the Chhotanagpur Gneiss,(Eastern extension of CITZ), in the south by Eastern mobile 

ghat, in the east and west by Alluvium of Bengal and Mahanadi rift. The core lithology of this 

craton is Singhbhum Granite of 8000 sq km. This craton is well known for its Copper Belt shear 

zone. This craton is also known as Singhbhumm- Orissa craton or Singhbhum Iron Ore craton. 

 

MAIN STRATIGRAPHICAL COMPONENTS OF SINGHBHUM CRATON: 

 This vraton consist of six principal lithological associations namely, 

 

Proterozoic 

Kolhan basin 

Mafic Dykes 

Archaean 

Volcanics of North Singhbhum Orogen 

Volcanic Basin (GreenStone) 

Banded Iron Formation 

Singhbhum Granite with Older Metamorphic Tonalite Gneiss(OMTG)  

and Older Metamorphic Group (OMG) 

 

CLASSIFICATION: 

 The status of Singhbhum Granite is variable both in Previous and newer stratigraphic 

classification as 

 1. Basement to all Supracrustal rocks. 

 2. Basement to some part and Intrusive to other parts of the successions. 

 3. Intrusive to all Supracrustal rocks.   

To above all controversies the stratigraphy classification given below is based on the 

comparable to the Global Secular Models and to the Dharwar stratigraphy. 



ARCHAEAN STRATIGRAPHY OF SINGHBHUM CRATON 

AGE RELATED TO 

DHARWAR SUPERGROUP 
STRATIGRAPHY OF THE CRATON 

Neoarchaean Dhanjori and Simlipal Sequence. 

Rannibennur Subgroup Singhbhum Group 

Vanivilas Subgroup Koira Group 

Lower part of Bababudan group Quartzite – Basal Sequences 

Older Sargur group Older Metamorphic Group (OMG) and Badamphar group 

  

DISTRIBUTION: 

 The Singhbhum region of the southern Bihar and its contiguous regions of Mayurbhanj, 

Keonjhar and Bonai districts of Orissa are well known for their rich deposits of Iron and Copper. 

This region is traversed by Singhbhum Shear Zone (Cu Thrust Belt). It seperates the Northern 

terrain( Highly Metamorphosed rocks- N.Singhbhum Orogen) from Southern terrain(Less 

Metamorphosed rocks – Stabilised after Iron Ore Orogrnic cycle about 2900 Ma). 

STRATIGRAPHY: 

  The stratigraphic classification of South of Singhbhum shear zone consist of Lower 

Archaean Basement of Older Metamorphic Group lying in the South of Singhbhum shear zone. 

The rocks predominantly hornblende schists with Quartzites and Quartz mica schist which are  

invaded by the Botite tonalite gneiss. The Age of the OMG are 3200 Ma through Rb – Sr and K 

– Ar mineral dating.  

The Iron ore Group rocks were deposited over the eroded basement OMG rocks. The 

order of Superposition has been dispute on account of their complex structure. These rocks are 

folded about NNE to NNW tending fold axes and low grade metamorphism culminating 

emplacement of Singhbhum Granite (N.Shinghbhum terrain). The stratigraphic succession of the 

Iron Ore Group begins with a locally developed basal Sandstone and Conglomerate. The basal 

beds are successively overlain by Lower lava, Loer phyllite, Banded Iron Ore, Upper phyllite 

and Upper lava formations. The Banded Iron ore Formation has provided some of the richest iron 

ore deposits of India.  



Age 
Generalized stratigraphic succession  

of Precambrian formation of  Singhbhum - Orissa 

 South of Singhbhum shear zone North of Singhbhum shear zone 

Different Age Newer Dolerite   

1500 – 1600 Ma Kolhan Group   

 unconformity  

2000 – 2100 Ma Mayurbhanj Granite Arkasani Granophyre 

Chakradharpur Granite 

 Ultramafic Intrusives  

 

2100 Ma 

Dhanjori Group 

Dhanjori – Simplipal lava 

Quartzites, Conglomerate 

 

Dalma Lava 

 unconformity  

  Singhbhum Group 

Dalbhum Formation 

Chaibasa Formation 

 unconformity  

2950 Ma Singhbhum Granite  

 Iron Ore Group 

Upper Lava Formation 

    Upper Phyllite Formation 

        Banded Iron Ore Formation 

     Lower Phyllite Formation 

Lower Lava Formation 

           Sandstone and Conglomerate 

 

 unconformity  

3200 Ma Biotite – Tonalite Gneiss  

3800 Ma OMG  

   

 

 



SINGHBHUM GRANITE: 

 It is a great batholithic mass occupying an elongated tract in Singhbhum, Mayurbhanj 

districts. The batholiths consist of varying in composition from biotite granodiorite  to 

adamellite, biotite trondjhemite and leuco – granite. The time of emplacement of granite is 

regarded as syn- to post-tectonic to the deformation of Iron Ore Group. The age of the rock 

through Rb – Sr dating is 2950 Ma. 

 

SINGHBHUM GROUP: 

 The rock succession lying to the North of Singhbhum craton and thet folded over 200 km. 

Dunn and Dey correlated this succession with Iron Ore Group in the south Singhbhum. These 

succession were divided into lower Chaibasa formation ehich includes high grade mica schists, 

hornblende schists and quartz granulites. The upper formation called Dalbhum formation it 

consist of phyllites and Quartzites. 

 

DHANJORI GROUP: 

 The succession unconformably overlain and deposited over Singhbhum granite and Iron 

ore Group. It consist of Basal Conglomerate, arkose and conglomerate and extensive lava flows. 

Equivalent volcanic rocks exposed in Dalma hills known as Dalma Lava.  

  



ARCHAEAN ROCKS OF ARAVALLI – BUNDELKHAND CRATONS 

 

The Aravalli and Bundelkhand cratons are traditionally described together as a single 

entity in earlier but, the similarity is restricted only to the Archaean. Bundelkhand is a triangular 

region covers an area of 26,000 sq km. it is bounded in south by Satpura mobile belt and in the 

west by Aravalli craton.  

Aravalli craton covers an area of about one lakh sq km encompassing the entire state of 

Rajasthan, parts of Gujarat and Madhya Pradesh and fringes of Delhi and Haryana. The 

composite of Aravalli craton consists of Mewar craton in the East and Marwar craton in the west. 

MAIN ARCHAEAN LITHOLOGICAL COMPONENTS OF ARAVALLI AND 

BUNDELKHAND CRATONS: 

BUNDELKHAND CRATON ARAVALLI CRATON 

Mafic Dyke swarrms Mineralised supracrustals 

Bundelkhand Granite with associated Quartz 

reefs and rare Felsic Volcanics. 
Bhilwara supergroup 

Enclaves suite of supracrustal rocks.  
Archaean Mewar gneiss with Ancient 

supracrustal enclaves(Jagat Group) 

 

SUPRACRUSTAL ROCKS OF ARAVALLI AND BUNDELKHAND CRATONS: 

 In Bundelkhand, the supral crustal and gneissess are basement rocks occur as two belts 

  1. Northern belt from Karera to Kabrai. 

  2. Southern belt from Madaura to Baraitha. 

 The enclaves been BIF eith Amphibolites,ultramafics and minor Quartzites, metapelites 

and marble. These formation were subjected to three phases of folding similar to Banded 

Gneisses along TTG gneisses. Gneisses are Grey and Pink gneisses. The age ranging from     

3300  – 3200 Ma. The gneissic rocks of Bundelkhand succeeded by Gwalior group of rocks. 

These rocks include Nepheline-Syenite, therallite and Comptonite. 



 In Aravalli, the ancient Supracrustal rocks are numerous enclaves of Amphibolites, 

Quartzites, Mica schist, Crystalline Limestone, Calc – Silicate rock and Banded Iron Formations 

together called Jagat Group. The Mewar gneiss are called Grey Gneisses, Migmatites and 

Granatoids of Mewar region as Banded Gneissic complex. 

BUNDELKHAND GRANITE: 

 The vast country of Bundelkhnad granite represents a large plutonic complex of 

batholithic dimension. Recent geochemical studies have helped to identify four phase of Granites 

viz., 

 1. Hornblende Granodiorite. 

 2. Porphyritic biotite Granite. 

 3. Coarse biotite Granite 

 4. Leuco Granite. 

The dating of these  granatoids at Mahoba, Lalitpur and Datia inferred the age ranging           

2550 – 2400 Ma.  The Quartz reef occur along with these rocks trending NE – SW direction. 

There are 11 major Quartz reef with spacing of 12 – 20 km with the length and width of 35 – 40 

km and 50 – 60 m. ore minerals like Galena, Pyrite, Chalcopyrite and Chlorite are also occurs.  

 

ARAVALLI SUPERGROUP: 

 Mewar Gneiss with Ancient supracrustal are basement rocks overlain by Bhilwara 

supergroup of Banded Gneissic Complex include series of Gneissess and Granulites. Bhiwara 

supergroup is divided into three tectono – stratigraphic units viz., 

    1. Hindoli group. 

    2. Mangalwar Complex. 

    3. Sandmata Complex. 

Many subparallel belts of arenite – pelites – carbonate association with black shale and BIF 

hosting important lead and zinc mineralization in the craton. Heron 1953 correlated them with 

Raialo series. The Raialo series overlies the Aravallis and it is overlain by the Delhi system of 

rocks. This series constitute a thick group of Quartzites sandstone, Conglomerate and a thick 

horizon of limestone. The celebrated Makrana marbles belong to this series.  



ARCHAEAN ROCKS OF EASTERN GHAT MOBILE BELT 

 

The proterozoic Eastern Ghats Mobile Belt extends for about 1000 km in a NE from 

Ongole in Andhra Pradesh in the south to Brahmani River in Orissia in the north with maximum 

width of 300 km. The belt is dissected by two prominent grabens of Mahanadi and Godavari. 

This mobile belt is well known for its Ultra high temperature rocks. It is also reffered to as the 

Eastern Ghats Granulite Belt. This belt hold more resource of Bauxite and small deposits of 

Manganese, Graphite, Sillimanite, Gemstone and beach placer radioactive minerals like Thorium 

and Titanium. 

 

STRATIGRAPHIC CLASSIFICATION: 

 The early stratigraphic classification of Eastern Ghats Mobile Belt(EGMB) into three 

major series/group/suites namely, Charnockites ‘k’hondalites  and Migmatites. Charnockites and 

khondalites mutually occupied the lower or upper position in different classification and 

Migmatitic gneisses were given the uppermost position among three units. ‘K’hondalite is also 

used in the stratigraphic sense including garnet – sillimanite – graphite gneisses (‘k’hondalite), 

metapelites, quartzites, marbles, calc-silicate rocks and manganese formation, use of ‘k’hondalite 

rock name using small letter ‘k’ and Khondalite group with capital letter ‘K’ as stratigraphic 

code. Similarly charnockites may be used as a term for deep seated metamorphic equivalents of 

granatoids. Another common rock type of EGMB is leptynite which is garnetiferous 

quartzofelspathic leucogneiss rock. The non garnetiferous equivalent of leptynite is leptite. 

Ramakrishnan et al (1998) gave newer classification as dividing EGMB into four longitudinal 

zones on the basis of dominating rock type or lithological association as  

    1. Western Charnockite Zone (WCZ) 

    2. Western Khondalite Zone (WKZ) 

    3. Central Migmatite Zone (CMZ) 

    4. Eastern Khondalite Zone (EKZ) 

 Rickers et al (2001) demarcated four domains ( I to IV ) in the EMGB of which the 

domains 1A, 1B and IV correspond to WCZ and domains II and III to the remaining zones          

( WKZ, CMZ and EKZ). The event stratigraphy of EGMB is given below. 

 



AGE (Ma) EVENTS 

550 - 650 Exhumation and stabilization (= Pan African) 

800 – 850 
Emplacement of Anorthosite massifs  some alkaline rocks 

Younger granatoids and charnockites 

950 – 1100 

Main Eastern Ghats Orogeny 

Khondalite 

group 

Garnet – Sillimanite- graphite gneiss with 

minor cordierite-sapphrine-spinel gneiss 

calcsilicates and marbles quartzites 

˜ 1500 Emplacement of alkaline rocks along the rift margin 

 

1800 – 1600  

Evolution of Purana Basins like Cuddapah, Chhattisgarh, 

indravathi 

Evolution of Nellore-Khammam Schist in Dharwar craton 

2600 – 2800 Charnockites and gneisses of the basement (WCZ) 

 

CHARNOCKITES SERIES; 

 Charnockites are hypersthene bearing granite composed of blue quartz, feldspar and 

hypersthenes. Charnockites ranging in composition from basic to acidic varieties constitute a 

suite of rocks referred to as ‘Charnockite series’.  

 Acidic varities includes alaskites, bikremites and enderbites and hypersthenes-quartz 

syenite. 

 Basic varities are essentially hypersthenes diorite to pyroxene granulites and granulitic 

migmatites. The granulitic type consider to have been formed by high grade metamorphism 

whereas the granitic type is regarded to have been formed much later due to palingenetic fusion 

and metasomatism. 

   The contact of Dharwar craton and EGMB is near Ongole which produce enderbite acidic 

variety of charnockite with layer lenses of Basic granulites. In jeypur area of Bastar craton the 

TTG transformed to enderbites (charnockites) with the enclaves of amohibolites. Rengali in 

Singhbhum craton contact charnockites occur in different ranging of composition from diorite to 

granitic composition with enderbites along mafic granulites. All the above contact p[laces of 

various craton form WCZ of EGMB. The charnockites are also known as Nilgiri Gneiss and 

Blue Mountain Gneiss as they occupy the higher peak of Southern India. 



 

KHONDALITE SERIES: 

 Khondalites named after the Khonds tribes of Vishakhapatnam and Kalahandi of 

Andhrapradesh are essentially grewy and red foliated garnet-sillimanite-graphite schist 

containing quartz, feldspar and graphite. The rock of the series are also exposed in Guntur 

district of Andhra Pradesh, parts of Orissa, Bihar and Tamil nadu. Khondalites is often 

associated with manganese rich gneisses known as KODURITES. It composed of potash 

feldspar, Manganese-garnet, Manganese-pyroxene rare biotite and apatite. These rocks have 

yield workable deposits of manganese ore. Chemical alteration of kodurite give rise to chert and 

ochre. GONDITE is yet another manganese bearing high grade metamorphic rock comprising 

quartz, spessartite, rhodonite and small percentage of apatite. It is devoid of potash feldspar. Its 

forms WKZ and EKZ of EGMB. These rocks are knoen from Vishakhapatanam. 

 

MIGMATITIC GNEISSES: 

 It forms CMZ of EGMB with rock type of hornblende orthogenesis occurring between 

WKZ and EKZ from Brahmapur to Vamsadhara. These rocks are well exposed in Mahanadi 

graben, Srikakulam, Vijayanagaram and Araku.  

  



ARCHAEAN ROCKS OF TAMILNADU 

OR  

ARCHAEAN ROCKS OF PANDIYAN MOBILE BELT 

 

Pandiyan mobile belt is the name given to the southern part of granulite terrain of South 

India situated to the south of the Palghat-Cauvery shear zone or PCSZ. In Tamilnadu crystalline 

rocks of Archaean to Neoproterozoic age occupy over 85% of the area of the state, while the rest 

is covered by Phanerozoic sediments along the coastal belt and inland river alluvial sediments. 

This terrain of Archaen rocks comprises predominantly of Charnockite and Khondalite Groups 

and their Migmatitic derivaties. Supracrustal of Sathyamangalam, Kolar group and Peninsular 

group(Bhavani Group) intruded by Ultramafic – mafic complexes, basic dykes, syenites and 

granites. The generalized Archaean stratigraphy is given below. 

 

AGE in Ma SUPERGROUP/GROUP MAJOR ROCK TYPES 

Neo Proterozoic 

(700 – 900) 

Younger Alkaline Complex Alkaline dykes, Carbonatite, Syenite 

Dunite/Pyroxenite 

Epidote-Hornblende gneiss 

Meso Proterozoic 

(1600-2100) 

Basic Intrusives Basic Dykes 

Palaeo Proterozoic 

(1900-2300) 

Older Alkaline Complex Alkaline dykes, Carbonatite, Syenite 

Ultramafics 

Late Archaean  

to Proterozoic 

(2200-2550) 

Migmatitic complex  

Peninsular Gneissic complex-II 

Older granitoids, Migmatites, Augen 

Gneiss, Leptynites,  

Late Archaean 

(2600) 

Charnockite Group 

Khondalite Group 

Quartzites, Granulites, Charnockites, 

Khondalites. 

Archaean 

(2900) 

Kolar Group Leptynites, BMQ/BHQ. 

Archaean 

(3000) 

Peninsular Gneissic complex-I Migmatites, granitoids, Gneiss. 

Archaean 

(3000-3100) 

Layered Ultramafics/mafics  

Ultrabasic complex. 

Ultramafics/mafics  

Ultrabasic rocks with bands of chromite 

Archaean 

(3200) 

Sathyamngalam Group Amphibolites, basic and Ultrabasic 

rocks Fuchsite-Kyanite Ferrugenous 

Quartzites. 



 

 

ANCIENT SUPRACRUSTAL ROCKS: 

In Tamil Nadu Gopalakrishnan et al (1975) described the ‘Sargur type’ litho assemblages 

from Sathyamangalam area and named them as Sathyamangalam Group. These rocks are 

distributed along east-west tract in central Tamil Nadu ( parts of Coimbatore, Salem, Namakkal, 

Perambalur and Trichurapalli) confined between Bhavani – Attur lineament in the north and 

Noyil – Cauvery lineament in the south. The major rock types are Amphibolites, pyroxenite 

granulites, Ultramafics-basic complex metapelites leptynites. 

 

LAYERED MAFICS,ULTRAMAFICS COMPLEXES: 

 A group of ultrabasic rocks ranging in composition from Dunite, Peridotite, 

Garnetiferous gabbro, Gabbroic Anorthosite occur in the central belt of Tamil Nadu. In Salem 

the well known Chalk Hills are composed of Ultra basic rocks which are altered and replaced by 

abundant veins of Magnetite, steatite and asbestos and associated with pockets and segregation 

of chromite.  

 The famous Sittampundi Anorthosite complex forms a part of this suite. A layered 

sequence consisting of meta anorthositic gneisses and meta gabbros are exposed near 

Sittampundi. The meta Anorthosite contain a calcic plagioclase approaching pure anorthite in 

composition and it is named as INDIANITE. Chromite occur sufficiently  and consider as a 

workable deposits. 

 In Tiruvannamali  Ultramafics rock comprises serpentine and peridotites with veins of 

magnesite. The Anorthosite rock occur near Kadavur and Ottanchatram,( palani-Dindigul,) 

Keeranur of Trichurapalli which are much younger to Sittampundi Complex rock. In Keeranur it 

contains garnetiferous gneisses, amphibolites, crystalline limestone with calc silicates and 

corundum. These rock contains cordierite, dillimanite saphirine etc., Similar rocks occur at the 

foot hills of Palani near Kodaikanal road (Kenguvarpatty). 

 

BHAVANI GROUP (Penisular gneiss complex): 

 A group of Gneiss in the central part of Tamilnadu ( parts of Coimbatore, Erode, Salem, 

Namakkal, Trichurapalli and Perambalur districts). The typical exposure of this group are seen 

around Bhavani town and hence the gneissic have been named as BHAVANI GROUP. The 

major rock types are Migmatites, granitoids, and Gneisses. 



 

KOLAR GROUP:  

 The Kolar Greenstone Belt in its southern continuity in the Veppanapalli area of Tamilnadu. 

Amphibolites, Quartzo Feldspathic Gneiss association with metabasalt and BIF are the major rocktypes. 

 

KHONDALITE AND CHARNOCKITE GROUP OF ROCKS: 

 The Khondalite and Charnockite and their equivalents occupy large tract of the state. The 

Khondalite group of rocks are well exposed in Dindigul-Madurai-Kambam segments. These rocks are 

occur as massive hills in Kadavur, Madurai-Alagarmalai hills, Palani hills, Kodaikanal, Varshanad, and in 

Andipatti-Usilampatti hills. Quartzites occur as huge hills in Kadavur basin and in Alagarmalai area. The 

Charnockite group comprising of charnockite, pyroxenegranulite,BMQ and thin pink quartzo feldspathic 

granulites well exposed in hill ranges such as Pallavaram-Chengalpat, Shevroy, Chitteri, Kalrayan, Nilgiri 

etc.,. 

BANDED MAGNETITE QUARTZITE: 

 Extensive development in thenortheast and central part of Tamilnadu. It occur along with 

pyroxene granulites in Javadi hills, Chengam-Tiruvannamali-Polur, Saelem-Attur (Kanjamalai) area and 

Kollimalli and Pachchamalai areas. In Krishnagiri(northwestern part of Tamilnadu) BMQ occurs in 

association with Amphibolites and Champion Gneiss. 

MIGMATITE COMPLEX: 

 All the older formation including Charnockite and Khondalites and the layered complexes shows 

migmatisation and retrogression. The rock types like Quatrzofeldspathic gneiss, garnetiferous granite 

gneiss, garnet biotite gneiss. It occur extensively in Tiruvannamali, Villupuram districts. 

ALKALINE ROCKS: 

 In and around Sivanmalai of Coimbatore district a group of alkali rich rocks were exposed in 

about half dozen hills. The rock includes Nepheline syenite and its varities. The whole suite is 

characterized by the presence of soda rich feldspar and pyroxenes. 



PROTEROZOIC EON 

This eon covering a span of about 1950 My according to (ISCOPS) is divided into three 

eras 

    1. Palaeoproterozoic (2500 to 1600 Ma) 

    2. Mesoproterozoic ( 1600 to 1000 Ma) 

    3. Neoproterozoic (1000 to 542 Ma) 

The division of eras suggesting important geological events. Proterozoic is a period of 

great stabilization marked by continental rifts, intra cratonic basins, mafic dyke swarms, 

continental flood basalts and Pb-Zn mineralization, along with stable shelf or platformal 

successions of Quartzite-carbonate-pelite(QCP) suite, evaporates and phosphorites.  

 

PROTEROZOIC (PURANA) SEDIMENTARY BASINS: 

 These basin are flat lying, unmetamorphosed and peripherally deformed cratonic basins. 

They cover an area of about 150000 sq.km and occupy nearly 20 % of the Indian Shield. They 

expose thick unconformity-bounded transgressive and regressive sequences deposited in shallow 

water at 15-20 m. The common depositional environments are fluvial to shallow marine. The 

basins are a rich source of limestone and dolomites, besides barite and phosphorite. Kimberlites 

within and surrounding the basins are a good source of diamonds. 

 

The Palaeoproterozoic basins:  

 They are small in extent and have basic volcanic in basal sections. They are linked 

spatially to contemporary pericratonic fold belts e.g., Bijawar, Gwalior and Sonari basins and 

Harada Inlier with Mahakoshal-Hindoli belts, Abujmar basin with Kotri-Dongargarh belt and 

Papagani sub-basin with Nellore-khammam schist. 

 

The Meso-Neo proterozoic basins: 

 They are large, having no mafic volcanic, some of the major prominent peripherally 

deformed and feebly metamorphosed basins such as  

   1. The great Vindhyan basin(Bundelkhand craton)  

   2. The Cuddapah, Kaladgi and Bhima basins ( on Dharwar craton) 

 



   3. Chhattisgarh, Khariar and Bastar basin( Indravati, Sabari and Ampani) 

   4. The Pranhita-Godavari basin ( between Dharwar and Bastar)  

 

The profound unconformity between the crystalline basement complex and the purana basins, is 

a sharp, Erosional, angular unconformity or non-conformity marked invariably by basal 

conglomerates was called in early literature as the Great EPARCHAEAN UNCONFORMITY. 

The purana basins are mainly intra-continental basins, described commonly as cratonic or 

epicratonic basins. They are more close to the periphery of the craton; some may be located with 

in the craton called intra cratonic basins and rarely between cratons called inter-cratonic basins. 

 

 

 



Proterozoic rock of Cuddapah Basin 

 The crescent shaped, easterly concave and N – S trending Cuddapah basin (Fig. 5.15 a 

and b) covers an area of 44000 sq. km in the east – central part of Dharwar craton. The basin 

extends for a length of about 450 km along the arcuate eastern margin with of 150 km, and is the 

second largest Purana basin of Peninsular India, after the great Vindhyan basin. The arcuate 

north, south and western boundary of the Cuddapah basin marks the profound unconformity 

(called Eparchaean Unconformity in early literature) on basement granites enclosing the Eastern 

greenstone belts. 

 Cuddapah basin is characterised by quartzite – shale cycles having and aggregate 

thickness that is estimated to vary between 6 and 12 km. The early sediments of the basin are 

interspersed with basic and sills. 

 The basin is well unkown for its mineral potential in the form of limestone and dolomites, 

bedded and vein barytes, chrysotile asbestos and steatite, besides occurrences of base metals, 

diamond, phosphorite, uranium and abundant building and ornamental stones. 

 The western half of the basin is undeformed and consists of four sub basin, the Papaghni 

Kurnool, Srisailam and Planad . The Papaghni and Kurnool sub – basin are geographically 

interlinked, but were sites of deposition at different times, the Papaghni sub – basin containing 

lower Cuddapah sediments, and the Kurnool sub – basin containing the younger Kurnool 

sediments that overline the Cuddapah sequence with a major unconformity. Srisailam sub – basin 

contains upper Cuddapah sediments and Planad sub – basin exposes only the younger Kurnool 

sequence. The eastern half of the Cuddapah basin is occupied by the Nallamalai fold belt 

consisting of upper Cuddapah sediments. Nallamalai fold belt is demarcated from the 

undeformed western sub – basins by the prominent fault lineament called the Rudravaram Line. 

 The lithostratigraphy of Cuddapah basin comprises Papaghni, Chitravati and Nallamalai 

Groups, and Srisailam Quartzite, separated by unconformities and are included under Cuddapah 

Supergroup. A younger sequence called Kurnool Group unconformably overlies the Cuddapah 

Supergroup in the Kurnool and Planad sub – basin. 

 

 



Papaghni Group  

 Papaghni Group rests with non – conformity on the granitic basement and with profound 

angular inconformity over the greenstone belts of EDC. The unconformity is marked by 

prominent basal conglomerate. Papaghni Group consists of a lower arenaceous (Gulcheru 

Quartzite, named after Guvvalacheru village) and an upper carbonate sequence topped by basic 

volcanics and sills. 

 Gulcheru Quartzite is a conglomerate – quartzite sequence. The quartz pebble 

conglomerate has dominant clasts of vein quartz, along with pebbles of granite, quartzite, chert, 

jasper and BIF. 

 Vempalle Formation comprises shale, siltstone, sandstone and stromatolitic dolomite in 

the lower part, associated woth phosphatic and uraniferous horizons. Oolitic dolomite with 

quartz or carbonate nucleus and concentric iorn ozide. 

Chitravati Group  

 This group disconformably pver;oes Papaghni Group with a basal conglomerate marking 

the hiatus, and consists of lower Pulivendla Quartzite and upper Tadpatri Formation. They were 

originally correlated with Nagari Quartzite and Pullampet Formation respectively, but recent 

studies have shown that the latter two formations are part of Nallamalai Group. 

 The Pulivendla Quartzite and Tadpatri Formation having their type areas in Chitravati 

River section, these formations are included under the Chitravati Group. 

 Pulivendla quartzite consists mainly of basal conglomerate, quartzite and rippled 

siltstone. Basal conglomerate overlies Vempalle sediments, but quartzite ovelies Kuppalapalle 

Volcanics. 

 Tadpatri Formation has a 10 m thick gradational contact with the underlying Pulivendla 

Quartzite. It consist of purple shale with siltstone and carbonate, and grey shale interbedded with 

stromatolitic dolomite having biogenic (?) concretions, chert beds and siltstone intercalations. 

 

 

 



Nallamalai Group  

 Deformed and feebly metamorphosed shale-siltstone-quartzite-dolomite sequence of the 

Nallamalai fold belt belongs to Nallamalai Group (named after Nallamalai Hills), which is 

divided into Bairenkonda Quartzite and  Cumbum Formation. Nagari Quartzite and Pullampet 

Formation are respectively their stratigraphic equivalents. 

 Bairenkonda Quartzite, named after Bairavunikonda or Virannankona  hill, consist 

essentially of quartzite-pelitic cycle in the lower part and a thick mature quartz arenite in the 

upper part. 

 Nagari Quartzite is a thick-bedded arenite with herringbone cross bedding and is 

underlain by a conglomerate. About 6 to 10 km thick slate unit underlies the quartzite at the 

western margin of the basin. 

 Cumbum Formation, named after Kambham village, is an essentially shaly sequence of 

banded shale and shally rhythmite that progresses into slate and phyllite associated with arenite, 

towards the eastern margin of the basin. Chert, dolomite, olistromal and siliceous shale are 

locally important. 

 Pullampet Formation, occurring in the south, consists of purple shale and calcareous 

shale with interbeds of dolomite and quartzite. 

 Srisailam Quartzite is a horizontally bedded, glauconite-bearing ferruginous quartzite 

overlying Papaghni and Nallamalai Groups with a profound unconformity marked by local 

conglomerate. Minor shale intercalations are found in the quartzite. Irlakonda quartzite and 

Kolamnala shale, once thought to be part of Srisailam Quartzite are now shown to be the 

equivalents of the Cumbum Formations. 

 

 

 

 

 



 

 

Nallamai  

Group 

(3500-3600) 

Cumbum Formation  

                                          

                                           -

(2000) 

Pullampet Formation 

 

 

Bairenkonda Quartzite (1500)/ 

 

Nagari Quartzite (4000) 

-Mainly slate and phyllite, chert, 

dolomite 

 

-Shale, felsic tuff, barytes, 

dolomite, quartize 

 

-Quartzite, quarts wacke, shale  

 

-Quartzite, quarts wacke, shale  

Basal Conglomerate  

 

 

Chitravati  

Group 

(4900-5000) 

Gandikota Quartzite (300) 

 

 

Tadpatri Formation (4600) 

 

 

 

Pulivendula (1-75) 

Shale-quartzite alternations, 

glauconitic quartzite interbeds 

 

Shale, felsic tuff, basic sills and 

flows, chert stromolitic dolomite, 

quartzite 

 

Quartzite and conglomerate 

 

Papaghni  

Group 

(2100) 

Vempalle Formation (1900) 

 with Kuppalapalle volcanic 

 

Gulcheru Quartzite (30-210) 

Stromatolitic dolomite, chert 

quartzite, basic sills and flows 

 

Basal Conglomerate, arkose, 

     Quartzite with shale interbeds  
 

 

 

 

 

 

 

 



                                                  Delhi Supergroup 

 The Delhi supergroup is composed of rockformations which are equivalent in age to the 

Cuddapah supergroup. These rockformations rest unconformably over the Archaean gneisses and 

are overlain by Vindhyans. 

 Distriputions. The Delhi supergroup is exposed in the Aravalli mountains of Rajasthan. 

These mountains extend from Delhi in the southwest direction through Haryana and Rajasthan 

up to Gujarat. 

 Lithology. The succession of the Delhi supergroup is composed mainly of quartzites, 

conglomerates, grits, slates and phyllites. Beds of limestones are also present in subordinate 

quantity. At places these limestones have been converted into calc-schists and calc-gneisses. The 

total thickness of the Delhi succession is about 7 kilometers. 

 Structure. The rocks of the Delhi supergroup exhibit extensive folding and faulting, and 

have been intruded by many igneous bodies. In this respect they differ from the rocks of the main 

Cuddapah basin where the rockformations show little disturbance. 

 Classification. The succession of the Delhi supergroup has been divided into two parts. 

The lower part which is predominantly arenaceous us called the “Alwar group”, and the upper 

part which is mainly argillaceous is called the “Ajabgarh group”. In Alwar area, there is a 

succession of calcarious rock beds in between the Alwar and Ajabgarh groups. These rock beds 

are called the “Kushalgarh limestone”. 

 

 

 

 

 

 

 

 



Classification of Delhi Super Group 

Grpup                                                                       Lithology 

Ajabgarh Group                          Phyllites and slates with calc-gneisses and calc-schists 

Alwar Group                               Quartzites, grits and conglomerates 

-----------------------------------------------Unconformity-----------------------------------------------------

------------ 

                                Raialo Group or Banded gneisses comples 

 

Igneous Instructions. The succession of the Delhi supergroup has been intruded by the 

“Erinpura granite”  

Alwar Group. The rockformations of the Alwar group rests unconformably over the Raialo 

group or Aravalli group. The chief rock types of the succession are quartzites, grits and 

conglomerates with a few beds of shale and impure limestones. In the lower part of the 

succession there are several lavaflows and sills of basic composition. 

Ajabgarh Group. The Ajabgrah  group is composed mainly of argillaceous rocks. The 

succession  of argillaceous rocks also contains thin beds of siliceous limestones, calcarious 

silts and ferruginous quartzites. In the Ajabgarh group, the type of rocks varies at different places 

depending upon the degree of metamorphism. However the slates and phyllites are the common 

rocks. These rocks have often been intruded by pegmatites and aplites which have produced 

composite gneisses. Calc-schists and calc-gneisses are produced due to the metamorphism of the 

limestone beds. 

 Kushalgarh Limestone. The Kushalgarh limestone overlies the rocks of Alwar group. It 

is a bended limestone containing dark grey and black layers. At places where it is highly 

metamorphosed, it becomes coarsely crystalline. It maximum thickness is about 700 meters. The 

Kushalgarh limestone contains a few horizons of brecciated rocks called the “Hornstone 

breccias”.  This breccias consist of angular pieces of quartz embedded in a fine grained 

matrix of ferruginous and siliceous matter. 



Over the Equivalent Formations 

 Bijawar group. The rocks of the Bijawar group occur along the southeastern margin of 

the Bundelkhand granite and along the southeastern margin of the Vindhyan basin. The rocks 

rest over the gneisses of Archean age and are overlain by Vindhyans. The Bijawar group 

comprises a succession limestone, phillitic shales and red jaspers. These rock are associated with 

dykes, sills abd lavaflows of basic compositions. The mazimum thickness of the Bijawar 

succession is about 240 meters. The Bijawars have been subjected to intens folding and faulting. 

 Gwalior Group. The rockformations of the Gwalior group occur at the northwest side of 

the Bundelkhand granite around Gwalior town in Madhya Pradesh. They rest unconformably 

over Bundelkhand granite and are overlain by the Upper Vindhyans. The Gwalior group is 

composed mainly of sandstones, conglomerates, grits and ferruginous and siliceous shales. In the 

upper part of the succession there are several horizons of traps. The rocks of the Gwalior group 

are mostly unfolded and unmetamorphosed. 

 The Gwalior group has been classified into two formations. The lower formations is 

called the “Par formations”. It is mainly composed of sandstones and grits. The upper formation 

is called the “Morar formation”. Its chief rock types are siliceous and ferruginous shales which 

contain several horizons of traps. The lithology of the Gwalior group shows similarity both to the 

Aravalli group and the Bijawars but its rock beds are comparatively less disturbed. The age of 

the volcanic rocks as determined by the radiometric dating is 500 million years. This suggests 

that the Gwalior group is probably of Cuddapah age. 

Economic Minerals  

 The chief economic minerals which are found in the rockformations of Cuddapah age are 

copper ore, asbestos, barytes, steatite, talcand building stones. 

 Copper Ore. The copper ore deposits of the Khetri are of Rajasthan occur in the slates 

and amphibolites of the Delhi supergroup. In tge Agnigundaka area of Andhra Pradesh, the 

copper mineralization is found in the Cuddapah rocks. 

 Asbestos. In the cuddapah district of Andhra Pradesh, deposits of crysotile asbestos are 

found in the Vempalle limestone of the Papaghani group. These deposits are formed due to 

interaction between the mafic sills and the limestone. 



 Baryte. The Cuddapah traps are also responsible for the formation of veins of barytes in 

the Vempalle limestone. Depposits of barite are found in the Cuddapah, Anantput and Kurnool 

districts of Andhra Pradesh. Quartzites of the Delhi supergroup are also known to contain veins 

of barite near Alwar in Rajasthan. 

 Steatite and Talc. In the Kurnool and Anantpur districts of Andhra Pradesh, deposits of 

steatite and talck have developed at the contact of basic sills and dolomitic limestones of the 

Vempalle formation. In Rajasthan near Ajmer, the ultrabasic rocks of the Delhi supergroup are 

converted into talc-shists. 

 Building Stone. Stone slates, limestones and grits of the Delhi and Cuddapah supergroup 

are used for building purpose 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Kurnool Group 

 Prolonged quiescence after the Cuddapah sedimentation resulted in the emergence of two 

quartzite-limestone-shale cycles in the Kurnool and Planad sub-basin(200-450) 

 

 

 

 

 

 

 

Kurnool 

Group 

(200-450) 

 

 

Kundair 

Subgroup 

(75-150) 

 

 

---------------------- 

 

 

 

Jammalamadugu 

Subgroup 

(120-260) 

Nandyal Shale (150-100) 

 

Koilkuntla Limestone (15-

50) 

 

 

Paniam Quartzite (10-35) 

 

-----------Paraconformity----

--- 

Auk Shale (10-15) 

 

 

Narji Limestone (100-200) 

 

 

Banganappalle Quartzite  

 

Shale, Partly calcareous 

 

Siliceous, shaly limestone with 

quartzite interbeds 

 

Massive and pinnacled quartzite, 

siliceous shale, basal pebble bed 

--------------------------------------- 

Laminated shale, mostly 

ochreous with siltstone interbes 

 

Flaggy grey limestone, 

glauconitic sandstone interbeds 

 

Oligomict conglomerate, ‘grit’. 

Quartzite, shale 

 



Delhi Supergroup 

 The Delhi supergroup is composed of rockformations which are equivalent in age to the 

Cuddapah supergroup. These rockformations rest unconformably over the Archaean gneisses and are 

overlain by Vindhyans. 

 Distriputions. The Delhi supergroup is exposed in the Aravalli mountains of Rajasthan. 

These mountains extend from Delhi in the southwest direction through Haryana and Rajasthan up to 

Gujarat. 

 Lithology. The succession of the Delhi supergroup is composed mainly of quartzites, 

conglomerates, grits, slates and phyllites. Beds of limestones are also present in subordinate 

quantity. At places these limestones have been converted into calc-schists and calc-gneisses. The 

total thickness of the Delhi succession is about 7 kilometers. 

 Structure. The rocks of the Delhi supergroup exhibit extensive folding and faulting, and 

have been intruded by many igneous bodies. In this respect they differ from the rocks of the main 

Cuddapah basin where the rockformations show little disturbance. 

 Classification. The succession of the Delhi supergroup has been divided into two parts. The 

lower part which is predominantly arenaceous us called the “Alwar group”, and the upper part which 

is mainly argillaceous is called the “Ajabgarh group”. In Alwar area, there is a succession of 

calcarious rock beds in between the Alwar and Ajabgarh groups. These rock beds are called the 

“Kushalgarh limestone”. 

Classification of Delhi Super Group 

Grpup                                                                       Lithology 

Ajabgarh Group                          Phyllites and slates with calc-gneisses and calc-schists 

Alwar Group                               Quartzites, grits and conglomerates 

-----------------------------------------------Unconformity---------------------------------------------------------

-------- 

                                Raialo Group or Banded gneisses comples 

 

Igneous Instructions. The succession of the Delhi supergroup has been intruded by the 

“Erinpura granite”  



Alwar Group. The rockformations of the Alwar group rests unconformably over the Raialo 

group or Aravalli group. The chief rock types of the succession are quartzites, grits and 

conglomerates with a few beds of shale and impure limestones. In the lower part of the succession 

there are several lavaflows and sills of basic composition. 

Ajabgarh Group. The Ajabgrah  group is composed mainly of argillaceous rocks. The 

succession  of argillaceous rocks also contains thin beds of siliceous limestones, calcarious silts 

and ferruginous quartzites. In the Ajabgarh group, the type of rocks varies at different places 

depending upon the degree of metamorphism. However the slates and phyllites are the common 

rocks. These rocks have often been intruded by pegmatites and aplites which have produced 

composite gneisses. Calc-schists and calc-gneisses are produced due to the metamorphism of the 

limestone beds. 

 Kushalgarh Limestone. The Kushalgarh limestone overlies the rocks of Alwar group. It is a 

bended limestone containing dark grey and black layers. At places where it is highly 

metamorphosed, it becomes coarsely crystalline. It maximum thickness is about 700 meters. The 

Kushalgarh limestone contains a few horizons of brecciated rocks called the “Hornstone breccias”.

  This breccias consist of angular pieces of quartz embedded in a fine grained matrix of 

ferruginous and siliceous matter. 

Over the Equivalent Formations 

 Bijawar group. The rocks of the Bijawar group occur along the southeastern margin of the 

Bundelkhand granite and along the southeastern margin of the Vindhyan basin. The rocks rest over 

the gneisses of Archean age and are overlain by Vindhyans. The Bijawar group comprises a 

succession limestone, phillitic shales and red jaspers. These rock are associated with dykes, sills abd 

lavaflows of basic compositions. The mazimum thickness of the Bijawar succession is about 240 

meters. The Bijawars have been subjected to intens folding and faulting. 

 Gwalior Group. The rockformations of the Gwalior group occur at the northwest side of the 

Bundelkhand granite around Gwalior town in Madhya Pradesh. They rest unconformably over 

Bundelkhand granite and are overlain by the Upper Vindhyans. The Gwalior group is composed 

mainly of sandstones, conglomerates, grits and ferruginous and siliceous shales. In the upper part of 

the succession there are several horizons of traps. The rocks of the Gwalior group are mostly 

unfolded and unmetamorphosed. 



 The Gwalior group has been classified into two formations. The lower formations is called 

the “Par formations”. It is mainly composed of sandstones and grits. The upper formation is called 

the “Morar formation”. Its chief rock types are siliceous and ferruginous shales which contain 

several horizons of traps. The lithology of the Gwalior group shows similarity both to the Aravalli 

group and the Bijawars but its rock beds are comparatively less disturbed. The age of the volcanic 

rocks as determined by the radiometric dating is 500 million years. This suggests that the Gwalior 

group is probably of Cuddapah age. 

Economic Minerals  

 The chief economic minerals which are found in the rockformations of Cuddapah age are 

copper ore, asbestos, barytes, steatite, talcand building stones. 

 Copper Ore. The copper ore deposits of the Khetri are of Rajasthan occur in the slates and 

amphibolites of the Delhi supergroup. In tge Agnigundaka area of Andhra Pradesh, the copper 

mineralization is found in the Cuddapah rocks. 

 Asbestos. In the cuddapah district of Andhra Pradesh, deposits of crysotile asbestos are 

found in the Vempalle limestone of the Papaghani group. These deposits are formed due to 

interaction between the mafic sills and the limestone. 

 Baryte. The Cuddapah traps are also responsible for the formation of veins of barytes in the 

Vempalle limestone. Depposits of barite are found in the Cuddapah, Anantput and Kurnool districts 

of Andhra Pradesh. Quartzites of the Delhi supergroup are also known to contain veins of barite near 

Alwar in Rajasthan. 

 Steatite and Talc. In the Kurnool and Anantpur districts of Andhra Pradesh, deposits of 

steatite and talck have developed at the contact of basic sills and dolomitic limestones of the 

Vempalle formation. In Rajasthan near Ajmer, the ultrabasic rocks of the Delhi supergroup are 

converted into talc-shists. 

 Building Stone. Stone slates, limestones and grits of the Delhi and Cuddapah supergroup are 

used fpr building purpose. 

 

 



 

 

Kurnool Group 

 Prolonged quiescence after the Cuddapah sedimentation resulted in the emergence of two 

quartzite-limestone-shale cycles in the Kurnool and Planad sub-basin(200-450) 

 

 

 

 

 

 

 

Kurnool 

Group 

(200-450) 

 

 

Kundair 

Subgroup 

(75-150) 
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Jammalamadugu 

Subgroup 

(120-260) 

Nandyal Shale (150-100) 

 

Koilkuntla Limestone (15-50) 

 

 

Paniam Quartzite (10-35) 

 

-----------Paraconformity------- 

Auk Shale (10-15) 

 

 

Narji Limestone (100-200) 

 

 

Banganappalle Quartzite  

(10-50) 

Shale, Partly calcareous 

 

Siliceous, shaly limestone with 

quartzite interbeds 

 

Massive and pinnacled quartzite, 

siliceous shale, basal pebble bed 

--------------------------------------- 

Laminated shale, mostly 

ochreous with siltstone interbes 

 

Flaggy grey limestone, 

glauconitic sandstone interbeds 

 

Oligomict conglomerate, ‘grit’. 

Quartzite, shale 

 



 CRETACEOUS OF TRICHINOPOLY AREA 

 The great CENOMANIAN TRANSGRESSION (98 Ma) covered considerable area in 

southeastern part of Tamilnadu between Cauvery river and Pondicherry, Ponniar and Vellar 

rivers. The areal distribution of cretaceous formations is divided into three regions Viz., 

Pondicherry, Vridhachalam and Ariyalur (Eastern part of Trichinopoly). They fall under the 

Indian Toposheet ns., 58 I/16, 58 J/13 and 58 M/4. The outcrop near Trichinopoly are the largest 

areal extent of about 400 sq.km. 

 The Cretaceous succession ever since mapped and studied by Blanford (1862). The 

Cretaceous succession in Trichinopoly area is broadly divided into three groups widely as 

Uttatur, Trichinopoly and Ariyalur and the early Palaeocene sediments as Niniyur. 

STRATIGRAPHY: 

 ARCHAEAN AND UPPER GONDWANA: 

  The Archaean crystalline gneisses and Charnockites with NE-SW trend forms 

the floor. Small hillocks along the Perambalur – Trichinopoly road(Alanthur) delimit the 

western Margin. The sediments resting unconformably over the basement seen at 1.5 km ENE of 

Uttatur and 1.5 km NE of Terani. 

  Terani Plant Beds( Upper Gondwana), a unit of kaolinitic clay and ferruginous 

sand interbeds are well known for their rich plant fossils such as Glossopteris, Gangamopteris, 

Ptilophyllum acutifolium, Cladophlebis indica and Actinopteris.  

 UTTATUR GROUP: 

  Lithology: Basal conglomerate, grey shales, sponge-coral-algal limestone and  

         shale/clay rest over basement phosphatic nodules. 

  Grey shale  

is subsurface formation in different parts of Cauvery basin and      

identified as primary source for generating the hydrocarbon. 

  Kallakudi Limestone(Dalmiapuram) 

      is sponge coral-algal reefal limestone which is mined for cement. It  

                                         composed sessile sponges(Siliceous and calcareous) layered corals,  

                                        algae, bivalves, cidarids, belemnites, bryozoans. 



  Shale/Clay (Karai)   

It is of various colour with occasional  ferruginous sands and limestone. 

These are splintery, veins of gypsum,celestite and all evaporates(Phospatic 

nodules). 

 

   The fossils includes  

ammonites, bivalves(Pecten,Alectryonia,Exogyra)  formaminiferids, 

nanofossils and ostrocodes. The topography is charcterised by trellis type 

drainage and exhibits badland topography.  

 

TRICHINOPOLY GROUP: 

  This group rest over the Uttatur, and it is divisible in to two formations. The lower  

  Kulakkalnattam(= Paravay) and Upper Anaipadi (=Garudamangalam).  

  

Lower Formation: Calcareous sandstone with ferruginous concretionary   

            bodies(burrows). 

 

  Fossils: Oysters, ammonites, rhynconellids, brachiopods and silicified wood. 

 

  Upper Formation: Sandstone, siltstone with rich fossil concretions. 

 

  Fossils: Inoceramids, gastropods and ammonoids and large fossil tree trunk  

   bored by wood boring teridinids. An 18 m long conifer fossil tree trunk  

   preserved as a geological monuments at Sattanur. A stegosaurus  

   dinosaur with partial skull, tooth, sarcrum pelvic element armour  

   plates were picked up near Siranattam. 

 

 ARIYALUR GROUP: 

  It lies over Trichinopoly and consist of two sandstone bodies separated by  

  limestone. 

 



Lower Formation(Sillakudi): Ferrugenous arkosic sandstone anf limestone  

       band. 

  Fossils: Nautilus, inoceramus, echinoids and ammonoids. 

 

  Upper Formation(Kallankurichi): Massive carbonate shell bank of 40 m 

M ,Thickness. It is mined for cement. It is  

                                                boiclastic packstone, grainstone facies. 

 

  Fossils: Bryozoans, Gryphea, Alectryonia, Lopha, echinoids, ammonites. 

 

 

  Over Ariyalur group two formations are mapped as lower Ottakovil Formation 

and Upper Kallamedu formation. Calcareous sandstone  and cross bedded sandstone with 

intercalated clay are the major formations. Fossils of these two formations are echinoids, 

bryozoans, ichnofossils and reptilian fossils of megalosaurus, titanosaurus.  

 

 NINIYUR GROUP: 

  Thick carbonate sequences over 60 m thickness. Extending from Vellar river in 

 the north and Kavanur in the south. It is mined for cement. 

 

  Lithology: Lower fossiliferous limestone, Middle recrystalline shelly limestone 

and Upper gritty nodular limestone. 

  Fossils: Alage, cephalopods(nautilus danicus) gastrophods forams and 

ostrocodes. 
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Precambrian - Cambrian Boundary 

 Palaeozoic rock formations contain abundant fossil records which 

are in contrast to largely unfossilfereous nature of Precambrian 

rocks.  

 Appearance of abundant and complex forms of organisms at the 

beginning of the Palaeozoic Era is rather puzzling.   

 Many suggestions have been put forward to explain the paucity 

and primitive characters of fossils records in Precambrian rocks.  It 

seems that there has been a sudden increase in the rate of evolution 

from primitive Late Precambrian forms to complex form of 

Palaeozoic Era.   

 It is also probable that the Precambrian forms were devoid of hard 

parts and, therefore, they could not be preserved as fossils.   

 Or, perhaps the Precambrian forms inhabited deeper marine waters 

where sedimentation could not take place and, therefore,  these 

forms were not preserved as fossils.   

 None of these explanations, however, can satisfactorily explain the 

absence of requisite fossils in rocks older than Cambrian. 

 

   The Cambrian system of the North Wales consist of a sequence of 

sandstone and shales.  The rocks are known to contain trilobites, 

Brachiopods and graptolites.  

   The organisms differ from bed to bed and they are distributed in a 

distinctive order of succession.   

 Characteristic trilobites: 

a. Paradoxides,  

b. Olenus,  

c. Orusia,  

d. Peltura and  

e. Niobe have been reported to occur in the succession in that 

order.   



o Paradoxides appear in the type section at about 1400 meters above 

the base of the exposed Cambrian succession.   

o Cambrian succession having a similar order of succession of fossil 

genera is also known from the southern parts of Sweden where the 

oldest rocks of the Cambrian succession have yielded yet another 

trilobite genus, Holmia.   

o These oldest Cambrian rocks rest unconformably over the 

Precambrian gneisses and schists. 

 Some excellent sections of Lower Cambrian rocks are exposed 

over the Siberian platform (Mathews and Missarzhevsky, 1975).  

 The lower Cambrian succession that rests conformably over Upper 

Precambrian rocks have yielded a variety of fossils such as  

a. Archaeocyathids,  

b. Gastropods,  

c. Hyolithids,  

d. Hyolithelminthids,  

e. Poryferids and  

f. Tommotiids.   

 The lower Cambrian has been subdivided on the basis of the fossil 

fauna into Tommotian Atdabanian and Lenian stages. 

 The working group on Precambrian - Cambraian boundary has 

suggested that the boundary should be placed close to the base of 

the stratigraohic unit yielding Tommotian fossil assemblage 

(Cowie,1978). 

 Typical Tommotian fossil assemblage of the Siberian platform 

include the species of  

a. Torellellla,  

b. Spinulitheca and  

c. Bemella.   

 Besides the Tommotian fossil assemblage occurring above the 

Precambrian-Cambrian boundary seem to be the occurrence of soft 

bodied metazoa and the most ancient tubular organisms in the 



uppermost Precambrian succession is also characterised by the 

tillite horizon suggesting a phase of worldwide phase of glaciation 

at the close of the Precambrian 

 

 Part of the Bhander Group of the Indian peninsula were 

presumably deposited during the Precambrian-Cambrian transition.  

However, these rocks have not yielded the Characteristic fossils 

demarcating the boundary.  The equivalent formation exposed in 

Salt range that is succeeded by fossiliferous Lower Cambrian beds 

elucidates the problem inherent in demarcating the Precambrian-

Cambrian boundary in conformable sequences. 

 In Salt Range the oldest rocks exposed at the base of the southern 

cliffs are known as “Saline Series” consisting of gypsum, marls 

and rock salt.  

 This succession is conformably overlain by  

                                      Purple Sandstone,  

                                      Neobolus Shales, 

                                      Magnesian Sandstone, and  

                                      Salt Pseudomorph Beds  

in that order of succession.  lower Cambrian trilobite Fauna 

(Redlichia) and well-preserved trails and burrows are known from 

Neobolus Shales.   

 The Magnesian Sandstone, a succession of dolo-arenites, contains 

a horizon of shales in the middle of the succession which has 

yielded fossil trails and burrows resembling those if the Neobolus 

shales. 

 

 Normal stratigraphic contacts between the “Saline Series” and the 

overlying Lower Cambrian succession have been carefully 

investigated by Schindewolf and Seilacher 1955.   



 Recurrence of evaporitic conditions towards the top of the Lower 

Cambrian succession represented by the Salt Pseudomorph Beds 

further confirms the continuity in sedimentation from the “Saline 

Series” to Lower Cambrian succession.   

 The evaporitic conditions of depostion of the “Saline Series” was 

followed by a brief duration of marine transgression through the 

shallow water (Purple Sandstone) to deeper water (Neobolus shales 

and Magnesian Sandstone) facies.   

 Withdrawal of the marine waters paved way for yet another phase 

of evaporitic conditions when the salt Pseudomorph Beds were 

deposited.   

 A prolonged phase of non-deposition and denudation ensued in 

this part of the Indian sub-continent until the Late Carboniferous 

Epoch.   

 The base of the “Saline Series” is not exposed.  It is presumed that 

the Precambrian-Cambrian time boundary is located somewhere in 

the exposed section of the “Saline Series”. 

 

 In Kashmir, a rich assemblage of microbiota cryptarchs and algae 

of Late Precambrian (Late Riphean-Vendian) age have been 

reported from the Lower parts of the Lolab formation.   

 The upper parts of this formations has yielded trilobites and 

brachiopods of upper Lower Cambrian affinity.    

 The Precambrian Cambrian boundary is, thus, situated somewhere 

in the middle of the Lolab Formation Which has so far not yielded 

any fossil record.   

 

                                                    

 In Spiti, the boundary is located in the middle part of the Kunzam  

La Formations.  The fossil record of the kunzam la Formation is 

similar to that of the Lolab Formation in that the lower parts have 



yielded acritarchs of Vendian affinity and the upper parts contain 

trilobites and trace fossils of upper Lower Cambrian affinity. 

 

 In the neighborhood of Nandadevi, the fossiliferous Palaeozoic 

succession rest over a 4-kilometer thick unfossiliferous sequence 

of argillaceous and calcareous fine-grained rocks known as 

Martoli Formation.   

 The formation is overlain by about 100-meter thick Ralam 

Conglomerate that constitutes the base of the fossiliferous 

Cambrian succession.   

 The Martoli formation has been assigned a Late Precambrian age 

and the Ralam Conglomerate presumably represents an 

unconformity demarcating the Precambrian-Cambrian boundary. 
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Permian Triassic Boundary  

 Demarcating the Permian Triassic boundary is beset with 

problems due to incomplete stratigraphic records that is 

attributed to the widespread regression at the close of the 

Palaeozoic Era.   

 In many parts of the world, the top of the Permian succession is 

Characterized by the presence of red beds or a phase of non-

deposition.   

 Even when the highest Permian stage is immediately overlain by 

the lowest Triassic stage, there is often an evidence of uplift and 

erosion between them.  

In many parts of India, fossil fauna of the lowermost Triassic rocks is 

markedly different from those of the uppermost Permian. 

 Extinction of thr brachiopod fauna of the Preductus shale is as 

abrupt as the appearance and predominance of Triassic 

cephalopods.  Of the many ammonoids of the Lower Triassic 

rocks, only the genera  

a. Medlicottia,  

b. Epusageceras,  

c. Xenaspis and  

d. Xenodiscus are found in the underlying Permian rocks. 

 The Guruyul ravine of Vihi District in Kashmir provides one of 

the best-known sections where the Permian-Triassic boundary is 

defined both on faunal and lithological characteristics. 

 The succession consists of an arenaceous sequence grading 

upwards through argillaceous rocks into a carbonate sequence.  

The lower part of the transitional facies of argillaceous rocks 

(Black shale) has yielded a mixed faunal assemblage comprising 

productids of Permian age in association with the Lower 

Triassic pelecypods Claraia.   

 Permian productids are regarded to have survived until the Early 

Triassic Epoch.  Earlier, this boundary was placed either at the 



top of the Black Shales or at the top of the overlying by flaggy 

limestone (Ophiceras Bed).   

 The carbonate rocks rest over Productus Shale with an 

intervening thin layer of limonitised pebbly rocks.   

 The Otoceras Bed has yielded Permian conodonts whereas the 

first appearance of Neospathodus, a dominantly Triassic 

conodont, was recorded from the flaggy limestone of the 

Ophiceras Bed.   

 Similar observations have been recorded from Zanskar Range in 

the northwest and Kumaun region in the southeast. 

 

 An almost uninterrupted succession of terrestrial sediments of 

Permian-Triassic age is recorded in the Gondwana Sequence of 

the Indian Peninsula.   

 However, delineation of Triassic Gondwana from the underlying 

Permian Gondwana is beset with great uncertainty in view of the 

limitations of terrestrial faunal and floral records.   

 At any given time, the terrestrial organisms are susceptible to 

climatic conditions and they tend to migrate with the climates 

from one part of the earth’s surface to another.  Besides this, the 

terrestrial organisms generally have a wide range of existence 

on the geological time scale.   

 Thus, they are of little stratigraphical value for precise 

determination of the age of rocks. 

 

 The Permian rocks of the Damuda Group (Lower Gondwana) 

are conformably overlain by the Panchet Formation.   

 The lower parts of the Panchet Formation consisting of fine-

grained inter-channel deposits are genetically closer to the 

underlying rocks of the Damuda Group.   

 The Upper Panchets are lithologically akin to coarse sediments 

of the Mahadeva Formation of the Triassic age.   



 The Panchet rocks contain fossil records of particularly two 

reptiles,  

a. Lystosaurus and  

b. Proterosuchus (Chasmatosarus), which support their 

correlation with the Lystosaurus Zone if the Beaufort Beds 

of South Africa.   

 The Lystosaurus Zone, earlier assigned a Lower Triassic age, 

has been regarded as of latest Permian age. 

 The macro-floral record of the Gondwana Sequence of India 

shows a major change toward the end of the Permian Period that 

is expressed by the withdrawal of a large number of leaf genera.   

 The macro-flora of the Lower Panchet rocks is marked by a 

notable decline of plant life together with the disappearance of 

Glossopteris flora and the appearance of Ptyllophyllum Flora. 

 

 Spores and pollens have been regarded ad the most reliable aid 

for dating the Permian-Triassic boundary in the Gondwana 

Sequence of India.   

 The Striate and disaccate pollens known as Striatiti are abundant 

in the Raniganj Formation.  They become subordinate in the 

Lower Panchets and virtually disappear in the Upper Panchets.   

 The patter of the decline of the pollen group has been compared 

with the marine sequence of salt Range (Pakistan) where the 

marine fossils are associated with micro-floral record.  In the 

marine rocks, the striate desiccates suffer bulk termination at the 

Permian-Triassic boundary.   

 Thus the Permian-Triassic boundary in the Gondwana sequence 

of India lies somewhere in the middle of the Panchet Fromation 

(Sarbadhikari 1979). 
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EVOLUTION 

Introduction: In the previous lecture, we discussed the chemical theory to explain the 

origin of life. Life is originated as primitive cell with ability to replicate, absorb nutrition 

and repair the damage. These single cells are the starting material to form multicellular 

system and eventually the development of organisms with tissue and organ system. In 

addition, individual organisms also acquire features over time to adopt better towards 

changed environment. The progressive advancement of organism is by the process known 

as evolution. Aristotle has considered evolution as “Ladder of chain” or “Scala naturae” 

involving hierarchical linking of series of forms. 

Chemical Evolution: The term evolution refers to change from one form to another. 

Change in living organism with time is known as organic or biological evolution. The 

process of evolution can be understood from the fact that unicellular organism appear 

first, simple multicellular and later development of complex multicellular organisms such 

as seed plants and vertebrate animals. The fishes were the initial early vertebrate and it 

gradually change to form amphibians. These amphibians has produced reptiles and that 

has evolved further to give birds and mammals. These hierarchical linking of different 

species is considered by ladder of chain by Aristotle as given in Figure 5.1. In the same 

series, mammals have evolved to human involving ape-like primates by acquiring 

changes over the course of time  



 
 

 

 

 
 

Figure : Aristotle’s ladder of Nature. 



 
 

 

Now the question is what are the scientific evidences that organisms are evolved 

from the previously existing organisms? 

Study of physiology, anatomy, development of different organisms give clues about the 

several similarities between related organism with selected differences. The correlation of 

the difference within related organism has allowed to identify properties use to study the 

evolutionary stages of an organism. These evolutionary evidences are as follows: 

1. Morphological and structural evidences: Comparative study of the morphology and 

anatomy of organisms indicate that few of the features are similar. These are as follows: 

A. Body organization: The body organization of different organism is evolving over 

time with different level of organization. The unicdellular organism with single cells are 

the most primitive bdy organization followed by cells to arrange to give rise tissues, the 

tissues gather to form organs, and organ co-operate to form organ-system. For examples, 

Amoeba is unicellular, sponge is multicellular but these cells are not organized into the 

tissue to exhibit cellular level of organization. In coelenterates, cells are organized to 

form tissue but latter do not form organs. This is a tissue level organization. In 

platyhelminthes and higher animals, different types of tissues give rise to organ-system 

level of body organization. 

B. Homologous organs: The orans of different species of common descent which look 

different and perform different functions but has similar structure, similar topographic 

origin and similar embryonic origin are called as homologous organs. Homology is based 

on divergent evolution. Few Examples of homologous organs are as follows: 

Example 1: Forelimb in vertrbrate animals: The forelimb in man, cheetah, whale and 

bat are different shapes and perform different functions (Figure 5.2). These are used for 

grasping object in man, running in cheetah, swimming in whale and flying in bat. In each 

case, the structure of the form arm has similar plan: upper arm having humerus, followed 

by radius and ulna, and hand with carpals in the wrist. All vertebrates have basic 

similarity in the structure of their forelimbs due to their origin from a common ancestral 

with five digits. 



 
 

 

 

 
Figure  : Forelimb of mammals showing homology. 

 

Example 2: Thorn and tendrils in plants: The thorn in bougainvillea and tendril in 

passion flower are the homologous organ in the plants. They looks different and help the 

plant in climbing but both arises from the axillary position and are modified branches 

(Figure 5.3). 

 

Figure : Thorn/tendrils in plant. 
 

C. Analogous Organs: The organs which perform same function and looks similar but 

are quite different in their structure. These organs are called as analogous organs. 

Analogy is based on the convergent evolution. Few Examples of analogous organs are as 

follows: 



 
 

 

Example 1: Insect and bord wings: The wings of bord and insect are the analogous 

organ (Figure). In both organism, these organs are used to fly in air but they are different 

in structure. Insect wings is an extension of the integument whereas bird wing is formed 

of limb bones covered with flesh, skin and feathers. 

 

Figure : Bird wings and insect wing. 

Example 2: Fin and flippers: The pectoral fins of fishes and flippers of dolphins are 

flattened organs used for swimming but both have different structure (Figure). The 

flippers are the modified pentadactyl forelimbs whereas fins are pentadactyl. 

 

Figure : Pectoral Fin of shark and dolphin flippers. 



 
 

 

D. Gradual Modifications: In several cases, organs or tissue exhibits gradual 

modifications during the corse of organic evolution. For example, Heart is two 

chambered (one auricle and ventricle) in the fishes, 3 chambered (two auricle and 

ventricle) in amphibians, pseudo four chambered (two auricle and partly divided 

ventricle) in reptiles (snake) and 4 chambered in higher reptiles (crocodile), birds and 

mammals (Figure). 

 

Figure: Heart from different organism 

 

E. Connecting Links: The living organisms exhibiting character of two different group 

of organisms are known as connecting links. There are few selected examples of 

connecting links and few selected examples are as follows: 

Example 1: Euglena: Euglena has dual character of plant and animals. It can perform 

photosynthesis through specialized chloroplast and it can perform contractile vacuole, 

mouth and binary fission just like animal. 

Example 2: Peripatus: it is an examples of connecting link between arthropods and 

annelids. It hs worm like body, unjoined legs similar to annelids whereas claws, jaws, 

tracheae and dorsal tubular hearts as arthropods. 

Example 3: Egg laying mammals: Egg laying mammals are the connecting link between 

reptiles and mammals. For example, duck-billed platypus. They have few mammalian 



 
 

 

characters such as hair, mammary glands, diapharm whereas it lays eggs with yolk and 

egg shell similar to reptiles (Figure). 

 
 

Figure: Duck-billed platypus. 

Few other examples of connecting lins are as follows: 

Neopalina: it is a connecting link between annelids and the mollusks. 

Balanoglossus: it is a connecting link between non-chordates and chordates. 

Chimaera: it is a connecting link between cartilaginous and bony fishes. 

Coelocanth: it is a connecting link between bony fishes and amphibians. 

Sphenodon: it is a connecting link between amphibians and reptiles. 

Connecting link clearly highlight the fact that different organisms are evolved together 

from a common ancester. 

2. Embryological evidences: Comparative study of the embryology of different 

organisms shows stricking similarities between them. To explain this phenomenon, 

biogenetic law was proposed by Ernst Haeckel. This theory states that an organism in its 

individual development follow different developmental stages through which its 

ancesters have passed in the course of their evolution. In another words, “ontogeny 

repeats phylogeny”. The embryological stages of selected organism is given in the 

Figure. Lets take the example of development of frog from it. In its development 



 
 

 

stages, it forms fish like tadpole larva with tail, fin, gills for breathing in water. It indicaes 

that frog is evolved from fish like ancestor. 

 

Figure: Vertebrate embyos in three successive stages. 

3. Palaeontological evidences: Availability of different fossil forms also gives evidences 

for the evolution (Figure). 

 

 

Figure : A fossil of termite preserved in amber. 



 
 

 

  

3. Palaeontological evidences: Palaeontology is the study of past life based on the fossil 

record. The palaeontology study the number and nature fossils in the early rocks, 

distribution of fossils in the successive strata.  

 
Geological Time Scale: Use of the radioactive dating has allowed the determination of 

fossils found in different sedimentary rock samples. It has allowed to calculate the 

presence of different organisms preserved in the rock samples in the form of fossils. In 

addition, it helped scientist to predict that earth is almost 4-5 billion year old and life 

appeared on earth almost 4000 millions year ago. Since then the earth’s history has been 

divided into 5 different time frame known as eras. Few of these eras are divided into the 

periods and which inturn split up into the epochs. The different Eras are as follows: 



 
 

 

1. Archeozoic (4600-3500 millions year): it is thr first era and begins with the formation 

of earth and presence of solar system. There is no fossil form available from this era. 

2. Proterozoic (3000-1000 millions year): it is the second era and begins with the origin 

of prokaryotes, primitive metazoans and eukaryotes. Reports are available about scanty 

fossils in this era. 

3. Palaeozoic (570-280 millions year): it is the third era and known as era of ancient life. 

It saw the appearance of invertebrate, fishes, amphibian etc. Reports of spore bearing 

plants, tree ferns and origin of conifers is available. initial Reports are available about 

scanty fossils in this era. 

4. Mesozoic (225-135 millions year): The appearance of tooth birds, therian mammals, 

reptiles and dominance of dinosaurs. In addition, placental mammals are also found. 

Reports of cycads and flowering plants is available. 

5. Cenozoic (Modern era): This is the modern era and it witnessed the dominance of 

present age man, modern mammals, birds, fishes and insects. 

 



 
 

 

 Theories of Evolution 

Introduction: In continuation our discussion on evolution, so far we have discussed 

origin of life and the evidences to support the existence of evolution to give rise 

diversified organisms on earth. The mechanism of evolution is not known and several 

theories have been put forward to explain the process of evolution. These theories are as 

follows: 

1. Theory of inheritance of acquired characters: This theory is proposed by French 

biologist Chevalier de lemarck in his famous book “Philosphie zoologique”. He 

proposed that organisms are not fixed and they evolve from the pre-exisiting organisms 

by modifications. The theory is proposed assuming three different assumptions: 

 New Needs: Variation in environment, conditions and the over-all circumstance 

which affect the existence of organism, needs adaptation in organism to survive. 

As a result, organism has to put special efforts to fulfil its new needs for 

adaptation. In few cases, it just needs change in habit or behavior of the organism. 

New habit includes fresh or extensive use of certain organs or structure of the 

body or disuse of others. 

 Acquisition of Characters: There are 3 ways to acquire the characters required 

to adopt into changed conditions: 

Innate Tendency: There is innate tendency in each organism to acquire greater 

complexicity and perfection to perform functions. In this process of achieving 

perfection, organism is better and better adapted to the changed environment. 

Use or disuse of organs: Use and disuse of organ affect their structure, shape and 

efficiency of functioning. More usage of a particular organ brings additional 

strength, size and more efficient. In contrast, disuse or underusage of organ 

gradually makes them weaker and smaller and finally they may disappear as well. 

Thus, differential usage of organ allowed the additional character in the body 

during the life span of an organism. 



 
 

 

Environmental factors: Variation in environmental factors such as temperature, 

light, humidity, wind, ememies affects the living things and brings changes in life 

style and habits. The combined effect of use and disuse of organ and influence of 

environmental factors, results into the change in the body of organism and these 

characters are known as “acquired characters”. 

 Inheritence of Acquired Characters: The characters acquired by one generation 

are transmitted to the new generation and subsequently newer characters are 

added in next generation to acquire perfection. 

This, lemarcks proposed that evolution is a slow process where characters are 

acquired over the course of time in various generations. 

Explanation of theory with observed evolution: Lemarck inhis book explained the 

evolution of various animals to elaborate the proposed hypothesis. 

1. Giraffe: Lemarck uses his hypothesis to explain the appearance of Giraffe with long 

neck and forelimbs. The different evolutionary stages of present giraffe is explained as 

per lemarck theory in figure. As per the theory, the giraffe is evolved from the short 

height deer like ancestor. These ancesters are living in the barren place with leaves on the 

trees available to them for eating. In order to reach the leaves on tree, it streacted its neck 

and forelimbs. As a result, these organs get elongated. These acquired character in first 

generation passed on to the subsequent generation and continuous streatching accumules 

this character over the course of few generations to evolve giraffe with long neck and 

forearms. 

 

Figure : Event in the evolution of giraffe from deer link ancestor. 



 
 

 

2. Other examples of use/disuse to support the Lamarck theory are black smith and 

rabbit. Blacksmith acquires large biceps muscle as they do rigrous hammering for 

wielding. Whereas, rabbit develop well developed pinna muscle to move the ear to 

receive sound waves from different direction to protect them selve from the enemy. 

3. Aquatic Birds: Aquatic birds such as ducks needs to go into the water for food and 

protection. To achieve this, they spread their toes to float on water. As a result of 

continuos efforts, they have developed web between the web. 

4. Snakes: it is considered that snake had lizard like ancestor with two pairs of fully 

developed legs. These ancestor needs to hide from the mammals and they prefer to stay in 

places with dense vegetation, holes and narrow spaces. In this process, they stretch their 

body to hide in a narrow space and did not use legs. Over the course of time, continuous 

stretching of the body made it cylindrical and they lost the legs. 

5. Deer: It is believed that deer has acquired speed through continuous running in a 

process to protect himself from the enemies. 

6. Cave animals: cave animals stay in low light environment and does not use eye and as 

a result they lost their vision over the course of time. 

 

 
Criticism of the theory: Lamarck theory received initial attention but it could not be 

able to explain several observations. The initial two assumptions are correct; (1) New 

needs are created by a change in the environment and (2) these characters are acquired by 

use/disuse of organ and environmental factors. The inheritance of acquired chacarters to 

the subsequent generation is arguable. There are evidences against the inheritance of 

acquired characters. 

1. The major critism is gathered by experiment performed by August Weismann. 

According to the Weismann’s theory of continuity of germplasm, animal is made up of 

two types of cells; Somatic cells and germ cells. The nuclei present in germ cell is 

responsible for inheritance of characters whereas somatic cells contains nucei which 

respond to the environmental factors and use/disuse. Hence, acquired characters remains 

within the somatic cells. As a result this theory supports the idea that acquired characters 



 
 

 

are not inherited. Weisman conducted a conclusive experiment on rat where he has cut 

their tails for 80 generations but it didn’t produce rats tailless. 

2. Boring of ear (pinna) is practiced in women for thousands years but this chacraters 

never been inherited. 

3. European womens wear tight garments to maintain slender waist but their children 

have normal waist at birth. 

4. Chinese women wear tight shoes to have small feet but their children have normal 

waist. 

5. Child of athelete are not born with powerful muscle. 

 
6. Children of noble laureate may not be as intelligent as the parent. 

 
7. Pavlov has trained the mice to come for food on bell ring but he found that training is 

necessarily in each generations. 

8. Eyes of a voracious reader do not grow in size nor they acquire improved eyesight with 

increasing age. 

Neo-lamarckism: There are evidences to support the inheritance of acquired characters. 

For examples, effect of radiation and chamicals on germ cells and resulting change in the 

phenotype of the cell. The evidence for the inheritance of acquired character revived the 

Lamarck theory as neo-lamarckism. The modified neo-lamarckism has following 

postulates: 

1. Germ cells are not always immune from the effect of environment. 

 
2. Germ cells may be affected directly by environment without any effect on the somatic 

cells. 

3. Germ cells may carried acquired character to the next generation. 

 
Even considering these points, Lamarckism could not be able to provide satisfactory 

mechanism for evolution. 



 
 

 

 Theories of Evolution 

Darwin’s Theory of Evolution: The theory of natural selection was proposed by Charles 

Darwin and Alfred Russel Wallace in their common publication. Both of them conducted 

scientific data collection from individual population survey. Charles Darwin travelled for 

5yrs expedition around the world on the ship H.M.S Beagle. During this journey, he 

made observation of several animals and plants. He keenly observed the similarities 

among organisms and draw evolutionary relationship. In addition, economist Thomas 

Malthus’s report on workers recognized that competition between species leads to the 

struggle for existence. Considering Wallace’s view and Malthus observations of workers 

led Charles Darwin to propose the theory of natural selection in his book “Origin of 

Species”. The theory of natural selection is based on following points: 

1. Rapid Multiplication: Every organism has enormous ability to reproduce to 

continuance of the species. All animals and plant tend to multiply in geometrical 

progression. For example, an organism will be double in Ist year, four times by 2nd yr and 

8 times in a third year and so on. Lets see few example of organism to understand the 

potential of organism to multiply. These examples are as follows: 

(i) Paramecium: it has multiplication rate of 3 times in 48 hrs. if single paramecium will 

allow to grow and multiply in 5 yrs to give the mass equal to ten thousand times the size 

of earth. 

(ii) Cod Fishes: Cod fish produces over 1 million eggs in a year. If all these eggs will 

rise to fishes, the whole atlantic ocean will be filled in next 5 yrs. 

(iii) Oyester: An Oyester may lay 114,000,000 eggs at a single spawning. If all the oyster 

grow and survived upto adulthood for 5 generations, then number of oyster will be more 

than the number of electrons in the universe. 

(iv) Elephant: Elephant has an average life span of 90 years and during the whole life 

span he can produce only six offsprings. If all the offsprings survived, single elephant 

pair would produce 19,000,000 elephants in 750 years. 

(v) Plants: Plants produces thousands of seeds every year. 



 
 

 

2. Limited natural resources: Inspite the enormous capacity of an organism to 

reproduce, the number of individual species remain constant. It is due to increase in 

population in animal or plant requires more space and food. Ultimately the food to plant 

or animal is provided by the CO2 from air, water and mineral from soil. The amount of 

thes basic material is limited in universe. Hence, it does not allow the population of 

organism beyond the limit and an equilibrium is reached. 

3. Struggle for existence: Due to shortage of food, water and space, there is severe 

competition among the off spring for existence. Every individual has few basic 

requirements, such as food, space, water, mate to reproduce and protection from enemies. 

In order to achieve basic needs, organisms compete with each other and it is known as 

struggle for existence. The struggle for an individual can be of 3 types: 

(i) Intraspecific Struggle: The competition of the individuals of the same species. For 

example, fight between two dogs for a piece of meat. War is another example of 

intraspecific struggle among different human. 

(ii) Interspecific Struggle: The competition of the individuals of the different species. 

For example, tiger attacks on deer for food. 

(iii) Environmental Struggle: Every individual struggle against the change in 

environment such as temperature, humidity, level of water, rain, climate etc. 

4. Variation: Each and every individual varies in several aspects to other individual. 

Even the offsprings produced by parents also differ in many aspects. The two individuals 

can be different from each other in their behavior, color, size, strength etc. 

5. Natural Selection: Due to variation among different individual, they struggle towards 

their existence with different potentials. The variation in an individual may allow him to 

survive and complete its life cycle comfortable. Wheras, if the variations are unfavorable, 

the individual will struggle against every odds and as a result it may not be able to 

complete the life cycle. For example, fast running deer has better chance to escape from 

the tiger compared to the slow runner. Another factor is ability to adopt into the changed 

environment. Both Darwin and Wallace, recognized the environment as the principal 



 
 

 

factor for natural selection. For example, plants with ability to hold more water and can 

be able to reduce loss of water will ultimately survive, despite the physical strength, 

height and other characters. 

6. Inheritence of useful variations: The individual survived due to unique variation, 

mate and produces their off spring to complete their life-cycle. As a result, they transfer 

the useful variations to the next generations and allow the individual to multiply. Darwin 

believed that any variation which can help the individual to survive and help to favouable 

for struggle will be inherited. He considerd the variation which may be acquired or 

inheritable. 

7. Formation of new Species: As a result of struggle and natural selection, only the 

individual fits to the environmental conditions will survive and complete its life-cycle. As 

a result, the number of these individual will increase over the course of time compared to 

the less favorable organism. In addition, the variation favoring will be inherieted to the 

next generation whereas unfavorable variation will be discarded. Due to continous 

selection, a new organism will appear which will be different from their ancesteral form. 

Lets see the example of giraffe to understand the Darwin’t theory of natural selection. 

According to the the theory of natural selection, in the beginning there were two different 

types of giraffe present on earth; (1) Deer like short height and (2) Long neck and 

forearms (Figure 8.1). Until the grass was available on land, both of these species were 

surviving and be able to complete their life cycle. With change in climate and reduction 

of grass, there might be a struggle for food. The giraffe with long neck and forearms can 

still be able to eat leaves on the tress but the deer like giraffe could not be able to reach 

there and died due to starvation. In due course, several round of the natural selection led 

the giraffe with long neck and forearms dominated the region and be present as new 

species. 



 
 

 

 

 
 

 
Figure: Event in the evolution of giraffe from deer link ancestor. 



 
 

 

Evidences to support the theory of natural selection: 
 

1. Artificial Selection: From ancient times, man is selecting good breed animals and 

plant for their use. In addition, they are performing cross breeding of these species to 

develop newer breed with derirable characters (Figure). The scientist supporting the 

Darwin’s theory explained the evolution through natural selection to give rise to newer 

species, just like following similar mechanism as artificial selection by man. They further 

added that natural selection is a slow process but much more complex compared to the 

artificial selection procedure. 

 
 

 

 

Figure: Development of small size sheep. 

2. Mimicry and Protective colouration: The mimicry and protective colouration is very 

common in several organisms as the product of natural selection. Most of these organism 

acquire the pattern of coloration by gradually changing color at each stage. 

3. Correlation of nectarines and proboscis: The position of nectarines and proboscis in 

insect correlates well and match well to facilitate pollination. This relation does not 

develop in single days but evolve gradually envisaged via the process of natural selection. 



 
 

 

 

Evidences Againist the theory of natural selection: 
 

1. Perpetuation of Vestigial Organs: Vestigial organs are selected despite the fact that 

they are not useful for animals but even then they are preserved generation over 

generation. 

2. No explanation for variation: Darwin could not be able to explain the source and 

mechanism of generation of variation in organisms. 

3. Distinction between continuous and discontinuous variations: According to theory, 

Darwin assumed that any variation essential for animal survival will be carried forward to 

next generation. We know that it is not true as per present knowledge of genetics. 

4. Disapproval of Pangenesis theory of Darwin: Darwin put forward the theory of 

Pangenesis to explain the process of inheritance. It was disapproved by the experiments 

performed by August Weismann in 1892. 



 
 

 

Theories of Evolution  

Hugo de Vries’s theory: The theories of Lemarck or Darwin is based on the population 

study but both theories could not be able to explain the origin of variation and their mode 

of transmission from one generation ot next generation. To understand the gap, dutch 

botanist, Hugo de Vries has put forward mutation theory in 1901. According to the De 

Vries mutation theory state that new species arise from the pre-existing one in a single 

generation by sudden appearance of new features through a genetic variation known as 

mutations. Contrast to earlier theories (Lemarck or Darwin), De Vries proposed that 

evolution is a sudden, discontinuous and jerky process rather than continuous and 

gradual. He termed the process as Salation ie single step large mutation. In addition, 

natural selection works on mutation, preserve the mutations found useful and eliminates 

the mutants with harmful mutation. But he didn’t support the struggle between the 

organism considered the co-existenance of them with the parent species (non-mutated 

species). 

De Vries Experiment: To test the proposed mechanism of evolution, Huge De Vries 

conducted experiment on plant called as Evening Primrose (Oenothera lamarckiana). 

The outline of the experiment is given in Figure 91. He observed the subtle but 

significant difference between different wild type varients. He took normal plant and 

collected the seeds through self pollination. He found that majorty of seeds were normal 

like their parents except few one. These seeds were quite different from there parents. 

The plants with variants were true to give rise to plants with similar characterstics. In 2nd 

generation, it breeds to give plants with majority of plants similar to their parents but few 

plants with different varients. Hence, he observed that in each generation, majority of the 

offsprings are similar to their parents but it gives few off springs with varients. In 

addition, he found that mutations appeared suddenly and were inherited by offsprings. De 

Vries found 4 different types of plants: 

(i) Progressive, with newer traits. 

 
(ii) Retrogressive, that had reduced or lost traits compared to their parents. 



 
 

 

(iii) Degressive, plants with weak with low survival. 

 
(iv) Inconstant, these plants are unstable and they resembles parents as well as at times 

produced variants. 

 

Figure: Huge De Vries Exeriment with Evening Primrose. 

Important conclusions from Huge De Vries Mutation Theory are given in the Figure 9.2. 

These are as follows: 

1. Mutations are the initiator factor for evolution. 

2. Mutants are non-predictable, occur suddenly and produce their effect instantly. 

3. No intermediate stage between appearance of mutant form and parent plants. 

4. Mutations are commulative in nature and occurs on multiple occasion to increase the 

frequency of mutant in the population. 

5. A single mutation may give rise to new species. 

6. At last, environmental factors work as selective pressure to allow growth of benefitial 

mutants and eliminates lethal or not useful mutations. 



 
 

 

 

 
Figure: Huge De Vries Mutation Theory. 

Evidence for the theory: There are experimental evidences to support the Huge De Vries 

mutation theory. These evidences are as follows: 

1. The experiment performed by De Vries was reproduced by several other scientist and 

they came to similar conclusions. 

2. Mutations found spontaneously in nature and these sudden appearance of mutant 

varities has strengthen the mutation theory. These evidences found in nature are as 

follows: 

 The Ancon sheep was produced from an ordinary sheep in single step in 1891. 

The mutaed sheep was short height (Figure) and it was useful for farmers as they 

could not be able to jump from low stone fences. 



 
 

 

 
 

 
 

Figure: The ancon sheep and their noral parents. 

 Hornless or polled Hereford cattle were produced in single step in 1889 from 

normal parents. 

 The hairless cats, dog and mice were produced from normal parents in single step. 

3. Oenothera lamarckiana has 14 chromosomes but the mutants were having 

16,20,22,24,28 and 30 chromosomes. 

4. Mutations are genetically linked and inheritable. 

5. A single large mutation can produce new species in plant. For example, Delicious 

apple. 

Evidence against the theory: There are evidences against the mutation theory proposed  

by Huge De Vries. These objections are as follows: 

(i) The mutation are of rare occurrence. Hence it is difficult to assume that if all animal 

or plant species could appear solely by mutation. 

(ii) The relationship between flower and the insect (such as length of proboscis in insect 

and position of nectariesd in flower) can not be explained by mutation theory. 

(iii) Mutations are recessive where as it is generally the dominant mutations that brings 

about evolution. 



 
 

 

 Human Evolution 

Introduction: Human belongs to order primates. Other members of the same order were 

lemurs, lorises, tarsiers, monkey and apes. Human are closer to the ape, which in turn, are 

closer to the older world monkey. Together, human, monkey and ape belongs to suborder 

anthropoidea (Figure 10.1). In the current lecture, we will discuss evolutionary stages in 

the development of modern age man from the initial mammals. 

 
 

 

 
 

 

Prehuman Evolution: Human evolution starts with the appearance of first mammals on 

earth. Mammals are further evolved into different classes including primates to which 

man belongs. 

Origin of mammals: Mammals appeared on earth in the Jurassic period, approximately 

195 millions years ago. Mammals, birds and snakes are considered to be originated from 

the common ancestor, cotylosaurs or stem reptiles (Figure 10.2). The initial mammals, 

tree shrew lived for several million years along with giant reptiles dinosaurs. The 

extraordinary ability of mammals to the changed environment, active life due to warm 

Figure : Classification of humans among the primates. 



 
 

 

body and sensitivity towards environment. Post extinction of dinosaurs, mammals 

evolved into a variety of forms to capture the available space (water, land and air) on 

earth. 

 

Figure  : Origin of mammals, birds and reptiles. 

Origin of Primates: The primates appeared about 65 million years from the shrew link 

small insectivores. The shrew were long tailed squirrel-like creatures, similar to present 

day shrews. It give rise to primitive primates such as lemurs and tarsiers (Figure 10.3). 

These primates are collected termed as prosimians, the animals appeared before monkey 

and apes. These mammals have acquired 5 important features to maintain tree life. These 

are as follows: 

1. Bipedal Locomoation: 
 

2. Grasping Hand and Feet: 
 

3. Streoscopic Vision: 
 

4. Reduction in Snout: 
 

5. Enlargement of Brain 



 
 

 

 
 

 
 

 
Figure: Common Primates. 



 
 

 

Human Evolution: it is belived to be that human evolution ocured in asia and Africa. 

The closet relative of human in primate is monkey and apes. As discussed before, tarsiers 

diverged into the anthropoids such as monkey, ape and humans. Monkey and tailess 

primates (Apes and man) evolve independtly 36 millioms year age from tarsoid stock 

(Figure 10.4). 

 

Figure : Family Tree of Primates. [REDRAW REQUIRED] 



 
 

 

Monkey: The monkey preferred to live arboreal life and adopted for this purpose. They 

evolved to jump from brach to brach and leaning on tree. The enlarged brain capacity has 

allowed monkeys to learn and for precise control of movement. The evolutionary lines of 

monkey and apes has several stages, starting from tarsiers. These are as follows: 

(i) Parapithecus: These are earliest fossil form of monkey, ape and man is available to 

date. The fossils are found in lower Oligocene epoch in Egypt. The old world monkeys 

are diverged from the main trunk of primate evolution in the Oligocene. 

(ii) Propilopithecus: Another evolutionary line, developed from main trunk in Miocence 

about 10 million years ago give rise to gibbons in two stages named propliopithecus and 

pliopithecus. 

(iii) Dryopithecus: it is considered as fossil ape and a common ancestor of great ape 

(orangutan, chimpanzee and gorilla) and man. These ancestral forms were living in the 

early Miocene, some 25 millions years ago. It is similar to chimpanzee except that leg 

and hands of approximately same equal length. 

(iv) Proconsul: Dryopithecines were evolved into fossil named proconsul africanus. It 

was discovered from the Miocene in south Africa. Proconsul diverged to give rise 

chimpanzee and gorilla in Pliocene about 4 millions years ago. Around 2.3 millions years 

ago, chimpanzee and gorilla diverged from each other in the Pleistocene Epoch. 

Human ancestral forms: The charactersitcs of different human ancestral forms is 

given in the Figure 10.5. 

(a) Ramapithecus: it was the primitive ape like primate, lived on tree and occasionally 

travelled and ate on ground. It survived life on nuts and food grains, as it lacks well 

developed cannines and molars. These ancestral forms extinct almost 7 million years ago. 

(b) Australopithecus: These are considerd as first Ape-man. First report of these ancient 

forms on earth is 4-5 million years ago in South Africa. He was 1.05 meter high and was 

mainly living terrestrial creature with bipedal locomotion. There was no evidences that 

these ancestral forms can be able to made or used tools. The cranial capacity was 500 



 
 

 

cm3 but had small canine and incisor teeth and short fingers. They can be able to walked 

in upright posture. 

(c) Homo Habilis: Australopithecus give rise to homo hibalis around 2 million years ago 

in Pleistocene. He was 1.5-1.8 meter high and had small cannies and light jaw. The 

available fossil data indicate the first usage of tools by these ancestral forms. The cranial 

capacity was 650-800cm3. He is more closure to the man like features than ape. He was 

carnivorous and hunted large animals. He was maintaining a social life, started living in 

caves and cared for young one. 

(e) Homo Erectus: Homo erectus evolved from homo habilis around 1.7 millions years 

ago in Pleistocene. He was 1.5-1.8 meter tall and had erect posture. He was capable of 

making fine quality stone and bone tools, hunted big games and knew use of fire. The 

cranial capacity was 800-1300 cm3. He was omnivorous and probably ate meat. By 

150,000 year ago, homo erectus migrated to asia, and Europe. The fossile were found in 

java, peking in china and Heidelberg in germany, and these fossils were termed as Java- 

ape man (H.erectus erectus), Peking man (H.erectus pekinensis) and Heidelberg-Man (H. 

erectus heidelbergensis). 

(f) Homo Neanderthalensis: These early men were inhabitated in sothern Europe and 

central asia during Pleistocene about 35000-100,000 years ago. He was 1.5-1.66 meter 

erect posture, strong shoulders and arms, powerful hands and large skull with thick bones 

(Figure 10.5). The cranial capacity was 1300-1600cm3, almost equal to the modern man. 

They have flat crainium, sloping forehead, thin large orbits, heavy brow ridges, 

protruding jaws, strongs mandibles and no chin. These were known to live in cave or 

probably known to build their own hut-like shelters. There are reports for them being able 

to made flint flake tools, skilled tools, used animal hides as clothing, knew the use of fire 

and perform rituals such as buried their dead. They were omnivorous and had not been 

doing agriculture or animal domestication. They were known to have migratory habits in 

response to climatatic changes and as a result they were spread o South Asia and Africa. 



 
 

 

 

 
Figure : Skulls of early and modern men. 

(g) Cromagnon Man: The cromagnon Man was 1.8 meter tall with strudy, less hairly 

skin and has crainial capacity of 1650cm3. Crogman man lived in families in caves. 

There walking posture was erect and they can be ablke to make fine sophisticated tools, 

were fine hunters and knew the use of fire. They were using skin of animal as cloth. They 

were known to made ivory ornaments. They were still not practicing agriculture and 

animal domestication. 

(h) Homo Sapiens or Modern Man: The modern man was supposed to appear around 

25,000 years ago and started spreading all over the world around 10,000 years ago. He 

has modified slightly morphologicqal changes, such as thining of skull bones, lower 

crainial capacity (1300-1600cm3) and development of 4 curves in vertebral column. He 

lacks efficient mechanism of bitting, power of smell, feeble eightsight and  hearing 

ability. But modern man compensated these things with the development of sophiscated 

tools and techniques. This has made him the most dominant animals on earth. He 

understand the importance to agriculture and domestic animals. 



 
 

 

Important Features related to the Human Evolution: The important stricking features 

during the evolution of human from ape like animal is given in the Figure 10.6. These 

features are as follows: 

1. Erect posture and bipedal movement on legs. 

 
2. Increase in crainial capacity and intelligence. 

 
3. Broadening of forehead with vertical elevation. 

 
4. Stereoscopic Vision. 

 
5. Reduction in size of pinnae. 

 
6. Formation of chin. 

 
7. Increase in mobility of neck to see round. 

 
8. Reduction in body hair. 

 
9. Development of curves in vertebral column for erect posture. 

 
10. Increase in Height. 

 
11. No specific breeding season and continuous gametogenesis in the gonads. 



 
 

 

 

 
 

 

Figure : Different evolutionary stages in human evolution. 



PHYLUM: GRAPTOLITHINA 

 

 Graptolites were a major component of the early Paleozoic ecosystems, especially for the 

zooplankton because the most abundant and diverse species were planktonic. Graptolites were 

most likely suspension feeders and strained the water for food such as plankton. Inferring by 

analogy with modern pterobranchs, they were able to migrate vertically through the water 

column for feeding efficiency and to avoid predators. With ecological models and studies of the 

facies, it was observed that, at least for Ordovician species, some groups of species are largely 

confined to the epipelagic and mesopelagic zone, from inshore to open ocean (Fig). 

 

  Living rhabdopleura have been found in deep waters in several regions of Europe and 

America but the distribution might be biased by sampling efforts; colonies are usually found as 

epibionts of shells. Their locomotion was relative to the water mass in which they lived but the 

exact mechanisms (such as turbulence, buoyancy, active swimming, and so forth) are not clear 

yet. The most likely option was rowing or swimming by undulatory motion with muscular 

appendages or with the feeding tentacles. However, in some species, the thecal aperture was 

probably so restricted that the appendages hypothesis is not feasible. On the other hand, 

buoyancy is not supported by any extra thecal tissue or gas build-up control mechanism, and 

active swimming requires a lot of energetic waste, which would rather be used for the tubarium 

construction. There are still many questions regarding graptolite locomotion but all these 

mechanisms are possible alternatives depending on the species and its habitat (Fig). For benthic 

species, that lived attached to the sediment or any other organism, this was not a problem; the 

zooids were able to move but restricted within the tubarium. Although this zooid movement is  



 

 

 

 

 

 

 

 

 

 

 

 

possible in both planktic and benthic species, it is limited by the stolon but is particularly useful 

for feeding. Using their arms and tentacles, which are close to the mouth, they filter the water to 

catch any particles of food. 

GRAPTOLITES FOR EVOLUTIONARY DEVELOPMENT 

In recent years, living graptolites have been used as a hemichordate model for Evo-Devo studies, 

as have their sister group, the acorn worms (Fig).  

 

 

 

 

 

 

 

 

 

 

 

 



For example, graptolites are used to study asymmetry in hemichordates, especially because their 

gonads tend to be located randomly on one side. In Rhabdopleura normani, the testicle is located 

asymmetrically, and possibly other structures such as the oral lamella and the gonopore. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The significance of these discoveries is to understand the early vertebrate left-right asymmetry 

due to chordates are a sister group of hemichordates, and therefore, the asymmetry might be a 

feature that developed early in deuterostomes. Since the location of the structures is not strictly 

established, also in some enteropneusts, it is likely that asymmetrical states in hemichordates are 

not under a strong developmental or evolutionary constraint. The origin of this asymmetry, at 

least for the gonads, is possibly influenced by the direction of the basal coiling in the tubarium, 

by some intrinsic biological mechanisms in pterobranchs, or solely by environmental factors. 



Hedgehog (hh), a highly conserved gene implicated in neural developmental patterning, was 

analyzed in Hemichordates, taking Rhabdopleura as a pterobranch representative. It was found 

that hedgehog gene in pterobranchs is expressed in a different pattern compared to other 

hemichordates as the enteropneust Saccoglossus kowalevskii. An important conserved glycine–

cysteine–phenylalanine (GCF) motif at the site of autocatalytic cleavage in hh genes, is altered in 

R. compacta by an insertion of the amino acid threonine (T) in the N-terminal, and in S. 

kowalesvskii there is a replacement of serine (S) for glycine (G). This mutation decreases the 

efficiency of the autoproteolytic cleavage and therefore, the signalling function of the protein. It 

is not clear how this unique mechanism occurred in evolution and the effects it has in the group, 

but, if it has persisted over millions of years, it implies a functional and genetic advantage.Sato, 

A., White-Cooper, H., Doggett, K. & Holland, P. 2009. Degenerate evolution of the hedgehog 

gene in a hemichordate lineage. Proceedings of the National Academy of Sciences, 

106(18):7491-7494. 

LIFE CYCLE 

The study of the developmental biology of Graptholitina has been possible by the discovery of 

the species R. compacta and R. normani in shallow waters; it is assumed that graptolite fossils 

had a similar development as their extant representatives. The life cycle comprises two events, 

the ontogeny and the astogeny, where the main difference is whether the development is 

happening in the individual organism or in the modular growth of the colony. The life cycle 

begins with a planktonic planula-like larva produced by sexual reproduction, which later 

becomes the sicular zooid who starts a colony. In Rhabdopleura, the colonies bear male and 

female zooids but fertilized eggs are incubated in the female tubarium, and stay there until they 

become larvae able to swim (after 4–7 days) to settle away to start a new colony. Each larva 

surrounds itself in a protective cocoon where the metamorphosis to the zooid takes place (7–10 

days) and attaches with the posterior part of the body, where the stalk will eventually develop. 

The development is indirect and lecithotrophic, and the larvae are ciliated and pigmented, with a 

deep depression on the ventral side.Röttinger, E. & Lowe, C. (2012) Evolutionary crossroads in 

developmental biology: hemichordates. Development, 139:2463-2475.Sato, A., Bishop, J. & 

Holland, P. (2008). Developmental Biology of Pterobranch Hemichordates: History and 

Perspectives. Genesis, 46:587-591. Astogeny happens when the colony grows through asexual 

reproduction from the tip of a permanent terminal zooid, behind which the new zooids are 



budded from the stalk, a type of budding called monopodial. It is possible that in graptolite 

fossils the terminal zooid was not permanent because the new zooids formed from the tip of 

latest one, in other words, sympodial budding. These new organisms break a hole in the tubarium 

wall and start secreting their own tube. 

MORPHOLOGY 

Rhabdopleura compacta colony with creeping and erect tubes. 

Each graptolite colony originates from an initial individual, called the sicular zooid, from which 

the subsequent zooids will develop; they are all interconnected by stolons. These zooids are 

housed within an organic tubular structure called a theca, rhabsodome, coenoecium or tubarium, 

which is secreted by the glands on the cephalic shield. The composition of the tubarium is not 

clearly known, but different authors suggest it is made out of collagen or chitin. The tubarium 

has a variable number of branches or stipes and different arrangements of the theca, these 

features are important in the identification of graptolite fossils. In some colonies, there are two 

sizes of theca, the autotheca and the bitheca, and it has been suggested that this difference is due 

to sexual dimorphism.  

A mature zooid has three important regions, the preoral disc or cephalic shield, the collar and the 

trunk. In the collar, the mouth and anus (U-shaped digestive system) and arms are found; 

Graptholitina has a single pair of arms with several paired tentacles. As a nervous system, 

graptolites have a simple layer of fibers between the epidermis and the basal lamina, also have a 

collar ganglion that gives rise to several nerve branches, similar to the neural tube of chordates. 

All this information was inferred by the extant Rhabdopleura, however, it is very likely that 

fossil zooids had the same morphology. An important feature in the tubarium is the fusellum, 

which looks like lines of growth along the tube observed as semicircular rings in a zig-zag 

pattern. Most of the dendritic or bushy/fan-shaped organisms are classified as dendroid 

graptolites (order Dendroidea). They appear earlier in the fossil record during the Cambrian and 

were generally sessile animals. They lived attached to a hard substrate in the sea-floor, by their 

own weight as encrusting organisms or by an attachment disc. Graptolites with relatively few 

branches were derived from the dendroid graptolites at the beginning of the Ordovician period. 

This latter type (order Graptoloidea) were pelagic and planktonic, drifting freely on the surface 

of primitive seas. They were a successful and prolific group, being the most important animal 



members of the plankton until they partially died out in the early part of the Devonian period. 

The dendroid graptolites survived until the Carboniferous period. 

PRESERVATION 

Pendeograptus fruticosus from the Bendigonian Australian Stage (Lower Ordovician; 477-474 

mya) near Bendigo, Victoria, Australia. There are two overlapping, three-stiped rhabdosomes. 

 

Graptolite fossils are often found in shales and mudrocks where sea-bed fossils are rare, this type 

of rock having formed from sediment deposited in relatively deep water that had poor bottom 

circulation, was deficient in oxygen, and had no scavengers. The dead planktic graptolites, 

having sunk to the sea floor, would eventually become entombed in the sediment and were thus 

well preserved. These colonial animals are also found in limestones and cherts, but generally 

these rocks were deposited in conditions which were more favorable for bottom-dwelling life, 

including scavengers, and undoubtedly most graptolite remains deposited here were generally 

eaten by other animals. Fossils are often found flattened along the bedding plane of the rocks in 

which they occur, though may be found in three dimensions when they are infilled by iron pyrite 

or some other minerals. They vary in shape, but are most commonly dendritic or branching (such 

as Dictyonema), sawblade-like, or "tuning fork"-shaped (such as Didymograptus murchisoni). 

Their remains may be mistaken for fossil plants by the casual observer, as it has been the case for 

the first graptolite descriptions. Graptolites are normally preserved as a black carbon film on the 

rock's surface or as light grey clay films in tectonically distorted rocks. The fossil can also appear 

stretched or distorted. This is due to the strata that the graptolite is within, being folded and 

compacted. They may be sometimes difficult to see, but by slanting the specimen to the light 

they reveal themselves as a shiny marking. Pyritized graptolite fossils are also found. A well-

known locality for graptolite fossils in Britain is Abereiddy Bay, Dyfed, Wales, where they occur 

in rocks from the Ordovician Period. Sites in the Southern Uplands of Scotland, the Lake District 

and Welsh Borders also yield rich and well-preserved graptolite faunas. A famous graptolite 

location in Scotland is Dob's Linn with species from the boundary Ordovician-Silurian. 

However, since the group had a wide distribution, they are also abundantly found in several 

localities in the United States, Canada, Australia, Germany, China, among others. 

 



PHYLUM BRACHIOPODA 

CLASSIFICATION 

Class Articulata b. Class Inarticulata 

 

Order Orthida 

Order Strophomenida 

Order Pentamerida 

Order Rhynchonellida 

Order Spiriferida  

Order Terebratulida 

PHYLUM BRACHIOPODA (brachiopods or lamp) 0shells) 

Name: Name means "arm" (brachio) + "foot" (pod). 

Chief characteristics: Bivalved (two shells), each with bilateral symmetry. The plane 

of symmetry passes through the center of each shell or valve. The  two valves differ in 

size and shape in most. Sometimes the larger valve will have an opening near the hinge 

line through which the pedicle extended in life. 

Geologic range: Lower Cambrian to Recent. 

Mode of life: Inhabitants of shallow marine environments; they generally live attached 

in a fixed position on the sea floor. 

CLASS INARTICULATA 

Primitive brachiopods with phosphatic or chitinous valves; no hinge. Valves held together 

with muscles and soft parts. Lingula is a well known inarticulate brachiopod.  

Geologic range: Lower Cambrian to Recent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Inarticulate brachiopod, Lingula cuneata, from the Silurian Medina Sandstone, Medina, 

New York. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Inarticulate brachiopod, Rome, GA. 

 

 CLASS ARTICULATA 

 

Brachiopods with calcareous valves attached together with a hinge. 

Some of the more common articulate brachiopods are Pentamerus, Rafinesquina, Atrypa, 

Leptaena, and Spirifer. 

Geologic range: Lower Cambrian to Recent 

 

 

 

 

 

Fig. Articulate brachiopod fossils 

 

 

  

 

 

 

 

Brachiopod Internal Morphology 



Morphology 

 

Brachiopods have been separated into two classes, the ARTICULATA and the 

INARTICULATA but there are enough similarities in their general morphology to consider 

them together. The brachiopod shell encloses the body except for the pedicle (Fig). The valve 

on the VENTRAL side of the body is known as the PEDICLE valve, since the pedicle 

commonly emerges through it, while the valve on the DORSAL side is the BRACHIAL valve, 

and takes its name from the brachia, arm-like projections, which make up the lopho-phore. 

Commonly the pedicle valve is the larger, projecting at its posterior end beyond the brachial 

valve. The pedicle emerges from the shell at its POSTERIOR margin and the opposite margin 

is ANTERIOR. 

The valves open slightly along the anterior margin during feeding (Fig), but remain in contact 

along the posterior margin by means of a HINGE in the Articulata and by a system of muscles 

in the Inarticulata. SOFT BODY. The body and mantle line the shell and in some cases the soft 

tissue extends by minute tubules into the shell wall. The main part of the body is small, and 

much of the mantle cavity is taken up by the lophophore (Fig). This may be a lobed disc or two 

coiled or folded arms called BRACHIA each of which has a groove leading back to the mouth 

and fringed with ciliated tentacles. These maintain currents of water along three paths, a median 

outgoing flow, and an incurrent flow on either side. Minute organisms, frequently diatoms, are 

filtered from the incurrent water and passed along the lophophore grooves to the mouth and 

thence to the digestive tract. The intestine ends blindly in living articulate brachiopods, but 

opens in an anus in inarticulates. 

Most brachiopods are attached by a PEDICLE (Fig) which typically is a stout fleshy stalk 

attached to the pedicle valve by muscles. Its distal end is fixed to a rock or shell, or may 

diverge into rootlets to secure a hold in soft sediment. In some forms the pedicle may be 

absent, in which case the shell is usually cemented to a firm surface (Fig). Some extinct 

forms appear to have been anchored in soft sediment by spines (Fig.). 

The opening and closing of the valves is controlled by a system of muscles which are 

attached to the inner surface of the valves towards the posterior end where they may leave 

MUSCLE SCARS. The muscle system is simplest in the articulate brachiopods (Fig.), 

consisting commonly of a pair of ADDUCTOR muscles, which run across the shell cavity 

from the interior of the pedicle valve to the interior of the brachial valve, and of two pairs of 

DIDUCTOR muscles which run obliquely from the pedicle valve to a projection, the 

CARDINAL PROCESS, from the hinge line of the brachial valve. Both sets of muscles work 



by contracting. The hinge line acts as a fulcrum, and the cardinal process as a lever so that, as 

the diductor muscles contract, they pull down the cardinal process and the valves open. As 

the diductor muscles relax, the adductor muscles contract and pull the valves together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pedicle (ventral) valve brachial (dorsal) valve 

Morphology of an articulate brachiopod. 

 

a, dorsal view (A, anterior; P, posterior; line A-P, plane of bilateral symmetry), b, side view. 

c, section to show the disposition of the adductor muscles (unshaded) and the diductor 

muscles (black), d, simplified section to show the general relationship of the soft part to the 

shell. e, interior of the pedicle valve, f, interior of the brachial valve. 

 

There are additional muscles in inarticulate-brachiopods which control lateral movement of 

the valves relative to one another. 

SHELL. In most INARTICULATE brachiopods the shell has a horny appearance and is 

composed of alternate layers of chitin and calcium phosphate, but in a few forms it is 

calcareous. In ARTICULATE brachiopods the shell is calcareous. A thin chitinous layer 

(periostracum) over- lies the shelly part which is made up of an inner and outer layer of 



calcite fibres. The inner layer'thickens with growth. 

 The shape of the shell may show some correlation with the arrangement of the 

lophophore and the feeding currents, and markings on the inner surface may provide 

information about the disposition of the muscles, the lophophore and canals in the mantle in a 

number of extinct forms. In inarticulate brachiopods the shell is approximately oval or 

circular in outline with gently convex valves. In the articulate forms the shell may be ovate 

(Fig), tapering slightly at the posterior end and with a short curved hinge line, or it may be 

semicircular in outline with a straight wide hinge line. The pedicle valve is typically larger 

than the brachial valve. 

 The brachiopod shell grows by increments to the margin which typically are greater 

along the anterior and lateral margins and which form concentric growth lines on the outer 

surface. Thus the initial shell remains at or near the posterior margin and may form the tip of 

a pointed BEAK. The surface of the shell may be smooth, or may be marked by concentric or 

radial hues or ribs' and tubercles or spines may be developed. This surface ornament is useful 

in distinguishing species. 

 The opening through which the PEDICLE emerges in inarticulate brachiopods is 

usually a gape, but may be a groove or a slit in the . pedicle valve. In the articulate 

brachiopods the pedicle opening, the DELTHYRlUM, is a triangular gap in the posterior 

margin-of the pedicle valve (Fig. 89), and commonly is constricted by a pair of DELTlDlAL 

PLATES (Fig. Spa), or by a single plate, the DELTIDIUM leaving a circular hole, the 

FORAMEN for the passage of the pedicle (Fig. 89a). The hinge apparatus consists of TWO 

TEETH in the pedicle valve (Fig.89e) which fit into TWO SOCKETS in the brachial valve 

(Fig.89f). The teeth are short projections from the hinge line, one on each side of the 

delthyrium and they may be supported in some genera by DENTAL PLATES projecting 

from the floor of the pedicle valve. The sockets lie, one on each side of a small projection, 

the CARDINAL PROCESS, to which the diductor (or opening) muscles are attached (Fig.). 

  In most articulate brachiopods there are distinct SCARS left on the floor of the 

valves by muscles. The degree to which they are defined and their relative positions, 

however, may vary in different genera. In the pedicle valve, the pedicle and diductor muscle 

scars are grouped round two close-set adductor muscle scars (Fig.). In the brachial valve, four 

adductor muscle scars are grouped on the floor of the valve, and the diductor muscle scars 

are on the cardinal process (Fig). In a small number of brachiopods, the muscles are attached 

to a trough-shaped structure, the SPONDYLIUM, in the pedicle valve. This consists of two 

enlarged dental plates which converge, and may unite on the floor of the valve to form a 

trough which may be supported on a septum. There are additional muscle scars in the 



inarticulate brachiopods, but they are more complicated and often may be indistinct. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (a) Lingula            (b)Terebratulina 

 

Morphology and mode of life of brachiopods. a-c, an inarticulate brachiopod, Lingula; a, in 

feeding position at the mouth of its burrow; b, slit-like opening of the burrow (the arrows 

indicate the incurrent and excurrent flow of water); c, a fossil Lingula. d-g, an articulate 

brachiopod, Terebratulina\ d, attached to a stone and to other shells; e, in feeding position 

with the shell open (arrows as for b); f, interior of the brachial valve; g, brachial valve 

exterior. 

 



PHYLUM-ARTHROPODA 

               The Arthropoda are segmented animal and have jointed limbs and appendages. It is the 

largest phylum. It includes insects, spiders, centipedes ,millipedes and extinct trilobite. The 

age of arthropod ranges from Cambrian to Recent.  

CLASSIFICATION: 

                      The phylum arthropoda has the following classes. 

1. Arachinida  

2. Merostomata 

3. Myriapoda  

4. Insecta  

5. Crustacean  

6. Trilobita  

CLASS- TRILOBITA 

          The class trilolibita is an extinct arthropod. The life range is from lower Cambrian to 

Permian.  The size range may be from 10mm to 75cm. it is a good index fossil for Palaeozoic.  

GENERAL MORPHOLOGY: 

              The animal has well developed exoskeleton or carapace. The animal body is divided 

into three lobes namely  

1. Cephalon  

2. Thorax  

3. Pygidium 

                     So, the name has been given as trilobites. 

CEPHALON: 

                The head part is called cephalon. The shape of cephalon may be semicircular or 

triangular. The axial part of the cephalon is called glabella. The glabella is divided into four 

furrows called glabellar furrows. The last furrow which rest on the posterior part of the cephalon 



is called neck furrow. The remaining part of the cephalon is called cheek. The cheek is divided 

into two parts by facial suture namely  

1. Free cheek  

2. Fixed cheek 

              The free end part of the cheek is called free cheek. The fixed cheek lies between 

glabella and the facial suture. Facial suture is a line which connects eye with the anterior and the 

posterior margin of the cephalon.  

FACIAL SUTURE:  

               Facial suture is a line which connects eye with the anterior and the posterior margin of 

the cephalon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Parts of facial suture: 

               It is divided into two parts. The lower part below the eye is called as postocular part. 

The part of the facial suture above the eye is called as preocular part. The position of the facial 

suture may be varied. According to the position of the suture following terms are used (Fig). 

1. Protoparous  

2. Hypoparous  

3. Proparous  

4. Gonatoparous  

5. Opisthoparous  

Protoparous:  

                 The primitive trilobites possess no facial suture. Such condition is called as 

protoparous. 

 

Hypoparous: 

                 When the facial suture is in the marginal position of the cephalon. It is called as 

hypoparous. 

Proparous: 

                      The postocular part of the facial suture cuts at the lateral margin of the cephalon 

infront of the genal angle. 

Gonatoparous: 

                The postocular part of the facial suture cuts at the genal angle is called gonatoparous. 

Opisthoparous: 

                  The postocular part of the facial suture cuts the posterior margin of the cephalon in-

between the genal angle and glabella.  



GENAL ANGLE: 

             Genal angle is the junction of the posterior lateral corner of the cephalon. The genal 

angle may be rounded or sharp. Sometimes it is produced into a long spine called genal spine.  

THORAX: 

            Thorax is the middle part between cephalon and pygidium. It is divided into two parts 

namely  

1. Axial part  

2. Two lateral part or pleural part 

           The segments of the thoracic part are ranging from 2 to 42 segments. The   primitive 

trilobite doesn’t have pleural segments and pleural spines directly attach to the axial furrows. In 

some fossils, the thoracic segments and pygidium is not separated. The shape of the thorax may 

be varied from triangular to oval.  

PYGIDIUM: 

            It is the tail part. The primitive trilobite has a long tail spine called telson. It is directly 

attached to the thorax. Such condition is called apygous. The anal opening is situated at the end 

of the telson. The pygidium is developed at the anterior part of the telson by mass of tissue. The 

early trilobites possess rudiment or tiny pygidium According to the size of pygidium following 

terms are as Apygous Absence of pygidium or rudiment pygidium with telson. 

Heteropygous:The pygidium is not equal or unequal to the cephalon is called  as heteropygous. 

Isopygous The cephalon and pygidium are equal. Micropygous: It has very small pygidium.  

CLASSIFICATION OF TRILOBITE: 

            The class trilobite is classified into 5 orders. They are  

1. Agnostida  

2. Eodiscida  

3. Olenellida  

4. Opisthoparia  

5. Proparia  

 



GEOLOGICAL HISTORY: 

               The primitive trilobite Navadia is obtained from Lower Cambrian beds. The family 

Mesonacidae is also seen in Lower Cambrian. The genus Olenellus, Mesonacis, Callavia is 

the important genus in the Mesonascidae family. In the middle Cambrian , Paradoxides is the 

typical index fossil. The Olinidae family is the typical family in the Upper Cambrian. The 

genus Olenus, Eurycare, Peltura, and Trinucleus are the important genus in Olinidae family.  

The proparian trilobites Calymene, Phacops, are available in the late Palaeozoic periods. The 

life range of trilobite is from Lower Cambrian to Permian.  

Evolution of Trilobites: 

Trilobites existed for almost 300 million years, there were many opportunities for diversification 

of morphology, starting from the primitive morphology such as Redlichia (shown in figure at 

center). 

 

 

 

 

 

 

 

 

 

 

 



The abundant variety of body shapes and sizes indicate that trilobites occupied a variety of 

ecological niches. The principal evolutionary trends from primitive morphologies include the 

origin of several morphologies appeared independently within different major taxa  

 Changes in the cephalon, variable size and shape of Glabella  

 Eye size reduction or miniaturization, variation in eyes types, position of eyes and 

facial 

Sutures.  

 Narrowing of the thorax, increasing or decreasing numbers of thoracic segments 

 Streamlined body shape 

 Increased size of pygidium, micropygous to macropygous 

 Extreme spinosity development in certain groups 

 Improvement in enrollment and articulation mechanisms 

 Hypostome specialization 

 Effacement the loss of surface detail in the cephalon, pygidium, or the thoracic 

furrows, is also a common evolutionary trend 

 

 

 

 

 

 

 

 

 

 

Fig. Evolutionary loss of Eys 



Trilobites existed for almost 300 million years, there were many opportunities for diversification 

of morphology, starting from the primitive morphology such as Redlichia (shown in figure at 

center)  

 This primitive morphotype had a small pygidium, well developed eye ridges, lobed 

glabella, several thoracic segments, and a rather flattened body form 

 Thoracic segments were reduced to as few as two or increased to over 60 

 Body shape was greatly elongated in some species, or transverse in others 

 Shapes and furrow patterns of the glabella, shape and placement of eyes and eye ridges 

also ranged widely 

 

Fig: EFFACEMENT: The Loss of Surface Details 

 

Fig:  MINIATURIZATION 

 



 

Fig : SPINOSITY 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Fig: Orders and Their Relationship Through The Geologic Time 

 

Fig: Relative Sizes Between Cephalon And Pygidium 

 



 

FOSSILS: 

PARADOXIDES 

I. PHYLUM      : Arthropoda 

II. CLASS           : Crustacea  

III. SUB-CLASS : Trilobita   

IV. MORPHOLOGY:  

i. Cephalon: Shape and margin broad. Border is semicircular in outline. 

a) Facial suture: Opisthoparian  

b) Glabella: Broad infront with prominent furrows.  

c) Cheeks: Nearly equal in size. 

d) Eyes: Large and arched. 

e) Genal angle: Long and extended into long genal spine.   

ii. Thorax: Shape triangular. Pleural spine directly attached to the axis. 

iii. Pygidium: Rudiment.   

V. AGE:  Middle Cambrian. 

CALYMENE 

I. PHYLUM      : Arthropoda 

II. CLASS           : Crustacea  

III. SUB-CLASS : Trilobita   

IV. MORPHOLOGY:  

i. Cephalon: Semicircular. 

a) Facial suture: Gomatoparous.  

b) Glabella: Inflated, 3 lateral furrows whiuch are incompleted and 

look like knobs.  

c) Cheeks: Fixed cheek larger than free cheek. 

d) Eyes: Small and prominent. 

e) Genal angle: Rounded.   



ii. Thorax: There are 13 sesments, axial lobe prominent, Pleurae are grooved 

and blunt.  

iii. Pygidium: Small and possess 6 to 12 segments.   

AGE:  Ordovician and Silurian. 

CEPHALOPODA 

             The cephalopod includes, Nautiloids, Ammonoids, Modern Squids, Octabuses, Cuttel 

fish etc. They are entirely marine. They are bilaterally symmetrical. The soft body of the animal 

consists of head, tentacles, ink sac, gills and mantle. 

CLASSIFICATION OF CEPHALOPODA: 

             Based on the nature of the gills, it is classified into two classes namely 

                              Dibranchia- Two gills are present. 

                              Tetrabranchia- Four gills are present. 

              On the basis of the shell feature, the class cephalopoda is classified into three orders 

1. Nautiloidea  

2. Ammonoidea  

3. Coeloidea  

SHELL MORPHOLOGY [Morphology of Ammonoidea or Nautiloidea]: 

                  Most of the morphological characters are common to nautiloidea and ammonoidea  

.The external cephalopod shell is called conch. The simplest form is the straight shelly cone. It 

is open at the larger end and closed at the smaller end. The shell is divided into two parts  

 Anterior- living chamber 

 Posterior – chambered phragmocone. 

                  The phragmocone is divided into chamber by calcareous partition called septa. Each 

chamber is called camera. The embryonic part of the shell is called protoconch. It is not 

preserved in the fossil state. A continuous or discontinuous tube which extends from protoconch 

to the base of the living chamber is called siphuncle. A funnel like extension of septa is called 

septal neck.  The septal neck may be prosiphonate or retrosiphonate. When the septal neck is 

pointing towards the living chamber, it is called prosiphonate. When the septal neck is pointing 

towards the protoconch, it is called retrosiphonate. A delicate ring around the siphuncle from 



one septum to the other septum is called connecting ring. Suture is a line which connects 

septum to the shell wall.  

                        Many cephalopods are coiled in nature. Each coil is called whorl. The axis of 

coiling is called umbilicus. The umbilicus may be filled with calcareous material called as 

umbilical plug. Aperture is an opening through which animal extend their tentacles. The aperture 

may be oval, elliptical, circular or crescentic. The apertural outline may be sinuate. The sinus at 

the ventral margin of the aperture is called hyponomisc sinus.  

SUTURE PATTERN IN CEPHALOPODA: 

                 Suture is a line which connects the septum to the shell wall. 

Parts of suture: 

                   The suture is exposed on the surface of the shell.  There are two parts namelySaddle 

and Lobe. Saddle means crest part of the suture line. Lobe means trough part of the suture line. 

Depending upon its position, it is classified as external and internal saddles and lobes.  

 SUTURE PATTERN IN NAUTILOIDEA: 

 Orthoceratic suture: 

                     The suture is in straight line. 

                      Age: Upper Cambrian 

                      Example: Orthoceras. 

 Nautilitic suture: 

                     It is slightly undulating suture. 

                      Age: Upper Cambrian to Recent 

                      Example: Nautilus. 

 SUTURE PATTERN IN AMMONOIDEA: 

                 There are two types of suture pattern seen in Ammonoidea. 

 Goniatitic suture: 

                     It possesses rounded saddles and angular lobes. 

                      Age: Devonian to Recent. 

                      Example: Goniatite. 

 Ceratitic suture: 

                     It possesses rounded saddles, dentated or crenulated lobes. 

                      Age: Triassic to Jurassic. 



                      Example: Ceratite. 

  Ammonitic suture: 

                     It possesses all saddles and lobes highly crinkled or frilled. The saddles may be 

monophyllic or diphyllic follioles  

                      Age: Jurassic to Cretaceous. 

                      Example: Acanthoceras, Phylloceral, Scholeonbachia, Menuttes. 

TYPES OF COILING OR SHELL FORM OR SHAPE OF CEPHALOPODS 

S.No Coiling in Nautiloids Coiling in Ammonoids 

1. The straight cone of the 

Nautiloid is termed as 

Orthoceracone.  

Eg: Orthoceras  

The straight cone of the Ammonoid is termed as 

Bactritic cone.  

Eg: Bactrite 

2. Slightly curved shell in 

nautiloid is called 

Cyrtoceracone. 

Eg: Cyrtoceras 

No slightly curved shell is seen in Ammonoid. 

3. Loosely coiled shell is called 

Gyrocaracone. 

Eg: Gyroceras. 

Loosely coiled shell is called Gyroceratic cone. 

Eg: Gyroceratite. 

4. Tightly coiled shell is called 

Tarphyceracone. 

Eg:Tarphycera 

Tightly coiled shell is called Dactylioceracone. 

Eg:Dactylioceras 

5. When last whorl covers all the 

previous whorls partially such 

coiling is termed as convolute 

coil. When last covers the 

previous whorls fully such 

coiling is called involute. 

Both convolute and involute 

coiling is termed as Nautilitic 

cone. 

The convolute and involute Ammonoid shell is called 

Ammonitic cone. 



6. When coiling is helicoid spiral 

like fashion it is termed as 

trochoceracone. 

Eg: Trochocera 

The helicoid spiral like coiling in Ammonoid is called 

as Turrilitic cone. 

Eg: Turrilite. 

7. Early part is coiled, later part 

is straight lined or Hook 

shaped. Such coiling is called 

Lituilitic cone. 

Early part is coiled, later part is straight lined or hook 

shaped. Such coiling is called Baculitic cone 

Eg: Baculite. 

 

ORIENTATION IN CEPHALOPOD: 

                  Many curved and coiled shells have ventral side in the inner side of the curve and 

dorsal on the outer side of the curve. Such shells are called Exogastric. In some curved shell, the 

dorsal side is in the inner side of the curve and the ventral is on the outer side of the curve. Such 

character of the shell is termed as Endogastric. 

ORNAMENTATION:  

                  The surface of the shell may be smooth or ornamented with striations, ribs, tubercles 

or spines. In some Ammonoid, the external margin may be provided with two rows of ribs or 

keel. The ribs may be bifurcating (eg: Ceratite) or trifurcating or multiplicating  Shell colouration 

is seen only inr Recent living Nautilus. 

COELOIDEA OR DIBRANCHIA OR BELEMNITES: 

Phylum: Mollusca 

Class: Cephalopoda 

Order: Coeloidea 

Genus: Belemnites 

SHELL MORPHOLOGY: 

              The Belemnites shell consist of three parts namely 

1. Guard or Rostrum 

2. Phragmocone  

3. Proostracum  

               The guard is solid or conical or cigar shaped. One end is closed and the other end is 

having ‘v’ shaped cavity or alveolus. The conical cavity bears phragmocone. The phragmocone 



is a shelly part. It is divided into chamber by septa. It bears siphuncle which leads from living 

chamber to protoconch. The funnel shaped extension of septa is called septal neck. The septal 

neck may be prosiphonate or retrosiphonate. The prolongation of the guard or rostrum which 

is wing like is called proostracum. The proostracum is not preserved in the fossil state.                                                                                                                      

Age: Middle Carboniferous to Cretaceous. 

GEOLOGICAL HISTORY: 

                     The Nautiloids first appeared in Cambrian. It has peak population in Ordovician and 

Silurian. During Mesozoic and Cenozoic, it is less in population. In the Recent period, the genus 

Nautilus is only available. So the life range of Nautiloid is from Cambrian to Recent. 

                      The Ammonoids evolved from Nautiloids during Lower Devonian. It is a good 

index fossil for the age from Lower Devonian to Upper Cretaceous.  

                       The Coeloideas are the extinct Belemnites which ranges from Middle 

Carboniferous to Cretaceous.  

FOSSILS: 

CERATITE 

I. PHYLUM      : Mollusca 

II. CLASS           : Cephalopoda 

III. ORDER          : Ammonoidea  

IV. MORPHOLOGY:  

i. Shell form: Conispiral or Discoidal.  

ii. Coiling: Evolute.  

iii. Umbilicus: Large. 

iv. Body chamber: Small. 

v. Aperture: Simple and elongated. 

vi. Siphuncle: Cylindrical, placed at the external margin. 

vii. Ornamentation: Ornamented with ribs, nodes, Tubercles, costae, bifid. 

viii.  Suture:  Ceratitic (rounded saddles and dentate lobes).   

V. AGE:  Triassic. 



GONIATITE 

I. PHYLUM      : Mollusca 

II. CLASS           : Cephalopoda 

III. ORDER          : Ammonoidea  

IV. MORPHOLOGY:  

i. Shell form: Globose.  

ii. Coiling: Involute .  

iii. Umbilicus: Small. 

iv. Body chamber: Large. 

v. Aperture: Simple with deep external sinus. 

vi. Siphuncle: At external margin. 

vii. Ornamentation: Surface is smooth. 

viii.  Suture: Goniatitic (rounded saddles and angular lobes).   

V. AGE:  Permo-carboniferous. 

ACANTHOCERAS 

I. PHYLUM      : Mollusca 

II. CLASS           : Cephalopoda 

III. ORDER          : Ammonoidea  

IV. MORPHOLOGY:  

i. Shell form: Conispiral or Coiled.  

ii. Coiling: Involute .  

iii. Umbilicus: Sealed. 

iv. Body chamber: Large. 

v. Ornamentation: Ribs two rows at the periphery. 

vi. Suture: Ammonitic.   

Age :  Cretaceous. 

BELEMNITES 

I. PHYLUM      : Mollusca 

II. CLASS           : Cephalopoda 

III. ORDER          : Coeloidea  

IV. MORPHOLOGY:  



i. Shape: Cigar shaped.  

ii. Parts: Three parts namely (1) Phragmocone (2)Guard or Rostrum (3)Pro-

ostracum. 

iii. Phragmocone: It is a chambered shelly cone. The chamber is formed by 

septa. Septa necks are retrosiphonate. Siphuncle is at the ventral. 

iv. Guard: More or less conical, lower end pointed growth lines distinct. 

v. Pro-ostracum: Extention of the free end of guard and wing like. 

vi.  Suture: Ammonitic.   

AGE:  Cretaceous. 

PHYLUM-PROTOZOA 

                          The phylum   Protozoa include unicellular animals. They have no tissue. The 

size range may be from one millimeter to several centimeters. It consists   of  protoplasm. The 

protoplasm consists of cytoplasm and nucleus. Most protozoans  have an elastic envelope called 

pellicle.The phylum protozoa is divided into four classes namely Flagellata or Mastigophora, 

Sarcodina or gymnomyxa, ,Sporozoa and Ciliata  Among the four classes, the class sarcodina 

or gymnomyxa is represented as fossil. The class gymnomyxa is divided into two important 

orders they are Foraminifera  and Radiolaria  

 

Order- Foraminifera 

It is unicellular animal. They have thread like projection called pseudopodia. It is useful for 

feeding and locomotion. They lack pellicle. Most of them are marine living, except Allogromia. 

The individual has cytoplasm. The cytoplasm is differentiated into endoplasm and ectoplasm. 

The ectoplasm is on outside and the endoplasm is inside. The ectoplasm forms the test. The test 

is perforated by number of pores.  

Reproduction (Dimorphism or Alternation of generation): 

                  The life cycle of foraminifera consist of both sexual and asexual reproduction 

alternatively. This alternation produces two different kinds of test which illustrate dimorphism. 

A small test produced asexually has large proloculus.  Called as megalospheric test. A large 

test produced sexually has a small proloculus called as microspheric test. 

Life cycle diagram: 



              The microspheric test produces asexually a number of megalospheric individual tests. 

The male and female individual of megalospheric form undergoes sexual fertilization forming a 

zygote. The zygote produces number of microspheric individuals. Thus it completes the two life 

cycles of generations.  

 

Test morphology: 

            The foraminiferal test may be calcareous, chitinous, or arenaceous test. The arenaceous 

test or siliceous test is rare. The test may be formed by the organism or made up of sediments 

collected from the sea bottom by pseudopodia and cemented together. The test formed by 

sediments is called as agglutinated test or arenaceous test.  

                The calcareous test is classified into two types such as Vitreous or perforate  and  

Porcellaneous or imperforate. The vitreous  test  has glassy appearance and  has numerous 

pores. The porcellaneous test is opaque in nature and has no pores The chitinous tests do not 

appear as fossils.  The agglutinated test consists of sand grains, sponge spicules and other shell 

fragments. 

                The fundamental unit of test is called as chamber. It consists of a cavity and a 

surrounding wall. The first formed chamber is called proloculus.  In some shell, it is simple 

sphere with a small neck or hollow tube. The neck may be straight  or curved or coiled. Such test 

is called unilocular or monothalamous test The formation of multi- chambered test is called 

multilocular test or polythalamous test. The multilocular test may be uniserial, biserial and 

triserial. The line of contact between the chamber and the coil is called as suture. 

COILED TEST: 

S.No MEGALOSPHERIC MICROSPHERIC 

1 Asexually produced. Sexually produced. 

2 Proloculus is large. Proloculus is small. 

3 Test is small. Test is large. 

4 Ontogeny incomplete. Ontogeny complete. 

5 Chambers few in number. Chambers are many. 

6 Test common and numerous. Test uncommon and rare. 



                 The coiled  test may be convolute, involute, and evolute .The early whorls are partly 

covered by the last whorl is called as convolute The last whorl covers all the previous whorls 

fully which is termed as involute . All the whorls are visible in nature which is called as evolute.  

In miliolids , The chambers are arranged in an angular pattern with the previous chamber. 

Example: Pyrgo with 180°, Triloculina  shows 120°, Quinqueloculina has 75 degree with either 

three chambers on both sides or three chambers on one side and four chambers on the other side. 

But Triloculina has only three chambers. 

               Some foraminifera resemble small bushes called as arborescent. The star shaped test is 

called stellate. Disc shaped test is called discoidal. Fan shaped test is called flabelliform. Pear 

shaped test is called pyriform. Any abnormal shaped test is called fistulose.  

APERTURE:  

         Aperture is an opening from a chamber to the exterior (other than the pore of the  test). In 

the uniserial chamber, the aperture is situated at the end of the chamber is called terminal 

aperture. The flattened portion below the aperture is called apertural neck.  The shape of the 

aperture may be crimbate or slit like or bifid or truncated. The early formed chamber covered 

by the later chamber is called relict aperture. The axis of coiling of coiled foraminifera is called 

umbilicus.  

GEOLOGICAL HISTORY: 

          The foraminifera first appeared in Cambrian. During Paleozoic and Mesozoic, it is limited 

in population. In tertiary and quarternary periods, it shows a peak population. It is a long range 

fossil from Cambrian to Recent. 

USES OF FORAMINIFERA: 

1. It is more applicable in petroleum exploration, because it is tiny in size. 

2. During drilling, it will not be affected by drilling process. So foraminifera can be correlated 

locally, regionally and continent to continent. 

3. It is a good environmental indicator. 

FOSSILS: 

NODOSARIA 

I. PHYLUM       : Protozoa 

II. CLASS           : Gymnomyxa 



III. ORDER          : Foraminiferida 

IV. FAMILY        : Nodosaridae 

V. MORPHOLOGY:  

i. Test wall: Calcareous, finely perforate. 

ii. Chamber: Multichambered, uniserial, straight,     symmetrical rounded in section. 

iii. Suture: Straight and perpendicular to the axis of the test.  

iv. Ornamentation: Smooth or with granules, spines or ribs.  

v. Aperture:  Terminal.  

VI. AGE:   Silurian to Recent. 

TEXTULARIA 

I. PHYLUM       : Protozoa 

II. CLASS           : Gymnomyxa 

III. ORDER          : Foraminiferida 

IV. FAMILY        : Textularidae 

V. MORPHOLOGY:  

i. Test wall:  Agglutinated and elongated. 

ii. Chamber: Biserial,  circular in cross section, numerous in numbers.   

iii.  Aperture:  Single, low arc at the base of the flat chamber.  

VI. AGE:   Upper Silurian to Recent. 

LAGENA 

I.  PHYLUM       : Protozoa 

II. CLASS           : Gymnomyxa 

III. ORDER          : Foraminiferida 

IV. FAMILY        : Nodosaridae 

V. MORPHOLOGY:  

i. Test wall: Calcareous, finely perforate. 

ii. Chamber: Unilocular, flask shaped. 

iii. Ornamentation: Smooth or spinose or ribbed or striated.  

iv. Aperture: round or oval on elongate neck which may have phialine lip.   

VI. AGE:   Jurassic to Recent. 

 



AMMONIA 

I. PHYLUM       : Protozoa  

II. CLASS           : Gymnomyxa 

III. ORDER          : Foraminiferida 

IV. FAMILY        : Rotaliidae 

V. MORPHOLOGY:  

i. Test wall: Calcareous, perforate. 

ii. Coiling: Trochospirally coiled with 3 to 4 whorls. Evolute on dorsal side and 

involute on ventral side.  

iii. Suture: Curved, thickened on dorsal side and depressed on ventral side.   

iv. Umbilicus: Umbilical surface with irregular granules along sutures and umbilical 

regions. Umbilicus may be with umbilical fissures with numerous fused pillars 

and bosses.  

v. Aperture:  Slit shaped at the base of the final chamber.  

VI. AGE:   Miocene to Recent. 

GLOBIGERINA 

I. PHYLUM       : Protozoa 

II. CLASS           : Gymnomyxa 

III. ORDER          : Foraminiferida 

IV. FAMILY        : Globigerinidae 

V. MORPHOLOGY:  

i. Test wall: Calcareous, perforate. 

ii. Coiling: Trochospirally coiled. 

iii. Chamber: Spherical to ovate. 

iv. Ornamentation: Pitted or Cancellated.  

v. Aperture: Umbilical.   

AGE:  Paleocene to Recent. 

 

 

 



PLANT FOSSILS 

GLOSSOPTERIS 

I. DIVISION      : Pteropsida 

II. CLASS           : Gymnospermae  

III. ORDER          : Pteridospermae  

IV. GENUS          : Glossopteris  

V. MORPHOLOGY:  

                   The frond is large and varies in shape and size. Generally it is lenticular in shape 

with smooth margin, obtuse or spatulate apex. Midrib is present. Venation is reticulate. 

Length varies from 30-40cm. The rhizome of glossopteris is called vertebraria.   

VI. AGE:  Upper Carboniferous to Lower Triassic (Lower Gondwana). 

 

GANGAMOPTERIS 

I. DIVISION      : Pteropsida 

II. CLASS           : Gymnospermae  

III. ORDER          : Pteridospermae  

IV. GENUS          : Gangamopteris  

V. MORPHOLOGY:  

                   The frond is large and varies in shape and size. Generally it is lenticular in shape 

with smooth margin, obtuse or spatulate apex. Midrib is absent. Venation is sub-parallel. 

Length varies from 30-40cm.    

VI. AGE:  Upper Carboniferous to Lower Triassic (Lower Gondwana). 

PTILOPHYLUM 

I. DIVISION      : Pteropsida 

II. CLASS           : Gymnospermae  

III. ORDER          : Pteridospermae  

IV. GENUS          : Ptilophylum  

V. MORPHOLOGY:  



                   The main frond is divided into number of lenceolate pinnules with entire margin 

acute apex. The pinnules have midrib and veins arched. Pinnules overlap each other and attach 

to the main rachis in an oblique manner.    

VI. AGE:  Jurassic to Cretaceous (Upper Gondwana). 

Introduction to Gondwana Flora of India 

The name ‘Gondwana’, suggested by H. B. Medlicott (1872), is derived from the ancient tribal 

Dravidian Gond Kingdom of Madhya Pradesh ruled by Rani Durgabati during the reign of Akbar 

the Great. Later the term ‘Gondwana System’ was published by Ottokar Feistmantel (1876), 

comprising of continental rock formation with coal seams and fossil plants and animals of the 

Upper Palaeozoic as well as Mesozoic Eras. 

Other scientists discovered similar continental rock formations with coal seams and fossils from 

faraway continents of  the Southern Hemisphere like South America, South Africa, Antarctica, 

Australia, Madagascar and New Zealand. Thus, the concept ‘Gondwanaland’ (Fig. 1.98) was 

introduced by Edward Suess (1885) which was originally conceived by Blanford (1875). 

 
Fig: The continents during Upper Carboniferous to lower cretaceous 

It is believed that the Gondwana Era began after the second major period of earth revolution, the 

Hercynian Revolution during Upper Carboniferous. The Gondwanaland lasted up to the 

beginning of the Cretaceous when the third major revolution of earth i.e., the Alpine- Himalayan 

Revolution took place. 

This gave rise to the concept of two supercontinents by Du Toit (1937), one forming the 

Northern continental mass, the Laurasia and the Southern continent Gondwanaland, separated by 

the great equatorial Tethys sea. Thus, the single landmass, Gondwanaland, existed, showing a 

clear floral continuity ranging in age from the Upper Carboniferous to the beginning of the 

Cretaceous, from bottom to the top. 



There was free and easy migration of plants and animals in this land mass, exhibiting similarity 

in floral composition and climatic conditions. There was several local minor revolutions of earth 

that changed the pattern of flora or fauna of the region in some periods. Though, these minor 

revolutions did not affect the whole landmass and many of them must have been localised. 

Indian Gondwana Stratigraphy: 

Gondwanaland existed from the Lower Permian to the Lower Cretaceous with a span of 225 m.y. 

The Gondwana system is comprised of continental deposits of conglomerates, sandstones, shales 

and coal measures of mainly fluviatile (river) and locustrine (lake) origin. Recent works also 

indicate the presence of some marine intercalations in the Gondwana sediments of central and 

east coastal India. 

The sediments were deposited in trough-like basins, bounded on either side by older Archaean 

rocks which endured faulting. Archaean rocks protected the Gondwana deposits from denudation 

and thus preserved the sediments in their original horizontal stratification. There is a striking 

homogeneity of Gondwana sediments with a uniform alteration of sandstones and shales bearing 

coal seams. 

Distribution of Indian Gondwana Rocks: 

The Gondwana rocks are mainly distributed in major river valleys of Peninsular India. These are 

— (i) Damodar valley, (ii) Sone-Mahanadi valley, and (iii) Wardha-Godavari valley. A few 

exposures also occur in the Eastern coast (e.g., Cauvery, Palar, Krishna-Godavari and Orissa), 

Western Rajasthan, Saurashtra and Kutch. The Gondwana Basins have been mentioned in Table 

(Correlation of peninsular Indian Gondwana Formations) 



 

In the extra-peninsular, some detached outcrops are found in northern India such as Punjab Salt 

Range and Kashmir; and also in the sub- Himalayan regions of Sikkim, Bhutan,  

Arunachal Pradesh and Assam. The extra-peninsular outcrops have been subjected to 

metamorphism, showing very poor fossil content. 

Classification of the Gondwanas: 

The classification of Indian Gondwanas is a matter of controversy. 

G. de Cotton (1917) and Fox (1931) divided the Gondwana system into two major divisions 

(Table 1.3). Lower Gondwana (Lower Permian to Lower Triassic) and Upper Gondwana (M. 

Triassic to L. Cretaceous) which are characterised by Clossopteris and Ptilophyllum floras, 

respectively. 

Feistmantel (1876) and Vredenburg (1910) proposed a three-fold classification of Gondwana: 

Lower, Middle and Upper Gondwanas (Table 1.3) which are correspondingly equivalent to the 

Permian, Triassic and Jurassic. All the localities containing Lower Gondwana fossils, but bearing 

the lithological characteristics of the Upper Gondwanas such as Panchet, Pachmari, Parsona, 

Maleri etc. are retained in the Middle Gondwana (Table). 



The Middle Gondwana is characterised by Dicroidium flora, present in between the Glossopteris 

and Ptilophyllum floras. Subsequently, most of the palaebotanists supported the three-fold 

division of Gondwana. 

The sub-divisions of Gondwana system are further divided into various series and stages. There 

is no controversy regarding the division of Gondwana up to series. However, the controversy 

arises at the level of stages and horizons. The flora of Gondwana is arranged with reference to 

the time scale which begins with the Talchir and extends up to the Bansa, Pariwar and Bhuj 

Formations. 

According to the period of dominance of the principal genus of the floral assemblage, the 

Gondwana can be classified into three divisions 

1. Lower Gondwana: 

This division shows predominance of the Glossopteris flora, during Permian period, in which the 

Talchir, Karkarbari, Barakar, Barren measures Raniganj, Motur, Hingir and Bijori Formations 

are included. Some elements of this division continues till the Middle Triassic. 

2. Middle Gondwana: 

This is characterised by the accession of Dicroidium and declining of Glossopteris flora (mixed 

flora) at the beginning of Triassic which extends up to the Upper Triassic with dominance of 

Dicroidium flora. In this division, Panchet, Kamthi, Pachmari, Maleri, Parsora, Bagra, Tiki, etc. 

Formations have been included. 

3. Upper Gondwana: 

This is characterised by the arrival of Ptilophyllum 

flora till the end of Gondwana era, ranging from 

Jurassic to Lower Cretaceous, in which Dubrajpur, 

Rajmahal, Kota, Jabalpur, Gangapur, Shivganga, 

Bhuj, Pariwar, etc., Formations are conveniently 

included. 

There is overlapping of the three distinct floras 

where the elements of the dying flora crawl for 

some time amongst the evolving flora, thus, 

showing the floral continuity throughout the 

Gondwana period. 



So, there is a gradual decline of one flora with the simultaneous evolution of the other, both in 

number of individuals and species. Even in a single flora, there is specific delimitation where 

certain species characterise the smaller units of bigger sub-divisions. Thus, the larger sub-

divisions can further be divided into smaller units (Fig). 

Major Floral Distribution of Gondwanas: 

Lower Gondwana Flora: 

The different plants (Fig) recovered from the various stages of the Lower Gandwara are listed: 

1. Pteridophytes: 

(i) Equisetales : Schizoneura, Phyllotheca, Stellotheca. 

(ii) Sphenophyllales: Sphenophyllum, Rani- ganjia, Trizygia. 

(iii) Lycopodiales : Cydodendron. 

(iv) Filicales : Gondwanidium, Pecopteris, Sphenopteris, Angiopteridium, etc. 

2. Gymnosperms:  

(i) Glossopteridales : Gangamopteris, Glossopteris, Rubidgea, Rhabdotaenia, Vertebraria, 

Scutum, Ottokaria, Glosso- theca, etc. 

(ii) Cycadales: Pseudoctenis, Taeniopteris. 

(iii) Cordaitales : Noeggerathiopsis, Eury- phyllum, Cardiocarpus, Samaropsis. 

(iv) Ginkgoales : Psygmophyllum, Ginkgo- phyton. 

(v) Coniferales : Buriadia, Barakaria, Dadoxylon, Araucareoxylon, Agathoxylon, Damudoxylon 

etc. 

 

 

 

 

 

 

 

 

 

 



Middle Gondwana Flora: 

The different plants (Fig.) recovered from the Middle Gondwana are listed: 

1. Pteridophytes: 

(i) Equisetales : Schizoneura. 

(ii) Calamitales : Neo-Calamites. 

(iii) Filicales : Pecopteris, Sphenopteris, Marianopteris Cladophlebis. 

2. Gymnosperms: 

(i) Glossopteridales : Glossopteris, Macro- taeniopteris, Vertebraria, Dictyopteridium. 

(ii) Corystospermales : Dicroidium. 

(iii) Cycadales: Pseudoctenis, Taeniopteris. 

(iv) Cycadeoidales : Pterophyllum, Zamites, Podozamites. 

(v) Cordaitales : Neoggerathiopsis, Cardio- carpus, Samaropsis. 

(vi) Coniferales : Araucarites. 

Upper Gondwana Flora: 

The major floral distribution (Fig.) of the Upper Gondwana is listed: 

1. Pteridophytes: 

(i) Lycopodiales : Lycopodites. 

(ii) Isoetates : Isoetites. 

(iii) Equisetales: Equisetites. 

(iv) Filicales : Phlebopteris, Marattiopsis, Gleichenites, Sphenopteris, Osmundites, Cladophlebis, 

Cyclopteris. 

2. Gymnosperms: 

(i) Corystospermales: Dicroidium, Pachypteris, Cycadopteris. 

(ii) Cycadales : Niissonia, Taeniopteris, Macrotaeniopteris, Pseudoctenis. 

(iii) Cycadeoidales : Pterophyllum, Ptilo- phyllum, Bucklandia Weltrichia, Zamites, 

Podozamites, Otozamites, Williamsonia, Cycadeoidea, Anomo- zamites, Sahnioxylon. 

(iv) Caytoniales : Sagenopteris, Caytonia, Caytonanthus. 

(v) Pentoxylales : Nipaniophyllum, Carnoconites, Pentoxylon. 

(vi) Cordaitales : Neoggerathiopsis, Cardio- carpus, Samaropsis. 

(vii) Coniferales : Dadoxylon, Stachyotaxus, Elatochadus, Nipaniostrobus, Sitholeya, 

Indophyllum, Pagiophyllum, Brachyo- phyllum, Araucarites. 

(viii) Ginkgoales : Baiera, Ginkgoites. 

(ix) Taxales : Taxaceoxylon, Torreyites, Taxites. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evolution of the Horse 

The evolutionary lineage of the horse is among the best-documented in all paleontology. The 

history of the horse family, Equidae, began during the Eocene Epoch, which lasted from about 

56 million to 33.9 million years ago. During the early Eocene there appeared the first ancestral 

horse, a hoofed, browsing mammal designated correctly as Hyracotherium but more commonly 

called Eohippus, the “dawn horse.” Fossils of Eohippus, which have been found in both North 

America and Europe, show an animal that stood 4.2 to 5 hands (about 42.7 to 50.8 cm, or 16.8 to 

20 inches) high, diminutive by comparison with the modern horse, and had an arched back and 

raised hindquarters. The legs ended in padded feet with four functional hooves on each of the 



forefeet and three on each of the hind feet—quite unlike the unpadded, single-hoofed foot of 

modern equines. The skull lacked the large, flexible muzzle of the modern horse, and the size 

and shape of the cranium indicate that the brain was far smaller and less complex than that of 

today’s horse. The teeth, too, differed significantly from those of the modern equines, being 

adapted to a fairly general browser’s diet. Eohippus was, in fact, so unhorse like that its 

evolutionary relationship to the modern equines was at first unsuspected. It was not until 

paleontologists had unearthed fossils of later extinct horses that the link to Eohippus became 

clear. 

 

 

 

 

 

 

 

 

 

 

Evolution of the horse Evolution of the horse over the past 55 million years. The present-day 

Przewalski's horse is believed to be the only remaining example of a wild horse—i.e., the last 

remaining modern horse to have evolved by natural selection. Numbered bones in the forefoot 

illustrations trace the gradual transition from a four-toed to a one-toed animal. 

Eohippus Eohippus, Existing toe bones of the forefoot are numbered outward from the centre of 

the body. Officially, taxonomists have classified this extinct mammal, which is considered to be 

the first known horse, in the genus Hyracotherium. 

The line leading from Eohippus to the modern horse exhibits the following evolutionary trends: 

increase in size, reduction in the number of hooves, loss of the footpads, lengthening of the legs, 

fusion of the independent bones of the lower legs, elongation of the muzzle, increase in the size 

and complexity of the brain, and development of crested, high-crowned teeth suited to grazing. 

This is not to imply that there was a steady, gradual progression in these characteristics leading 

inevitably from those of Eohippus to those of the modern horse. Some of these features, such as 



grazing dentition, appear abruptly in the fossil record, rather than as the culmination of numerous 

gradual changes. Eohippus, moreover, gave rise to many now-extinct branches of the horse 

family, some of which differed substantially from the line leading to the modern equines. 

 

 

 

 

 

 

Hyracotherium, or EohippusA specimen of Hyracotherium 

Although Eohippus fossils occur in both the Old and the New World, the subsequent evolution 

of the horse took place chiefly in North America. During the remainder of the Eocene, the 

prime evolutionary changes were in dentition. Orohippus, a genus from the middle Eocene, 

and Epihippus, a genus from the late Eocene, resembled Eohippus in size and in the structure 

of the limbs. But the form of the cheek teeth—the four premolars and the three molars found in 

each half of both jaws— had changed somewhat. In Eohippus the premolars and molars were 

clearly distinct, the molars being larger. In Orohippus the fourth premolar had become similar 

to the molars, and in Epihippus both the third and fourth premolars had become molar like. In 

addition, the individual cusps that characterized the cheek teeth of Eohippus had given way in 

Epihippus to a system of continuous crests or ridges running the length of the molars and 

molariform premolars. These changes, which represented adaptations to a more-specialized 

browsing diet, were retained by all subsequent ancestors of the modern horse. 

Fossils of Mesohippus, the next important ancestor of the modern horse, are found in the early 

and middle Oligocene of North America (the Oligocene Epoch lasted from about 33.9 million 

to 23 million years ago). Mesohippus was far more horselike than its Eocene ancestors: it was 

larger (averaging about 6 hands [about 61 cm, or 24 inches] high); the snout was more muzzle 

like; and the legs were longer and more slender. Mesohippus also had a larger brain. The fourth 

toe on the forefoot had been reduced to a vestige, so that both the forefeet and hind feet carried 

three functional toes and a footpad. The teeth remained adapted to browsing. By the late 

Oligocene, Mesohippus had evolved into a somewhat larger form known as Miohippus. The 

descendants of Miohippus split into various evolutionary branches during the early Miocene  (the 

Miocene Epoch lasted from about 23 million to 5.3 million years ago). One of these branches, known as 

the anchitheres, included a variety of three-toed browsing horses comprising several genera. 

Anchitheres were successful, and some genera spread from North America across the Bering land 

bridge into Eurasia. 

The ancestral horse Miohippus, Existing toe bones of the forefoot are numbered outward from the centre 

of the body. It was a different branch, however, that led from Miohippus to the modern horse. The first 



representative of this line, Parahippus, appeared in the early Miocene. Parahippus and its descendants 

marked a radical departure in that they had teeth adapted to eating grass. 

 

 

 

 

 

 

 

 

 

 

 

 

                   It was a different branch, however, that led from Miohippus to the modern horse. 

The first representative of this line, Parahippus, appeared in the early Miocene. Parahippus and 

its descendants marked a radical departure in that they had teeth adapted to eating grass. 

Grasses were at this time becoming widespread across the North American plains, providing 

Parahippus with a vast food supply. Grass is a much coarser food than succulent leaves and 

requires a different kind of tooth structure. The cheek teeth developed larger, stronger crests and 

became adapted to the side-to-side motion of the lower jaw necessary to grind grass blades. 

Each tooth also had an extremely long crown, most of which, in the young animal, was buried 

beneath the gumline. As grinding wore down the exposed surface, some of the buried crown 

grew out. This high-crowned tooth structure assured the animal of having an adequate grinding 

surface throughout its normal life span. Adaptations in the digestive tract must have occurred as 

well, but the organs of digestion are not preserved in the fossil record. 

The change from browsing to grazing dentition was essentially completed in Merychippus, 

which evolved from Parahippus during the middle and late Miocene. Merychippus must have 

looked much like a modern pony. It was fairly large, standing about 10 hands (101.6 cm, or 40 

inches) high, and its skull was similar to that of the modern horse. The long bones of the lower 

leg had become fused; this structure, which has been preserved in all modern equines, is an 

adaptation for swift running. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ancestral horse Merychippus, . Existing toe bones of the forefoot are numbered outward 

from the centre of the body. 

Equus—the genus to which all modern equines, including horses, asses, and zebras, belong—

evolved from Pliohippus some 4 million to 4.5 million years ago during the Pliocene. Equus 

shows even greater development of the spring mechanism in the foot and exhibits straighter and 

longer cheek teeth. This new form was extremely successful and had spread from the plains of 

North America to South America and to all parts of the Old World by the early Pleistocene (the 

Pleistocene Epoch lasted from about 2,600,000 to 11,700 years ago). Equus flourished in its 

North American homeland throughout the Pleistocene but then, about 10,000 to 8,000 years ago, 

disappeared from North and South America. Scholars have offered various explanations for this 



disappearance, including the emergence of devastating diseases or the arrival of human 

populations (which presumably hunted the horse for food). Despite these speculations, the 

reasons for the demise of Equus in the New World remain uncertain. The submergence of the 

Bering land bridge prevented any return migration of horses from Asia, and Equus was not 

reintroduced into its native continent until the Spanish explorers brought horses in the early 16th 

century. 

 During the Pleistocene the evolution of Equus in the Old World gave rise to all the 

modern members of the genus. The modern horse, Equus caballus, became widespread from 

central Asia to most of Europe. Local types of horses, all breeds of this single species, 

undoubtedly developed, and three of these—Przewalski’s horse (E. ferus przewalskii or E. 

caballus przewalskii) from central Asia, the tarpan from eastern Europe and the Ukrainian 

steppes, and the forest horse of northern 

 Europe—are generally credited as being the ancestral stock of the domestic horse. 

(Przewalski’s horse may be the last surviving distinct breed of wild horse when compared 

genetically with domesticated horses.) According to this line of thinking, Przewalski’s horse and 

the tarpan formed the basic breeding stock from which the southerly “warm-blooded” horses 

developed, while the forest horse gave rise to the heavy, “cold-blooded” breeds. 
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CAUTION 

  

Many of the laboratory techniques described in this manual implement the use of toxic chemicals 

that are dangerous for your health.  Acids and organic solvents are the two types of chemicals are 

currently used.  The most frequently used acids are hydrochloric (HCl) and hydrofluoric (HF), 

and organic solvents are carbon tetrachloride (CCl4) which produces harmful vapours.  This 

manual contains warnings for these products when they are used during a procedure.  Also, these 

dangerous chemicals are written in bold throughout the text.     

 

 

INTRODUCTION 

 

 

The microfossils contained in sediments can provide a large amount of information on past 

environments.  Microfossil assemblages are indicators of the physical and chemical conditions of 

their habitat, providing access to qualitative or quantitative reconstructions of environmental 

parameters.  The microfaunal and microfloral inventory and concentration calculations can also 

provide biogenic fluxes and sedimentary input.  Finally, microfossils can incorporate the 

geochemical signature from the environment in which they form.  For example, the carbonate 

shells of ostracods and foraminifera can be used for geochemical and isotopic analyses.   

  

All samples in a sediment core or stratigraphic sequence are unique and invaluable.  Each sample 

is susceptible to multiple analyses, not only micropaleontological, but also sedimentological and 

geochemical.  Special care is taken to properly manage the various subsamples and analytical 

residues in order to optimise the whole sample.  The first objective of this document is to state 

the subsampling procedures, sediment storage and management, that have been implemented in 

our laboratory at GEOTOP in order to maximise access to the samples. 

 

Different sample preparation techniques for micropaleontological analysis can be used 

depending on the required result.  The techniques described in this document were adopted or 

developed with the goal to proceed with quantitative analyses of microfaunal or microfloral 

populations (counts, concentrations, flux, percentages).  The laboratory protocols were also 

established to maximise the number of micropaleontological and/or geochemical analyses within 

the same sample.   
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1. SAMPLE MANAGEMENT 

 

1.1 Sediment core subsampling 

 

Sampling is performed either during the research cruise or in the laboratory. After measurement 

of physical properties (density and magnetic susceptibility) with multi sensor-track core logger 

(MSCL), the sediment cores are split longitudinally in half: one is described and then archived, 

and the other is subsampled.  Ideally, the subsampling is conducted immediately after splitting 

the cores, before dehydration of the sediment.  

 

Wherever the subsampling takes place, strict precautions must be respected.  Teflon tools are 

normally used in order to avoid contamination that would bias trace element analyses. Prior to 

subsampling, the surface of the working half of the core, which may have been contaminated 

during splitting, is cleaned by removing a thin (<1 mm) layer of sediment with a spatula.  U-

Channel subsampling in the center of the core is often done for further analyses of magnetic 

properties. Subsampling for micropaleontological and geochemical analyses is done afterward. 

Special care should be made to avoid subsampling the sediment touching the core sleeve (~ 2 

mm), which consists of a zone of smeared sediment that is therefore contaminated.  The voids 

created during subsampling are filled with pieces of styrofoam to avoid the movement of 

sediment within the core.  The working half is then sealed with plastic wrap and inserted into a 

hard plastic tube that is identified with the core name and section at each end.   

 

The sampling protocols and the list of all samples and their storage requirements are provided in 

the cruise report at sea or in the sediment management notebook. 

 

1.2 Notebook for sediment management 

 

The volume of sediment is often limited, for example subsampling at 1 cm intervals from the 

working half of a 10 cm diameter core provides approximately 30 cm
3
 of sediment.  Considering 

the limited quantity of material, a maximum volume of sediment is allotted to the various types 

of micropaleontological analyses such as:  

- microfauna (mainly benthic foraminifera): 10 cm
3
 

- palynomorphs (pollen, dinocysts, etc.): 5 cm
3
 

- calcareous nannofossils and diatoms: 1 cm
3
 

 

The geochemical (C, CaCO3, C/N, U/Th, 
210

Pb, 
137

Cs, notably) and sedimentological analyses 

are performed on an approximate volume of 10 cm
3
. 

 

In order to have proper sediment management, each user must document the quantity of material 

and its destined analysis.  This information must be added to the sediment management notebook 
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along with the other documentation for the sediment core. 
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2. SAMPLE PREPARATION TECHNIQUES FOR CARBONATE MICROFOSSIL 

ANALYSIS (FORAMINIFERA, OSTACODS, AND PTEROPODS) 

 

2.1. General information 

 

The sediments may contain abundant microfauna that can be observed and analysed with a 

binocular microscope.  This microfauna contains multiple types of microfossils, including 

benthic and planktonic foraminifera (protozoans in the class rhyzopods), ostracods (subphylum 

crustacea), and pteropods (class gastropoda).  Although the ecology of these organisms is 

different, they are all characterised by a carbonate shell (or an agglutinated one like some 

thecamoebians) with dimensions on the order of a hundred micrometres.  The samples destined 

for microfaunal analyses are prepared following the same protocol, justifying their grouping 

here. 

  

The sample preparation for microfaunal analyses consist of relatively simple techniques, relying 

essentially on sieving the sediment.   

  

The observation, sorting and counting of foraminifera, ostracods, and pteropods are performed 

mainly on a dried fraction at relatively small magnification (x20 to x500).  The microfossils can 

be manipulated with a moist paint brush to avoid static.  Their identification often requires the 

observation of their different sides (e.g. dorsal or ventral) after manipulation with a paint brush.  

The structure of the calcareous shell (e.g., ornamentation, pore density) can be viewed with an 

electron scanning microscope. 

 

2.1.1. Foraminifera 

  

Foraminifera are the microfossils most commonly used for paleoecology and marine 

biostratigraphy, due to their abundance in continental margin marine sediments (mostly benthic 

species) or in deep ocean sediments (dominant planktonic species) and their relative large 

dimensions, which greatly facilitate their manipulation and observation.  Foraminifera are 

exclusively marine and can occupy different habitats: pelagic (planktonic species), epibenthic or 

endobenthic (benthic species).  Their test or fossilised shell consists of multiple connecting 

chambers, with those of adult forms reaching up to 10
2
 μm.  Planktonic foraminifera are good 

stratigraphic indicators of the interval covering the Jurassic to present, while benthic 

foraminifera are found since the Cambrian (Ordovician to present for calcareous species).  The 

foraminiferal carbonate tests are privileged to be used for geochemical analyses (trace elements, 

Mg/Ca, δ
18

O and δ
13

C, 
14

C). 

  

In abyssal sediments, planktonic foraminiferal concentrations may range up to 10
5
 tests/cm

3
.  

They are particularly abundant in the low latitude environments where they produce 
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“foraminiferal calcareous oozes”.  Within deep environments, below the lysocline, the 

preservation of planktonic and other calcareous microfossils can be affected by dissolution either 

selectively or completely.   

 

2.1.2. Ostracods 

 

The fossilisable part of the ostracod is a shell consisting of two calcified valves from 10
2
 to 10

4
 

μm in size.  Ostracods may be present in all sedimentary environments, including lacustrine, 

marine, and terrestrial.  They represent a large taxonomic diversity and consist of stratigraphic 

markers from the Cambrian to present.  Ostracod valves can also be analysed for the isotopic 

composition of oxygen and carbon.    

 

2.1.3. Pteropods 

 

Pteropods have an aragonitic shell ranging from 10
2
 to 10

4
 μm in size.  Pteropods are exclusively 

marine and occupy the mesopelagic zone of the oceans.  They can be abundant and produce ooze 

in marine sediments of mid to low latitudes.  Due to their aragonitic shell, they are susceptible to 

dissolution.  The stratigraphic distribution of pteropods is up for debate: their presence since the 

Cambrian is proposed, however the taxa undisputedly appear in the Cretaceous.   

 

 

2.2. Sample preparation 

 

2.2.1 Routine techniques 

 

 

 

 

 

 

1- Fill a graduated cylinder with 20 cm
3
 of distilled water, place it on a balance and then tare it 

(make the value equal 0.0 g). 

2- Measure 5 cm
3
 of wet sediment by displacement in the graduated cylinder.  Record the 

volume and weight of the wet sediment that was subsampled. 

3- Fold the n°4 Whatman filter into four and place it in the funnel, then place the funnel onto a 

250 ml plastic container that has been labelled with the sample number.  Pour the sample into 

the funnel, and rinse the graduated cylinder with the wash bottle of distilled water in order to 

recuperate all of the sediment.   

4- Store the container, funnel and filter containing the sample on a shelf so that the sample can 

dry at room temperature for 24 to 72 hours depending on the consistency of the sample. 

Equipment: precision balance 

Other materials: 50 ml graduated cylinder, 250 ml beaker, funnel, n°4 Whatman filter, 106 

µm mesh sieve (previously 63 μm and 125 μm mesh sieves), wash bottle with distilled water, 

250 ml plastic containers, 12 ml Nalgene containers, labels 
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5- Weigh the dry sample and record its weight.  This value allows for the calculation of the 

percent moisture in the sediment. 

6- Transfer the sediment into a 250 ml beaker containing approximately 100 ml of distilled 

water, and allow the sample to disintegrate for about 30 minutes. 

7- Empty the contents of the beaker onto the 106 μm sieve over the sink and properly wash the 

sample with warm tap water.  The less than 106 μm fraction is collected for other analyses, 

notably palynological analyses. 

8- Proceed with a final rinse with distilled water and pour the two larger size fraction onto n°4 

Whatman filters to dry at room temperature.   

9- Record the dry weight of the larger size fractions and transfer the sample into a 12 cm
3
 

Nalgene container labelled with a sticky label marked with the sample identification number. 

 

 

2.2.2. Heavy liquid separation (rarely used) 

 

Attention:  this technique requires the use of carbon tetrachloride (CCl4).  This solvent is very 

harmful, not only by contact with the skin but also by the vapours.  Always work with this solvent 

under the fume hood and wear protective gloves.   

 

  

 

 

 

 

When the samples are very sandy, it is possible to proceed with the separation of microfauna and 

the mineral fraction by using heavy liquids (e.g. carbon tetrachloride, CCl4).  The dry sieved 

sample is mixed with a heavy liquid (density ~ 2) in a beaker and the supernatant fraction is 

sieved into a filter as described above (the heavy liquid is collected for use with the subsequent 

fractions after filtration).  Several rinses are required in order to recuperate all of the microfauna.  

The mineral fraction, which decants in the beaker, is separated from the microfauna.  After 

drying, the various fractions are transferred into labelled Nalgene containers. 

The heavy liquid separation technique must be performed under the fume hood due to the 

toxicity and volatility of the chemicals.  Since the chemicals can contaminate the sample for 

further chemical analyses, this should be a technique used as a last resort. 

 

2.2.3. Staining living foraminifera 

 

 

 

 

Equipment: fume hood 

Other materials: 250 ml beaker, funnel with a n°4 Whatman filter, 12 ml Nalgene containers, 

labels 

Chemicals: CCl4 in solution (density ~ 2) 

Chemicals: rose bengal in powder, formalin or ethanol. 
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The surface sediment may contain living microfauna. The endobenthic foraminifera live in the 

sediment, up to a few centimetres depth.  In order to establish the habitat of certain foraminiferal 

species and study the populations, it is useful to distinguish the living foraminifera from the 

fossil tests.  To accomplish this task, we add a solution of rose bengal to the sediment as soon as 

it has been sampled to selectively stain the living cells.   

  

The solution used is a mix of 2 g of powdered rose bengal in 1 L of formalin or ethanol.  The 

solution, prepared in advance, is mixed with the sediment immediately after sampling.  We 

generally add 15 ml of the solution per 10 cm
3
 of sediment.  The sample containers must be well 

sealed.  The coloured sample can be stored for many years.  The living foraminifera at the time 

of sampling will retain pigmentation unlike the fossil tests. 

 

 

2.3. Subsampling and sieving  

 

 

 

 

The microfaunal richness of the sediment can be quite variable. Concerning benthic foraminifera 

and ostracods, the number of individuals per unit volume is generally low: the extraction of all 

specimens present in the whole sample is often necessary for a statistically representative sample 

for a population analysis (N > 200).  As for the planktonic foraminifera, the number of 

individuals per unit volume can be considerable.  When the density or the concentration of 

microfossils is high, observation and counting on the plate can’t be performed on the whole 

sample.  We then proceed on extracting from a representative fraction of the sedimentological, 

geochemical, or micropaleontological facies of the sample (an aliquot) with the help of a splitter 

that can separate the sample into two equal fractions.  The sample can be split into as many 

fractions as necessary (x2, x4, x8, x16, x32...) to obtain an aliquot containing a population with a 

reasonable density for analysis.  It is important to note the final fraction of the sample (1/2, 1/4, 

1/8, 1/16, 1/32...) represented by the aliquot in order to calculate the subsequent concentration. 

   

Other than the splitting, granulometric separation can or must be performed prior to the 

observation, identification and countingn.  The granulometric separation is dependent on the type 

of microfossil to be analysed. With the routine technique (see 2.2.1) implying sieving at the >106 

µm, the small fraction is kept for palynological analyses and the coarse > 106 µm is available for 

the microfaunal analyses. For planktonic foraminiferal analyses, we proceed by sieving at 150 

μm and only the ≥ 150 μm are used for systematic counting.  The smaller fraction and juvenile 

forms are therefore excluded.  This is a convention adopted by most micropaleontologists 

analysing planktonic foraminiferal populations since the databases destined for transfer 

functions, have been established using this fraction. However, there now many researchers 

Equipment: splitter, series of sieves (63, 125, 150, 250, 500 μm), counting plate, paint brush. 
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claiming that many subpolar species such as Turborotalia quinqueloba are underrepresented in 

the >150 µm fraction.  

 

There is no formal convention for benthic foraminiferal analyses, and a certain disagreement 

exists within the micropaleontological community.  Given the small size of some species (e.g. 

Stetsonia which is characteristic of polar environments), many micropaleontologists have 

supported analyses on microfauna > 63 μm.  However, most micropaleontologists only identify 

microfauna that are > 125 μm to avoid counting the juvenile forms which are often abundant and 

difficult to identify.  At GEOTOP, we have adopted an intermediate position: the counting is 

performed on three fractions; the ≥ 250 μm, 150-250 μm and 106-150 µm size fractions can be 

used for species identification and countings. The results are usually reported from the overall 

>106µm fraction. The >63 μm size fraction is used when required for the purpose of the research 

project.   

 

No convention exists for ostracods, however counting the ≥ 63 μm fraction is performed most 

often. Pteropods are generally analysed within the ≥ 150 μm size fraction, similarly to planktonic 

foraminifera. 

 

2.4. Counting and concentration calculations 

 

After splitting and sieving, the microfauna are spread evenly for observation under a binocular 

microscope.  The microfaunal taxa identified are systematically enumerated.  However, in spite 

of the earlier splitting, the number of individuals in the aliquot may still be too high to justify 

systematic counting.  It is then possible to proceed with the analysis on a portion of the aliquot 

by counting the individuals on a section of the observation plate.  The plate is divided into a 

quadrate of equally sized squares; counting in randomly assigned squares produces a systematic 

counting.  In this case, it is necessary to note the number of squares counted with respect to the 

number of total squares to calculate the fraction of the plate that is counted.  A random 

distribution of the analysed squares is important since the microfossils tend to selectively 

distribute themselves on the counting plate due to their form (which is more or less round), their 

dimensions or their weight.   

The enumerations performed by systematic counting on the total or partial area allows for 

calculation, by extrapolation, the concentration of microfauna in the sediment, either the number 

of individuals per unit of weight or volume of initial sediment. 

 

The concentration  C   =  n x a x s 
           pse 
 

where  “n” represents the total number of counted microfossils 

 “a” is the number of splits, or 1/the aliquot fraction 
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 “s” is the ratio of the plate area over the area analysed 

 “pse” is the initial weight or volume of the sample. 

 

 

2.5. Extraction of foraminifera for stable isotope analysis 

 

The extraction of carbonate tests from the benthic or planktonic foraminifera for isotopic 

analyses (δ
13

C and δ
18

O) is usually performed from the palynological residues (> 106 or > 120 

μm; see chapter 5).  However, if the residues do not contain a sufficient amount of foraminifera 

(which is often the case for benthic species), it is possible to use the foraminifera from the 

microfaunal analyses.   

  

The foraminiferal isotopic analyses are performed on monospecific populations, due to species 

specific fractionation or habitat.  Otherwise, in order to avoid contamination, foraminifera 

containing clay despite washing during sieving or that have been pyritised must be discarded. 

 

Isotopic analyses of planktonic foraminifera are performed on approximately 10 tests of the same 

species and size (e.g., Neogloboquadrina pachyderma sinistral from the 150 to 250 μm size 

fraction).  The species to extract depends on the assemblage present at various intervals in the 

core.  Technically, it is possible to obtain an isotopic measurement from the analysis of 2 to 3 

planktonic foraminiferal tests. However, it is preferable to analyse a constant quantity to simplify 

the operations of the mass spectrometer. It is of note that larger populations of foraminifera (~ 50 

shells) had to be measured on the previous generation of mass spectrometers (in the 1980s and 

1990s).  

 

The tests are picked and placed onto micropaleontological slides with one or two holes identified 

with the sample number (cruise, core, depth).  Also written on the slide as well as in the 

notebook is the number of foraminifera picked and on the slide.   

 

The number of benthic foraminifera necessary for isotopic analysis varies with the size of the 

species to be analysed (between 2 and 30 tests).  The species analysed, preferably epibenthic, is 

dependent on the assemblage which can vary from one core to another.  In general, 4 to 5 species 

are extracted simultaneously in order to obtain a composite series of analyses.  It is fairly rare 

that one single benthic species is present throughout the whole sedimentary sequence, 

particularly when the core site is situated in a location with large amplitude variations of 

environmental parameters. 

 

 

2.6. Extraction of foraminifera for 
14

C analysis 
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The analysis of foraminifera for accelerator mass spectrometry (AMS) requires approximately 10 

mg of carbonate.  It is possible however to obtain a measurement on lower quantities (1 mg is a 

minimum).  The analyses are generally performed on monospecific populations of planktonic 

foraminifera from the > 106 μm size fraction.  The foraminifera are extracted from the 

palynological residues or from the microfaunal preparations (and after counts and stable isotope 

analysis).  A laboratory notebook is present for recording any extractions for 
14

C analyses, 

indicating the sample number, the extracted species name and total weight of the foraminiferal 

sample. 
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3. SAMPLE PREPARATION TECHNIQUES FOR THE ANALYSIS OF COCCOLITHS 

AND OTHER CALCAREOUS NANNOFOSSILS 

 

3.1. General information 

 

Calcareous nannofossils are very small microfossils (2 to 50 μm) composed of calcium 

carbonate.  They are very good biostratigraphic markers within marine sediments by covering the 

Jurassic to present. 

 

Among the calcareous nannofossils, coccoliths are the dominant group.  Coccoliths are plates 

that form the backbone of coccolithophores, unicellular algal biflagellates belonging in the 

division of crysophytes. Calcareous nannofossils also include certain species of dinoflagellate 

cysts that are unicellular algal biflagellates belonging to the division of Dinoflagellata.  Other 

calcareous nannofossils are observed in Mesozoic sediments (e.g. Nannoconus, 

Schizophaerella). However, their biological affinities are not known. 

  

Coccoliths may be present in very large numbers in pelagic sediments (in the order of million to 

billion individuals per cm
3
) and they may form oozes.  In abyssal environments, below the 

lysocline, the preservation of coccoliths can be affected by the dissolution of calcium carbonate.   

  

The objective of the preparation of a sample for nannofossil analysis is simple.  Smear slides are 

used in many cases.  However, it is desirable to defloculate and homogenise the sample to 

produce a slide containing a uniform sample of nannofossils. 

 

The observation and counting of calcareous nannofossils is most commonly performed at a 

polarising optical transmitted light microscope at high magnification (1000x). The rotation of the 

slide on a rotating plane is useful for observing certain structures whose visibility depends on the 

angle of reflection.  A phase contrast is occasionally used. The quality of observation is better 

when using a scanning electron microscope rather than an optical microscope. The scanning 

electron microscope is more time consuming than optical microscope. Thus, is not commonly 

used for routing counting but it is very helpful for taxonomic identification and the observation 

of certain microstructures (for example, dissolution features).   

 

The preparations for observation under an optical or electron microscope are identical, all except 

for mounting the slide.   
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3.2. Sample preparation 

 

 

 

 

 

 

1- Subsample 1 cm
3
 of fresh sediment. 

2- Place the sample in a pre-labelled glass Petri dish and weight it, then dry the sample in the 

incubator (40°C) for 12 hours. 

3- Record the dry weight and transfer the sediment into a pre-labelled 8 ml plastic container (the 

volume and dry weight are essential for calculating the concentration per unit of volume.  It 

is also good to note that the residue can be used for geochemical analyses).   

4- Remove approximately 0.01 g of dry sediment by weighing it on the precision balance, and 

transfer it to a 100 ml beaker (the exact weight of the subsample to be treated is used in the 

concentration calculation). 

5- Add 2.0 ml of distilled water to the sediment. 

6- Place the beaker into the ultrasonic bath and sonicate for 30 seconds to 1 minute.  This step 

disintegrates and deflocculates the sediment. 

7- Glue two 22 x 22 mm cover slides to the bottom of a 60 mm diameter glass Petri dish. 

8- Transfer the deflocculated sediment from the beaker into the Petri dish and rinse the 

remaining sediment from the beaker with 1-2 ml of distilled water into the Petri dish. 

9-  Shake the Petri dish a few times to disperse the sediment evenly across the surface of the 

dish.  

10- Dry the Petri dish in the incubator (40°C) for a minimum of 8 hours. 

11- Once the sample is dry, the two cover slides are transferred with tweezers to two small pre-

labelled plastic Petri dishes.  They are stored until time of analysis. 

12- One of the slides is permanently mounted with synthetic resin (Hydrax) for counting the 

nannofossils with a polarising microscope.  The other slide is reserved for observations with 

a scanning electron microscope (SEM). 

 

3.3.  Coccolith counting using a polarising microscope 

 

The observation and counting of coccoliths is performed with a polarising microscope with a 

magnification of 1000x to 1200x.  Since coccoliths are generally very abundant, the 

identification and counting of all individuals present on the slide would be a difficult task.  The 

counting is therefore performed on a certain number of optical fields randomly distributed on the 

slide. In principle, when the preparation is adequate, the coccoliths are evenly distributed on the 

slide. Reproducibility tests on this method of counting produces a variation coefficient of 

approximately 10 % from one optical field to the next.   

Equipment: precision balance, incubator, ultrasonic bath 

Materials: glass Petri dishes (60 mm), 100 ml beakers, slides, cover slides (22 x 22 mm), 

wash bottle containing distilled water, synthetic resin (Hyrax), 8 ml plastic containers, labels 
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The coccoliths are counted in a minimum of 10 optical fields.  When the concentrations are 

lower, a larger number of optical fields are counted until a minimum of 300 individuals have 

been counted.  In the case of a sample with very few coccoliths, the whole surface of the slide is 

examined under the scanning electron microscope.   

  

After calculating the number of individuals in the optical fields, the diameter of the optical field 

must be measured.  The dimensions of the optical field can vary from one microscope to another, 

and the diameter can be measured with a micrometric slide. 

 

 

3.4. Concentration calculations 

 

The enumeration allows for the calculation of the concentration of coccoliths in the sediment by 

extrapolation, in numbers of individuals per unit weight or volume.  The optical fields must be 

considered as an aliquot of prepared subsample.  Therefore, the ratio of the optical field surface 

area and the Petri dish surface area must be known to calculate the number of coccoliths in the 

treated subsample: 

 

N = n x (rp)2         =         n  x (rp)2 

                 nc x (rc)2                  nc x (rc)2 
 

 

 

where  “N” represents the number of coccoliths in the subsample 

“n” represents the total number of counted coccoliths 

 “rp” is the radius of the Petri dish 

 “nc” corresponds to the number of counted optical fields 

 “rc” is the radius of the optical field. 

 

The weight of the subsample (pse) is known, as well as the corresponding initial weight (pe) of 

the 1 cm
3
 sample, therefore a simple cross multiplication allows for the calculation of the 

concentration (C), 

 

where  C = N x pe 
           pse 
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4. SAMPLE PREPARATION TECHNIQUES FOR THE ANALYSIS OF DIATOMS 

AND OTHER SILICEOUS MICROFOSSILS 

 

The lake and marine sediments may contain abundant siliceous microfossils.  In the marine 

environment, siliceous microfauna is represented by radiolarian endoskeletons (protists of the 

division sarcodina and class actinopoda) and ebridiens (protists of the division dinoflagellata), 

and by silicisponge spicules.  Many marine algae produce siliceous microfossils: diatoms (class 

bacillariophyceae) with resistant frustules and cysts that fossilise, several representatives from 

the class of chrysophytes (chrysomonad cysts and silicoflagellate endoskeletons), and rare 

dinoflagellates (in particular the endoskeleton of Actiniscus).  In lake sediments, siliceous 

microflora consists mainly of diatoms and chrysophyte cysts. 

  

The most common siliceous microfossils in Quaternary deposits are the frustules of diatoms 

whose dimensions are of the order of 10 to 100 micrometers.  Diatoms are indeed the dominant 

component of primary productivity in most marine and lacustrine environments.  Their 

concentrations can reach millions of individuals per litre in the water column, and hundreds of 

millions of frustules per cubic centimetre in the sediment.  Diatoms can build up and produce 

oozes or diatomite.  Diatoms are good stratigraphic markers covering the Cretaceous to present, 

but are mostly used in Neogene biostratigraphy.  The distribution of diatoms depends upon 

temperature, salinity and chemical characteristics of water such as pH and nutrients. Diatoms are 

useful in paleolimnology. 

  

The abundance of siliceous microfossils in the sediment depends on the production of siliceous 

microfauna and microflora, but can be strongly affected by dissolution.  The silica saturation of 

the water column and sedimentary environments is extremely variable and a determining factor.  

In general, low pH (< 7) and rapid accumulation rate promotes the preservation of biogenic 

silica.  In alkaline conditions, often characterized by an under-saturation of silica, dissolution is 

frequent.  This may be selective, if not total.  The radiolarian or diatom assemblages, whose 

frustules and skeletons are made of relatively fragile opal, are often affected by dissolution. The 

solubility of silica increases with temperature. For this reason, better preservation occurs in cold 

environments. In paleoceanography., diatom analyses are useful mostly for the study of polar and 

subpolar environments and upwelling regions.  

  

Preparation techniques presented below are intended primarily for the analysis of diatoms.  

However, these preparations allow the observation of other siliceous microfossils. 

 

4.2.  Sample preparation 
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There are many techniques for sample preparation for the analysis of siliceous microflora.  

Sample preparation for the analysis of nannofossils may also be used to make quantitative 

enumeration (see 3.2).  However, better species identification is performed by additional 

treatments to eliminate carbonates and organic matter.  The preparation techniques described 

below are suitable for a systematic analysis of siliceous microflora. 

 

 

 

 

 

 

1- Subsample 1 to 2 cm
3
 of sediment and record the volume and weight. 

2- Dry the subsample in an incubator (60°C) for 24 hours or at room temperature until 

completely dry, then record the dry weight. 

3- Remove and transfer 1.0 g of dry sediment to a 50 ml centrifuge tube.  

4- Add 15 ml of hydrochloric acid (10% HCl) and allow it to react for a few minutes. 

5- Add 15 ml of hydrogen peroxide (30% H2O2) and gently heat to 95°C until reaction is 

complete (approximately 20 minutes, must watch the reaction and stir sample to avoid it 

from overflowing). 

6- Allow the sample to cool for a few minutes.  Add 15 ml of distilled water.  Centrifuge for 10 

minutes at 2000 rpm.   

7- Eliminate the supernatant.  Refill with 45 ml of distilled water.  Re-centrifuge and repeat the 

rinsing process three times. 

8- Sieve the sample through the 10 μm Nitex mesh and collect both size fractions (< 10 μm and 

> 10 μm). 

9- Dilute each fraction in 25 ml of distilled water in a pre-labelled glass container.  Add a few 

drops of phenol and mix well. 

 

 

4.3. Preparation of thin sections 

 

 

 

 

 

1- Prepare two slide covers (22 x 22 mm) and place them on the hot plate at low temperature. 

2- Pipette 0.5 ml of the > 10 μm fraction onto one of the slide covers and 0.2 ml of the < 10 μm 

fraction on the other.  Make sure that the cells are homogeneously distributed on the slide 

cover (note: the pipette volume depends on the concentration of the diatom cells in the 

sample). 

Equipment: precision balance, incubator, centrifuge, heating block for centrifuge tubes 

Materials: 50 ml centrifuge tubes, 10 ml beakers, 10 μm Nitex mesh sieves, wash bottle 

containing distilled water, labels 

Chemicals: hydrochloric acid (10% HCl), hydrogen peroxide (30% H2O2), phenol in solution 

Equipment: hot plate, micropipette (0.5 ml) 

Materials: micropipette tips (0.5 ml), slides and slide covers (22 x 22 mm), synthetic resin 

(Hyrax), labels 
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3- Allow the slide covers to dry. 

4- Place one drop of synthetic resin (Hyrax) onto two slides and place a slide cover onto each of 

the slides. 

5- Heat the slides until the resin has evaporated from the toluene (note: take care not to 

overheat, must avoid premature hardening and yellowing of the resin). 

6- Remove the slides from the hot plate.  Adjust the cover slides on the slides and eliminate the 

air bubbles and excess resin. 

7- Prepare a second set of slides for each sample. 

 

4.4. Diatom counting under optical microscope 

 

Observation and counting of diatoms are generally made with an optical transmitted light 

microscope with magnification ranging from 250x to 1250x.  To increase the contrast and 

facilitate observation of some structures, phase contrast or color filters are frequently used. 

  

Based on the density of diatoms on the slide, counts are made on an aliquot of the total area.  In 

general, we produce the counts on a number of lines distributed evenly over the slide.  The ratio 

between the counted area and the total area of the cover slide must be known for the subsequent 

calculation of concentrations. 

  

The enumeration of diatoms is usually based on the number of valves because whole frustules 

are rarely preserved (2 valves fit into the other to produce a frustule). Particular attention should 

be paid to the potential stacking of the two frustule valves, or of several frustules as in the case of 

colonial diatoms.  Fragmentation of valves is common.  It may be due to a mechanical 

syndepositional or postdepositional disturbance, to rough handling of the samples, or to partial 

dissolution of the opal which can weaken the valve structure.  In the case of fragmentation, 

fragments of centric diatoms are counted (N = 1) when the central node can be seen, diatoms 

fragments are counted (N = 12) only once one is observed.  The counting results are presented in 

numbers of valves, if not in numbers of frustules (number of valves / 2) per unit weight or 

volume. 

 

4.5. Concentration calculation 

 

Counts made it possible to calculate, by extrapolation, the concentration of diatoms in the 

sediment in number of valves or frustules per unit weight or volume.   

  

A cross multiplication allows for the calculation of concentrations as follows: 

1. Number of valves per pipette volume (VP) = number of counted valves * (analysed area / 

total area). 

Note: VP must be calculated in each of the prepared size fractions (> 10 μm and < 10 μm) 
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2. Number of valves > 10 μm per gram of dry sediment (Vg > 10 μm) = VP * (pipette volume / 

total volume of the suspended fraction > 10 μm). 

2’.  Number of valves < 10 μm per gram of dry sediment (Vg < 10 μm) = Vp * (pipette volume / 

total volume of the suspended fraction < 10 μm). 

3. Number of valves per gram = Vg > 10 μm + Vg < 10 μm. 

 

Note: if the weight of the dry sample is not equal to 1.0 g, an additional cross multiplication is 

needed to calculate the concentration per unit weight.  Moreover, if the volume per dry weight is 

known, it is possible to calculate the concentrations per unit volume. 
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5. SAMPLE PREPARATION TECHNIQUES FOR PALYNOLOGICAL ANALYSIS 

(POLLEN AND SPORES, DINOFLAGELLATE CYSTS, AND OTHER 

PALYNOMORPHS) 

  

5.1. General information 

 

Originally, the term palynology applied mainly to the study of pollen (palynos = dust).  By 

extension, palynology now consists of all microfossils with a refractory organic membrane 

formed of chitin or sporopollenin resistant to hydrochloric and hydrofluoric acids.  The 

microfossils include algal cysts and organic linings of various protists: they are grouped under 

the term of palynomorphs. 

  

The pollen analysis requires a pre-treatment of the sediment to concentrate the palynomorphs 

and promote their microscopic observation.  The technical preparation of the sediment consists 

of mechanical separation (sieving and/or heavy liquid separation) and chemical treatment 

(hydrochloric and hydrofluoric acids, potassium ...).  Laboratory protocols are different 

depending on the type of sediment studied (organic or terrigenous) and the objective of the 

analysis (enumeration or taxonomy).  After treatment, the residue contains palynomorphs that are 

mounted between a slide and coverslip for microscopic analysis.  The observation of 

palynomorphs, whose dimensions are generally between 5 and 150 μm, is made with high 

magnification (> 250x) under a transmitted light optical microscope or a scanning electron 

microscope.  Different techniques of optical microscopy can be used, including interference 

contrast and fluorescence. 

  

Palynology is certainly one of the most important micropaleontological disciplines: it allows the 

study of all types of deposits from the Precambrian to present in land, lake or sea.  The advantage 

of the palynomorphs over other microfossils is their ability for preservation, despite the 

dissolution of silicates or carbonates.  Preservation of palynomorphs may however be affected by 

advanced sub-aerial oxidation of organic matter, or a very basic environment. 

  

Palynology is a key tool in paleoecology because it allows the reconstruction of marine or 

lacustrine paleoenvironments.  Since palynomorphs constitute the bulk of the refractory organic 

matter, palynology can be used as a tracer of the origin and nature of organic carbon.  Moreover, 

the palynofacies and altered state of palynomorphs can be used as tracers of diagenesis in 

sedimentary and petroleum geology.  

  

In the field of Quaternary palaeoecology, palynology can be divided into two major disciplines: 

terrestrial palynology which mainly concerns the study of pollen and spores, and marine 

palynology based mainly on the study of dinoflagellate cysts. 
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5.1.1. Pollen, spores and other continental palynomorphs 

 

Lake sediments generally contain a large number of organic microfossils.  The most common 

among them are pollen and spores, which are the reproductive bodies of vascular plants (of the 

division spermatophytes and pteridophytes, respectively).  The spores of mosses (bryophytes) 

and fungi (mycophytes) are also composed of chitin and are fossilised.  In continental aquatic 

environments, several algae produce organic microfossils: such as certain chlorococcales and 

zygnematales (of the division chlorophyta), and some dinophyceae (of the division 

dinoflagellata).  In soil and lake environments, the organic linings of thecamoebians (protozoa of 

the class rhizopoda) are fossilised. 

  

Pollen and spore microfossils are most used for paleoenvironmental and paleoclimate 

reconstructions.  Produced in large numbers by vascular plants and well preserved, they are very 

abundant in lake sediments (10
3 

to 10
6
/cm

3
).  Their morphology most often allows identification 

at the genus level.  The pollen assemblages provide reconstructions of past vegetation and plant 

landscapes, and to trace the evolution of climate.   

The spores and pollen are used to trace the phylogeny of vascular plants since the Silurian.  

These microfossils provide good stratigraphic markers and paleogeography. 

 

5.1.2. Dinoflagellate cysts and other marine palynomorphs 

 

Marine dinoflagellate cysts (of the class dinophyceae) are the dominant palynomorph 

assemblages.  The spores of some prasinophytes (of the division chlorophyta), organic linings of 

tintinnids (of the class ciliate) and benthic foraminifera (of the class rhyzopoda) and chitinozoans 

and acritarchs (extinct groups whose affinities are uncertain) are organic microfossils that can be 

observed in marine sediments.   

  

In paleoceanography and paleoclimatology, the dinoflagellate cysts prove to be valuable 

indicators.  The cysts, which are hypnozoites related to reproduction (diploid phase of the life 

cycle of dinoflagellates), provide a picture of productivity in the photic zone.  The current 

distribution of dinoflagellate cyst assemblages appears to be closely related to their physico-

chemical environment: nutrients, temperature, salinity, seasonality, and sea ice cover. 

Dinoflagellate cysts are particularly abundant in marine sediment environments such as 

continental, epicontinental, and estuarine margins (10
2
 to 10

5
 cysts/cm

3
). 

  

Dinoflagellate cysts are good indicators for the biostratigraphic interval from the Jurassic to 

present their optimum marking the Cretaceous.  The acritarchs, some of whom are the ancestors 

of dinoflagellates, are excellent biostratigraphic markers during the Proterozoic, Paleozoic and 

Mesozoic.  The chitinozoans are also widely used in biostratigraphy of the Paleozoic. 
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5.2. Sample treatment and preparation 

 

The density of palynomorphs in the sediment is relatively low, around 10
1
 to 10

5
 individuals per 

unit volume.  The volume of treated sediment depends on the type of sediment studied.  The 

pollen analysis of lake deposits can be made from 1 cm
3
.  The palynological analysis of marine 

deposits generally requires the treatment of 5 cm
3
 of sediment.  Laboratory preparations include 

concentrating the palynomorphs using mechanical manipulations (multiple sieving) and chemical 

treatments.  A minimum of two days is required to prepare the samples. 

  

The samples are preferentially treated in pairs to balance the tubes during centrifugations.  Series 

of 6 or 12 samples are prepared simultaneously.  The treatment routinely uses distilled water for 

rinsing and various other manipulations.  Any centrifugation is preceded by tube equilibration 

with distilled water on a scale designed for this purpose. 

 

 

5.2.1. Sample pre-treatment 

 

Previous method (< 2000) 

 

 

 

 

 

 

 

 

 

1- At least one hour prior to the start of pre-treatment, suspend the marker (reference) pollen 

(Eucalyptus globulus) by homogenising it with a stir bar in an Erlenmeyer flask. 

2- Assign the series numbers to the samples and record the information in the laboratory 

notebook. 

3- Subsample 5 cm
3
 of sediment (e.g. in general for marine sediments), measured by 

displacement in a 25 ml graduated cylinder.  

4- Transfer each sample into a prelabelled beaker.  At this step, a defloculant (a few drops of 

sodium metaphosphate in solution (10% Na(PO4)6)) can be used to disintegrate the clays. 

5- Boil the sediment for 4 to 6 minutes to disintegrate the sample. 

6- Add 0.5 ml of the marker pollen solution with the micropipette (the precision of the 

micropipette should be regularly calibrated), replacing the micropipette tip with every 

addition. 

Equipment: magnetic stir plate, hot plate, centrifuge, micropipette (0.5 ml) 

Materials: magnetic stir bars, 25 ml graduated cylinder, 50 ml centrifuge tubes, 250 ml 

beakers, micropipette tips (0.5 ml), 10 μm Nitex mesh and 120 μm sieves, wash bottle 

containing distilled water, labels 

Chemicals: sodium metaphosphate (10% Na(PO4)6), phenol in solution 

Other: marker pollen suspended in an Erlenmeyer flask 
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7- Filter each sample through the sieves by stacking the 120 μm sieve over the 10 μm one.  

Sieving through the 10 μm sieve is accelerated by placing a magnetic stir bar on the Nitex 

mesh, and placing the sieves on a magnetic stir plate.  The >120 μm and < 10 μm fractions 

are collected in labelled plastic containers.  Dry the < 10 μm fraction in an incubator (40°C), 

and transfer the dried sediment to a labelled plastic bag.  This fraction is kept for clay 

analysis. 

8- Transfer the 10 to 120 μm fraction to into a labelled conical centrifuge tube. 

9- Centrifuge the tube at 2000 rpm for 10 minutes and remove the supernatant. 

 

 

Current method: 

 

Equipment: magnetic stir plate, centrifuge 

Materials: magnetic stir bars, 25 ml graduated cylinder, 50 ml centrifuge tubes, 250 ml beakers, 

10 μm Nitex mesh and 106 μm sieves, wash bottle containing distilled water, labels 

Chemicals: phenol in solution 

Other: Stockmar Lycopodium clavatum tablets 

 

1 - Assign the series numbers to the samples and record the information in the laboratory 

notebook. 

2 - Make subsampling, weight and dry the sediment as indicated in section 2.2.1 (steps 1-5). 

3 - Transfer each sample into a prelabelled beaker.   

4 - At this step, warm water is added to help sediment to deflocculate 

5 - Add one or two tablets of Lycopodium (each tabletcontains of the order of 10 000, with the 

mean number being indicated on the Stockmar flask; the number of tablet added depends 

upon the expected concentrations of palynomorphs).   

6- Filter each sample through the sieves by stacking the 106 μm sieve over the 10 μm one.  

Sieving through the 10 μm sieve is accelerated by placing a magnetic stir bar on the Nitex 

mesh, and placing the sieves on a magnetic stir plate.  The >106 μm and < 10 μm fractions 

are collected in labelled plastic containers.  Decant the < 10 μm fraction.  This fraction is 

kept for clay analysis. 

7- Transfer the 10 to 106 μm fraction to into a labelled conical centrifuge tube. 

8- Centrifuge the tube at 2000 rpm for 10 minutes and remove the supernatant. Add a drop of 

phenol is the residue is stored.  

 

 

5.2.2. Chemical treatments 

 

Caution: the chemical treatments consist of attacking the sediment with hydrochloric (HCl) and 

hydrofluoric (HF) acids to eliminate carbonate and silica minerals respectively.  The 
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hydrofluoric acid, in particular, is very dangerous: all contact or inhalation must be avoided.  

Wearing gloves, a smock, and protective eyewear is essential.  The acidifications are exclusively 

performed under an acid resistant fume hood.  After use, the acids are disposed of in containers 

for toxic chemicals following the strict guidelines provided by the province.  Prior to each 

hydrofluoric acidification, the application of a protective cream is suggested.  At the end of all 

chemical treatments, washing your hands with soap and water is advised: experience has shown 

us that laboratory gloves are not always an effective precaution.  Absorbent pads are used for 

large acid spills, except for HF.  If there is an HF spill in the fume hood, neutralise it with 

NaOH.  In the case of skin contact with HF, rinse and wash with soap and cold water for 15 

minutes and then apply the antidote cream (found in the laboratory) and follow the directions 

(contact with HF is not accompanied by an immediate burning sensation, but will be felt deeper 

in the skin after a few minutes, so even in doubt, it is recommended to proceed with washing and 

cream immediately).   

 

 

 

 

 

 

 

 

1- Homogenise the pellet of sample and add a few millilitres of 10% HCl.  Mix the pellet with a 

metal spatula gradually adding HCl (the HCl solution is poured gradually to avoid a violent 

reaction causing the acid to overflow).  Note the intensity of the reaction in the laboratory 

notebook.  Place the tubes in the heating block for about twenty minutes to complete the 

reaction.  Centrifuge at 2000 rpm for 10 minutes.  Pour the supernatant liquid into the 

appropriate waste container and mix the pellet with a spatula or the vortex mixer.   

Note: when the reaction is complete, the acid is greenish or brownish in colour.  In the first 

case, the bulk of the pellet is probably mineral.  In the second case, it is likely that the 

sediment contains a lot of organic matter.  An attack of potassium hydroxide (10% KOH) 

will be required to complete the chemical treatment.   

2- Add a few millilitres of hydrofluoric acid (49% HF).  Mix the pellet using a metal spatula, 

gradually adding the acid (HF is poured over time to avoid a violent reaction causing the acid 

to overflow).  Note the intensity of the reaction in the laboratory notebook.  Place the tubes in 

the heating block for about twenty minutes to complete the reaction.  Centrifuge at 2000 rpm 

for 10 minutes.  Pour the supernatant liquid into the appropriate waste container and mix the 

pellet with a spatula (the use of the vortex mixer is not recommended because small drops of 

HF can be projected). 

3- Proceed to treatment with hot HCl for twenty minutes (see step 10) in order to eliminate 

fluorosilicates gels formed during the reaction with HF.  Centrifuge at 2000 rpm for 10 

Equipment: centrifuge, heating block for centrifuge tubes, vortex mixer 

Materials: 25 ml graduated cylinder, 50 ml centrifuge tubes, 8 ml conical tubes, metal 

spatulas, 10 μm Nitex mesh and 120 μm sieves, wash bottle containing distilled water, labels 

Chemicals: hydrochloric acid (10% HCl), hydrofluoric acid (48% HF), potassium hydroxide 

(10% KOH) 
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minutes.  Drain the supernatant liquid and homogenise the pellet.   

4- The previous steps (11 and 12) are repeated one, two or three times until the silicates and 

fluorosilicates are completely dissolved.  The HF treatment can be done at night, leaving the 

sample remain in the acid (see step 11).   

5- When samples contain a lot of organic matter, it is desirable to proceed with a treatment 

potassium hydroxide (10% KOH) for a maximum of 10 minutes, followed by a 

centrifugation.  Such treatment is intended to deflocculate the organic matter and should not 

be prolonged because it can alter the organic membrane of some dinoflagellate cysts 

(peridinials in particular). 

6- At the end of chemical treatments, wash the pellet with distilled water to remove residual 

acid. Centrifuge the supernatant and drain.   

7- A final sieving at 120 and 10 μm is achieved.   

8- Recover the 10 to 120 μm fraction and centrifuge for 10 minutes. Remove supernatant and 

transfer the pellet to 8 ml conical tubes and centrifuge again for 10 minutes.  The pellet will 

is then ready to be mounted on a slide for subsequent observation under an optical 

microscope. 

 

5.2.3. Optional treatments 

 

The preparation techniques described above constitute an established protocol for the treatment 

of samples rich in inorganic particles (silicates and carbonates) and in view of systematic counts.  

Other techniques can be used depending on the type of sediment or analytical purpose.  The most 

common techniques are listed below for guidance:  

 

5.2.3.1. Separation by heavy liquid: heavy liquids can be used at the start or end of treatment for 

better separation of organic microfossils (density < 1.2) and the mineral fraction. Heavy liquids 

of common use include bromoform-acetone, zinc chloride or zinc bromide with density > 1.4, 

and sodium polytungstate with density of 2.0 after mixing with water (initial density of 2.89; 

density calibration with a pycnometer). Amongst heavy liquids, sodium polytungstate is 

particularly useful because it is nontoxic, water soluble and can be recycled. Onboard ship, it 

allows palynological preparation and separation of silica when the use of HF is forbidden for 

safety reason. The use of heavy liquid preparation provides proper preparations, perfect for 

taxonomic observations, photographing specimens and systematic descriptions.  It does not, 

however, recover all palynomorphs because a loss on the tube walls can occur, some 

palynomorphs containing pyrite or other mineral particles in the cavity or on their processes can 

settle out, palynomorphs diagenetically mineralized or very mature can imperfectly separate. 

The heavy liquid separation is therefore to be avoided in the context of systematic counts.  
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5.2.3.2 Potassium hydroxide : when samples contain high amounts of organic matter, it is useful 

to do a treatment with potassium hydroxyde (KOH - 10%) during 10 minutes maximum. The 

treatment is followed by centrifugation, decantation and sieving with water on 10µm mesh 

sieve. Such a treatment helps to defloculate organic matter. It should not be applied more than a 

10 minutes because it may alter the wall of some dinocyst taxa, the Protoperidinioids notably 

 
5.2.3.3. Acetolysis and other oxidation techniques: in conventional palynology (the study of 

pollen and spores), oxidation techniques are frequently used to destroy the intine of pollen grains 

or eliminate the maximum organic matter in the gyttja or peat.  Acetolysis is a technique 

conventionally used in aeropalynology, melissopalynology or continental palynology.  It is a 

treatment in a solution of sulfuric acid and acetic anhydride, which would not affect the exine of 

pollen grains.  This method of oxidation of organic matter, however, causes the dissolution of 

some aquatic palynomorphs, especially certain dinoflagellate cysts (peridinals and gymnodinials 

groups in particular).  The acetolysis is therefore banned at GEOTOP.  The fact that little 

information exists on dinoflagellate cysts in lake sediments may be because continental 

palynologists systematically use acetolysis destroying the dinoflagellate cysts belonging to the 

families of peridinaceae, gymnodiniaceae or ceratiaceae or who are generally abundant in 

freshwater environments.  In addition to acetolysis, various oxidation techniques are used in 

other laboratories, "Luber" for example, which consists of a treatment with a combination of 

nitric acid and hydrochloric acid.  These techniques are quite corrosive and affect all 

palynomorphs, including some pollen grains. 

 

 

5.3. Slide preparation 

 

Mounting the pellet (residue containing palynomorphs) is delicate work that requires some 

attention.  The materials used include gelatinised glycerin (see 5.7), toothpicks, slides and 

coverslips (22 x 22 mm or 22 x 75 mm), and a hotplate.  The main steps of the assembly are as 

follows: 

1- Immediately after centrifugation of the 8 ml conical tube, empty the supernatant using the 

hand pump to remove as much water without creating turbulence or pumping the residue. 

2- Place a small cube of gelatinised glycerin on a pre-labelled slide and placed the slide on the 

hot plate and wait until the cube melts. 

3- Homogenise the pellet using the vortex mixer, then take a drop of the pellet with a disposable 

Pasteur pipette, place the drop onto the gelatinised glycerin. 

4- Mix the pellet and glycerin with a toothpick gently extending the solution on the slide and let 

the excess water evaporate. 

5- Place the coverslip avoiding the formation of air bubbles. 

6- Allow the slide to heat for a few minutes so that the glycerin spreads evenly under the 
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coverslip. 

  

In the tube containing the residual pellet, add a few drops of phenol solution to prevent the 

development of bacteria.  The tubes are kept refrigerated in labelled containers. 

  

Other media for mounting can also be used.  Gelatinised glycerin has the advantage of being a 

semi-permanent medium and easy to manipulate.  Silicone oil and liquid glycerin media are 

commonly used in conventional palynology: they can turn the grains, but they are limited and 

must not be used if taxonomic observations are required.  The existing permanent media (hyrax 

and other polymers) are used exclusively by taxonomists, but are difficult to handle. 

  

Dyes can be added to the mounting medium to increase the contrast of the structures of 

palynomorphs.  The dyes most commonly used are neutral red and basic fushine.  These dyes can 

affect the fluorescence of palynomorphs and limit other observations at the microscope.  

Moreover, the natural pigment of some palynomorphs, covered by the dyes, can be useful in 

determining taxonomy.  Thus it seems preferable to avoid artificial colouring. 

 

 

5.4. Observation and counting 

 

Observation and counting of palynomorphs is performed with a transmitted light optical 

microscope at a magnification of 250x to 1250x.  Based on the density of palynomorphs on the 

slide, you can continuously scan the whole slide or a scan of a few lines distributed randomly on 

the surface of the slide.  Normally, when the slide was mounted with a properly homogenised 

pellet and glycerin jelly, palynomorphs are distributed evenly over the slide.  Depending on the 

viscosity of the glycerin during mounting, it is possible that the palynomorphs are selectively 

distributed on the slide, where larger specimens are focused either at the centre or along the 

margins of the coverslip.  If partially scanning the slide is required, it is thus necessary to select 

lines (3 in minimum) randomly distributed. 

 

The minimum count to be achieved is ideally 300 for pollen grains and dinoflagellate cysts.  

Obviously, in some samples palynomorphs are too scarce for such amounts, even after a 

complete scan of the slide.  Fewer counts are therefore acceptable, at least for the calculation of 

concentrations.  A minimum of 100 individuals counted may eventually be used to calculate 

percentages in an assemblage.  The counting rules depend on the purpose of analysis (calculation 

of concentrations or population analysis), the richness and diversity of the species of microfossil. 

 

Different techniques can be used at the microscope.  The counts are generally routine using 

transmitted light, with or without a filter.  The interference contrast can be useful for observing 

semi-transparent organic microfossils, and is recommended for observation and photography of 
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dinoflagellate cysts.  Fluorescent lighting is also useful, since it allows for better visualisation of 

certain structures.  Moreover, the degree of fluorescence of organic microfossils varies by 

diagenetic alteration of chitin or sporo-pollenin. 

  

 

5.5. Concentration calculations 

 

The simultaneous counting of palynomorphs and marker grains or spores (Eucalyptus globulus 

or Lycopodium clavatum) can be calculated by extrapolation for the concentration of pollen and 

dinoflagellate cysts in the original sample as the number of individuals per unit weight or 

volume.  The concentration of grains in the suspended marker pollen is known after multiple 

calibrations with a hematocytometer (see annex), and the volume of the marker added to the 

sample during the pre-treatment is also known.  We are thus able to calculate the number of 

marker pollen grains added to the sample:  

 

Ne = Ce x Ve 

 

where  “Ne” represents the number of marker grains added to the sample 

“Ce” represents the concentration of marker grains in suspension (in grains/ml) 

 “ve” is the volume of the suspended marker grains added to the sample (in ml). 

 

The proportion of marker grains and dinoflagellates counted then allows for the calculation of 

the number of palynomorphs in the sample using cross multiplication: 

 

Np = Ne x np 
  ne 

  

where  “Np” represents the number of palynomorphs in the initial sample 

“Ne” represents the number of marker grains added to the sample 

 “np” represents the total number of counted palynomorphs 

 “ne” represents the total number of counted marker grains. 

 

To evaluate the concentration of palynomorphs per unit volume (e.g. grains/cm
3
) divide the 

number of palynomorphs (Np) by the initial volume of the sample. 

 

The marker grain method used in at GEOTOP provides results whose reproducibility has been 

estimated at 10% with a 95% confidence interval.  Marker grains used must be distinct from 

those present in the sample.  The grains of Eucalyptus globulus are not native to eastern Canada 

or the North Atlantic, and they can be used in samples from most of the Pacific.  A suspension of 

Lycopodium clavatum is prepared for the analysis of samples collected off Australia.  The 
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calculation of concentrations can be done using different methods.  The method of aliquots of 

weight or volume (using the same principles as the methods used for diatoms) is frequently used.  

However, the results show a lower reproducibility partly due to inevitable losses during the many 

operations to concentrate the palynomorphs. 

 

 

5.6. Preparation and calibration of marker pollen grains in suspension 

 

Palynomorph concentrations are evaluated using a tracer consisting of a calibrated suspension of 

exotic pollen grains (Eucalyptus globulus and Lycopodium clavatum are commonly used) with a 

fixed volume is added to samples before treatments. The marker pollen grains are mixed with a 

viscous solution to ensure long-term suspension (several hours) and to promote a uniform 

distribution of grains.  Corn syrup is an adequate medium. 

 

5.6.1. Preparation of the suspension of the marker grains 

 

 

 

 

 

 

 

1- Place two pinches of Eucalyptus globulus pollen in the 8 ml centrifuge tube. 

2- Rinse the pollen several times with acetone and remove the supernatant after each 

centrifugation. 

3- Mix the pellet of pollen with a solution of 120 ml of corn syrup and 80 ml of distilled water 

in an Erlenmeyer flask and add a stir bar.  

4- Add 1 g of phenol to prevent bacterial growth (the odour of phenol must be pronounced).  

5- Stir on the magnetic plate for several hours prior to the calibration.  

 

N.B. The tube in which the grains were centrifuged must be thrown out. 

 

 

5.6.2. Calibration of the suspended Eucalyptus globulus 

 

The evaluation of marker grain density in suspension is a very important step because it will 

serve to calculate the concentration of palynomorphs.  The calibration of the suspension is made 

from a series of measurements (N > 50) on the concentration of marker grains using a 

hematocytometer. 

 

Equipment: magnetic stir plate, centrifuge 

Materials: Erlenmeyer flask, magnetic stir bar, 8 ml centrifuge tubes 

Chemicals: acetone, corn syrup, phenol 

Other: fresh pollen grains 
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The calibration requires a microscope with a 10x objective, pipettes pastor, hemacytometer, and 

a hematocytometer counting slide.  Each measurement is carried out according to the following 

steps: 

 

1- Place the slide on the hemacytometer. 

2- Pipette a small quantity of the suspension (preferably from the centre of the Erlenmeyer 

flask) and place one drop in each cell of the slide which are at the extremities of the 

hemacytometer.  A new pipette tip is used for each sampling of the suspension. 

3- Wait a few seconds so that the suspension spreads evenly and stabilises under the coverslip. 

4- Place the hemacytometer under the microscope and count the marker grains in two 

determined series of cells.  On both sides of the central cell, the hemacytometer is lined with 

a checkerboard composed of nine squares.  In each of the squares, marker grains are present 

in 5 sections: the four corner sections and the central section (see attached counting sheet). 

Ten sections of the hemacytometer square correspond to a 1 mm
3
 volume. 

5- After counting, clean and dry the coverslip and hemacytometer.  

 

Repeat procedures 1 to 5 a minimum of 25 times to obtain adequate counting statistics. 

 

The concentration of suspended marker pollen grains is evaluated from estimates made in 5 mm
3
 

(i.e. 5 sets of counting 1 mm
3
).  Counts in 5 mm

3
 of the suspension are of the order of one 

hundred grains. Such counts are compatible with the pollen counts on the slides. 

 

Proceed with the estimation of the concentration at least five times.  The average score is then 

considered as a representative concentration of marker grains in the suspension: the average is 

used for calculating concentrations of palynomorphs in palynological slides by a simple cross 

multiplication (see 5.5).  The standard deviation around the average should be at least 10%.  If 

this is not the case, a non-homogeneous suspension was probably the cause and we must conduct 

additional counts. 

 

It is worth noting that the concentration of marker grains in suspension should be adjusted 

according to the density of palynomorphs in the samples. Statistically valid concentration 

calculations normally require a few hundred palynomorphs and an equivalent number of marker 

grains. For the analysis of samples for palynomorphs (e.g. with concentrations of approximately 

10
2
 to 10

4
/cm

3
 in deep marine sediments), the suspension is prepared so that the concentration of 

marker grains will be about 30 000 grains / ml (adding ~ 15 000 marker grains per 5 cm
3
 of 

sediment, or ~ 3000 marker grains per cm
3
).  For the analysis of sediments containing a rich 

palynoflora (e.g. of the order of the 10
5
/cm

3
 in gyttja), it is desirable to have a suspension in 

which the concentration is high, approximately 200 000 grains/ml (adding 100 000 grains per 1 

cm
3
 of sediment). 
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5.7. Preparation of the “Kaiser” gelatinised glycerin for mounting slides 

 

The gelatinised glycerin is prepared following the recipe below: 

1- In a beaker, mix 8 g of “Knox” gelatin with 32 ml of distilled water. 

2- Add 56 g of glycerin and 1 g of crystalline phenol. 

3- Heat for 15 minutes on a hot plate and filter if necessary. 

4- Transfer the gelatinised glycerin into a covered plastic container. 

 

It is important to not over mix to avoid producing air bubbles.  If needed, colour may be added.  

The gelatinised glycerin is stored in a closed container at room temperature. 
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ELECTIVE COURSE - I - ENVIRONMENTAL GEOLOGY AND 

DISASTER MANAGEMENT 
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time – Energy sources of disasters: internal and external sources – Mass extinction through geologic 

time – Major climatic changes through Geologic time – Human fatalities from natural disasters. 

Unit II 

RIVER FLOODING: Factors governing flood severity, flood characteristics, hazards of 

flooding and role of Geology in mitigation and management. MASS MOVEMENTS: Factors 

influencing slope stability, type of mass movement, hazards of mass movement and role of Geology 

in mitigation and management. SOIL EROSION: soil formation, soil classification, factors 

influencing soil erosion, hazards of soil erosion and role of Geology in mitigation and management.  

Unit III 

EARTHQUAKES: Earth quake distribution, its relation to plate tectonics, hazards of 

earthquakes and role of Geology in mitigation and management. VOLCANIC ACTIVITY: 

Distribution of volcanoes and its relation to plate tectonics, hazards of volcanic activity and role of 

Geology in mitigation and management.  COASTAL HAZARDS: Coastal erosion, coastal flooding, 

tsunami -  origin and prediction, seawater intrusion and its hazards and role of Geology in mitigation 

and management. 

Unit IV 

HYDROLOGY AND HUMAN USE: Human activities and other factors affecting run off 

and sedimentary transport, sediment pollution and role of Geology in mitigation and management. 

WASTE DISPOSAL: Soil and liquid waste and their sources, radioactive wastes, their disposal 

strategies, role of geology in waste disposal planning – GEOLOGIC ASPECTS OF 

ENVIRONMENTAL HEALTH: Disease patterns and environment, geologic factors of 

environmental health, geologic occurrence and effects of trace elements on health, chronic diseases 

and geologic environment. 

Unit V 

ENVIRONMENTAL IMPACT OF MINING ACTIVITIES:  Open cast and underground 

mining, impacts of mineral processing.  Role of Geology in LAND USE PLANNING. 

DESERTIFICATION : Causes, impacts and measures of control. An outline of Environmental laws.   



 Environmental geology, like hydrogeology, is an applied science concerned with the 

practical application of the principles of geology in the solving of environmental problems. It is a 

multidisciplinary field that is closely related to engineering geology and, to a lesser extent, to 

environmental geography. Each of these fields involves the study of the interaction of humans 

with the geologic environment, including the biosphere, the lithosphere, the hydrosphere, and to 

some extent the atmosphere.  

 In other words, environmental geology is the application of geological information to 

solve conflicts, minimizing possible adverse environmental degradation or maximizing possible 

advantageous condition resulting from the use of natural and modified environment. 

Environmental geology includes: 

 managing geological and hydrogeological resources such as fossil fuels, minerals, water 

(surface and ground water), and land use. 

 studying the earth's surface through the disciplines of geomorphology, and edaphology; 

 defining and mitigating exposure of natural hazards on humans 

 managing industrial and domestic waste disposal and minimizing or eliminating effects 

of pollution, and 

 performing associated activities, often involving litigation. 

What is Environmental Geology? 

 When most people hear someone mention geology, the first image that pops into their 

mind is usually either someone wielding a rock hammer or someone drilling for oil. Most 

people don't realize that there is so much more to the field of geology than that. Geology is 

the branch of science that deals with the Earth, its materials, and its 

processes. Environmental geology is the branch of geology that is concerned with the 

interactions between humans and the geologic environment. Environmental geology is 

essentially a way of applying geologic knowledge to identify, remediate, and hopefully 

prevent, environmental problems from occurring as a result of people. 

Environmental geologists must have a solid understanding of not only currently occurring 

geologic events, but historical geologic events, such as past earthquakes and floods. This 

knowledge of the past is important because it helps them to get a better idea of what types of 



geologic events repeat themselves, with what frequency they might occur, and what types of 

damage occurred because of those events. This is different than what a paleontologist 

(someone who studies fossils) would do, because environmental geologists are concerned 

with how the past is relating to the present. 

Likewise, environmental geologists can also attempt to protect people from environmental 

factors beyond their control (like suggesting that they not build a home in an active flood 

plain). Environmental geology as a field is just as broadly reaching and interesting as 

geology is, with many potential phenomena and human-Earth interactions to research. 

Importance of Environmental Geology 

 Environmental geology is a fundamentally important branch of science because it directly 

impacts every single person on the planet every single day. There is simply no way to avoid the 

environment around you. 

The decisions that people, businesses, and governments make regarding the environment and 

environmental issues impact countless people, not merely the person or people who made the 

original decision. The human impact of both natural and man-made environmental issues is a 

significant ethical concern, making proper understanding of the science behind these issues all 

the more important. 

Fundamental of Environmental Geology 

Concept One • The earth is a close system. –Considered as a system. –System has four parts. –

Earth isn’t static but dynamic. 

Concept Two • The earth is the only suitable habitat we have, and its resources are limited. –

21st century is the century of recycling. –Our knowledge is limited not resources. 

 Concept Three • Law of Uniformitarianism-Today’s physical processes are modifying our 

landscape and have operated throughout much of geologic time. However, the magnitude and 

frequency of these processes are subject to natural and artificially induced change. –Key to the 

past. –Processes and hazards. 



Concept Four • There have always been earth processes that are hazardous to people. These 

natural hazards must be recognized and avoided where possible, and their threat to human life 

and property must be minimized. –Hazards must be recognized. –Property must be minimized. 

Concept Five • Land and water–use planning must strive to obtain a balance between economic 

considerations and the less tangible variables such as aesthetics. –Land, water and air are less 

tangible variables. –Less tangible variables can’t be measured. –Economic considerations cn be 

measured. 

Concept Six • The effects of land use tend to be cumulative, and therefore, we have obligation to 

those who follow. –Population increases, Resource decreases. 

 Concept Seven • The fundamental component of every person’s environment is the geologic 

factor, and understanding of this environment requires a broad-based comprehension and 

appreciation of the sciences and other related disciplines. –Limitation of existence. –Limitation 

of processes. 

 

 

 

Introduction to Earth 

Among the millions of striking images generated in the last century (when reporting the news 

became virtually identical with the showing of images) surely the most remarkable is the 

Earth as seen from the Moon, photographed (in 1969) by the NASA space travelers Neil 

Armstrong and Edwin Aldrin. Standing on the lifeless and inhospitable surface of our 

familiar and yet alien satellite, without water or air, fully exposed to the harshness of outer 

space, the Eagle crew contemplated their lovely home planet, a quarter of a million miles 

away.  



A symphony in blue and white, with a bit of orange 

rust, the colors shown by our planet signal the 

presence of abundant water as ocean and cloud, and 

the presence of oxidized iron. It is our one sample of a 

planet with life. As long as it is our only sample, we 

shall not know whether it is typical for a life-

bearing planet or whether it is some kind of freak phenomenon. Intuitively, one senses that 

the Moon's environment is likely to be more common than the Earth's, since its requirements 

are modest: a big disorganized pile of rocks, driven by gravitational attraction, must coalesce 

to make one big spherical heap of rock. The moon�s mass is too small to sustain long-term 

internal heating and convection, and too small to hold on to an atmosphere. Apparently, 

Mercury has much the same origin. In contrast, Earth's history is much more complex, 

because of internal gravitational segregation, convection, and the buildup of an ocean and an 

atmosphere. Earth's siblings, Venus and Mars, are quite different because the complexity of 

development in the terrestrial planets allows for divergent evolution depending on 

differences in mass, distance from the Sun and rotation.  

The face of Earth changes all the time. Swirling cloud systems run along ill-defined 

latitudinal tracks, more or less symmetrical about the equator. In the bands adjacent to the 

equator the motion is to the west, opposite to the sense of the overall rotation. In mid-

latitudes, halfway between equator and poles, the motion is to the east, in the same sense as 

the rotation of the planet. The reason is simple: eastward motion of the planet's surface is 

fastest at the equator (40,000 km in 24 hours). When air parcels arrive from higher latitudes, 

they tend to lag behind this motion, coming from a region that moves less rapidly toward the 

east. This lag results in westward motion relative to the surface. Conversely, air parcels 

moving away from the equator will tend to get ahead of the local motion. Thus, they move 

eastward relative to the surface. The exchange of air masses between low and high latitudes 

results from winds set up by unequal solar heating.  

 



As the Earth rotates on its schedule of once every 23 

hours and 56 minutes (as seen against the stars), different 

landmasses come into view. Their colors, hues of brown 

and green, change through the seasons, as does the extent 

of white areas near the poles. We note that there is an 

unequal distribution of land on the planet; there is a lot 

more of it on the northern hemisphere than on the 

southern one. Oddly, there also is a water hemisphere and 

a land-dominated hemisphere, with centers in the middle 

of the largest ocean (say, Christmas Island in the Pacific) 

and at the junction of Africa and Eurasia. A large rift separates the western-most landmasses 

(the Americas) from the rest, with western and eastern shorelines of the rift ocean (the 

Atlantic) running parallel to each other. From space, with sufficiently precise instruments, we 

can see that the rift is widening at the rate of roughly an inch per year (depending on 

latitude).  

 

Thus is the changing face of the Earth. Most recently, geologically speaking, the nature of the 

change itself has changed. Within the last two centuries, the human species entered a new 

phase of its history. Humans have become a major geologic agent, capturing vast amounts of 

water, changing the rates of erosion and the nature of geochemical cycles, and affecting the 

heat budget and the climate of the planet. Humans have set foot on a celestial body other than 

their home planet. And humans have begun advertising their presence in the solar system by 

making the home planet into a strong radio-emitter. 

 

Clouds over Africa and the 

Middle East (Source:NASA) 

1.0 The Earth in Space and Time 

 The earth on which we live is a spinning globe. Vast though it seems to us, it is a mere 

speck of matter in the greater vastness of space. 

 

 Space is, for the most part, emptiness. At great intervals there are in this emptiness flaring 

centres of heat and light, the «fixed stars». They are all moving about in space, notwithstanding 

that they are called fixed stars, but for a long time men did not realize their motion. They are so 

vast and at such tremendous distances that their motion is not perceived. Only in the course of 

many thousands of years is it appreciable. These fixed stars are so far off that, for all their 



immensity, they seem to be, even when we look at them through the most powerful telescopes, 

mere points of light, brighter or less bright. A few, however, when we turn a telescope upon 

them, are seen to be whirls and clouds of shining vapour which we call nebulae. They are so fax 

off that a movement of millions of miles would be imperceptible. 

 

  

The Earth in Space 

 

 This view of Earth as a blue marble, first seen by Apollo astronauts in 1968, captures the 

unique beauty of our home planet. The only world known to support life, this fragile sphere 

hovers in the blackness of space in stark contrast to its lifeless moon beneath. Every ocean ever 

sailed, every mountain ever climbed, every life ever lived could be covered by the outstretched 

hand of the astronaut taking the picture. 

 Our solar system is located in a benign region of the Milky Way galaxy, such that Earth 

is not bombarded with excessive high energy radiation from stellar neighbors. Within our solar 

system, Earth is positioned at just the right location with respect to Sol (our sun) to enable water 

to exist in all three phases. Sol itself is a stable, middle-aged star with no recent history or 

inclination to surprise it's planets with radical changes in energy output. These external factors 

are critical for creating a haven for life in the harsh environment of space. Our celestial 

neighborhood is a good one, but what about our home planet itself? 

 The tilt of Earth's axis controls the seasons and serves to distribute energy globally on an 

annual cycle. Too little tilt and seasonal changes would be insignificant and polar regions even 

more extreme. Too much tilt and large portions of the northern and southern hemispheres would 

experience long periods without sun. On a shorter time scale, Earth's 24 hour rotational period 

ensures daily distribution of energy to support life globally, and is a vital part of the diurnal 



biological clock that runs in many living organisms. Life has also evolved to take advantage of 

the daily rhythm of the tides, as governed by our orbiting lunar companion. 

 

 Earth's magnetic field shields the surface from harmful high energy radiation emitted by 

the sun, contributing to a natural environment that is hospitable for life. And Earth's gravity is in 

the range where a significant atmosphere can remain on the surface without dissipating into the 

vacuum of space. All of these factors are vital characteristics for a planet to support life as we 

know it. 

 

 

 Earth's immediate neighbors, Luna (our moon), Venus and Mars offer wonderful 

examples of different celestial circumstances, each with a negative outcome for sustaining 

life. 

 

Comparing the Inner Planets 

 

Earth's moon shares nearly the same favored solar neighborhood as Earth, but lacks the mass 

and associated gravity to hold an atmosphere. In addition, the Moon lacks a planetary scale 

magnetic field to shelter its surface from the bombardment of high energy solar radiation. 

Without an atmosphere to distribute heat, the lunar surface fluctuates between extremely hot 

and cold with the monthly rising and setting of the sun. If there is any water on the moon, it 

is frozen beneath the surface in the perpetual shadow found at the bottom of deep polar 

craters. 

 



 

Venus is very near to Earth in its size and gravity, but is burdened by a dense carbon dioxide 

atmosphere that crushes the surface with a pressure of 90 atmospheres and drives a runaway 

greenhouse effect that elevates the surface temperature to over 700K, far beyond what solar 

proximity alone demands. The thick atmosphere may have slowed the rotation of the planet 

to its meager rate of once per 243 Earth days. Without a biosphere or liquid water to trap the 

excess carbon dioxide as carbonate rock, Venus is in a permanent heat trap, and must wait a 

few billion years for the sun to cool before the surface approaches conditions favorable for 

life (as we know it!). 

 

Mars offers the most intriguing comparison with Earth. Though only half the diameter and 

twice the distance from the sun as Earth, Mars supports a thin atmosphere of mostly carbon 

dioxide, with temperatures that may occasionally be warm enough to melt water (which 

would instantly boil away to vapor in the extremely low atmospheric pressure). Martian 

seasons and the length of day are very near to Earth's, producing polar caps that shrink and 

grow, dust storms, frost patches and seasonal clouds that mimic Earth. There is every 

indication that the surface of Mars supported vast oceans of liquid water at some point in its 

distant past, when it still had an atmosphere dense enought to trap solar energy. Stream 

channels (link to external image) (more info) , flood plains and indications of ancient 

shorelines sprawl in desiccated testimony to the past, and fuel the hopethat life may once 

have existed there during warmer times. Huge amounts of water may yet remain on Mars, 

frozen as permafrost beneath the surface. Mars beckons, and the 21st century opens with 

a fleet of spacecraft missions (link to external site) (more info) poised to unlock the mysteries 

of the planet's history. 



Returning to Earth, we are reminded once again of the cosmic confluence of factors that 

contribute to our currently comfortable planetary situation. But indeed, if it were not so, we 

would not be here to reflect upon or examine the details of the Earth system. 

      THE SOURCE OF DISASTERS: THE EARTH'S CORE  

 The earth has many symptoms of life, just like a living being; it is a green planet that 

literally breathes and hosts life. Perhaps other planets in the solar system were once that way 

as well, but today they are dead planets. In order for a planet to host life and be alive, 

its core must be active; all of its planetary activities must be functional. If the core does not 

have the rotational energy and heat necessary to sustain planetary life, then that planet is 

really dead. This is what makes Earth different from other planets in the solar system and 

even from those in nearby galaxies. 

The Earth on which we live, the only living green planet, has an external core rotating 

around a solid inner core, and this motion supports life: it works like a coil that forms a 

magnetic field around it. This is how the plants, animals and people on Earth can stay alive; 

this magnetic field protects life from solar wind and its effects. Life will continue on earth as 

long as seismic activity, earthquakes, volcanic activity and the Earth's core heat 

energy parameters continue at normal levels. 

Our Eternal Almighty Lord, who created and sustains all the heavens and the planets, has 

made everything dependent on causes, parameters and models. The existence of everything, 

all living and non-living things, is in His hands and recorded on his "Main Computer". Even 

if humans studied science for eternity, they could never fully discover and understand 

these mathematical models that He has created. However, humans can and are 

discovering finite, erroneous and deficient approaches for the models that our Infinite 

Almighty Lord has developed for the physical universe. 

In everything that the Eternal Almighty One has created, there is life and provision as well 

as danger and torment. That is, in almost everything, including the sun, moon, planets, 

stars, the earth, the Earth's core and its magma. Earth is a planet full of life that hosts life 

forms, but it also home to destructive disasters. When the Earth’s core functions within its 

normal cyclical range, life and vitality are normal on the Earth. However, whenever 

the core's parameters exceed normal limits, this living planet either dies or destructive 

globe activities occur that threaten all life forms. This was true during Noah's flood, and it is 

true today. 



The core-magma at the center of the Earth is not only divine light and mercy for those 

living on it but also fire and torment when its heat energy increases. 

The most severe planetary activity that we have ever seen on the earth occurred 

during Noah's flood. In other words, the core heat/energy increased, the magma-oven 

heated up and the Earth groaned and went into a destructive dimension of energy by the 

command of the Eternal Almighty One. The proof in the Qur'an is as follows: 

When describing Noah's flood in Hud (11)/40, the Lord of the heavens and the earth said: 

"When Our commandment came to pass, 'fara at-tannuru'(we heated up the magma-oven)." 

The expression in this verse is repeated exactly the same way for emphasis in Al-Mumenoon 

(23)/27. The key concept of 'fara at-tannuru', which is full of meaning and 

describes natural disasters on the Earth today, can be explained as follows: 

The meaning of "tannur" is an "enclosed oven". It is like an earthen tandoor oven. Probably 

the actual root is "nur", which means "light". Originally a Hebrew word, " tanur" means 

"oven". In Arabic, it gained a degree of intensity to become "tannur". In addition, Arabs 

also call the Earth "Tannur". A very similar word to "tannur" is "tannar", a word derived 

from " nar" that means "fire". 

The Turkish word "feveran" is a word derived from the root "fvr" that means "severe 

sudden boiling or gushing". So what does it mean when these two concepts are used 

together? "Fara at-tannuru" means "the oven was heated up"; that is, it was made more 

severe and its heat was suddenly increased. 

When we take into consideration the core of the Earth, the meaning of "fara at-tannuru" is 

that the magma-oven was heated up. In summary, the aforementioned verses tell us that 

the core temperatureof the Earth severely increased. So, Noah's flood occurred because of 

the increase of heat and resultant energy at the center of the Earth. Thanks to modern 

science, we know that the heat increase or sudden energy increase occurring in 

the core causes chain reactions on the Earth. 

The primary parameter change that brought about Noah's flood is the fact that the heat 

energy of the core suddenly increased. This sudden energy increase triggers many other 

parameters. This causes a chain reaction of natural events and disasters; in other words, 

the globe activities: Severe global earthquakes, continents sinking and rising, water gushing 

forth from the crevices in the earth, global volcanic eruptions and steam rising into the 

atmosphere, all followed by a universal Noah's flood. When many" comets that are 



mountains of ice"were added to this chain of natural disasters, the universalNoah's 

flood was inevitable. We will discuss this topic later under the heading" Global 

Destruction: Noah's Flood". 

We are defending the view that the natural disasters occurring on the Earth today are of 

such magnitude that they cannot be explained by global warming; the actual underlying 

cause is the heat-energy increase at Earth's core. The name of our website, "The 

Approaching Hour", is a clear summary of this truth. It's proof is hidden in a correct reading 

of the Qur'an, Sahih Sunnah, the Torah/Old Testament, Noah's flood and scientific 

research, especially the natural disasters observed over the past 20 years. We continually 

find evidence that verifies the forecasted projection based on revelation, science and 

observations that are presented by The Approaching Hour. 

We think that the work done by Geochange research group led by Prof. Elchin N. Khalilov, 

has accurately diagnosed the source of planetary activity, and the global scientific research 

they have carried out is the most accurate explanation of the natural disasters occurring 

today. Global warming and climate change is not the cause of planetary 

events and natural disasters; conversely, it is the result. Let us summarize: The increase in 

thermal energy of the core at the center of the Earth is triggering all the natural disasters 

around the globe, causing a chain of natural incidents and disasters to occur. 

The research carried out by Mr. Khalilov with his research group is a scientific proof 

verifying this thesis, which we have been defending for quite a long time without 

declaring it to the public. We need to make this declaration at this time to establish a 

historical record. Furthermore, we must state that this completely scientific conclusion and 

diagnosis of Mr. Khalilov and his team is a confirmation for us and a warning for humanity 

that is worthy of commendation. Unfortunately, there are very few scientists today who are 

not afraid of power barons and are able to announce impartial scientific truths that are 

warnings for humanity. 

In conclusion, it is our opinion that Mr. Khalilov and Geochange have correctly 

interpreted natural disasters. They have carried out research and statistical 

projections regarding the severe disasters that are expected on Earth in the 

future. Mankind is ignoring the current and future facts about the Earth, and if they continue 

to be blind to where the Earth is headed and be deaf to the " groanings of the globe", they 



will be entering a stage when it will be impossible to turn back from The Approaching 

Hour. 

VARIATIONS OF ANGULAR VELOCITY OF EARTH'S ROTATION 

Rotation is the Earth rotating on its own axis. At the beginning of the 20th century, it was 

discovered that there are irregularities and changes in the daily rotation of the 

Earth. According to Ginsberg's theory, the changes in the rotation rate of the Earth are 

caused by electromagnetic interaction between the Earth and the Sun. The studies 

carried out by Kropotkin in 1984 indicated that 

"changes in the diameter of the Earth cause cycles in tectonic processes as well as changes 

in the angular speed of the earth." 

According to Kropotkin, who established a close correlation with the Chandler wobble, the 

Earth's angular speed and seismic activity can be unified with a single logical system. In 

2005, a group of scientists (Friedmann, Klimenko and Polyachenko) investigated the 

correlation between the Earth's global seismic activity and its rotation speed. Their 

research led to the following conclusion: 

"When the Earth's crust expands or contracts in the opposite direction of the rotational axis, 

this causes annual seismic activity and changes in the angular speed of the Earth's 

rotation." 

The views of the authors of this report are as follows: 

" Without a doubt, variations in the daily rotation of the Earth are connected to large 

changes and deformation processes in the core, lithosphere, hydrosphere and 

atmosphere. A confirmation of this is the fact that after the Indonesia earthquake (December 

26, 2004), the angular speed of the Earth's rotation changed and its axis shifted." 

THE RELATIONSHIP BETWEEN THE SUN AND THE EARTH 

The sun is the largest energy source that affects the Earth from space. The sun emits 

3x1033cal of energy per year. It is the source of all electromagnetic radiation, the 

interplanetary plasma cloud and cosmic solar rays made up of fast electrons. The sun loses 

most of its energy in the form of wave radiation. 

The solar spots that appear on the surface of the sun are indicators of increasing solar 

activity. Research indicates that it takes 11 years for a solar spot to travel to the equator. At 

the end of each 11 year cycle, the polarity of the magnetic field at the poles changes. Thus 

the Sun's magnetic cycle lasts 22 years.  



MASS EXTINCTION 

A SIMPLE DESCRIPTION OF THE CONCEPTS AND EVENTS OF MASS 

EXTINCTION 

What is mass extinction? 

Mass extinction is the term used by geologists to describe episodes in Earth history when large 

numbers of fossil species disappear from the rock record during a short period of geological 

time. Mass extinctions are distinct from the steady rate of extinction which is observed to have 

occurred continuously through the geological record; that is often called background extinction  

Mass extinctions therefore indicate something drastic and rapid happened to the Earth surface to 

cause such a large disruption in the environment that huge numbers of creatures have not been 

able to adapt, and have died out. 

 How many mass extinctions? 

 This is a debatable question, and it depends on how the species are grouped together for 

analysis. Note that because there is such a large number of fossil species, and they occur over 

such a long period of time, that it is necessary to group data together to identify patterns  

The famous work of Jack Sepkoski, using a grouping called family level in fossil organisms, 

identified 5 major mass extinction events in the period of Earth history where shelly fossils can 

be easily found. Thus they are called the Big Five and are named as: 

1. Late Ordovician event, ca. 440 million years ago 

2. Late Devonian event, ca. 350 million years ago 

3. End-Permian event, ca 250 million years ago; the most severe event: approximately 

90% of all marine species died out, and a large number of terrestrial species too. 

4. Late Triassic event, ca, 200 million years ago. 



5. End-Cretaceous event, otherwise called the K/T (meaning Cretaceous/Tertiary 

boundary, i.e. the boundary between the Cretaceous and Tertiary Periods of geological 

time), ca. 65 million years ago (this is the one that killed the dinosaurs). 

Geologists are always interested in the date when something happened, and the study of 

geological time is itself a huge area of interest. Figure 1 below is a simple diagram showing the 

names of major episodes of geological history, and the position of the Big Five extinctions are 

shown. 

 

 

Figure 1: a simple geological time chart showing the names of the geological time divisions, 

and the times of each of the Big Five mass extinctions in the blue box on the right side. 

Major time periods are called Eons, and there are three shown in the diagram: Archean, 

Proterozoic and Phanerozoic Eons. The most recent (Phanerozoic Eon) is composed of a 



number of subdivisions, called Periods, starting with Cambrian, and ending at the present 

day with Quaternary. Read the text for details of the mass extinctions. 

Some geologists are now thinking that there may be more than 5, depending on how much and 

how rapidly the disappearance of species is viewed. But the Big Five really are the biggest 

extinctions, and give us a convenient framework for thinking about the concepts and processes of 

mass extinction. 

What caused mass extinctions? 

All the big five are different, in terms of how severe, what organisms died, their geographic 

patterns, and what events took place on the Earth surface at the time the extinction happened. To 

give you a broad idea, the most popular causes of the extinctions are: 

1. Late Ordovician event: a rapid glaciation that lasted about 1 million years during a period of 

time when the Earth was generally very warm. In contrast the modern climate is relatively cool, 

and the ice sheets we are so familiar with in the north and south polar regions formed about 15 

million years ago. Thus the shock of a rapid cooling may have been too much for the biosphere 

to cope with, and this led to mass extinction. 

2. Late Devonian event: This was a time when shallow water anoxia has been recognized in the 

world oceans, and it is strongly suspected that some oceanographic catastrophe led to anoxic 

waters. Anoxia means that no free oxygen is present in the water; instead the waters were rich in 

hydrogen sulphide, as in the deeper waters of the modern Black Sea. Anoxic waters are toxic to 

all oxygen-dependent organisms, so that only a limited range of creatures can live in it, and these 

do NOT include the shelly and bony fossil animals we are so familiar with. However, other 

evidence suggests that there was an overall climatic cooling during this time, and the possibility 

exists that multiple changes led to this extinction. 

3. End-Permian event: Evidence of anoxia is also recorded through much of the world oceans, 

but there was also a giant volcanic eruption in Siberia, producing lava up to 1 km thick across an 

area of half of Russia. It is this coincidence of globally-reaching disasters that might have led to 

such a severe extinction. 



4. Late Triassic event: This coincides with a substantial volcanic event, which could be the 

cause. 

5. End-Cretaceous (K/T) event: this is famously attributed to a meteorite impact, which is 

accepted by almost all researchers, with substantial evidence. A giant meteorite hitting the Earth, 

in the present location of the Yucatan Peninsula of central America, is interpreted to have caused 

such a cataclysmic disruption to the biosphere that it caused the dinosaurs to go extinct on land, 

along with lots of other creatures, including the famous ammonite organisms in the sea; 

ammonites are familiar to anybody who has visited the area of Lyme Regis on the southern UK 

coastline, and are iconic in the perception of fossils in the UK. 

With the exception of the K/T event, which is generally accepted to have been caused by a 

meteorite impact, it is likely that mass extinctions were caused by coincidence of different types 

of environmental catastrophes generated within on the Earth, without external influence, which 

the biosphere could not adapt to. Any one event on its own may not have been so bad, but the 

combination of events that have different underlying causes may be the ultimate cause of mass 

extinctions. 

Thus it is an interesting truth that the biggest event in history, the end-Permian extinction, 

is not associated with evidence of a meteorite impact.  

Therefore the wealth of evidence indicates that the end-Permian event was a home-grown 

extinction. It has been suggested by some researchers that a major reason why so many fossil 

animals disappear at the end-Permian extinction event is that their physiology was unable to cope 

with the environmental changes associated with a significant rise in carbon dioxide in the 

atmosphere and oceans, related to the Siberian volcanic eruption. In particular, data compilations 

have been used to interpret that those animals with heavily calcified shells were most affected. 

The disappearance of these animals may have left an open ecological space in the oceans, which 

was taken up by microbial structures that are the subject of my research, and illustrated in 

Section 3 of this document. 

 

 



The Geological Time Scale 

History of the earth is divided into four eons, eons into eras, and eras into periods. 

Fossil record becomes extensive after the Pre-Cambrian/Cambrian boundary, some 600 million 

years ago. A period is defined by the fossils of organisms that dominated in that period; the end 

of a period is marked by a transition in fossils. 

Clearly, many ancient forms no longer exist. As species have appeared and others have 

disappeared, the overall trend in diversity has been strongly upward. Note also that this trend has 

perodic interruptions, called mass extinctions. 

The average rate over the past 200 my is 1-2 species per year, and 3-4 families per my. The 

average duration of a species is 2-10 million years (based on last 200 million years). 

Mass extinctions 

Roughly 20 are recognized, of which 5 are major and the largest is the Permean, in which 50% of 

all marine families and 80+% of all marine species went extinct. How do we recognize a mass 

extinction? 

1. includes many different kinds of taxa 

2. includes considerable numbers of higher taxa (eg, dinosaurs) 

3. species� existence is truncated relative to expected duration 

4. followed by appearance and rapid (5-10 my) radiation of previously unknown or 

previously minor taxa 

What causes mass extinctions? 

1. explanations include climate change (usually a cooling, perhaps with glaciation), meteor 

showers, biologically superior life forms, cosmic radiation 

2. no reason to assume the same cause for all 

3. cooling seems plausible in a number of cases 



4. a meteor impact is very strongly indicated for the K-T event 

The K-T Extinction event 

1. Dinosaurs, many land plants, ammonites, much marine life perished. Mammals, 

which had long co-existed with reptiles as small, undifferentiated scavengers, 

radiated into all the main mammals lineages within ~ 10 my. 

2. The explanation: a huge meteor, perhaps 150 km in diameter, collided with Earth. 

A dust cloud caused darkness for months or years, cooling the earth and 

drastically curtailing plant photosynthesis. Subsequent volcanic activity produced 

noxious gases, and acid rain. 

3. Alternative explanations: dual meteors, or massive volcanic activity triggered by a 

meteor. 

4. The evidence: thin layer of iridium, rare in the earth�s crust but common in 

meteors, throughout the world and dating to 63 my; ratio of other minerals 

including gold and platinum was characteristic of meteors, shocked (compressed) 

quartz crystals suggestive of impact; crater off the coast of the Yucatan. 

 What causes the Earth's climate to change? 

 

The British Isles had many glaciers, like this one in present-day Iceland, during the last ice age. 

We think of the climate we enjoy today as normal, however the Earth’s climates are always 

changing. 

At times, Britain has been hot enough for hippos to live in Norfolk. At other times ice has 

covered the country for tens of thousands of years. 



Global climate change has usually occurred very slowly over thousands or millions of years. For 

further details look at our Climate through time poster or online map. 

Today our climate is changing quickly by comparison. 

Hotter or colder? 

Here are some of the many factors that can cause the Earth's climate to get hotter or colder: 

Strength of the sun 

 

Only about 40 per cent of the solar energy intercepted at the top of the atmosphere passes 

through to the Earth’s surface. 

Almost all of the energy that affects the climate on the Earth originates from the Sun. 

The energy emitted by the sun passes through space until it hits the Earth’s atmosphere. 

Only about 40 per cent of the solar energy intercepted at the top of the atmosphere passes 

through to the Earth’s surface. 

The rest is reflected or absorbed by the atmosphere. The energy output of the sun is not constant, 

it varies over time and it has an impact on our climate. 

Changes in the Earth’s orbit 

The Earth’s orbit around the Sun is an ellipse, not a circle but the ellipse changes shape. 

Sometimes it is almost circular and the Earth stays approximately the same distance from the 

Sun as it progresses around its orbit. 

At other times the ellipse is more pronounced so that the Earth moves closer and further away 

from the sun as it orbits. 



When the Earth is closer to the sun our climate is warmer. 

                                                         
Circular orbit.                                             Elliptical orbit – when the Earth is closer to the Sun,              

                                                                                  its climate is warmer 

Changes in the orientation of the Earth’s axis of rotation 

 

 

The Earth showing angle of axis of rotation. When the angle increases the summers become 

warmer and the winters become colder. 

The Earth rotates around an axis (imagine a line that joins the north and south poles) but the 

Earth’s axis is not upright, it leans at an angle. 

This angle changes with time and over about 41 000 years it moves from 22.1 degrees to 24.5 

degrees and back again. 

When the angle increases the summers become warmer and the winters become colder. 

 

 

 



Quantity of greenhouse gases in the atmosphere 

The gases that contribute most to the Earth's greenhouse effect are: water vapour, 

carbon dioxide, nitrous oxide, methane and ozone. 

These include carbon dioxide, methane and water vapour. 

Of these three, water vapour makes the greatest contribution to the greenhouse effect because 

there is more of it. 

These gases trap solar radiation (electromagnetic radiation emitted by the Sun) in the Earth’s 

atmosphere, making the climate warmer. 

Carbon dioxide content of the oceans 

The oceans contain more carbon dioxide (CO2) than the atmosphere and they can also absorb 

CO2 from the atmosphere. 

When the CO2 is in the oceans it does not trap heat as it does when it is in the atmosphere. 

If CO2 leaves the oceans and moves back into the atmosphere this can contribute towards a 

warmer climate. 

Plate tectonics and volcanic euptions 

Over time, plate tectonic processes cause continents to move to different positions on the globe. 

For example, Britain was near to the equator 300 million years ago, and therefore was hotter than 

it is today. For further details look at our Climate through time poster or online map. 

The movement of the plates also causes volcanoes and mountains to form and these too can 

contribute to a change in climate. 



 

Mountain ranges formed by plate tectonics. 

Large mountain chains can influence the circulation of air around the globe, and consequently 

influence the climate. Warm air might be deflected somewhere cooler by the mountains. 

 

Volcanoes formed by plate tectonics.  

Volcanoes affect the climate through the gases and dust particles thrown into the atmosphere 

during eruptions. The effect of the volcanic gases and dust may warm or cool the Earth's surface, 

depending on how sunlight interacts with the volcanic material. 

Ocean currents 

 

Global ocean currents. Oceans store a large amount of heat, so that small changes in ocean 

currents can have a large effect on coastal and global climate. 

Ocean currents carry heat around the Earth. 

The direction of these currents can shift so that different areas become warmer and cooler. 



Oceans store a large amount of heat, so that small changes in ocean currents can have a large 

effect on coastal and global climate. 

Vegetation coverage on the land 

On a global scale, patterns of vegetation and climate are closely correlated. 

Vegetation absorbs carbon dioxide and this can buffer some of the effects of global warming. 

Meteorite impacts 

Nowadays, most of what is on the Earth stays on the Earth; very little material is added by 

meteorites and cosmic dust. The only material lost to space is in space hardware. 

However, meteorite impacts have contributed to climate change in the geological past; a good 

example is the Chicxulub crater, Yucatán Peninsula in Mexico. 

Large impacts such as Chicxulub can cause a range of effects that include dust and aerosols 

being ejected high into the atmosphere that prevent sunlight from getting through. These 

materials insulate the Earth from solar radiation and cause global temperatures to fall; the effects 

can last for a few years (Kring, 2007). 

After the dust and aerosols fall back to Earth, the greenhouse gases (carbon dioxide, water and 

methane), caused by the interaction of the impactor and its 'target rocks', remain in the 

atmosphere and can cause global temperatures to increase; the effects can last decades (Kring, 

2007). 

Sum of the parts 

Each of the above factors contribute to changes in the Earth’s climate, however the way they 

interact with each other makes it more complicated. 

A change in any one of these can lead to additional and enhanced changes in the others. 

For example, we understand that the oceans can take carbon dioxide out of the atmosphere: 



When the quantity of CO2 in the atmosphere increases, the temperature of the Earth rises. 

This in turn would contribute to a warming of the oceans. Warm oceans are less able to absorb 

CO2 than cold ones, so as the temperature rises, the oceans release more CO2 into the 

atmosphere, which in turn causes the temperature to rise again. 

THE HUMAN COST OF NATURAL DISASTERS: A GLOBAL PERSPECTIVE 

This report presents data about natural disasters impacts (human and economic) at world scale 

for the last 20 years. The analyses focus on trends and patterns of impacts and how these vary 

regarding the income level or the geographical location. Based on the analyses, conclusions and 

action points were drawn to raise the awareness and frame the debate for the next steps that need 

to be done in disaster risk reduction. 

The report is based on EM-DAT data from the period between 1994 and 2013, which includes 

6,873 natural disasters worldwide, which claimed 1.35 million lives or almost 68,000 lives on 

average each year, and affected 218 million people on average per annum during this 20-year 

period. 

The review brings a number of conclusions on the human cost of disaster. One of the findings is 

that population growth and patterns of economic development are more important than climate 

change or cyclical variations in weather when explaining the upward trend. Today, not only are 

more people in harm’s way than there were 50 years ago, but building in flood plains, 

earthquakes zones and other high-risk areas has increased the likelihood that a routine natural 

hazard will become a major catastrophe. EM-DAT data also show that flooding caused the 

majority of disasters between 1994 and 2013, accounting for 43% of all recorded events and 

affecting nearly 2.5 billion people, and that storms were the second most frequent type of 

disaster, killing more than 244,000 people and costing US$936 billion in recorded damage. 

Earthquakes (including tsunamis) killed more people than all other types of disaster put together, 

claiming nearly 750,000 lives between 1994 and 2013. Tsunamis were the most deadly sub-type 

of earthquake, with an average of 79 deaths for every 1,000 people affected, compared to four 

deaths per 1,000 for ground movements. This makes tsunamis almost twenty times more deadly 

than ground movements. 



Drought affected more than one billion people between 1994 and 2013, or 25% of the global 

total. This is despite the fact that droughts accounted for just 5% of disaster events in this period. 

Some 41% of drought disasters were in Africa, indicating that lower-income countries are still 

being overwhelmed by drought despite effective early warnings being in place. 

In absolute numbers, the USA and China recorded the most disasters between 1994 and 2013, 

due mainly to their size, varied landmasses and high population densities. Among the continents, 

Asia bore the brunt of disasters, with 3.3 billion people affected in China and India alone. If data 

are standardized, however, to reflect the numbers of people affected per 100,000 head of 

population, then Eritrea and Mongolia were the worst-affected countries in the world. Haiti 

suffered the largest number of people killed both in absolute terms and relative to the size of its 

population due to the terrible toll of the 2010 earthquake. 

While disasters have become more frequent during the past 20 years, the average number of 

people affected has fallen from one in 23 in 1994-2003 to one in 39 during 2004-2013. This is 

partly explained by population growth, but the numbers affected have also declined in absolute 

terms. Death rates, on the other hand, increased over the same period, reaching an average of 

more than 99,700 deaths per year between 2004 and 2013. This partly reflects the huge loss of 

life in three megadisasters (the 2004 Asian tsunami, Cyclone Nargis in 2008 and the 2010 

Haitian earthquake). However, the trend remains upward even when these three events are 

excluded from the statistics. 

Analysis of EM-DAT data also shows how income levels impact on disaster death tolls. On 

average, more than three times as many people died per disaster in low-income countries (332 

deaths) than in high-income nations (105 deaths). A similar pattern is evident when low- and 

lower-middle-income countries are grouped together and compared to high- and upper-middle-

income countries. Taken together, higher-income countries experienced 56% of disasters but lost 

32% of lives, while lower-income countries experienced 44% of disasters but suffered 68% of 

deaths. This demonstrates that levels of economic development, rather than exposure to hazards 

per se, are major determinants of mortality. 

 

 



RIVER FLOODING 

 A river flood is one of the most common forms of natural disaster and it can happen at 

any time of the year, but is most common in the late winter/early spring due to snowmelt and 

heavy spring rainfall. It occurs when a river fills with water beyond its capacity. The surplus 

water overflows the banks and runs into adjoining low-lying lands. River floods are responsible 

for the loss of human life and the damage of property. Each year, the number of deaths from 

flooding of rivers is more than any other natural disaster. 

What is River Flooding? 

 River Flooding can happen at any time of the year, but is most common in the late 

winter/early spring due to snowmelt and heavy spring rainfall. A second peak in river flooding 

appears in the late summer when the remnants of Tropical Storms and Hurricanes can bring 

heavy rain to Pennsylvania. 

Causes 

 Several factors can cause a river flood. The most common reason of river flooding is 

heavy rainfall. The sudden melting of snow and ice also increases the chance of flooding. Other 

causes of river floods include broken dams, rough seas and high tides. These events can push 

water up the rivers and result in flooding. Flash floods, which have a very short duration, are 

very violent in nature. They occur when heavy rain falls on steep land and runs off the land at a 

rapid pace. In addition, flash floods also happen when the rivers are too narrow to hold extra 

water. 

Impact of Floods 

 River floods have serious repercussions. The floodwater drowns human beings and 

animals. It damages buildings, roads, bridges and crops. A serious aftermath of river flooding is 

pollution of the water supply. Flood water also damages sewage systems, gas lines and power 

lines. 

Positive Effects 

 River floods displace large amounts of sediment. This river sediment mixes with 

agricultural land and replenishes valuable topsoil components. This action also increases the 

elevation of lands. 

Some Major Floods of the World 

 China has experienced many devastating floods. The Yellow River flooding in 1887 

inundated 1,500 towns and villages. Around 2.5 million people died in the disaster. The great 

flood of Vietnam’s Red River in 1971 resulted in the death of 100,000 people and the destruction 

of 7 million tons of rice. More than 200,000 people died in 1991 in Bangladesh as a result of 

river flooding and associated tropical cyclones. 

Preventive Measures 

 In order to limit the damage caused by floods, dams or weirs are built. These dams have 

gates that control the amount of water flowing through them. In case of flooding, water is 



diverted to reservoirs, swamps and canals connected to the dams. In addition, dams also generate 

hydroelectricity by harnessing the power of flowing water. 

 

What is the impact on people and places? 

 It may seem hard to believe that a small, slow-flowing stream or gentle river could cause 

serious damage to people and the places in which they live and work, but looks can be deceptive! 

People love to live near to rivers - in the past mainly for food, water, transport and protection. 

Even today people enjoy the peace and tranquility flowing water can offer. 

 Flooding can turn even the most harmless looking watercourse into a raging torrent of 

large-scale destruction - buildings may prove no obstacle to its power; food crops may be ruined 

leading to food shortages and even starvation; peoples lives may be lost through drowning 

disease and homelessness. 

 Rivers can be things of beauty and the historic lifeblood of a settlement. Begin to find out 

how man uses flowing water to enhance life and living, whilst trying to contain its destructive 

powers when in flood, using the enquiry resources of the Internet! 

Why do Rivers Flood? 

 Floods are natural events. They mainly happen when the river catchment, (that is the area 

of land that feeds water into the river and the streams that flow into the main river) receives 

greater than usual amounts of water (for example through rainfall or melting snow). The river 

cannot cope and this extra water causes the level of the water in the river to rise and a flood to 

take place. This flooding may take place at any point along the river course and not necessarily at 

the place where the extra water has entered. 

 In 1947 a severe winter blew into Europe from Russia. "When it began to thaw the River 

Trent burst its banks and brought floods to Nottingham. Fifty thousands acres of farmland were 

engulfed by water with hundreds of homes cut off from dry land. Two and a half thousand acres 

of the city were waterlogged, submerging 28 miles (45 km) of streets." 

Activities for you to try 

Identifying a river catchment - Use a map or atlas to identify a major river near to where 

you live, and use tracing paper to identify and draw its source (where it begins) and its 

mouth (where it ends). Then trace on the streams, brooks and smaller rivers that feed into 

your main river - these are called the tributaries. The source of each of these tributaries 

marks one point on the boundary of the river - joining these points up shows the 

approximate limits of the catchment area of your river. 



Use an atlas to locate and mark Nottingham and the course of the River Trent on a blank 

outline map of the British Isles. 

Man Using Flooding Rivers 

 Although man often seeks to protect himself and his property from the often-damaging 

effect of floods, man can use them to his advantage. 

 The people of Egypt used the regular event of the River Nile flood to their advantage. 

Until 1970, the Nile had flooded every Spring as the mountain snows melted. This flooding of 

the flat land (floodplains) alongside the river enriched the soils leaving behind rich silt in which 

crops could be grown. 

 The construction of the Aswan Dam in the 1960's meant that from 1970 the annual flood 

was controlled - many people do not agree with interfering with nature! 

Activities for you to try 

Try searching for information on how the Ancient Egyptians used the regular annual 

flooding of the River Nile to help their agricultural activities. 

Why do you think that so many cities developed close to rivers despite the obvious risks? 

Carry out a debate in the classroom presenting arguments for and against the damming of 

the River Nile. What do people see as the advantages of the dam? What are seen as the 

disadvantages? Use the websites below to inform your discussions. 

How Can Man Control River Flooding? 

 Man has long tried, not always successfully, to control and prevent the damaging effects 

of flooding rivers. River engineers may build artificial flood banks, straighten the river course, or 

dredge the riverbed to make it deeper. All of these methods of control can work, although they 

often have a negative effect on the river as a habitat. 

 The Environment Agency has a major role in the control of river flooding and the 

protection of people and their property. Their job is a difficult one has there is an increasing 

tendency of rivers towards 'flash flooding' - this is where rainfall or melting ice and snow result 

in a rivers level rising extremely quickly, often far more quickly than in past years. We saw a lot 

of this during November 2000! 

Activities for you to try 

Investigate the factors which cause rivers to flash flood and why this is an increasing 

occurrence compared with past times? 

River Floods in the News 



 Major floods make news around the world because of their impact upon man. This 

impact is often in terms of loss of life, property and disruption of day-to-day living. 

 Following very severe storms and heavy rainfall in the UK in November 2000 there was 

flooding in many parts of the country. Travelling around the country was difficult and many 

homes were flooded, causing many families to leave their homes. 

 The floods in Mozambique in 2000 were devastating in their extent and impact on life. 

These floods claimed many lives and left thousands of survivors homeless and with shortages in 

food, clean water and employment. Amazing stories of survival against the odds and bravery 

were reported daily in newspapers worldwide - including the mother who gave birth to a child in 

a treetop, where she was escaping the rising floodwaters waiting to be rescued by helicopter. 

 

Activities for you to try 

Locate Mozambique and mark the main rivers. How close are the main settlements to those 

rivers? Why. 

Investigate what could have been done to avoid the devastating floods in Mozambique? 

Find out how the world supported Mozambique in its struggle to cope with and recover from the 

devastating floods 

Characteristics and Attributes of Floods 

Flood can be characterized by the following attributes: 

 Triggering factors 

 Spatial occurrence 

 Duration of the event 

 Time of onset 

 Frequency 

 Magnitude 

 Secondary events 

 These characteristics can help in categorization of different types and levels of floods as 

well as it enables us to compare different hazards with each other. Simply, these characteristics 

can be translated as what, when, where, why, how, how much and who. 

1. Triggering Factors of Flooding 

 Floods can be triggered by different natural and anthropogenic phenomena. Sometime it 

is prolonged rainfall that causes floods, sometime torrential rains or storms cause flooding 

situation. In summer season, high average temperature can result in increased melting of the 

snow hence, high discharge downstream. Tidal surges due to attraction forces of sun and moon 

can also cause localized flooding on sea costs. Similarly, lack of permeable surface and high 

ground water table in a region can also trigger a flood. 



2. Spatial Occurrence 

 Spatial occurrence refers to the area and the extent of the area affected by the flood. 

Floods don’t occur randomly. They occur in areas that are in geographical proximity to water 

bodies, where prolonged rainfall occur or in areas with poor drainage system. These 

characteristics enable us to categorize the flooding events. 

The extent of the area covered by the flood can be small for example in the case of flash floods, 

it affects only a village, town or a city. While riverine floods can affect many a cities on its way. 

3. Duration of the Flooding 

 Duration of the event means the time span between the start and end of the flooding or 

the event that caused the flood. Usually this is difficult to be defined for floods as the recede very 

slowly and does not vanish completely, rather the flood water moves from one area to another. It 

can also be defined as the time duration through which the flood lasted. 

4. Time of Onset of the Flood 

 It is the time span between the start of the event causing the flooding and the time when 

the flood has actually occurred. For instance, the delay between the rainfall and the peak 

discharge. 

5. Frequency of Flooding 

 Frequency of flood events mean how often the flooding occur in a given time period for 

example, a year. Flood recurrence intervals can range from multiple times a year to once in 10 

years or even 30 years. It allows scientists/researchers to understand when a flood of certain 

magnitude and intensity will occur in a given area. 

6. Seasonality of Flood 

 Seasonality refers to the season that has the most probability for flood. In South Asia, the 

probability of floods is highest in Monsoon period (July-August) as compared to the rest of the 

year. This is due to the seasonal winds (Monsoon) that blow over South Asia in this period. By 

knowing the season for the flood hazard we can take steps to prevent, mitigate or in the worst 

case prepare for the hazard. 

7. Magnitude of Flood 

 Magnitude refers to the energy released during the hazardous event. 

8. Intensity of Flood 

 Intensity of floods is the damage caused by it. It can be characterized by depth of 

inundation, volume of inundation, velocity of flow and rate of rise of water. The more the depth 



of water, more will be its volume, velocity and its damaging capacity. A high rate of rise for 

water also means less preparation time for people in the area. 

9. Derived Events (Secondary Events) 

 Disasters can also trigger secondary disasters causing damages and destruction. Floods 

can hit down electric poles and cause widespread electrocution or even fires. 

Three Common Types of Flood Explained 

Coastal (Surge Flood) 
 A coastal flood, as the name suggests, occurs in areas that lie on the coast of a sea, ocean, 

or other large body of open water. It is typically the result of extreme tidal conditions caused by 

severe weather. Storm surge — produced when high winds from hurricanes and other storms 

push water onshore — is the leading cause of coastal flooding and often the greatest threat 

associated with a tropical storm. In this type of flood, water overwhelms low-lying land and 

often causes devastating loss of life and property. 

Coastal flooding is categorized in three levels: 

 Minor: A slight amount of beach erosion will occur but no major damage is expected. 

 Moderate: A fair amount of beach erosion will occur as well as damage to some homes 

and businesses. 

 Major: Serious threat to life and property. Large-scale beach erosion will occur, 

numerous roads will be flooded, and many structures will be damaged. Citizens should 

review safety precautions and prepare to evacuate if necessary. 

HAZARDS  OF  FLOOD 

  Primary Hazards 

    The primary hazards are the effects of floods due to direct contact with the flood waters. 

 With higher velocities, streams are able to transport larger particles as suspended 

load. These large particles can include not only rocks and sediment, but, during a flood, 

could include such large objects as automobiles, houses and bridges.  

 Flood waters can produce massive amounts of erosion. Such erosion can weaken and 

undermine bridges, levees/dykes, and buildings causing their collapse. 

 Water entering human built structures cause water damage. Even with minor flooding of 

homes, furniture is ruined, floors and walls are damaged, and anything that comes in 

contact with the water is likely to be damaged or lost.   Flooding of automobiles usually 

results in damage that cannot easily be repaired. 

 Flooding of farmland can result in crop loss.  Livestock, pets, and other animals are often 

carried away and drown. 

 Humans can get caught in the high velocity flood waters and can drown in the water. 



 Floodwaters can concentrate garbage, debris, and toxic pollutants that can cause the 

secondary effects of health hazards. 

  

    Secondary Hazards 
    Secondary hazards are those that occur because of primary hazards. 

  

        1)  Drinking water supplies may be polluted, especially if sewage treatment plants are 

within the flooded area.  This contamination can result in disease 

              and other health complications. 

        2)  Gas and electrical services can be interrupted.  

        3)   Transportation systems can be disrupted as a result food supplies and aid can be 

delayed.  This has resulted in starvation in lesser developed countries. 

  

    Long Term Hazards 

     Long term changes 

  

      1)  Location of river channel my change. 

      2)  Sediment deposited during flooding may leave farm land in poor condition (all  

            though silt deposits can increase productivity). 

      3)  Destruction of wildlife habitat. 

                  

 

  Terms 

   Floodplain - a low area of land, adjacent to streams or rivers, in which flood water moves into 

during a flood. 

 

  Flood - High water flow or an overflow of rivers or streams from their natural or artificial 

banks, inundating adjacent low lying areas. 



 

 Flood Crest - the highest peak elevation of the water level during a flood in a stream or river. 

 Stream Channel - An open conveyance of surface having a bottom and sides in a linear 

configuration. Channels can be natural or man-made. Channels have levees or dikes along their 

sides to build up their depth. 

 Stream Discharge - The amount of water that passes a specific point on a watercourse over a 

given period of time. Rates of discharge are usually measured in cubic feet per second.  

 Dyke / Levee - A man-made structure, usually an earthen embankment often reinforced with 

soil cement, that is designed to contain or divert the flow of water.  

Peak Flow - The maximum rate of flow through a watercourse for a given storm. 

Hazards Associated with Flooding 

Hazards associated with flooding can be divided into primary hazards that occur due to contact 

with  water, secondary effects that occur because of the flooding, such as disruption of services, 

health impacts such as famine and disease, and tertiary effects such as changes in the position of 

river channels.  Throughout the last century flooding has been one of the most costly disasters in 

terms of both property damage and human casualties.  Major floods in China, for example, killed 

about 2 million people in 1887,  nearly 4 million in 1931, and about 1 million in 1938   The 1993 

flood on the upper Mississippi River and Midwest killed only 47 people, but the U.S. Army Corps 

of Engineers estimates the total economic loss at between 15 and 20 billion dollars. 

Primary Effects 
Again, the primary effects of floods are those due to direct contact with the flood waters.  As seen 

in the video last lecture, water velocities tend to be high in floods.  As discharge increases 

velocity increases.  

 With higher velocities, streams are able to transport larger particles as suspended load.  

Such large particles include not only rocks and sediment, but, during a flood, could 

include such large objects as automobiles, houses and bridges.   

 Massive amounts of erosion can be accomplished by flood waters. Such erosion can 

undermine bridge structures, levees, and buildings causing their collapse. 

 Water entering human built structures cause water damage. Even with minor flooding of 

homes, furniture is ruined, floors and walls are damaged, and anything that comes in 

contact with the water is likely to be damaged or lost.   Flooding of automobiles usually 

results in damage that cannot easily be repaired. 

 The high velocity of flood waters allows the water to carry more sediment as suspended 

load.  When the flood waters retreat, velocity is generally much lower and sediment is 



deposited.  After retreat of the floodwaters everything is usually covered with a thick layer 

of stream deposited mud, including the interior of buildings. 

 Flooding of farmland usually results in crop loss.  Livestock, pets, and other animals are 

often carried away and drown. 

 Humans that get caught in the high velocity flood waters are often drowned by the water. 

 Floodwaters can concentrate garbage, debris, and toxic pollutants that can cause the 

secondary effects of health hazards. 

 

Secondary and Tertiary Effects 
Remember that secondary effects are those that occur because of the primary effects and tertiary 

effects are the long term changes that take place.  Among the secondary effects of a flood are: 

 Disruption of services - 

o Drinking water supplies may become polluted, especially if sewerage treatment 

plants are flooded.  This may result in disease and other health effects, especially 

in under developed countries. 

o Gas and electrical service may be disrupted. 

o Transportation systems may be disrupted, resulting in shortages of food and clean-

up supplies.  In under developed countries food shortages often lead to starvation. 

 Long - term effects (tertiary effects)- 

o Location of river channels may change as the result of flooding, new channels 

develop, leaving the old channels dry. 

o Sediment deposited by flooding may destroy farm land (although silt deposited by 

floodwaters could also help to increase agricultural productivity). 

o Jobs may be lost due to the disruption of services, destruction of business, etc. 

(although jobs may be gained in the construction industry to help rebuild or repair 

flood damage). 

o Insurance rates may increase. 

o Corruption may result from misuse of relief funds. 

o Destruction of wildlife habitat. 

 

 

Coastal flooding caused by Hurricane Sandy ravaged the Jersey Shore in October 2012. 

 The severity of a coastal flood is determined by several factors, including the strength, 

size, speed, and direction of the storm. The onshore and offshore topography also plays an 

important role. To determine the probability and magnitude of a storm surge, coastal flood 



models consider this information in addition to data from historical storms that have affected the 

area, as well as the density of nearby development.   

Fluvial (River Flood) 
 Fluvial, or riverine flooding, occurs when excessive rainfall over an extended period of 

time causes a river to exceed its capacity. It can also be caused by heavy snow melt and ice jams. 

The damage from a river flood can be widespread as the overflow affects smaller rivers 

downstream, often causing dams and dikes to break and swamp nearby areas. 

There are two main types of riverine flooding: 

 Overbank flooding occurs when water rises overflows over the edges of a river or stream. 

This is the most common and can occur in any size channel — from small streams to 

huge rivers. 

 Flash flooding is characterized by an intense, high velocity torrent of water that occurs in 

an existing river channel with little to no notice. Flash floods are very dangerous and 

destructive not only because of the force of the water, but also the hurtling debris that is 

often swept up in the flow. 

 In September 2013, heavy rain caused catastrophic river 

flooding along Colorado's Front Range. 

 The severity of a river flood is determined by the amount of precipitation in an area, how 

long it takes for precipitation to accumulate, previous saturation of local soils, and the terrain 

surrounding the river system. In flatter areas, floodwater tends to rise more slowly and be more 

shallow, and it often remains for days. In hilly or mountainous areas, floods can occur within 

minutes after a heavy rain. To determine the probability of river flooding, models consider past 

precipitation, forecasted precipitation, current river levels, and temperatures. 

 

 

Pluvial (Surface Flood) 

A pluvial, or surface water flood, is caused when heavy rainfall creates a flood event 

independent of an overflowing water body. One of the most common misconceptions about flood 

risk is that one must be located near a body of water to be at risk. Pluvial flooding debunks that 

myth, as it can happen in any urban area — even higher elevation areas that lie above coastal and 

river floodplains. 



There are two common types of pluvial flooding: 

 Intense rain saturates an urban drainage system. The system becomes overwhelmed and 

water flows out into streets and nearby structures. 

 Run-off or flowing water from rain falling on hillsides that are unable to absorb the 

water. Hillsides with recent forest fires are notorious sources of pluvial floods, as are 

suburban communities on hillsides. 

 Torrential rain caused extensive pluvial flooding in the United 

Kingdom during the summer of 2007. 

 Pluvial flooding often occurs in combination with coastal and fluvial flooding, and 

although typically only a few centimeters deep, a pluvial flood can cause significant property 

damage.  

Methods of flood prevention  

 Humans cannot stop the rains from falling or stop flowing surface water from bursting its 

banks. These are natural events, but we can do something to prevent them from having great 

impact. Here are a few. 

 

 

 Sea walls and tide gates have been built in some places to prevent tidal waves from 

pushing the waters up ashore. In some areas too, sand bags are made and placed in strategic areas 

to retain floodwaters. 

 

 

Retaining walls 

 In some places, retaining walls levees, lakes, dams, reservoirs or retention ponds have 

been constructed to hold extra water during times of flooding. 



Town planning 

 It is important that builders acquire permission before buildings are erected. This will 

ensure that waterways are not blocked. Also, drainage systems must be covered and kept free 

from objects that chock them. This way, water can quickly run through if it rains and minimize 

any chance of town flooding. Drainage systems should also be covered to prevent litter from 

getting into them. 

Vegetation 

 Trees, shrubs and grass help protect the land from erosion by moving water. People in 

low-lying areas must be encouraged to use a lot of vegetation to help break the power of moving 

flood water and also help reduce erosion. 

 

Education 

 In many developing countries, drainage systems are chocked with litter and people have 

little knowledge of the effects that can have during a rain. When it rains, waterways and culverts 

are blocked by massive chunks of litter and debris, and water finds its way into the streets and 

into people's homes. Education is therefore very important, to inform and caution people about 

the dangers of floods, what causes floods, and what can be done to minimise its impact.  

 

Detention basin 

 These are small reservoirs built and connected to waterways. They provide a temporary 

storage for floodwaters. This means in an event of flooding, water is drained into the basin first, 

giving people more time to evacuate. It can also reduce the magnitude of downstream flooding. 

 

Did you know? 

Here are a few interesting things you can share with your friends about floods. 

In Australia, floods are the most expensive type of natural disaster with direct costs estimated 

over the period 1967-2005 averaging at $377 million per year (calculated in 2008 Australian 

dollars). http://www.chiefscientist.qld.gov.au/publications/understanding-

floods/consequences.aspx 

Flood losses in the United States averaged $2.4 billion per year for the last decade. Floods are 

the number one natural disaster in the United 

States. http://www.floodsmart.gov/toolkits/spanish/downloads/english/facts-and-figures.pdf 

A physically defined route (path) where water or run-off passes into an outlet or terminus. 

(Terminus can be the ocean or bigger water body) This includes rivers, creeks, tributaries, stream 

or estuary. A waterway may be dry, but will soon be full of moving water when there are rains. 

Peak water level / flood peak - The highest level that water in a waterway reaches during a 

flood. This is a measure of the size (or magnitude) of a flood. 



Runoff – Each time there is more water on a piece of land than it can infiltrate the soil, the 

excess water will flow to find its own level. The excess water flow is what we call ‘Runoff” 

Sometimes the rains come down heavily and the soil (or earth) cannot absorb the water quick 

enough. This causes the rain water to flow as a runoff. 

 

Never swim or play around in flood water. It may contain chemicals, bacteria and disease 

causing organisms. If your skin comes in contact with floodwater, make sure to wash it with soap 

and disinfected water because the contents are unknown. 

Communities particularly at risk are those located in low-lying areas, near water, or 

downstream from a dam. 

Based on Floodsmart, a 2,000 square foot home undergoing 12inches of water damage could 

cost more than $50,000. 

Never drive into a flooded roadway or drive through flowing water because just 2 feet of 

water can float a large vehicle and sway it away. 

Sometimes, local emergency officers are able to tell if there is a possibility of flood during a 

rain or high tide at the shore. When this happens, they keep a close eye on events and inform the 

public about it. This is called a Flood Watch. 

A flood warning is when an official announcement is given (by TV, Radio, Text Message or 

Phone, Email or other means) of an impending flood or an already flood that has already 

occurred. A flood warning instructs people to move to higher ground or take immediate 

precautions to avoid drowning or to minimize damage to property. 

 

Levee: A manmade structure to contain or prevent water from moving past a certain point. 

 

 

 

 

 

 

 

 

 



 

 

 Mass movement involves the movement of material such as soil, rock, mud or snow, 

down a slope under the influence of gravity. 

What is Mass Movement? 

 Mass movement, often called mass wasting, is the down slope movement of a mass of 

surface materials, such as soil, rock or mud. This mass movement typically occurs along hillsides 

and mountains due to the influence of gravity and can happen very slowly or very quickly. 

 Mass movement or mass wasting is movements of masses of bodies of soil, bed rock, 

rock debris, soil, or mud which usually occur along steep-sided hills and mountains because of 

the pull of gravity. This slipping of large amounts of rock and soil is seen in landslides, mud 

slides, and avalanches. 

 Landslides occur when masses of rock, earth, or debris move down a slope. They may be 

very small or very large, and can move at slow to very high speeds. However slow 

movement is also seen in the gradual downhill creep of soil on gently sloping land. 

 Mudflows (or debris flows) are rivers of rock, earth, and other debris saturated with 

water. 

 An avalanche is a sudden flow of a large mass of snow or ice down a slope or cliff, 

sometimes at speeds exceeding 160 km/hr (100 mph). The two most important processes 

in mass movement is the angle of repose and the surface tension. 

 Mass movement can occur due to a variety of reasons. The most basic reason is the angle 

of repose or slope of the hillside. If the angle is overly steep, gravity will pull the material 

downward, causing a mass movement. The angle of repose can also influence how fast the 

material will move. When you roll a ball down a gentle slope it moves relatively slow; however, 

if you increase the slope or the angle, the ball will roll down the incline much faster. Earthquakes 

are also a common cause of mass movement. As the ground shakes, due to the energy released 

during the earthquake, portions of the hillside or mountain can come loose and move downslope. 

The lack of vegetation can also contribute to mass movement. Vegetation helps anchor the soil in 

place, which prevents it from moving. When vegetation is removed, that anchor is lost and soil 

can be easily dislodged. An overabundance of water will also make the soil very mobile. Water 

actually lubricates the soil and contributes additional weight, just like how your clothes are 

heavier when they get wet. The additional weight helps the material move downslope. Geology 

also plays an important role. This includes the rock type present, the dip of the rock layers, or the 

structural nature of the area. While all of the above can cause mass movement to occur, the 

ultimate control of mass movement is gravity. Without the help of gravity, there would be no 

downward movement regardless of the cause. 

Causes of Mass Movements 

Mass movements are caused by various conditions: 

 Volcanic activity many times causes huge mudflows when the icy cover of a volcano 



melts and mixes with the soil to form mud as the magma in the volcano stirs preceding an 

eruption. 

 Mudslides can also develop when water rapidly accumulates in the ground, such as 

during heavy rainfall or rapid snow melt, changing the earth into a flowing river of mud 

or "slurry.". 

 Earthquake shocks cause sections of mountains and hills to break off and slide down. 

 Human modification of the land or weathering and erosion help loosen large chunks of 

earth and start them sliding downhill. 

 Vibrations from machinery, traffic, weight loading from accumulation of snow; 

stockpiling of rock or ore; from waste piles and from buildings and other structures. 

 However, the trigger mechanism for mass movement is the gravitational pull of the earth 

on soil, rocks, and mud. 

 

 

Factors that affect mass movements are the steepness and instability of slopes, the nature of the 

slope materials, and the amount of water in material. 

Types of mass wasting: 

 Rate of Movement - rapid or slow 

 Type of Movement - falling, sliding or flowing 

 Type of Material involved - rock, soil or debris 

Kinds of Material Moved: 

Bedrock: Most common are slides or falls of small blocks of bedrock that break off by 

enlargement of joints during weathering. Massive rockslides or rock falls involving much greater 

volumes of material are rare but are spectacular. 

Soil (Regolith): Mud and earth imply materials that consist mostly of clay and silt 

(mineralparticles finer than sand). In a mudflow there is enough water to allow the mixture to 

flow easily, as a viscous stream. An earthflow is slower moving than a mudflow and involves a 

mass of material that retains rather distinct boundaries as it moves. Debris is a term used 

generally for soil and associated materials such as plants and pieces of bedrock. The term implies 

a heterogeneous mixture of materials including a considerable fraction of particles that are 

coarser than the particles in mud. 

Water: Movements of snow and ice (snow avalanches and glacial flow) under the influence of 

gravity are not usually considered to be mass wasting. But sometimes snow is involved in mass-

wasting events (as in the case of the event involving Nevado Huascarn in Peru in 1970). Soil 



water, the water between soil particles in the upper part of ground (the part that is usually not 

completely saturated with water), moves with the soil during mass wasting. Of more importance 

is the fact that an excess of water in the soil often "triggers" mass wasting events. Also, the more 

or less contiunous process of creep occurs more rapidly in soils that are usually wet than in soils 

that are relatively dry most of the time 

Occurrences of Mass Movements 

Landslides occur in every state and U.S. territory. California, West Virginia, Utah, Kentucky, 

Tennessee, Puerto Rico, Ohio, Washington, Alaska, Hawaii, have the most severe landslide 

problem. Basically it's areas around the Appalachian Mountains, the Rocky Mountains, the 

Pacific Coastal Ranges or any area composed of very weak or fractured materials resting on a 

steep slope can and will experience landslides. 

 

This landslide took place in the Siletz River Basin just outside of Lincoln City. During a heavy 

rain in the winter of 1994/95, water collected on the uphill side of logging road USFS 1980, 

super-saturating the road grade and eventually causing the road to slide. 

For example, in California mass movements are accelerated by the constant movement of plates 

and earthquakes in this area. In Miami, there are various example of creep, where there is 

damage to buildings and houses. 

 

 

On the left is an example of creep(Creep, Marathon, TX (Photo from NOAA)). On the right is a 

displaced Curb, Photo by DH, 3/4/84). 

Outside the United States, at least one form of mass movement can be detected in all areas of the 

world. 

Types and Examples of Mass Movement 

 Flows occur when the material, soil, and/or rock, behave more like a liquid or fluid. 

Flows include mudflows, debris flows or lahars (superheated water that moves down an erupting 

volcano). Flows occur due to a large amount of water or ice present in the soil or material. Flows 

are most often the fastest traveling and can have speeds in excess of 70 miles per hour, 

depending on the location and steepness of the slope. 



Slumps behave differently than flows. Slumps occur as a wedge or slice of material that moves 

as one piece along a curved surface. As a result, it often can resemble a spoon scoop. Slumps 

typically occur where there is loose material or rock. 

Landslides typically consist of unconsolidated rock. A great example of this is a rockslide. The 

rocks do not behave as a fluid, such as in flows, and they do not move as one unit, as in slumps. 

Rockslides can be extremely dangerous because they occur very quickly with tremendous force. 

An avalanche is another example of a landslide. An avalanche occurs when snow or snow and 

ice move quickly downslope. 

 

Effects of landslides 

No one can outrun an approaching landslide or mudflow. They are so fast and powerful that they 

wipe out trees and rocks in their way. They cause massive destruction in many ways such as: 

Loss of lives: 

Landslides and mudslides kill between 25 and 50 people every year in the USA alone. Globally, 

it is believed that the number of deaths is highly underestimated.  

In total, 2,620 fatal landslides were recorded worldwide during the 2004 and 2010 period of the 

study, causing a total of 32,322 recorded fatalities. 

Destruction of property: 

In 1980, Mount St Helens in Washington USA erupted and causes a rock debris landslide 

believed to be the biggest in history. The landslide traveled about 14 miles, wiping away 

highway bridges, buildings, and roads. It is known that the amount of debris in this avalanche 

can fill 250 million dump trucks.  

 

 
Economic costs: 

Landslides bring huge costs to communities and cities affected, by clean up and rebuilding 

destroyed infrastructure. In 2005 it cost the USA $3.5 billion in damage repair. 

Destruction natural environment: 

Debris flows usually uproot trees and wipe out vegetation and wildlife in its path.  

 

Before a landslide or mudslide: 

Be aware of your environment. If you travel or are on vacation somewhere, look around and 

make sure you understand where the threat may be. Look out for slopes and tricky landscapes. 



Contact your local authorities and tell them about your observations. 

 

When you drive around hills or mountains, keep your eyes and ears open for signs of debris 

falling. Plan communications with your family so that you know where they are and what you 

will do in an event of a landslide. Have an emergency kit in a safe and reliable place. Talk to 

neighbors and discuss an escape plan. If possible, evacuate before it happens. 

During a landslide: 

Landslides and mudslides happen very fast and there may be very little time to act. Move away 

quickly from the path of the mudflow or landslide to another location. Do not try to stay close 

and take photographs. Landslide debris move from uphill to downhill, therefore, avoid low-lying 

areas or valleys. If there is a way to sound an alarm, do so. 

Listen and look out for signs of further flows in that area, as the flowing debris often knock 

against surrounding slopes and sets off new flows. 

After a landslide: 

Stay away from the location until the emergency workers and the experts confirm that it is safe 

to go back. Look out for loose wires, broken utility lines, and hanging objects, as they may be 

hazards. Report them to your rescue officials. Get in touch with emergency officials or listen to 

the radio or TV on what to do. 

 

SOIL EROSION 

What is in soil? 

Soil is a mixture of four main ingredients: weathered rock, organic matter, air, and water. The 

weathered rock can be in the form of sand, silt, clay, pebbles, or other size rocks. Organic matter 

can be anything from old leaves, dead animals and plants, or tiny living things. The last two 

ingredients in soil are from the nonliving world. These two ingredients are air and water. 

Without air and water, the tiny organisms found in soil cannot live, grow, and help dead matter 

to decay. 

How is a soil formed? 

Soil is formed in several ways. The break down, or weathering of rocks, is one way soil is 

formed. Water, wind, and ice also help to create soil. Earth materials are carried by water, wind, 

and ice and are eventually dropped in places where they settle and mix with other materials to 

become soil. But the key ingredient to the making of soil is the living and once-living things that 

are found in it. These living and dead organisms are called organic matter. They turn the sand, 

silt, and rock pieces into a mixture that is good for more life to live and grow. 

What is Soil Erosion? 

 Soil erosion is, at its core, a natural process. Put simply, it is when topsoil, which is the 

upper-most layer of the ground, is moved from one spot to another. Why this matters is because 

topsoil is the part of the land that is highest in organic matter and best suited for farming and 

other fertile activities, which is why soil erosion can have the greatest impact on farmers and 



agricultural land. In other words, soil erosion is a naturally occurring and slow process that refers 

to loss of field’s top soil by water and wind or through conversion of natural vegetation to 

agricultural land. 

 When farming activities are carried out, the top soil is exposed and is often blown away 

by wind or washed away by rain. When soil erosion occurs, the movement of the detached 

topsoil is typically facilitated by either a natural process – such as wind or water movement – or 

by the impact of man, such as through tilling farmland. 

The process of soil erosion is made up of three parts: 

 Detachment: This is when the topsoil is actually “detached” from the rest of 

the ground. 

 Movement: This is when the topsoil is relocated to another area. 

 Deposition: Where the topsoil ends up after this process. 

 

 Soil erosion is one form of soil degradation. Soil erosion is a naturally occurring process 

on all land. The agents of soil erosion are water and wind, each contributing a significant amount 

of soil loss each year. Soil erosion may be a slow process that continues relatively unnoticed, or 

it may occur at an alarming rate causing serious loss of topsoil. The loss of soil from farmland 

may be reflected in reduced crop production potential, lower surface water quality and damaged 

drainage networks.” 

When it comes to our planet, natural resources are typically affected by two things – either 

naturally-occurring ones such as weather, or from man-made influence. Soil erosion, or the 

gradual reduction of topsoil in a geographic area, can be caused by both natural and unnatural 

processes, but it can also have great effects on inhabitants of an affected area. One of the 

major concerns regarding soil erosion is that it can permanently affect the land, which can be 

devastating for farmers or those with agricultural pursuits. 

Unfortunately, many people are still uneducated about soil erosion, which is leading to the 

occurrence in greater amounts around the world. Soil erosion contributes to pollution in adjacent 

water sources and reduces cropland productivity. Major crops that cause soil erosion include 

coffee, cotton, tea, tobacco, palm oil, soybean and wheat that can increase soil erosion beyond 

the soil’s ability to maintain itself. 

Causes of Soil Erosion 

As mentioned, the predominant causes of soil erosion are either related to naturally-occurring 

events or influenced by the presence of human activity. Some of the principal causes of soil 

erosion include: 

 Rain and rainwater runoff: In a particular heavy rain, soil erosion is common. First of 

all, the water starts to break down the soil, dispersing the materials it is made of. 

Typically, rainwater runoff will impact lighter materials like silt, organic matter, and 

finer sand particles, but in heavy rainfall, this can also include the larger material 

components as well. 



 Farming: When land is worked through crops or other agricultural processes, it reduces 

the overall structure of the soil, in addition to reducing the levels of organic matter, 

making it more susceptible to the effects of rain and water. Tilling in particular, because 

it often breaks up and softens the structure of soil, can be a major contributor to erosion. 

Farming practices that reduce this activity tend to have far less issues with soil erosion. 

 Slope of the land: The physical characteristics of the land can also contribute to soil 

erosion. For example, land with a high hill slope will perpetuate the process of rainwater 

or runoff saturation in the area, particularly due to the faster movement of the water down 

a slope. 

 Lack of vegetation: Plants and crops help maintain the structure of soils, reducing the 

amount of soil erosion. Areas with less naturally-occurring flora may be a hint that the 

soil is prone to erosion. 

 Wind: Wind can be a major factor in reducing soil quality and promotion erosion, 

particularly if the soil’s structure has already been loosened up. However, lighter winds 

will typically not cause too much damage, if any. The most susceptible soil to this type of 

erosion is sandy or lighter soil that can easily be transported through the air. 

Effects of Soil Erosion 

A major problem with soil erosion is that there is no telling how quickly or slowly it will occur. 

If largely impacted by ongoing weather or climate events, it may be a slow-developing process 

that is never even noticed. However, a severe weather occurrence or other experience can 

contribute to rapid-moving erosion, which can cause great harm to the area and its inhabitants. 

Some of the greatest effects of soil erosion include: 

 Loss of topsoil: Obviously, this is the biggest effect of soil erosion. Because topsoil is so 

fertile, if it is removed, this can cause serious harm to farmer’s crops or the ability to 

effectively work their land. 

 Soil compaction: When soil under the topsoil becomes compacted and stiff, it reduces 

the ability for water to infiltrate these deeper levels, keeping runoff at greater levels, 

which increases the risk of more serious erosion. 

 Reduced organic and fertile matter: As mentioned, removing topsoil that is heavy with 

organic matter will reduce the ability for the land to regenerate new flora or crops. When 

new crops or plants can’t be placed successfully in the area, this perpetuates a cycle of 

reduced levels of organic nutrients. 

 Poor drainage: Sometimes too much compaction with sand can lead to an effective crust 

that seals in the surface layer, making it even harder for water to pass through to deeper 

layers. In some ways, this can help erosion because of the densely packed soil, but if it 

perpetuates greater levels of runoff from rainwater or flooding, it can negatively impact 

the crucial topsoil. 



 Issues with plant reproduction: When soil is eroded in an active cropland, wind in 

particular makes lighter soil properties such as new seeds and seedlings to be buried or 

destroyed. This, in turn, impacts future crop production. 

 Soil acidity levels: When the structure of the soil becomes compromised, and organic 

matter is greatly reduced, there is a higher chance of increased soil acidity, which will 

significantly impact the ability for plants and crops to grow. 

 Long term erosion: Unfortunately, if an area is prone to erosion or has a history of it, it 

becomes even harder to protect it in the future. The process has already reduced the soil 

structure and organic matter of the area, meaning that it will be harder to recover in the 

long run. 

 Water pollution: A major problem with runoff from soils – particularly those used for 

agricultural processes – is that there is a greater likelihood that sediment and 

contamination like the use of fertilizer or pesticide. This can have significant damage on 

fish and water quality. 

Solutions for Soil Erosion 

 When it comes to finding solutions for soil erosion, the most useful techniques found 

tend to be those that emphasize reinforcing the structure of the soil, and reducing processes that 

affect it. 

 Careful tilling: Because tilling activity breaks up the structure of soil, doing less tilling 

with fewer passes will preserve more of the crucial topsoil. 

 Crop rotation: Plenty of crop rotation is crucial for keeping land happy and healthy. 

This allows organic matter to build up, making future plantings more fertile. 

 Increased structure for plants: Introducing terraces or other means of stabilizing plant 

life or even the soil around them can help reduce the chance that the soil loosens and 

erodes. Boosting areas that are prone to erosion with sturdy plant life can be a great way 

to stave off future effects. 

 Water control: For those areas where soil erosion is predominantly caused by water – 

whether natural or man-made – specialized chutes and runoff pipes can help to direct 

these water sources away from the susceptible areas, helping stave off excess erosion. 

Having these filters in particular areas rather than leading to natural bodies of water is a 

focus to reduce pollution. 

 Increased knowledge: A major factor for preventing soil erosion is educating more and 

more people who work with the land on why it is a concern, and what they can do to help 

reduce it. This means outreach to farmers in susceptible areas for ways that they can help 

protect crops from inclement weather, or ways that they can help make sure their soil 

remains compact without restricting their plant growing activities. 

 



Introduction to Earthquakes & Tsunamis 

 Turn on the TV or read the newspapers and almost always there is something devastating 

happening somewhere as a result of sheer nature's power. Examples of such natural occurrences 

are hurricanes, tornados, wildfires, volcanic eruptions, flooding, earthquakes and tsunamis. 

These are usually not caused directly by humans, but their effects live with us for a long time. In 

this lesson we shall look at one of such natural occurrences...earthquakes! 

What is an Earthquake? 

 Simply, earthquakes are the rumblings, shaking or rolling of the earth's surface. It is 

usually what happens when two blocks of the earth suddenly slip past one another, or break apart 

from each other as a result of tension caused by prolonged energy build up. 

 

 Earthquakes come in many forms. It can be felt as a shock under your feet, or may be 

very powerful and destructive enough to flatten an entire city. They can happen anywhere, land 

or sea. 

Foreshocks, Mainshocks and Aftershocks: 

 Sometimes, there are smaller shocks that occur before (foreshock) and after (aftershock) 

a main earthquake (mainshock). Sometimes foreshocks are so big and scientists are unsure if it is 

the main shock. Foreshocks and aftershocks can occur for days, weeks and months of a main 

earthquake.Earthquakes are also called temblors. 

It is important to understand the earth’s makeup to help understand earthquakes better. 

In this diagram, you will notice that the inner and outer core of the earth (middle part) are liquid 

in nature, containing iron and nickel of extreme temperatures (5,500°C).  

The Mantle is semi-molten rock, also called magma. The outer is the crust, which is the hard part 

of the earth that forms the surface. This outer crust includes the land on which we live, the 

oceans and ocean deeps and anything within 40km (approx) down the earth's surface. 

Earthquakes are developed in the outer crust of the earth. 



  

How do earthquakes form? 

Let us imagine what goes on in the outer crust with the help of this diagram. 

 
Earthquakes develop in the crust of the earth. The crust involves the earth's surface, 

submarine levels, down to the ocean floors. The inner part of the earth contains massive energy. 

Some of this energy escapes through cracks and other volcanic activity, but the bulk of it is 

stored within the earth’s inner part, contained in the crust. 

The earth’s outer crust is held in place like a completed jigsaw puzzle, with rough edges and 

lines. The energy stored here causes the pieces to slide, glide, knock and move around each 

piece. These pieces best describe what we call ‘Tectonic plates’ (See illustration below) 

After a period of time, the built up energy and movement causes huge tension in the plates, 

and there is massive pressure on the fault lines. This intense pressure resulting from energy build 

up causes the fault lines give way, and plates move over, against or apart from each other. 

 
It is important to note that there is usually a very thick natural cover (earth and vegetation) 

which makes fault lines obscure. 

There is an earthquake at this point. In the form of seismic waves (like water ripples) the 

escaping energy radiates outward from the fault in all directions. The seismic waves shake the 

earth as they move through it. When the waves reach the earth’s surface, they shake the ground 

and anything on it, tearing down houses and structures. 



What are the types of earthquakes? 

Earthquakes can come in three main forms, depending on the plate movements that occur 

beneath the earth's surface. They could occur on a Convergent Boundary, Divergent Boundary or 

a Transform Fault. 

 

Convergent boundary:  

Here, one plate is forced over another plate during movement creating a thrust fault. 

Divergent boundary: 

Here, plates are forced apart each other, usually forming a Rift Zone. This kind is common in 

ocean floors where new floors are created. An example is the Mid Atlantic Ridge. 

Transform fault:  

Unlike divergent and convergent, the plates here slip by each other. This is also called Strike-

Slip. 

Earthquake Waves 

There are 2 types of earthquakes waves and the difference lies in the way the seismic waves are 

transmitted. To understand this better, let us see what a seismic wave is. 

These are waves of energy that travel through the earth's layers, and other elastic layers, often as 

a result of earthquakes. A wave, by general definition is the transfer of energy from one place to 

another without transferring solid, liquid or gas matter. Examples include light and sound waves. 

During an earthquake, the waves released may be “P” or “S” waves depending on the speed and 

ways in which they travel. 

P-Waves (Primary Waves)                                        S-Waves (Secondary waves) 

  
P-waves are longitudinal in nature. The vibrations are along the same direction as the direction 

of travel. It is also known as compressional waves. P-waves travel faster than S-waves. 

 Here the waves travel at right angles to the direction of travel. They are also known as 

transverse waves and example include water waves. 



With this in mind, you will notice that if you are close to the point where an earthquake struck, 

you will feel both P and S waves close within the same time frame. If you are further away, you 

will feel the P-wave first and then the S-wave a bit later. 

Both waves can be destructive, but their study helps us to know where the earthquake struck. 

What is a Tsunami? 

This is simply a series of massive ocean waves, triggered by an earthquake that has occurred in 

the sea (or ocean). The displaced water then runs ashore and into the land. This happens when 

the plates underneath the Earth's surface move (focus) so that one slips under another. 

Tsunamis may also be caused by underwater landslides or volcanic eruptions. 

 
 

Water level can rise as high as 100ft, even though it can look like only a foot or two from above. 

The water moves at incredible speed (500 miles per hour) towards land, with phenomenal 

destructive power. The speed of the water picks up as it travels. 

Tidal waves differ from tsunamis. Tidal waves are usually in circular motion. Tsunamis are a lot 

different. The water moves with a flat surface and has a lot of speed and power. 

Researchers believe that most tsunamis, (80%), happen within the Pacific Ocean’s “Ring of 

Fire,” a geologically active area where tectonic shifts make volcanoes and earthquakes common. 

During a tsunami, your best bet for safety is to move to higher ground. 

Earthquakes events in recent time. 
 

The greatest earthquake in history occurred in Chile, 1960 May 22 19:11:14. It had a 

magnitude of 9.5 and approximately 1,655 were killed, 3,000 injured, 2,000,000 homeless, 

and $550 million damage in southern Chile. Researchers believe that there would have been 

more deaths and damage if theta had happened in recent time, where the population is 

higher are more people living in closer proximity. 

 



 

On Tuesday, January 12, 2010, another earthquake measuring 7.0 with an epicenter 16 

miles west of Port-au-Prince, Haiti struck, killing over 100,000 people and affecting over 3 

million others. The government of Haiti estimated that 250,000 residences and 30,000 

commercial buildings had collapsed or were severely damaged.  

April 11, 2012, an earthquake of magnitude 8.6 struck the Indonesian Province of Aceh. 

It is believed that 5 people died as a result of this earthquake. 
 

On Friday 11 March 2011, The T?hoku earthquake and tsunami struck with a magnitude 

of 9.0. It is believed to be the most powerful earthquake that ever hit Japan, with over 

15,000 deaths, 3,000 missing, and over 120,000 buildinsg flattened. This earthquake also 

caused extensive damage to roads, dams, and many huge power and water installations. 

Earthquakes and tsunamis cause the greatest mortality, with the 2004 Indian Ocean 

Tsunami accounting for around 230,000 deaths. On top of its huge impact on life, the 

Indian Ocean Tsunami made 1.5 million homeless, whilst the 2005 earthquake in Pakistan 

killed 86,000 people and left millions homeless. While the Indian Ocean Tsunami reduced 

Indonesia’s GDP growth only marginally, by 0.1 to 0.4 per cent, the hardest hit province of 

Aceh lost capital stock equivalent to 97 per cent of its GDP. 

 

An earthquake of magnitude 7.7 struck southwest Pakistan on Tuesday, 24th September 

2013, killing more than 327 and injuring hundreds more. Reports indicated that houses 

were flattened. The same earthquake caused a thrust up our of the sea, forming a small 

island of about 20-30ft high and about 100ft in diameter.  

 

Introduction to volcanoes 

 The earth's mountains, plains, plateaus, soils, rocks, etc. as we see it today is believed to 

have gone through many phases, with about 80% of it being carved out by the action of 

volcanoes.  

 

 A volcano is simply a rapture (opening or vent) on the earth's surface (crust) through 

which molten magma (extremely hot mixture of gases, lava, ash and other burning substances) 

escape on to the earth's surface.  

 

How do Volcanoes look like? 

A volcano looks like a mountain, although they are two different 

things. A mountain is a large natural rise of the earth's surface, 

more like a giant heap of sand. A volcano is also like a big heap of 

earth just that this heap is a mixture of lava, ash, dust, and other 

substances that have piled up over many years. It pours out of an 

opening in the earth after an eruption. This means volcanic 



eruptions or explosions can create elevations that we can call mountains.  

 

In May 1980, the Mountain St. Helens, in Washington USA , in May 1980, erupted or exploded 

and it was an awesome natural occurrence because it destroyed some parts of the landscape 

around it but at the same time it was a beautiful sight. 

 

Volcanoes occur at weak zones or points in the earth’s crust 

(including constructive and destructive boundaries). They do not occur 

at conservative boundaries. (Bolded words explained here) 

For history lovers… 

 In A.D. 79 (really long ago) two Roman cities, Pompeii and Herculaneum, were 

completely buried in ash and dust in a matter of hours after a volcanic eruption. Their remains 

were not uncovered until modern archaeology made that discovery 1700 years after. (you can do 

your own research into this event) 

The word, ‘volcano’ was made out of the name of a Roman god of a small island in the 

Mediterranean sea of Sicily called ‘Volcan’. 

Now we shall see in a bit more detail how volcanoes come about. Click next. 

Why do volcanoes erupt? 

Let us start with what the earth is made of: 

 

 

 The earth is made up of three layer parts. The outer crust is the layer on which we live. It is 

estimated to be about 1800 miles deep. Then there is the mantle; and then the core (inner and 

outer core)  

 The mantle is made up of molten material and gases. Molten materials are solids (like rock) 

that have turned into liquid because of extreme heat. The name for molten rock and other 

gases in the earth’s mantle is Magma. Magma is liquid made up of many crystals, fragments 

and gases including oxygen, silicon, iron, aluminium, magnesium and manganese. When 

they cool off on the earth’s surface, they turn into magmatic or igneous rocks. 



 Whenever extreme pressure builds in the mantle, along fault lines (openings or cracks in 

weak spots in the earth’s crust) an eruption is likely to happen next. During an eruption, 

molten materials (soon to become lava) gush out through spaces in the crust to the surface.  

 NOTE: Molten rock is called magma when it is inside the crust but once it gets to the surface 

of the earth it is called lava. 

 Eruptions can be in the form of lava fragments shooting into the atmosphere and forming 

thick clouds of lava. Some also flow slowly (non-violent) from the vent, flooding the area 

around it. Very fine particles of ash may also be discharged high into the stratosphere and 

further carried away by wind action. 

 Fresh lava is believed to be about 2,200°F. It can be red hot as it shoots from the vent and 

turn into gray or black as it cools. Lava rich in silicon is like honey, and flows a lot more 

slowly from the vent. In other types, lava also comes in thick, pasty form. 

Common types of volcanoes 

Now, let us see the four common types of volcanoes: Shield volcano and lava domes, cinder 

cones and composite volcanoes. 

Shield Volcanoes 

This is very fluid lava, usually from multiple vents or fractures, spreading over very large areas. 

The fluid-like nature (viscous – say veez-kos) of the lava, it does not allow it to pile up like a 

cone. The result is usually an elevation with a shape like a warrior’s shield. Mount Kilauea and 

Maunaloa in Hawaii are good examples of shield volcanoes. They are usually found at 

constructive or tensional boundaries. 

 

Lava Domes 

 They are produced from eruptions with less viscous lava. Because it is less viscous, they 

do not spread far and cool off (hardens) sooner. This means they pile around the vent and the 

dome grows only because of the expansion of the vent area within. Lava domes tend to have 

steep walls and rock types such as andesites, dacites or rhyolites (say rai-o-lites) 

 

 



Cinder Cones 

 These are the most common in the study of volcanoes. When lava is ejected into the air 

above, the fragments and fine particles fall as cinders (ash) around the vent, forming a cone. The 

height of cinder cones usually depend on how long the eruption takes and how much lava comes 

out. The cone has a depression (crater) in the middle where the vent is. Cinder cones can rise as 

high as 1200ft. A good example of a cinder cone is the Paricutin Volcano in Mexico. 

 

Composite Volcanoes 

These are usually awesome in nature, rising up to about 8000ft. They are also known as strato 

volcanoes and they include Mount Cotopaxi in Ecuador and Mount Fuji in Japan. They are seen 

as massive mountains. They are formed by alternating layers of ash, rock, dust and lava, 

(pyroclastic) and hence the name ‘composite’.  They have steep slopes with a peak. 

The effects of volcanic eruptions 

Unlike other natural disasters such as floods, wild fires and earthquakes, volcanoes can have 

some positive effects, even though they can be very disastrous. 

Some positive effects of volcanoes include: 

Different types of erupting volcanoes provide extraordinary scenery, so beautiful and natural 

that they attract tourists to the area, bringing in some economic value. 

Places close to volcanic activities tend to have higher potential for geothermal energy, which 

can be an advantage to the towns and cities. 

Some ash and lava breakdown become soils that are rich in nutrients, and become good areas 

for crop planting activities. 

DID YOU KNOW: El Salvador has about 20 volcanoes, and the area falls within the larger 

Pacific Ring of Fire (an area know for its frequent tectonic movements and earth activity). This 

Ring of Fire is the home of 75% of the worlds volcanoes.— Lucas de Jong, BBC 

In the news: 1st February, 2014. 



 

  

Mount Sinabung, jakarta, Indonesia erupted with plumes of ash spewed more than one mile into 

the sky. The eruption killed at least 15 people as hot ash of about 700 degrees raced down the 

mountains slopes in just minutes. Those affected were within 3 kilometer radius of the volcano.  

COASTAL EROSION  

What is coastal erosion? 

Erosion is the wearing away of the land by the sea. This often involves destructive 

waves wearing away the coast. There are five main processes which cause coastal erosion. These 

are corrasion, abrasion, hydraulic action, attrition and corrosion/solution. 

What are the processes of coastal erosion? 

Corrasion is when waves pick up beach material (e.g. pebbles) and hurl them at the base of a 

cliff. 

Abrasion occurs as breaking waves which contain sand and larger fragments erode the shoreline 

or headland. It is commonly known as the sand paper effect. 

When waves hit the base of a cliff air is compressed into cracks. When the wave retreats the air 

rushes out of the gap. Often this causes cliff material to break away. This process is known 

as hydraulic action. 

Attrition is when waves cause rocks and pebbles to bump into each other and break up. 

Corrosion/solution is when certain types of cliff erode as a result of weak acids in the sea. 

EEFECTS OF COASTAL EROSION 

 Could have an effect on places further down the coastline, because of longshore drift and 

build up of material 

 Sediment is taken away which means that there is less sediment on the beach to protect 

the coastline against the waves. 

 Can make the soil/rock weaker which makes it more vulnerable to erosion. 



 The material is easily eroded by the waves which means that the cliff is quickly eroded 

and the waves are more effective 

 The waves can build up a lot of energy because of the fetch 

 There is less sediment to protect the coastline 

Ways to Stop Coastal Erosion 

Coastal erosion is a huge problem. You might be asking yourself why you should be 

worried about the condition of some beach, but in truth it does have an impact on the 

economy that you might not have even though of. Did you know that people live along 

coastlines mostly for the beaches? With the threat of coastal erosion, many people may 

end up moving elsewhere, which will cause a downfall of that particular area. That's why 

it is so important to make sure coastal erosion is stopped in its tracks. 

 

      

Breakers 

Breakers can be placed in the water at certain points to slow down the waves. Naturally this isn't 

going to stop the erosion, but it will slow it down. The one problem with this method is that you 

will absolutely need to obtain a permit from the state before you begin. If you do not, then you 

may end up with some serious legal trouble on your hands. 

Natural Resources 

A living shoreline is always going to help. Make sure you plant plenty of seaweed and create an 

environment that sea creatures will be attracted to. More life means less chance of erosion, which 

is exactly what you're going for. 

Nourishment 

 



Beach nourishment is a great option for stopping erosion. The best thing you can do is transplant 

sand from other areas. In some cases you will be able to purchase sand in bulk, which is a great 

way to keep your beach looking nice and healthy. 

The Wind 

 

Wind breaks can slow erosion. 

Wind breaks are always a good idea. These can be small fences that you set back from the beach 

a little bit. More than likely you've seen these somewhere before, probably at one of the more 

popular beaches. 

Barriers 

 

Barrier walls are protective. 

Barrier walls can be placed at the beach if you're not entirely worried about aesthetics. This will 

stop the waves from hitting the sand and eroding it over time. It may not look great, but it will do 

the job, especially if you have a house on the beach that you need to protect. 

 Management of coastlines is also important to help protect natural habitats, however 

governments generally don’t engage in coastal management where there isn’t an economic risk 

as effective coastal management is very expensive. 

When engaging in coastal management, there’s four key approaches that can betaken: 

1. Hold the line - Where existing coastal defences are maintained but no new defences are 

set up. 

2. Advance the line - New defences are built further out in the sea in an attempt to reduce 

the stress on current defences and possibly extend the coastline slightly. 



3. Retreat the line (surrender) - Move people out of danger zones and let mother nature 

unleash take control. 

4. Do nothing - The easy option, deal with the effects of flooding and erosion as they come 

or just ignore them. This is generally what happens in areas where there’s no people, and 

so nothing of “value” (to the government) to protect. 

Like most engineering schemes in geography, there’s hard and soft coastal engineering. As 

usual, hard engineering techniques are high technology, high cost, human made solutions. They 

do little to work with nature and sustainability is a key issue with them, despite their initial signs 

of success. Soft engineering techniques are low tech, low cost solutions that work with nature to 

reduce erosion. They’re no where near as effective as hard engineering techniques but they’re far 

more sustainable. 

Hard Engineering Techniques 

Sea Walls 

 These are the most obvious defensive methods. Sea walls are exactly that. Giant walls 

that span entire coastlines and attempt to reduce erosion and prevent flooding in the process. 

They’re big, ugly and very expensive requiring constant maintenance so that they don’t fail. 

They also produce a strong backwash in waves which undercuts the sea wall making their long 

term sustainability questionable. 

Traditionally, sea walls are large flat walls however more modern sea walls have a curved 

structure that reflects waves back into incoming waves, breaking them up and further reducing 

erosion. 

Groynes 

 Groynes are relatively soft hard engineering techniques. They’re low lying wooden walls 

that extend out to sea. The idea of groynes is to capture sand that moves down the beach via 

longshore drift and help build up a larger section of beach in front of an area that’s experiencing 

coastal erosion. The new beach will increase the distance that waves have to travel to reach the 

coast and, in the process, they’ll lose most of their energy, reducing their impact. Groynes are 

pretty effective but they have one major drawback. Groynes will remove a lot of the sand that’s 

present down-drift of the beach which will result in a thinner beach at this area. This, in turn, 

means that sections of the coast will be more exposed to erosion down drift of the groynes which 

can create new problems relating to coastal management. 

Gabions 

 Gabions are quite simply bundles of rocks in a metal mesh. They’re placed at the base of 

a cliff in an attempt to reduce the impact of waves on the cliff and prevent the cliff from being 

undercut. They’re not particularly effective and they’re quite unsightly but they’re sure as hell 

cheap. 

Revetments 

 Revetments are concrete (or in some cases wooden) structures that are built along the 

base of a cliff. They’re slanted and act as a barrier against waves not too dissimilar to a sea wall. 

The revetments absorb the energy of the waves, preventing the cliffs from being eroded. 

Revetments can be modified so that they have rippled surfaces, which further help to dissipate 



the wave energy. Revetments are normally successful at reducing coastal erosion but they are 

expensive to build. Once built however, they don’t require as much maintenance as a sea wall. 

Riprap 

 Riprap are just rocks and stones that have been put against the base of a cliff. They’re 

similar to gabions in their purpose but they aren’t bound together in a mesh. This makes them 

look slightly more appealing as they blend into the environment better however the rocks are 

susceptible to being moved by the sea. 

Breakwaters 

 Breakwaters are offshore concrete walls that break incoming waves out at sea so that 

their erosive power is reduced to next to none when they reach the coast. Breakwaters are 

effective but they can be easily destroyed during a storm and they don’t look particularly nice. 

Tidal barriers 

 Big, retractible walls built across estuaries that can be used as a floodgate to prevent 

storm surges. They’re hugely effective but they’re also hugely expensive. 

Soft Engineering Techniques 

Beach Nourishment 

 This is where sand and shingle are added to a beach in order to make it wider. This 

increases the distance a wave has to travel to reach the cliffs and so the wave will lose more 

energy and have less erosive power when it reaches the cliffs. The sand and shingle has to be 

obtained from elsewhere and is normally obtained from dredging. 

 

Land Management 

 Land management is often used to help protect and rebuild dunes. Sand dunes act as a 

good barrier against coastal flooding and erosion and they can be exploited as a natural defence 

against the sea. In order to do so though, the dunes must be left relatively undisturbed so 

boardwalks are constructed and sections of sand dune systems are marked as out of bounds to the 

general public in order to reduce the erosion of the dunes by humans. This land management is 

discussed in more detail. 

Marshland Creation 

Marshland can be used to break up the waves and reduce their speed, reducing the waves erosive 

power. The marshlands also limit the area which waves can reach preventing flooding. The 

marshlands can be created by encouraging the growth of marshland vegetation such as 

glassworts. 

Beach Stabilisation 

 The goal of beach stabilisation is the same as beach nourishment’s goal, to widen the 

beach and dissipate as much wave energy as possible before it reaches the cliffs. Beach 

stabilisation involves planting dead trees in the sand to stabilise it and lower the profile of the 

beach while widening the beach too. 



 

 

  

 

 

 



 

 

 

Surface Runoff - The Water Cycle 

Surface runoff is precipitation runoff over the landscape 

In our section about water storage in the oceans we describe how the oceans act as a large 

storehouse of water that evaporates to become atmospheric moisture. The oceans are kept full 

by precipitation and also by runoff and discharge from rivers and the ground. Many people 

probably have an overly-simplified idea that precipitation falls on the land, flows overland 

(runoff), and runs into rivers, which then empty into the oceans. That is "overly simplified" 

because rivers also gain and lose water to the ground. Still, it is true that much of the water in 

rivers comes directly from runoff from the land surface, which is defined as surface runoff. 

When rain hits saturated or impervious ground it begins to flow overland downhill. It is easy to 

see if it flows down your driveway to the curb and into a storm sewer, but it is harder to notice it 

flowing overland in a natural setting. During a heavy rain you might notice small rivulets of 

water flowing downhill. Water will flow along channels as it moves into larger creeks, streams, 

and rivers. This picture gives a graphic example of how surface runoff (here flowing off a road) 

enters a small creek. The runoff in this case is flowing over bare soil and is depositing sediment 

into the river (not good for water quality). The runoff entering this creek is beginning its journey 

back to the ocean. 



As with all aspects of the water cycle, the interaction between precipitation and surface runoff 

varies according to time and geography. Similar storms occurring in the Amazon jungle and in 

the desert Southwest of the United States will produce different surface-runoff effects. Surface 

runoff is affected by both meteorological factors and the physical geology and topography of the 

land. Only about a third of the precipitation that falls over land runs off into streams and rivers 

and is returned to the oceans. The other two-thirds is evaporated, transpired, or soaks (infiltrates) 

into groundwater. Surface runoff can also be diverted by humans for their own uses. 

The small creek shown in the picture above will merge with another creek, eventually flowing 

into a larger river. Thus, this creek is a tributary to a river somewhere downstream, and the water 

in that river will eventually flow into an ocean. The concept is not that much different from the 

small capillaries in your body carrying blood to larger arteries, eventually finding its way to your 

heart, analagous to the ocean. 

Physical characteristics affecting runoff: 

 Land use 

 Vegetation 

 Soil type 

 Drainage area 

 Basin shape 

 Elevation 

 Topography, especially the slope of the land 

 Drainage network patterns 

 Ponds, lakes, reservoirs, sinks, etc. in the basin, which prevent or delay runoff from 

continuing downstream 

A variety of physical & human factors affect runoff (the flow of water over the Earth’s surface). 

These are summarised below. 

Physical Factors 

Time of year 

In temperate climates, where seasonal change is evident, runoff levels can vary greatly 

throughout the year. 

In summer, runoff levels can be low due to a reduction in rainfall. Soil saturation levels will be 

low and therefore any rainfall at this point can easily infiltrate into the ground. 

However, intense baking of the soil by the sun can lead to the soil becoming effectively 

impermeable and summer storms can lead to high levels of runoff as the rain is unable to soak in. 

This can lead to flash floods. 

In winter, precipitation may be in the form of snow and the water may be stored on the ground 

due to low temperatures. Warmer temperatures in spring may lead to snowmelt and this can lead 

to the soil reaching field capacity quickly. Further meltwater will therefore run over the surface. 



Storm conditions 

Intense storms with heavy rainfall can lead to soils quickly becoming saturated. This can happen 

in two ways: 

 Prolonged rainfall – moderate to high volumes of rainfall over a sustained period can 

eventually saturate the soil leading to runoff. 

 Intense rainfall – heavy rain in a short period can bounce and then flow over the Earth’s 

surface as runoff. 

Vegetation cover 

Vegetation can intercept precipitation and reduce runoff. Leaves and stems can capture rain and 

prevent it from reaching the ground. It will eventually reach the ground but the process will have 

been slowed by the vegetation and therefore water will infiltrate into the ground rather than 

runoff. 

Dense vegetation with proteoid roots (hairy roots with a large surface area) can absorb large 

volumes of water even in storm conditions, which will prevent runoff. 

Soil saturation levels 

Where field capacity is reached in the soil, no more infiltration can take place and therefore 

runoff will occur. 

Topography & relief 

In “v” shaped valleys on steep slopes, runoff will increase due to gravity. 

On flatter surfaces runoff is less likely to happen as water will be able to infiltrate into the soil 

more easily. 

Equally, depressions in the Earth’s surface and an undulating relief can allow water to collect 

and reduce runoff. 

Human factors 

Agricultural land use 

Initially, agricultural land use can have the same impact as vegetation cover, in that crops can 

intercept precipitation and reduce runoff. However, intensive agriculture where irrigation may be 

used, can cause waterlogged soils and therefore lead to runoff. 

Heavy use of agricultural machinery can compact the soil and reduce its infiltration capacity, 

making runoff more likely. 

 



Urban land use 

Changing green field surfaces to impermeable concrete and tarmac as construction takes place 

can increase the level of runoff in an area. 

Human activities can affect runoff 

As more and more people inhabit the Earth, and as more development and urbanization occur, 

more of the natural landscape is replaced by impervious surfaces, such as roads, houses, parking 

lots, and buildings that reduce infiltration of water into the ground and accelerate runoff to 

ditches and streams. In addition to increasing imperviousness, removal of vegetation and soil, 

grading the land surface, and constructing drainage networks increase runoff volumes and 

shorten runoff time into streams from rainfall and snowmelt. As a result, the peak discharge, 

volume, and frequency of floods increase in nearby streams. 

What is Sediment? 

Sediment refers to the conglomerate of materials, organic and inorganic, that can be carried away 

by water, wind or ice. While the term is often used to indicate soil-based, mineral matter (e.g. 

clay, silt and sand), decomposing organic substances and inorganic biogenic material are also 

considered sediment. Most mineral sediment comes from erosion and weathering, while organic 

sediment is typically detritus and decomposing material such as algae. 

 

Sediment particles come in different sizes and can be inorganic or organic in origin. 

These particulates are typically small, with clay defined as particles less than 0.00195 mm in 

diameter, and coarse sand reaching up only to 1.5 mm in diameter. However, during a flood or 

other high flow event, even large rocks can be classified as sediment as they are carried 

downstream. Sediment is a naturally occurring element in many bodies of water, though it can be 

influenced by anthropogenic factors. 
 

 

Suspended or Bedded? 

In an aquatic environment, sediment can either be suspended (floating in the water column) or 

bedded (settled on the bottom of a body of water). When both floating and settled particles are 

monitored, they are referred to as SABS: Suspended And Bedded Sediments. 



  

Suspended Sediment vs Suspended Solids 

Fine sediment can be found in nearly any body of water, carried along by the water flow. When 

the sediment is floating within the water column it is considered suspended. In this application, 

the terms “suspended sediment” and “suspended solids” are nearly interchangeable. The main 

difference between the two is in the method of measurement. 

Despite the similarity in meaning, the data provided by the different measurement methods are 

neither interchangeable nor comparable. The suspended sediment concentration (SSC) is in mg/L 

by filtering and drying an entire water sample. Total suspended solids (TSS), while also 

measured in mg/L, are obtained by subsampling. While acceptable for homogenized or well 

mixed samples with very fine sediment, the TSS measurement often excludes larger suspended 

particles, like sand. This means that the SSC measurement tends to be higher and more 

representative of a water body as a whole, often measuring within 5% of the true particle 

concentration. Due to the incomparability between suspended sediment measurements and total 

suspended solids measurements, the U.S. Geological Survey recommends SSC analysis over 

TSS when sampling in surface water. 

 What is Sediment Transport? 

Sediment transport is the movement of organic and inorganic particles by water. In general, the 

greater the flow, the more sediment that will be conveyed. Water flow can be strong enough to 

suspend particles in the water column as they move downstream, or simply push them along the 

bottom of a waterway. Transported sediment may include mineral matter, chemicals and 

pollutants, and organic material. 

Another name for sediment transport is sediment load. The total load includes all particles 

moving as bedload, suspended load, and wash load. 

 

Bedload 

 

Bedload particles travel with water flow by sliding or bouncing along the bottom. 

Bedload is the portion of sediment transport that rolls, slides or bounces along the bottom of a 

waterway. This sediment is not truly suspended, as it sustains intermittent contact with the 

streambed, and the movement is neither uniform nor continuous. Bedload occurs when the force 

of the water flow is strong enough to overcome the weight and cohesion of the sediment. While 

the particles are pushed along, they typically do not move as fast as the water around them, as the 

flow rate is not great enough to fully suspend them. Bedload transport can occur during low 



flows (smaller particles) or at high flows (for larger particles). Approximately 5-20% of total 

sediment transport is bedload. In situations where the flow rate is strong enough, some of the 

smaller bedload particles can be pushed up into the water column and become suspended. 

  

Suspended Load 

 

If the water flow is strong enough to pick up sediment particles, they will become part of the suspended load. 

While there is often overlap, the suspended load and suspended sediment are not the same thing. 

Suspended sediment are any particles found in the water column, whether the water is flowing or 

not. The suspended load, on the other hand, is the amount of sediment carried downstream within 

the water column by the water flow 11. Suspended loads require moving water, as the water flow 

creates small upward currents (turbulence) that keep the particles above the bed 13. The size of 

the particles that can be carried as suspended load is dependent on the flow rate 11. Larger 

particles are more likely to fall through the upward currents to the bottom, unless the flow rate 

increases, increasing the turbulence at the streambed. In addition, suspended sediment will not 

necessarily remain suspended if the flow rate slows. 

  

Wash Load 

 

The wash load is the portion of sediment that will remain suspended even when there is no water flow. 

The wash load is a subset of the suspended load 13. This load is comprised of the finest 

suspended sediment (typically less than 0.00195 mm in diameter). The wash load is 

differentiated from the suspended load because it will not settle to the bottom of a waterway 

during a low or no flow period 11. Instead, these particles remain in permanent suspension as they 

are small enough to bounce off water molecules and stay afloat 11. However, during flow periods, 

the wash load and suspended load are indistinguishable. 

Turbidity in lakes and slow moving rivers is typically due the wash load 8. When the flow rate 

increases (increasing the suspended load and overall sediment transport), turbidity also increases. 

While turbidity cannot be used to estimate sediment transport, it can approximate suspended 

sediment concentrations at a specific location  

FACTORS AFFECTING SEDIMENT TRANSPORT ARE: 

 

1. Velocity and depth of flow 



 

2. Size of sediment particle  

 

3. Geometry of cross section  

 

4. Course of river flow  

 

clear water condition may be followed in an open channel only if the velocity is as minimum as 

to allow particles to settle down. Settling velocity of different particles can be calculated by 

using Stoke's Law.  

Why are Sediment Transport and Deposition Important? 

 

Many ecosystems benefit from sediment transport and deposition, whether directly or indirectly. 

Sediment builds aquatic habitats for spawning and benthic organisms 10. It is also responsible 

for providing nutrients to aquatic plants, as well vegetation in nearshore ecosystems such as 

floodplains and marshes 10. Without sediment deposition, coastal zones can become eroded or 

nonexistent. 

Pollution by sediments 
 
Although agriculture contributes to a wide range of water quality problems, anthropogenic 

erosion and sedimentation is a global issue that tends to be primarily associated with agriculture. 

While there are no global figures, it is probable that agriculture, in the broadest context, is 

responsible for much of the global sediment supply to rivers, lakes, estuaries and finally into the 

world's oceans. 

 

Pollution by sediment has two major dimensions. 

 

One is the PHYSICAL DIMENSION - top soil loss and land degradation by gullying and sheet 

erosion and which leads both to excessive levels of turbidity in receiving waters, and to off-site 

ecological and physical impacts from deposition in river and lake beds. 

The other is a CHEMICAL DIMENSION - the silt and clay fraction (<63m m fraction), is a 

primary carrier of adsorbed chemicals, especially phosphorus, chlorinated pesticides and most 

metals, which are transported by sediment into the aquatic system. 

 

Erosion is also a net cost to agriculture insofar as loss of top soil represents an economic loss 

through loss of productive land by erosion of top soil, and a loss of nutrients and organic matter 

that must be replaced by fertilizer at considerable cost to the farmer in order to maintain soil 

productivity. The reader is referred to Roose (FAO, 1994a) for a detailed analysis of the social, 

economic and physical consequences of erosion of agricultural land and of measures that should 

be taken to control erosion under different types of land use, especially in developing countries. 

Whereas Roose is mainly concerned with the impact of erosion on agriculture, this publication is 

primarily concerned with agricultural erosion from the perspective of its impacts on downstream 

water quality. 

 

Control of agricultural pollution usually begins, therefore, with measures to control erosion and 

sediment runoff. Therefore, this chapter deals with the principal mechanisms which govern 

erosion processes, and those measures which can be taken to control erosion. Processes 

discussed here also apply to fertilizer and pesticide runoff presented in the following chapters. 



 

Sediment as a physical pollutant 

 

Global estimates of erosion and sediment transport in major rivers of the world vary widely, 

reflecting the difficulty in obtaining reliable values for sediment concentration and discharge in 

many countries, the assumptions that are made by different researchers, and the opposing effects 

of accelerated erosion due to human activities (deforestation, poor agricultural practices, road 

construction, etc.) relative to sediment storage by dam construction. Milliman and Syvitski 

(1992) estimate global sediment load to oceans in the mid-20th century at 20 thousand million 

t/yr, of which about 30% comes from rivers of southern Asia (including the Yangtze and Yellow 

Rivers of China). Significantly, they believe that almost 50% of the global total comes from 

erosion associated with high relief on islands of Oceania - a phenomenon which has been 

underestimated in previous estimates of global sediment production. While erosion on 

mountainous islands and in upland areas of continental rivers reflects natural topographic 

influences, Milliman and Syvitski suggest that human influences in Oceania and southern Asia 

cause disproportionately high sediment loads in these regions. 

 

Sediment, as a physical pollutant, impacts receiving waters in the following principal ways: 

 

· High levels of turbidity limit penetration of sunlight into the water column, thereby limiting or 

prohibiting growth of algae and rooted aquatic plants. In spawning rivers, gravel beds are 

blanketed with fine sediment which inhibits or prevents spawning of fish. In either case, the 

consequence is disruption of the aquatic ecosystem by destruction of habitat. Notwithstanding 

these undesirable effects, the hypertrophic (nutrient rich) status of many shallow lakes, especially 

in developing countries, would give rise to immense growth of algae and rooted plants were it 

not for the limiting effect of light extinction due to high turbidity. In this sense, high turbidity 

can be "beneficial" in highly eutrophic lakes; nevertheless, many countries recognise that this 

situation is undesirable for both aesthetic and economic reasons and are seeking means to reduce 

both turbidity and nutrient levels. Box 4 presents the impact of sediment on coral reefs. 

· High levels of sedimentation in rivers leads to physical disruption of the hydraulic 

characteristics of the channel. This can have serious impacts on navigation through reduction in 

depth of the channel, and can lead to increased flooding because of reductions in capacity of the 

river channel to efficiently route water through the drainage basin. For example, calculations by 

the UFRGS (1991) of erosion and sediment transport in the Sao Francisco River Basin, a large 

drainage system in eastern Brazil, demonstrate that the central portion of the river basin is now 

dominated by sediment deposition. This has resulted in serious disruption of river transportation, 

and clogs hydraulic facilities that have been built to provide irrigation water from the main river 

channel. The sediment largely originates from rapidly eroding sub-basins due to poor agricultural 

practices. 

 

Sediment as a chemical pollutant 

The role of sediment in chemical pollution is tied both to the particle size of sediment, and to the 

amount of particulate organic carbon associated with the sediment. The chemically active 

fraction of sediment is usually cited as that portion which is smaller than 63 m m (silt + clay) 

fraction. For phosphorus and metals, particle size is of primary importance due to the large 

surface area of very small particles. Phosphorus and metals tend to be highly attracted to ionic 

exchange sites that are associated with clay particles and with the iron and manganese coatings 

that commonly occur on these small particles. Many of the persistent, bioaccumulating and toxic 



organic contaminants, especially chlorinated compounds including many pesticides, are strongly 

associated with sediment and especially with the organic carbon that is transported as part of the 

sediment load in rivers. Measurement of phosphorus transport in North America and Europe 

indicate that as much as 90% of the total phosphorus flux in rivers can be in association with 

suspended sediment. 

The affinity for particulate matter by an organic chemical is described by its octanol-water 

partitioning coefficient (KOW). This partitioning coefficient is well known for most organic 

chemicals and is the basis for predicting the environmental fate of organic chemicals (see 

Chapter 4). Chemicals with low values of KOW are readily soluble, whereas those with high 

values of KOW are described as "hydrophobic" and tend to be associated with particulates. 

Chlorinated compounds such as DDT and other chlorinated pesticides are very hydrophobic and 

are not, therefore, easily analysed in water samples due to the very low solubility of the 

chemical. For organic chemicals, the most important component of the sediment load appears to 

be the particulate organic carbon fraction which is transported as part of the sediment. Scientists 

have further refined the partitioning coefficient to describe the association with the organic 

carbon fraction (KOC). 

Another important variable is the concentration of sediment, especially the <63 m m fraction, in 

the water column. Even those chemicals that are highly hydrophobic will be found in trace levels 

in soluble form. Where the suspended load is very small (say, less than 25 mg/l), the amount of 

water is so large relative to the amount of sediment that the bulk of the load of the chemical may 

be in the soluble fraction. This becomes an important issue in the monitoring of hydrophobic 

chemicals as noted in Table 17. 

Unlike phosphorus and metals, the transport and fate of sediment-associated organic chemicals is 

complicated by microbial degradation that occurs during sediment transport in rivers and in 

deposited sediment. Nevertheless, the role of sediment in the transport and fate of agricultural 

chemicals, both for nutrients, metals, and pesticides is well known and must be taken into 

account when monitoring for these chemicals, and when applying models as a means of 

determining optimal management strategies at the field and watershed level. For this reason, 

models using the "fugacity" concept (uses the partitioning characteristics [Chapter 4] of 

chemicals as a basis for determining the environmental compartment - air, sediment, water, biota 

- in which the chemical is primarily found) has proven effective in predicting the environmental 

pathways and fate of contaminants (Mackay and Paterson, 1991). 

 

 

FIGURE 4 Schematic diagram showing the major processes that link rainfall and runoff 

 
· Conclusion: The role of sediment as a chemical pollutant is a function of the chemical load that 

is carried by sediments. 



Organic chemicals associated with sediment enter into the food chain in a variety of ways. 

Sediment is directly ingested by fish however, more commonly, fine sediment (especially the 

carbon fraction) is the food supply for benthic (bottom dwelling) organisms which, in turn, are 

the food source for high organisms. Ultimately, toxic compounds bioaccumulate in fish and other 

top predators. In this way, pesticides that are transported off the land as part of the runoff and 

erosion process, accumulate in top predators including man. 

 

Measurement and prediction of sediment loss 

Agriculturalists worldwide have spent much time and resources attempting to find reliable 

methods of predicting erosion and sediment-associated chemical runoff under different 

conditions of crop type, tillage practices, etc. Consequently, there is a large number of models 

that have been developed for the prediction of agricultural non-point source runoff of sediment, 

nutrients and pesticides. Many of the models permit gaming with alternative choices of land 

management, crop type, and fertilizer and pesticide application rates. Because all models (except 

unit load models) require hydrometric input and many use a sediment sub-component, it is 

appropriate to integrate these into a single table (Table 7), together with their principal 

characteristics. 

In general, there are three types of models based on input data needs. 

1. Simple screening models, such as the unit load approach, attempt to provide approximate 

answers about the likely magnitude of sediment and chemical runoff. This approach is a 

statistical methodology in which data on runoff of sediment, nutrients and pesticides on a unit 

area basis (e.g. tonnes of sediment per hectare) are collated from many studies to reflect 

similarities in crop type, soil and physiographic characteristics. Unlike the other types of models 

which are largely focused on prediction and improvement of agricultural management at the 

farm level, the unit load approach is mainly focused on impacts of agriculture on downstream 

water quality and without consideration of alternative farm management practices. 

Despite the unreliability and large margins of error (refer to Tables 8 and 14 and related text, this 

approach has been widely used as a cost-effective means for providing first-approximation 

answers for agricultural areas for which there are no data. The methodology was originally 

developed by McElroy et al. (1976) who collated a major database on unit loads. This approach 

was further developed into a US-EPA Screening Procedure by Mills et al. (1985) and which 

remains the most comprehensive document on the subject. Unit load data reflect conditions in 

the United States; application of these data to other climatic and physiographic environments 

should be avoided. Nevertheless, it is an approach that may be worth considering for 

development in other parts of the world. 

2. Simple empirical relationships: the widely used and respected Universal Soil Loss Equation 

(USLE) of Wischmeier (1976) has had remarkable success at the plot level and has been 

incorporated into many of the complex models of Table 7. The USLE is designed as a field 

management tool and provides aggregated information at the storm, seasonal or annual level. 

Wischmeier (1976) reported that the average prediction error for annual soil loss was 12%; larger 

errors are to be expected for single storm events. The USLE is one way to determine erosion 

potential for input into the denominator of the Sediment Delivery Ratio. The USLE is detailed 

here because of its success and because the same type of approach has been used in Africa 

(Elwell and Stocking, 1982) and elsewhere (e.g. Modified USLE in Brazil by Chaves, 1991). 

The USLE is calculated as: 

A = R. K. LS. C. P 

where: 

 A = Calculated soil loss in t/ha for a given storm or period. 



 R = Rainfall energy factor 

 K = Soil erodibility factor 

 LS = Slope-length factor 

 C = Cropping management factor (vegetative cover) 

 P = Erosion-control practice factor 

Each of the factors can be calculated or estimated using field data (as in the case for R and LS) 

and from tables or nomograms for all other factors. Novotny and Olem (1994) provide an 

excellent commentary on this and other methods for estimating or modelling erosion. The USLE 

is designed for rainfall only and does not handle snowmelt or rainfall on frozen ground. The 

USLE requires calibration data from standard plot experiments which are widely available in 

North America and, more limitedly, from other parts of the world. 

 

3. There is a wide variety of deterministic and stochastic models that attempt to simulate the 

physics of the erosion process. The data requirements for calibration and verification are 

extremely large. While such models may have certain advantages, especially in terms of the level 

of detail in which one can simulate alternative farm practices, these are generally unsuitable for 

developing countries due to their data requirements and the observation that management 

judgements for farm-level decisions can almost always be made on the basis of more generalized 

data combined with experience and common sense. 

 

Sediment causes damaging pollution 

AUBURN — Sediment is the loose sand, clay, silt and other soil particles that settle at the 

bottom of a body of water. Sediment can come from soil erosion or from the decomposition of 

plants and animals. Wind, water and ice help carry these particles to rivers, lakes and streams. 

 

The Environmental Protection Agency lists sediment as the most common pollutant in rivers, 

streams, lakes and reservoirs. While natural erosion produces nearly 30 percent of the total 

sediment in the United States, accelerated erosion from human use of land accounts for the 

remaining 70 percent. The most concentrated sediment releases come from construction 

activities, including relatively minor home-building projects such as room additions and 

swimming pools. Sediment pollution causes $16 billion in environmental damage annually. 

 

Sediment entering storm water degrades the quality of water for drinking, wildlife and the land 

surrounding streams. Sediment fills up storm drains and catch basins to carry water away from 

roads and homes, which increases the potential for flooding. Water polluted with sediment 

becomes cloudy, preventing animals from seeing food. Murky water prevents natural vegetation 

from growing in water. Sediment in stream beds disrupts the natural food chain by destroying the 

habitat where the smallest stream organisms live, causing massive declines in fish populations. 

Sediment increases the cost of treating drinking water and can result in odor and taste problems. 

Sediment can clog fish gills, reducing the resistance to disease, lowering growth rates, and 

affecting fish egg and larvae development. Nutrients transported by sediment can activate blue-

green algae that release toxins and can make swimmers sick. Sediment deposits in rivers can 

alter the flow of water and reduce water depth, which makes navigation and recreational use 

more difficult. 

 

Sweep sidewalks and driveways instead of hosing them off. Washing these areas results in 

sediment and other pollutants running of into streams, rivers and lakes. Use weed-free mulch 



when reseeding bare spots on your lawn, and use a straw erosion control blanket if restarting or 

tilling a lawn. Notify local government officials when you see sediment entering streets or 

streams near a construction site. Put compost or weed-free mulch on your garden to help keep 

soil from washing away. Avoid mowing within 10-25 feet from the edge of a stream or creek. 

This will help minimize erosion and naturally filter storm water runoff that may contain 

sediment. Either wash your car at a commercial car wash or on a surface that absorbs water, such 

as grass or gravel. 

 

Information contained in this educational article was obtained from the USEPA storm water web 

site www.epa.gov/npdes/stormwater. For additional information regarding your local storm 

water issues, please contact Todd Sattison, Program Coordinator at the City of Auburn Water 

Pollution Control, 2010 S. Wayne St., Auburn, IN 46706, phone, 925-1714. 

 

 

WASTE DISPOSAL 

Liquid Wastes: Sources, Types and Characteristics 

Introduction 

You were introduced to the main types of liquid waste in Study Session 1. This study session is 

the first of three that builds on that introduction and describes liquid wastes in more detail. We 

begin with a closer look at the sources and characteristics of liquid wastes. Study Session 5 

focuses on the different types of latrine available for urban areas in Ethiopia. In Study Session 6 

you will learn about the management and treatment of liquid wastes. 

The type and composition of liquid waste depends on the source. In urban areas, the main 

sources are households, commercial establishments and industries. We need accurate information 

on the characteristics of liquid wastes in order to establish proper waste management processes 

to deal with them. In this study session you will learn about the main sources of liquid wastes 

and about different ways of characterising them. We also briefly describe some of the laboratory 

tests used to analyse liquid waste. The session ends with some specific examples of liquid wastes 

from industry. 

4.1 Sources of liquid waste 

Liquid waste was defined in Study Session 1 as any waste in liquid form. The composition of 

liquid waste, also known as wastewater, is highly varied and depends principally on its source. In 

towns and cities, the three main sources are residential, commercial and industrial areas. 

4.1.1 Liquid wastes from residential areas 

 List three liquid wastes from your daily life. 

 I’m sure you thought of several. Examples include the wastewaters from washing your 

face in the morning, from washing clothes, from taking a shower and from washing dishes. You 

may also have mentioned human bodily waste, which is also classified as liquid waste. 



In urban areas, the liquid wastes from residential areas are often referred to as domestic 

wastewaters. These wastewaters come from our day-to-day living and include those from food 

preparation, washing, bathing and toilet usage. As you read in Study Session 1, different terms 

are used to describe wastewater from these various domestic sources. 

 What is the difference between blackwater, greywater and sullage? 

 Blackwater is wastewater that contains human excreta (faeces and/or urine). Greywater is 

wastewater from activities such as washing and food preparation and does not contain excreta. 

Sullage is another name for greywater. 

Blackwater and greywater are produced from domestic dwellings with access to a piped water 

supply and also from business premises and the various institutions, such as schools and health 

centres, found in residential areas. The term sewage is used to describe a combination of all these 

types of liquid waste, frequently also with surface run-off. 

In many towns and cities in the world, sewage is collected in underground sewers that carry the 

effluents to a sewage treatment works (Figure 4.1). (Effluent is another term for wastewater that 

flows out from a source.) At the treatment works, the sewage is cleaned by various physical and 

biological processes before being discharged into a river or lake. It may be possible to reuse the 

treated water, typically for irrigation. (Sewage treatment is described in Study Session 6.) 

 

Figure 4.1 Sewage entering a sewage treatment works. 

The quantity and type of liquid waste generated in a residential area depends on several factors, 

such as population size, standard of living, rate of water consumption, habits of the people and 

the climate. It also depends on the number and type of institutions such as schools and health 

centres in the area. 

4.1.2 Liquid wastes from commercial areas 

The wastewaters from commercial areas (Figure 4.2) – comprising business establishments, 

shops, open market places, restaurants and cafes – will mostly resemble those from households. 

This is because only human-related activities are undertaken in such areas, as opposed to other 

activities such as industrial production. Effluent from restaurants and cafes may contain high 

levels of oil from cooking processes but this can be overcome by using a grease trap (Figure 

4.3) in their outlet pipes. A grease trap consists of a small tank or chamber which slows the speed 

of effluent flow. In the grease trap, fats, oils and grease float to the top of the wastewater and 

form a layer of scum that is contained within the tank. This can then be removed and disposed of 

as solid waste. Relatively clean water exits from the grease trap for disposal. 



 

Figure 4.2 A commercial area of Addis Ababa. 

 

Figure 4.3 Cross-sectional diagram of a grease trap. Effluent flows into the chamber on the left 

and fats and oils float to the surface. This example has a second chamber to make the process 

more effective. 

The quantity of wastewater generated per person in a commercial area will be less than it would 

be at home because the only time spent there is during the working day, and so activities such as 

bathing are not usually undertaken at these establishments. 

4.1.3 Liquid wastes from industrial areas 

In industrial areas liquid wastes are generated by processing or manufacturing industries and 

service industries, such as car repair shops. The type of industry determines the composition of 

the waste. The wastewaters from facilities that make food products will not be harmful to 

humans, but those from other industries may contain a variety of chemical compounds, some of 

which may be hazardous (and therefore potentially harmful). Industrial wastewaters which 

contain hazardous substances must be treated, and the substances removed before the wastewater 

is discharged to the environment. We will consider some specific examples of industrial wastes 

in Section 4.3. 

The presence of hazardous materials is one way in which industrial wastewaters are often 

different from domestic wastewaters. Another difference is that the flow rate can vary 

dramatically in some industries, for example, where production rates vary with the season, such 

as in the processing of certain food crops. 



4.1.4 Stormwater 

Although not a form of liquid waste in the same way as wastes from residential, commercial and 

industrial areas, stormwater is also a form of wastewater. Stormwater can be contaminated with 

many different types of pollutant such as faecal matter, soil, rubber from vehicle tyre wear, litter, 

and oil from vehicles. Many parts of Ethiopia are faced with large volumes of stormwater during 

the rainy season (Figure 4.4). Where there is a sewerage network (a system of sewers), 

stormwater may be channelled into the sewers, or it may flow into open ditches. 

 

Figure 4.4 Stormwater flow during the rainy season in Ethiopia can sometimes exceed the 

capacity of the drains. 

4.2 Characteristics of liquid wastes 

Liquid wastes can be described according to their physical, chemical, and biological 

characteristics. 

 

4.2.1 Physical characteristics of liquid wastes 

Solids 

Wastewaters may contain particles of solid material carried along in the flow. These may be 

settleable solids or suspended solids. Settleable solids sink to the bottom (settle out) when the 

speed of flow is reduced, for example, when the wastewater is stored in a tank. Suspended 

solids are small particles that remain in suspension in the water; they do not dissolve in the 

wastewater but are carried along in it. The solids content can be measured by filtering out and 

weighing the solids in a given volume of water. The laboratory procedure is to weigh a filter 

paper, pour a measured volume of water through the paper, then dry it and weigh again. The 

difference in mass equals the mass of solids which can be expressed in terms of milligrams of 

solid matter per litre of water, in units of mg l-1. 

Temperature 

Wastewaters are generally warmer than the ambient temperature. This is because warm or hot 

water may be included in the waste stream from domestic activities such as showering or from 

industrial processing. The temperature is given in degrees Celsius (oC). 



Odour 

Wastewaters can have an odour, usually due to generation of gases as a result of biodegradation 

in the wastewater. Biodegradation is the breaking down (decomposition) of organic substances 

by bacteria and other micro-organisms. Organic matter is any substance that is derived from 

living organisms, such as human and animal wastes, food waste, paper and agricultural wastes. 

Detecting odour tends to be a subjective process but it is possible to measure it in terms of odour 

units. 

4.2.2 Chemical characteristics of liquid wastes 

Organic matter 

Wastewaters from many different sources contain organic matter, which is a frequent cause of 

pollution in surface waters. If organic matter is released into a river or lake, bacteria and other 

micro-organisms that are naturally present in fresh water will degrade the waste and in the 

process they use dissolved oxygen from the water. If there is a lot of organic matter, then most or 

all of the dissolved oxygen may be used up, thus depriving other life forms in the water of this 

essential element. The oxygen taken up in degrading the organic matter is referred to as 

its oxygen demand. This can be determined by a measure called the biochemical 

oxygen demand (BOD). BOD tests are carried out in a laboratory and involve measuring the 

amount of oxygen used, usually over a period of five days, as the organic matter in the 

wastewater breaks down. The result is the amount of oxygen used in degrading the organic 

matter in the wastewater, which is expressed in milligrams per litre (mg l-1). 

There is also a chemical method of determining the quantity of organic matter called 

the chemical oxygen demand (COD) test. This test is much quicker than the BOD test, taking 

only about two hours to carry out. It depends on chemical oxidation of the organic matter rather 

than biological degradation. It involves boiling a sample of wastewater with a mixture of 

concentrated acids and a measured quantity of oxidising agent to oxidise the organic matter. The 

amount of oxidising agent remaining at the end of the test is measured. The amount that has been 

used up is equivalent to the amount of organic matter in the sample. The result is again expressed 

in mg l-1. COD tends to give higher results than BOD because the chemical process can oxidise 

more material than the biological process. 

Inorganic material 

Wastewater also contains inorganic chemicals. This means any substance that has not come 

from animals or plants, so it includes a wide range of different chemicals as well as inert solids 

like sand and silt. Many inorganic chemicals are dissolved in the water and although some are 

harmless, others are pollutants that can damage aquatic life such as fish and other organisms that 

live in water. One example is ammonia (NH3) which is present in human and animal excreta. 

Like organic matter, ammonia is broken down in the environment by natural processes. If 

ammonia is released into a river it is converted by the action of bacteria to nitrate (NO3), which 

is less harmful. This natural conversion of ammonia to nitrate requires oxygen and is limited if 

there are excessive quantities of ammonia. Other examples of inorganic chemicals in 



wastewaters are chloride (from salt), phosphates (from chemical fertilisers and from human and 

animal wastes), and metal compounds (from mining operations or metal-plating plants). 

4.2.3 Biological characteristics of liquid wastes 

Liquid wastes contain many different types of bacteria and other micro-organisms originating 

from human wastes and other sources. Many of these bacteria are beneficial and are responsible 

for the biodegradation of organic components of the wastes; others may be pathogenic. The 

presence of bacteria in wastewater is normal and expected, but it becomes a problem if the waste 

is not kept separate from people or if it contaminates clean water or food. The safe management 

and disposal of any waste containing human excreta is the most critical aspect of sanitation and 

hygiene and is essential to prevent the spread of infectious disease. 

There are different phases of a mining project, beginning with mineral ore exploration and 

ending with the post-closure period. What follows are the typical phases of a proposed mining 

project. Each phase of mining is associated with different sets of environmental impacts. 

PHASES OF A MINING PROJECT 

Exploration 

A mining project can only commence with knowledge of the extent and value of the mineral ore 

deposit. Information about the location and value of the mineral ore deposit is obtained during 

the exploration phase. This phase includes surveys, field studies, and drilling test boreholes and 

other exploratory excavations. 

The exploratory phase may involve clearing of wide areas of vegetation (typically in lines), to 

allow the entry of heavy vehicles mounted with drilling rigs. Many countries require a separate 

 EIA for the exploratory phase of a mining project because the impacts of this phase can be 

profound and because further phases of mining may not ensue if exploration fails to find 

sufficient quantities of high-grade mineral ore deposits. 

Development 

If the mineral ore exploration phase proves that there is a large enough mineral ore deposit, of 

sufficient grade, then the project proponent may begin to plan for the development of the mine. 

This phase of the mining project has several distinct components. 

Construction of access roads 

The construction of access roads, either to provide heavy equipment and supplies to the mine site 

or to ship out processed metals and ores, can have substantial environmental impacts, especially 

if access roads cut through ecologically sensitive areas or are near previously isolated 

communities. If a proposed mining project involves the construction of any access roads, then 

the environmental impact assessment (EIA) for the project must include a comprehensive 

assessment of the environmental and social impacts of these roads. 



Site preparation and clearing 

 

If a mine site is located in a remote, undeveloped area, the project proponent may need to begin by 

clearing land for the construction of staging areas that would house project personnel and 

equipment. Even before any land is mined, activities associated with site preparation and 

clearing can have significant environmental impacts, especially if they are within or adjacent to 

ecologically sensitive areas. The EIA must assess, separately, the impacts associated with site 

preparation and clearing. 

 

Active mining 

Once a mining company has constructed access roads and prepared staging areas that would 

house project personnel and equipment, mining may commence. All types of active mining 

share a common aspect: the extraction and concentration (or beneficiation) of a metal from the 

earth. Proposed mining projects differ considerably in the proposed method for extracting and 

concentrating the metallic ore. 

In almost every case, metallic ores are buried under a layer of ordinary soil or rock (called 

‘overburden’ or ‘waste rock’) that must be moved or excavated to allow access to the ore deposit. 

The first way in which proposed mining projects differ is the proposed method of moving or 

excavating the overburden. What follows are brief descriptions of the most common methods. 

 

Open-pit mining 

 

Open-pit mining is a type of strip mining in which the ore deposit extends very deep in the 

ground, necessitating the removal of layer upon layer of overburden and ore. 

 

In many cases, logging of trees and clear-cutting or burning of vegetation above the ore deposit 

may precede removal of the overburden. The use of heavy machinery, usually bulldozers 

and dump trucks, is the most common means of removing overburden. Open-pit mining 

often involves the removal of natively vegetated areas, and is therefore among the most 

environmentally- destructive types of mining, especially within tropical forests. 

 

Because open-pit mining is employed for ore deposits at a substantial depth underground, it usually 

involves the creation of a pit that extends below the groundwater table. In this case, groundwater 

must be pumped out of the pit to allow mining to take place. A pit lake usually forms at some point in 

time after mining stops and the groundwater pumps are turned off. 

 



Placer mining 

Placer mining is used when the metal of interest is associated with sediment in a stream bed or 

floodplain. Bulldozers, dredges, or hydraulic jets of water (a process called ‘hydraulic mining’) are 

used to extract the ore. Placer mining is usually aimed at removing gold from stream sediments and 

floodplains. Because placer mining often occurs within a streambed, it is 

an environmentally-destructive type of mining, releasing large quantities of sediment that can 

impact surface water for several miles downstream of the placer mine. 

Underground mining 

In underground mining, a minimal amount of overburden is removed to gain access to the ore 

deposit. Access to this ore deposit is gained by tunnels or shafts. Tunnels or shafts lead to a more 

horizontal network of underground tunnels that directly access the ore. In an underground mining 

method called ‘stoping’ or ‘block caving,’ sections or blocks of rock are removed in vertical strips 

that leave a connected underground cavity that is usually filled with cemented aggregate and waste 

rock. 

Although underground mining is a less environmentally-destructive means of gaining access to an 

ore deposit, it is often more costly and entails greater safety risks than strip mining, including open-

pit mining. While most large- scale mining projects involve open-pit mining, many large 

underground mines are in operation around the world. 

Reworking of inactive or abandoned mines and tailings 

Some mining projects involve the reworking of waste piles (often tailings) from inactive or 

abandoned mines, or older waste piles at active mines. Typically, this is proposed when more 

efficient methods of metal beneficiation have made it economical to re-extract metals from old 

mining waste. The material from the piles may be sent to processing facilities on-site or off-site. 

Mining projects that only involve the reworking of abandoned mine waste piles avoid the 

environmental impacts of open-pit mining and placer mining, but still entail environmental impacts 

associated with purification (beneficiation) of metals from the waste piles. 



Disposal of overburden and waste rock 

In almost every project, metallic ores are buried under a layer of ordinary soil or rock (called 

‘overburden’ or ‘waste rock’) that must be moved or excavated to allow access to the metallic ore 

deposit. For most mining projects, the quantity of overburden generated by mining is enormous. 

The ratio of the quantity of overburden to the quantity of mineral ore (called the ‘strip ratio’) 

is usually greater than one, and can be much higher. For example, if a proposed mining project 

involves the extraction of 100 million metric tons of mineral ore, then the proposed mining project 

could generate more than one billion metric tons of overburden and waste rock. 

These high-volume wastes, sometimes containing significant levels of toxic substances, are usually 

deposited on-site, either in piles on the surface or as backfill in open pits, or within underground 

mines. Therefore, the EIA for a proposed mining project must carefully assess the management 

options and associated impacts of overburden disposal. 

Ore extraction 

After a mining company has removed overburden, extraction of the mineral ore begins using 

specialized heavy equipment and machinery, 

such as loaders, haulers, and dump trucks, which transport the ore to processing facilities using haul 

roads. This activity creates a unique set 

of environmental impacts, such as emissions of fugitive dust from haul roads, which an EIA for a 

proposed mining project should assess separately. 

ENVIRONMENTAL AND SOCIAL IMPACTS OF MINING 

Impacts on water resources 

Perhaps the most significant impact of a mining project is its effects on water quality and 

availability of water resources within the project area. Key questions are whether surface and 

groundwater supplies will remain fit for human consumption, and whether the quality of surface 

waters in the project area will remain adequate to support native aquatic life and terrestrial wildlife. 

 



 

Acid mine drainage and contaminant leaching 

The potential for acid mine drainage is a key question. The answer will determine 
whether a proposed mining project is environmentally acceptable. When mined 
materials (such as the walls of open pits and underground mines, 

tailings, waste rock, and heap and dump leach materials) are excavated and exposed to 
oxygen and water, acid can form if iron sulfide minerals (especially pyrite, or ‘fools 
gold’) are abundant and there is an insufficient amount of neutralizing material to 
counteract the acid formation. The acid will, in turn, leach or dissolve metals and other 
contaminants from mined materials and form a solution that is acidic, high in sulfate, 
and metal-rich (including elevated concentrations of cadmium, copper, lead, zinc, 
arsenic, etc.) 

Leaching of toxic constituents, such as arsenic, selenium, and metals, can occur even if 
acidic conditions are not present. Elevated levels of cyanide and nitrogen compounds 
(ammonia, nitrate, nitrite) can also be found in waters at mine sites, from heap leaching 
and blasting. 
Acid drainage and contaminant leaching is the most important source of water quality 
impacts related to metallic ore mining. 
Acid mine drainage is considered one of mining’s most serious threats to water resources. A 

mine with acid mine drainage has the potential for long-term devastating impacts on rivers, 

streams and aquatic life. 

 

 

 

 

 

Erosion of soils and mine wastes into surface waters 
 

For most mining projects, the potential of soil and sediment eroding into and degrading 

surface water quality is a serious problem.  

According to a study commissioned by the European Union: 

 

“Because of the large area of land disturbed by mining operations and the large quantities of 

earthen materials exposed at sites, erosion can be a major concern at hardrock mining sites. 

Consequently, erosion control must be considered from the beginning of operations through 

completion of reclamation. Erosion may cause significant loading of sediments (and any 

entrained chemical pollutants) to nearby waterbodies, especially during severe storm events 

and high snow melt periods. 

 

 



Impacts of mine dewatering 

 

When an open pit intersects the water table, groundwater flows into the open pit. For mining to 

proceed, mining companies must pump and discharge this water to another location. Pumping in 

a study commissioned by the European Union: 

 

“Mine water is produced when the water table is higher than the underground mine workings or 

the depth of an open pit surface mine. 

When this occurs, the water must be pumped out of the mine. Alternatively, water may be 

pumped from wells surrounding the mine to create a cone of depression in the ground water 

table, thereby reducing infiltration. When the mine is operational, mine water must be continually 

removed from the mine to facilitate the removal of the ore. However, once mining operations end, 

the removal and management of mine water often end, resulting in possible accumulation in rock 

fractures, shafts, tunnels, and open pits and uncontrolled releases to the environment. 

 

“Ground water drawdown and associated impacts to surface waters and nearby wetlands can 

be a serious concern in some areas. 

“Impacts from ground water drawdown may include reduction or elimination of surface 

water flows; degradation of surface water quality and beneficial uses; degradation of habitat 

(not only riparian zones, springs, and other wetland habitats, but also upland habitats such as 

greasewood as ground water levels decline below the deep root zone); reduced or eliminated 

production in domestic supply wells; water quality/quantity problems associated with discharge 

of the pumped ground water back into surface waters downstream from 

the dewatered area. The impacts could last for many decades. While dewatering is 

occurring, discharge of the pumped water, 

after appropriate treatment, can often be used to mitigate adverse effects on surface waters. 

However, when dewatering ceases, the cones of depression may take many decades to 

recharge and may continue to reduce surface flows …. Mitigation measures that rely on the use 

of pumped water to create wetlands may only last as long as dewatering occurs. 

 Noise and vibration 

Noise pollution associated with mining may include noise from vehicle engines, 

loading and unloading of rock into steel dumpers, chutes, power generation, and other 

sources. Cumulative impacts of shoveling, ripping, drilling, blasting, transport, 

crushing, grinding, and stock-piling can significantly affect wildlife and nearby 

residents 

Impacts of mining projects on wildlife 

Wildlife is a broad term that refers to all plants and any animals (or other organisms) 

that are not domesticated. Mining affects the environment and associated biota through 

the removal of vegetation and topsoil, the displacement of fauna, the release of 

pollutants, and the generation of noise. 



 

Impacts on public health 

EIAs of mining projects often underestimate the potential health risks of mining 

projects. Hazardous substances and wastes in water, air, and soil can have serious, 

negative impacts on public health. The World Health Organization (WHO) defines 

health as a “state of complete physical, mental and social well-being, and not merely 

the absence of disease or infirmity.” 

The term ‘hazardous substances’ is broad and includes all substances that can be 

harmful to people and/or the environment. Because of the quantity, concentration, or 

physical, chemical or infectious characteristics, hazardous substances may (1) cause or 

contribute to an increase of mortality or an increase in serious irreversible or 

incapacitating illness; or pose a substantial present or potential hazard to human health 

or the environment when improperly treated, stored, transported, disposed of, or 

otherwise managed. 

Human displacement and resettlement 

According to the International Institute for Environment and Development: 

The displacement of settled communities is a significant cause of resentment and 

conflict associated with large-scale mineral development. Entire communities may be 

uprooted and forced to shift elsewhere, often into purpose-built settlements not 

necessarily of their own choosing. Besides losing their homes, communities may also 

lose their land, and thus their livelihoods. Community institutions and power relations 

may also be disrupted. Displaced communities are often settled in areas without 

adequate resources or are left near the mine, where they may bear the brunt of 

pollution and contamination. Forced resettlement can be particularly disastrous for 

indigenous communities who have strong cultural and spiritual ties to the lands of 

their ancestors and who may find it difficult to survive when these are broken 

 Impacts of migration 

One of the most significant impacts of mining activity is the migration of people into a 

mine area, particularly in remote parts of developing countries where the mine represents 

the single most important economic activity. For example, at the Grasberg mine in 

Indonesia the local population increased from less than 1000 in 1973 to between 100,000 

and 110,000 in 1999. Similarly, the population of the squatter settlements around Porgera 

in PNG, which opened in 1990, has grown from 4000 to over 18,000.10 This influx of 

newcomers can have a profound impact on the original inhabitants, and disputes may 

arise over land and the way benefits have been shared 

 

 

 



Impacts of mining projects on soil quality 

Mining can contaminate soils over a large area. Agricultural activities near a mining 

project may be particularly affected. According to a study commissioned by the European 

Union: 

“Mining operations routinely modify the surrounding landscape by exposing previously 

undisturbed earthen materials. Erosion of exposed soils, extracted mineral ores, tailings, 

and fine material in waste rock piles can result in substantial sediment loading to surface 

waters and drainage ways. In addition, spills and leaks of hazardous materials and the 

deposition of contaminated windblown dust can lead to soil contamination. 

“SOIL CONTAMINATION: Human health and environmental risks from soils generally 

fall into two categories: (1) contaminated soil resulting from windblown dust, and (2) 

soils contaminated from chemical spills and residues. Fugitive dust can pose significant 

environmental problems at some mines. The inherent toxicity of the dust depends upon 

the proximity of environmental receptors and type of ore being mined. High levels of 

arsenic, lead, and radionucleides in windblown dust usually pose the greatest risk. Soils 

contaminated from chemical spills and residues at mine sites may pose a direct contact 

risk when these materials are misused as fill materials, ornamental landscaping, or soil 

supplements.” 

Impacts of mining projects on social values 

The social impacts of large-scale mining projects are controversial and complex. Mineral 

development can create wealth, but it can also cause considerable disruption. Mining 

projects may create jobs, roads, schools, and increase the demands of goods and services 

in remote and impoverished areas, but the benefits and costs may be unevenly shared. If 

communities feel they are being unfairly treated or inadequately compensated, mining 

projects can lead to social tension and violent conflict. 
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Unit I 

Economic Geology : Processes of formation of mineral deposits – Magmatic, 

sublimation, contact metasomatic, Hydrothermal (Cavity filling and replacement) Sedimentation, 

evaporation, residual and mechanical concentration, Oxidation and supergene enrichment and 

metamorphism. Classification of Mineral deposits, controls of Ore localisation – structural, 

stratigraphic, physical and chemical; Metallogenetic epochs and provinces – Plate tectonics and Ore 

genesis -Geologic thermometry-Geobarometry, stable and radiogenic isotopes of ores and the host 

rocks – Geological and Geochemical modeling of ore deposits 

 

Unit II 

Study of the following ore deposits with regard to their mode of occurrence, distribution in 

India, origin and uses:  Asbestos, Barite, Bauxite, Chromite, Copper, Gold, Iron, Lead and Zinc, 

Magnesium, Manganese.  

 

Unit III 

Physical and chemical properties, mode of occurrence and distribution in India of the 

minerals required for the following industries, Refractory, Abrasive, Fertilizer, Cement, Paints, 

Glass and Pigments. Radioactive Minerals; Precious and semiprecious Minerals. Mineral wealth 

of Tamil Nadu.   

 

Unit IV 

Mineral Economics : Definition and scope – Significance of minerals in National 

economy, peculiarities inherent in mineral industry, Tenor, grade and specifications for minerals. 

Mines and Minerals legislation of India. India’s national mineral policy. Strategic, Critical and 

essential minerals with reference to India. Mineral conservation and substitution. Ore reserve 

estimation techniques. 

 

Unit V 

Ore Microscopy and Ore Petrography : Construction of ore Microscope. Polishing 

and mounting of ores, Physical properties of Ore minerals, Determination of micro hardness; 

Factors affecting microhardness. Study of optical properties – Colour, reflectivity, bi-reflectance, 

Isotropism, Anisotropism, Polarisation Colours, Rotation properties, Internal reflections and 

relation sense. Instrumentation and methods of determination of reflectivity, Polarisation figures 

of Isotropic and anisotropic Ore mineral, Micro – chemical techniques, ore textures and 

paragenesis, application of Ore Microscopy. 
 

 

 

 

 

 



Introduction: 

 Economic geology deals with the materials of the mineral kingdom and the other related 

substance which make the life of the man comfortable. These materials are said to be the 

economic mineral. The economic development of a country depends greatly on the availability 

of economic minerals.  

Mineral deposits: The mineral deposits refers to any accumulation of useful minerals of the 

mineral kingdom, which were originally in a diffused state. such deposits may be metalliferous 

or non- metallic. 

 The elements that enter into the constitutions of the mineral deposits are derived either 

from the rocks earths crust or from the molten bodies (magma), that have cooled to form 

igneous rocks. Only very few elements constitute more than 1% of composition of earths crust. 

More than 90% elements constitute together only 0.5%. Almost all the valuable elements are 

included in the latter group. 

Gangue: The ore minerals are usually associated with non-metallic materials or rock forming 

silicates which are not desired. These unwanted materials are said to be the gangue. The ore 

minerals and associated gangue together form the ore. Though the gangue is usually non-

metallic, sometimes it may be also metallic such as pyrite.  

Tenor of Ore: The metal content of an ore which is required to give profit is referred to as its 

Tenor. The tenor is usually expressed in % or in the case of precious metals in tonne or ppm. 

The tenor varies with  

i) The price of the metal 

ii) With cost of production 

iii) With ores of different metal 

iv) Also, with the different ores of same metal. 

The higher the price of the metal, the lower the metal content is required to make it profitable. 

Most of the iron ores to be profitable must have a tenor of 35 to 50% of iron.  

 

 

 



MAGMATIC CONCENTRATION 

Magmatic deposit results from simple crystallization or form concentration by differentiation 

of intrusive igneous masses. They are closely associated with deep seated or intermediated 

igneous rocks. The magmatic minerals are crystallized from magma and are concentrated by 

the process of segregation, injection, Dissemination etc. The magmatic ore minerals may be 

early or late formation product. 

Classification of magmatic mineral deposits: 

          Type                   Process          Example 

I. Early Magmatic  

 

A. Dissemination Disseminated crystallization without 

concentration 

Diamond pipes, Some 

corundum deposits  

 

 

B. Segregation Crystallization differentiation and 

accumulation 

Bushweld Chromite 

 

 

 

C. Injection Differentiation and Injection Kiruna, Sweden 

 

II. Late Magmatic  

 

A. Residual liquid         

segregation 

Crystallization differentiation and residual 

magma accumulation  

Bhusweld titano magnetite 

deposit 

 

B. Residual liquid 

injection Same with filter pressing and or injection 

Adiron dack Magmatic 

 

C. Immiscible liquid 

segregation 

Immiscible liquid separation and 

accumulation 

Insizwa deposit in South 

Africa 

 

D. Immiscible liquid 

injection 

Same with injection 

Bushweld deposits South 

Africa 

Early Magmatic deposits: 

 Early magmatic deposits resulted from straight magmatic processes. These deposits 

have been formed by (1) Simple crystallization without concentration (2) Segregation of early 

formed crystals (3) Injection of material concentrated elsewhere by differentiation. The ore 

minerals have crystallized earlier than the rock silicate and have been separated by 

crystallization differentiation. 

Dissemination: 

 The early formed crystal may disseminate throughout deep seated magma, which yield 

a granular igneous rock on simple crystallization. If the crystals are valuable and abundant, it 

gives good magmatic mineral deposits. 



 Diamond pipes of South Africa are good examples. The diamonds are separately 

disseminated through deposit at Panna in Madhya Pradesh State as well as at Wajrakaru in 

Andhra Pradesh. 

Segregation: 

 The early magmatic segregation are early concentration of valuable constituents of the 

magma. This concentration is mainly done by the process of gravity settling. Usually such 

constituents are Chromites which may crystallize early and segregated in the magma chamber 

as a good Economic mineral deposit. 

 The Segregation may take place by the Sinking of heavy early formed crystal to the 

lower part of the magma chamber or by marginal accumulation or by constructional flowage. 

Sometimes the mineral deposits formed by early magmatic deposits are lenticular in size. 

 The chromite deposit of Bushweld in South Africa are found as stratiform layer in 

association with pyroxenite rock and gabbro rock. In India, the chaibasa (Bihar) Chromite 

deposit occur in association with rocks pyroxenite and periclotite. Similarly chromite deposits 

at Mysore (Byrapur, Shind halli) occurs as lenses and bands in the ultrabasic rocks. 

 Early Magmatic Injection: 

 The differentiated ore mineral and silicate mineral are thought to be injected from the 

place of differentiation into the Host rock or into the surrounding country rock. The structural 

relation of the deposit to the enclosing rock (country) show clearly a discordant or cross cutting 

relation. The deposits occur as dyke or in the form of stock like structure. 

 The magnetite deposit of Kiruna (Sweden) is of this type. 

Late magmatic deposits: 

 Late magmatic deposits are bodies of ore mineral that have crystallized towards the 

close of magmatic crystallization period. Such deposits are distinctly later than the rock 

silicates and sometime they even cut across the early formed crystals. At many time the early 

formed crystal show a bent phenomena. Usually the late magmatic deposits are associated basic 

igneous rock and have resulted from crystallization differentiation, gravitational accumulation 

of heavy residual liquid or liquid immiscibility. 



 Depending upon their mode of formation, the late magmatic deposit further classified 

into 

1. Residual liquid Segregation 

2. Residual liquid Injection 

3. Immiscible liquid segregation and immiscible liquid Injection. 

Residual liquid segregation: 

 In a magma undergoing differentiation, the residual magma becomes progressively 

richer in Iron and Titanium. This is particularly true in the case of Magma which yields 

Anorthosite. The plagioclase crystallize first and iron oxide crystallize last. Iron oxides in the 

form of Titaniferous magnetite separate as magmatic segregation and crystallized later than the 

silicate. Such late magmatic Titaniferous deposits are associated with Anorthosite, Gabbro, 

Norite and related rocks. Some Platinum deposits are also of late magmatic origin. 

Residual liquid injection: 

 The differentiation iron rich residue and silicate accumulate in the magma chamber. 

When the magma chamber is subjected to structural disturbances, the iron residue and early 

formed silicate may be injected into the overlying country rock. The resulting ore bodies may 

have irregular shape. Some time they form as dykes and sills. The ores cut across, surrounds, 

erode and react with early formed silica. 

Indian Example: 

 In India, some of the Titaniferous and vanadiferous Magnetic ores which are associated 

with ultrabasic rocks in eastern Singhbhum and Southern Mysore may be considered as such 

deposits. 

Immiscible liquid segregation: 

 Sulphide of Iron-Nickel-Copper are soluble upto 6 or 7 % in basic magma. On cooling, 

these sulphide separate as immiscible droplets which finally accumulate either at the bottom or 

at the top to form liquid sulphide segregation. The residual sulphide remains in the liquid state 

until the silicates crystallize completely. Usually the basic sulphide such as Chaleopyrite, 

Pentlandite and Nikel Copper ores occur with deposits. These are associated with basic gabbro.  



 Nickeliferous sulphide deposit of sidbury, Ontario is of this type. 

Immiscible liquid injection: 

 If the sulphide rich fraction subjected to disturbance before consolidation, it would be 

squeezed out from out from the magma chamber. Ultimately the residue along with immiscible 

droplets try to enter the low pressure area such as fractured rock and weaker planes like bedding 

plane, joint plane etc., There it will consolidate to form immiscible liquid injection. Usually 

they intrude older rocks and essentially have discordant relation and occasionally concordant 

also. 

E.g. Norway Nickel deposits. 

Sublimation: 

 Sublimation is a very minor process in the formation of mineral deposits. Sublimation 

applies only to compound that are Volatilized and subsequently redeposited from vapour state 

at lower temperature and pressure. 

 Sublimation involves direct transition from the solid to the gaseous state or vice versa 

without passing through the intermediate liquid state. Many compounds cannot be sublimated 

in the presence of oxygen. Sublimation is associated with volcanoes and fumaroles. Sulphur 

deposits of Italy and Japan are products of sublimation chlorides of Iron, Copper, Zinc, Oxides 

of Iron, Copper boracic acid etc. also occur as sublimation. 

SEDIMENTATION 

• It is valuable mineral deposits as Iron, Manganes, copper, Phosphate, Coal, Oil, 

Shale, Limestone, Clay, Sulphur, are formed due to process of sedimentation. 

• These substance made up of inorganic and organic material and source rock have 

undergone disintegration. 

• Sedimentary deposits are gathering of materials by solution, transportation and 

deposition. 

• Sedimentary mineral deposits --- Iron bearing mineral, Hornblende, Pyroxene, 

Mica in rocks. Similarly the source of sedimentary deposits Mn, Phosphate, 

carbonate, -- in different kinds of rocks. 



• The Earth crust contains on an average 5.05% Iron, 0.09% of Mn and other 

different elements proportions. 

• The wreathed material have different kinds of solutions. Carbonated water, 

humic and other organic acid and sulphate solutions. 

• Humic and other organic  acid are derived from decompositon of vegetation, 

while oxidation of pyrite produce sulphuric acid. 

• The most of the sedimentary deposits are (except coal) transported by river 

surface water. It is appreciable physical and chemical change. 

• The materilas in solution may be deposited mechanically, chemically or 

biochemical 

• Mineralogical composition deposits their size, purity and distribution. 

• Sedimentary Iron & Mn deposits may result both in fresh & salt water, bogs, 

swamps, marshes, lakes, lagoons and in the oceans. Phosphate and sulphur form 

in the marine conditions. 

• Coal forms in swampy basins --- Gondwana and tertiary coals of india. Shallow 

water marine condition is quite suitable for majority of sedimentary deposits 

such as Iron ore , Mn, Phosphate rock, sulphur, carbonate rock, clay etc.. 

 

METAMORPHISM 

• It is an important process to give rise to many new mineral deposits by 

altering the earlier deposits / Rocks. 

• It is recrystallization and reconstruction pre-existing rock forming 

minerals. 

• Heat, pressure and water is an important role bringing metamorphism. 

• The original texture and structure are obliterated with the result some of 

the ore minerals may exhibit streaked, banded and smeared appearance 

with distinct boundaries between different colored of minerals. 

• Non metallic minerals are formed in this way --- asbestos, graphite, talc, 

sillimanite, kyanite etc.. 



• Asbestos formation -- Chrysotile asbestos is not formed except where 

there is serpentinization which is an atmospheric process and may be 

proceed along fracture and fissures. 

• Graphite- carbon of graphite may be derived by the sediments from the 

carbonate rocks. Coal beds which have been altered to graphite are also 

result of metamorphism, by which volatile matters of the coal have been 

removed and the residual carbon is changed to graphite. 

• Talc: It is a metamorphic product, Mg rich in a rock. It is formed late stage 

due to hydrothermal metamorphism, aided to some extent by dynamic 

metamorphism. Mg, amphibole, pyroxene when acted by Co2 & H2o--- 

talc is generated. 

• The andalusite – sillimanite – Kyanite deposits are formed due to 

regional metamorphism of aluminous silicate rocks like Mica-schist & 

gneisses where in temp and pressure. Andalusite formed in high tem & low 

stress. Sillimanite formed in high tem and moderate stress, Kyanite formed 

high stress and moderate temperature. 

 

CONTACT METASOMATISM 

• It is the process of the formation of new mineral reaction between the 

contact rock and the escaping high temp gaseous, magma chamber. 

• Magma must be contain ingredient of mineral deposits and intruded at 

depth at the contact of reactive rocks. 

• Lindgren proposed the term pyrometasomatism is same as contact 

metasomatism. 

• Process:  It starts with Recrystallization and recombination of rock mineral 

in the contact zone.  

• Example: L.St or dolomite convert in to marble, Shale to hornfels, S.St to 

Quartzite. 

• Large vol of material is added and subtracted from the invaded rocks. 

• A common order of formation of ore mineral is pyrite and arsenopyrite, 

followed by pyrrhotite, molybdenite, sphalerite, chalcopyrite, galena, 



sulpho-salts. In some place sulphide form contemporaneously with 

silicates. 

• It Temp ranging from 400 degree to 800 degree C or high 

Relation to intrusive: 

❖ Composition, Size, form & depth of formation of the intrusive body play 

important role in the formation of Contact Metasomatic Minl Deposits. 

❖ Intrusive Silicic & intermediate comp  of Qz-Monozite, monazite, 

Granodiorite or Qz-Diorite 

❖ Contain higher water content with basic rocks, water in the magma is the 

chief collector and transporter of metals. 

❖ Intrusive bodies size of Batholiths, stocks, gentle dip is more favourable 

for the Contact matasomatisim. 

❖ Irregular forms of cupolas, roof pendants also expose greater areas for 

reactions. 

❖ Greater depth of intrusion, lesser los of magmatic emanations, more 

changes formation of mineral deposits. 

Relation to Invades rocks: Comp and structure of invaded rocks determine 

the nature and the extent of their alteration. 

❖ Sedi rock – Carbonate rocks are Susceptible to change. Recrystallization, 

recombination with foreign material. 

❖ Carbonate rock – intrusive may be converted in to Garnet Rock, silicate – 

ore. The shale and slate alter to hornfels with andalusite, sillimanite & 

staurolite   

HYDROTHERMAL DEPOSITS 

Magmatic differentiation gives rise to an end product of magmatic fluid. These fluids 

may be concentration the metals originally present in the magma. These hydrothermal solutions 

carry out the metals from the consolidating intrusive to the site of metal deposition and are 

considered to be the major factor in the formation of epigenetic mineral deposits. They give 

rise to high temperature hydrothermal deposits nearest the intrusive to the major factor in thr 

formation if epigenetic mineral deposits. They give rise to high temperature hydrothermal 



deposits nearest the intrusive, intermediate temperature deposits at some distance outward and 

low temperature deposits farthest outward. According to temperature and geologic relations, 

Lindgern has designated these three groups as hypothermal, mesothermal, and Epithermal 

deposits respectively. 

During their journey through the rocks, the hydrothermal solution may loose their 

mineral content by deposition in the various kind of opening in the rocks to form cavity-filling 

deposits or by metasomatic replacement of rocks to form replacement deposits. 

Essential for formation of hydrothermal deposits are:  

(1) Available mineralizing solution capable of dissolving and transporting mineral matter. 

(2) Available opening in rocks through which the solutions may be channeled. 

(3) Available sites for the deposition of mineral content. 

(4)  Chemical reaction that result in deposition. 

(5) Sufficient concentration of the deposited minerals to constitute of the minerals to 

constitute workable deposits. 

Character of Hydrothermal Solution: 

The hydrothermal solutions are hot aqueous solution which range in temperature from 

500’c to 50’c. The metals like Gold, Hg, Sb, Arsenic, Cu, Pb, Zn, Tin, Tungston, Uraium, Ag, 

Mb, etc., are concentrated with water and volatile. The volatile constituents Boron, Phosphor, 

and sulfur. In the initial stage, hydrothermal solutions are acidic in nature. When they travel 

through silicates and other rocks like carbonate, it changes from acidic to alkaline.  

Movement of hydrothermal solution through rocks (in Host rocks and wall rocks) 

The movement of hydrothermal solution through rocks is favoured by opening in rocks. 

Fissures or similar opening in shear zones, Brecciated area, solution cavity lava drain channel 

and small fracture, pore space etc., serve as main channels for the movement of solution. 

Certain Carbonate rocks are quiet favourable for the hydrothermal deposits. 

 E.g. Lead and Zn deposit of Zawar in Dolomitic Limestone. 

Wall rock alteration: 

Hydrothermal mineral deposits are generally accompanied by a band of alteration of 

wall rocks that are readily visible to the eye.  



For e.g. Ina fissure vein, the alteration zone lies parallel to the walls of the fissure. This 

zone has uniform width and varies in width according to the size of the vein. The nature and 

intensity of the alteration depend upon the nature of the wall rock and the chemical characters 

and temperature and pressure of the mineralizing solutions. If the veins are closely spaced, the 

alteration halo of one vein may merge with that of another and the inter vein space is entirely 

altered. This is particularly seen in the case of porphyry copper. 

The nature of the alteration varies with kind of rock. Some of the effects of 

hydrothermal alteration of different kinds of rocks under temperature conditions are tabulated 

below. 

Conditon            Wall Rock Alteration/Products 

Epithermal Limestone Silicification 

 Lavas Alunite, Chlorite, Pyrite 

  
Sericite, Clay minerals 

 Igneous intrusive Chlorite, Epidote, Calcite 

  
Quatrz, some Sericite, Clay minerals 

Mesothermal Limestone Silicified to Jasperoid, 

  
Dolomite, Siderite 

 
Shale, Lavas Silicification, Clay minerals 

 Silicic Igneous rocks Largely sericite, Quatrz,  

  
Some Clay minerals 

 Basic Igneous rock Serpentinised, Epidote, Chlorite 

Hypothermal Granite rocks Greisen. Topaz, White mica, 

 Schists, lavas Tourmaline pyroxene, 

  Amphibole 

 

Deposition from hydrothermal solutions are dominantly chemical changes in the 

solutions, reaction between the solutions and wall rock or vein matter and changes in temp and 

pressure. 

Cavity filling deposits 

The movement of hydrothermal solutions from sources to site of deposition is dependent 

largely upon available opening in the rocks. The various types of opening in rocks that may 

serve as receptacles for ores or permit the movement of solution or their constituents through 

the rocks may be classified as fellows. 



I Original cavities 

1.  Pore Spaces, 

2.  Crystal lattice,  

3.  Vesicles or “blow holes”,  

4.  Lava drain channels,  

5.  Cooling cracks, 

6.  Igneous breccias cavities,  

7.  Bedding planes. 

  II Induced Cavities 

1. Fissures with or without faulting. 

2. Shear zone cavities. 

3. Cavities due to folding and warping  

a. Saddle reefs. 

b. Pitches and flats. 

c. Anticlinal and synclinal cracking and slumping. 

4. Volcanic pipes. 

5. Tectonic breccias. 

6. Collapse breccias. 

7. Solution caves. 

8. Rock alteration opening. 

Pore Spaces: 

 Rock pores are interstitial openings between grains. They make rocks permeable and 

serve as containers for ores. Sediments composed of fine, angular grains have greater porosity 

and less permeability then those composed of coarse grains. In general, clays and shale are less 

permeable then sandstone. Sandstones are more important mineral receptacles. 

Crystal Lattices: 

 Opening between the atoms of crystal may permit the diffusion through such openings 

of ions of smaller ionic radii. This diffusion may permit replacement or addition to occur within 

crystals. 

Bedding plane: 



These are well known features of all sedimentary formations. They permit entrance of 

hydrothermal solutions and replacement by ore of adjacent wall. 

Vesicles or below holes: 

Vesicles or below holes are opening produced by expanding vapors typical of the upper 

part of many basaltic lava flows. They are tubular in shape, roughly circular in cross section 

and may be spaced from 1/2 to 2 inches apart. If the vesicles are filled, the rock is called 

amygdaloidal. If they are closely crowded together, they form a cellular rock like a sponge 

called Scoria. 

Volcanic flow drains: 

Volcanic flow drains from in lava flows. When the outside of the lava has solidified 

and liquid lava in the center drains out leaving a piper tunnel. 

Cooling cracks: 

Cooling cracks are formed as a result of contraction in cooling igneous rocks. They may 

be regularly spaced joins that divide the rocks into blocks or parallel partings or irregular 

cracklings. 

Igneous breccias cavities: 

 Igneous breccias are of two types (1) volcanic breccias forming agglomerates and (2) 

Intrusion breccias. Both consist of coarsely and angularly fragmented igneous rocks with finer 

interstitial material. They may be quite permeable. 

The process and characteristic features of cavity filling deposits 

 The filling of open spaces or cavities in the rocks was early thought to be the only mode 

of formation of mineral deposits and was long considered the most important. Particularly, a 

filled fissure, called fissure vein was almost synonymous with ore deposit and is still considered 

the representative types of mineral deposit. Fissure filling is generally accompanied by 

replacement. 

 Cavity filling consists in deposition from solution of minerals in rock openings. The 

solution may be silute or concentrated, hot or cold and of magmatic or meteoric derivation. 



Mostly they are hot, dilute and magmatic. Precipitation of the minerals is brought about by 

changes in chemical characters and temperature and pressure of the mineralizing solutions. 

 First mineral deposited lines the walls of the cavity and grows inward generally with 

the development of crystals faces pointed toward the supplying solution. In some cases same 

mineral become filled or nearly so. Such a type of fillings gives rise to homogenous or massive 

ores. Successive crusts of different gives rise minerals are deposited upon the first one, with 

repetition of earlier minerals, until the filling is complete. This gives rise to crustification. If 

the cavity is a fissure, a crustification vein results. 

  If the crusts surround breccias fragments, cockade ore may result. If prominent crystals 

projects from the walls, It forms comb structure. 

 The latest minerals are found perched on older crystals in unfilled central portions of 

the deposit called Vugs. 

 Vein crustification may be symmetrical with similar crusts on both sides or 

asymmetrical with unlike layers on each side. 

 Many quartz veins are characterized by ribbon structure consisting of narrow layers of 

quartz separated by thin bar same of smeared altered wall rock, which represent successive 

reopening and movements. Angular fragments of wall rock partly enclosed by the filling may 

occur. 

Cavity fillings involve two separated process: 

1. The formation of the opening to start with 

2. The deposition of the minerals. 

These two processes may operate almost simultaneously, but generally they are independent 

process. 

RESIDUAL DEPOSITS 

 The product of weathering may give rise to valuable residual deposits. These deposits 

are classified into two types. (1) Residual concentration deposits (Chemical). (2) Mechanical 

concentration deposits or placer deposits. 

Residual concentration: 



Residual concentration result in the accumulation of valuable minerals when undesired 

constituents of rocks or minerals deposits are removed during weathering. 

Process of formation: 

(1) The first requirement for residual concentration is the presence of source rock or lodes 

containing valuable mineral of which the undesired substance are soluble where as the 

desired substances (Residual) are generally stable and insoluble. 

(2) Climatic condition must favour the chemical. 

(3)  Relief should not be too great so that the valuable residual may not washed away. 

(4) Long continued crustal stability is essential so that the residual may accumulate for long 

geological period giving rise to economically workable deposits. 

Any type of rock may give rise to residual concentration for e.g. Ferruginous Limestone 

with Fe2So3 as impurity may slowly be dissolved leaving behind the insoluble iron oxide. 

A rock like syenite or Charnockite with feldspar may be decomposed by weathering leaving 

behind an insoluble residue of Bauxite (Aluminums Laterite) 

Residual iron concentration: 

Most rocks contain iron. Under favourable condition, a sufficient quantity may 

accumulate as residue and form a workable deposit of residual iron ore deposits. 

 The residual iron are deposits may come from.  

(a) Lode deposits of siderite or iron sulphide. The iron oxide residues of pyritic deposits, 

however, are only rarely used as iron ores. 

(b) Disseminated iron minerals contained in non-aluminous Limestone. 

(c) Limestone that have been partly replaced by iron minerals either before or during the 

period of weathering. 

(d) Basic igneous rocks. 

(e) ‘Ferruginous siliceous sediments. 

Residual concentration of Manganese: 

 Manganese minerals also behave in the same manner as that of iron while undergoing 

weathering. Manganese oxide is taken in solution and precipitated under favourable 

circumstances as pyrolusite.  



Source Material: 

 Most residual deposits of manganese result from the weathering. 

(1) Limestone or Dolomite low in alumina but containing disseminated, syngenetic 

manganese carbonates and oxides. 

(2) Limestone containing disseminated introduced manganese.  

(3) Manganefrous silicate rocks such as crystalline schists or altered igneous rocks. 

(4) Lode deposits of manganese mineral or ores high in manganese vein, replacement 

deposits or contact metasomatic deposits. 

 

Residual Bauxite formation: 

Bauxite contains approximately 50% Al2O3, less than 6% of silica, above 10% of Fe2O3, 

4% of TiO2 and rest of water. Bauxite is formed in residual deposits at or near the surface under 

special and peculiar condition of weathering. Commercial Bauxite occurs in 3 forms. 

(1) Pisolitic or oolitic in which the Kernels are as much as a centimeter in diameter and 

consist mainly of amorphous trihydrate. 

(2) Sponge ore which is porous and retains the texture of source rock and is mainly 

composed of gibbsite . 

(3) Amorphous or clay ore. These three froms may be intermingled. 

Mode of formation: 

Bauxite is not a product of normal weathering in temperature regions. It is a constituent 

of lateritic soils formed in tropical and subtropical regions. 

Bauxite is an accumulated product of peculiar weathering of aluminum rocks lacking 

in much free quartz. The silicate rock is lacking in much free quartz. The silicates are broken 

down. Silica is removed. Iron is partly removed. Water is added and alumina along with 

titanium and ferric oxide becomes weathering in tropical and subtropical regions. The source 

rocks for Bauxite are mainly Nepheline syenite, crystalline gneiss and Basalt. 

Essential condition for the formation of Bauxite is  

(a) A tropical and subtropical climate with seasonal Rainfall. 



(b) Suitable source rock which is poor in silica. 

(c) Old erosional surface with undulating topography. 

(d) Surface drainage remove, dissolved silica and other unwanted material. 

(e) A prolonged period of weathering. 

Resulting Bauxite Deposits: 

Bauxite deposits formed by residual concentration occur as 

(1) Blankets at or near the surface and approximately horizontal. 

(2) Inter stratified bedded deposits lying an erosional unconformities and consisting of beds 

or lenses within sedimentary formation. 

(3) Pocket deposits or irregular masses whose bottom is sheathed in clay, occupying 

solution or erosional depression in Limestone or dolomite. 

Indian Examples: 

 In India big deposits of bauxites have resulted due to residual concentration of Decean 

trap formation in the state of Madhya Pradesh, Bihar, Maharashtra, Gujarat. In Tamil Nadu, 

Bauxite occur in Salem Shervroy hill, Nilgiri, Kodikanal etc., The source rocks for the Tamil 

Nadu Bauxite deposits occurs in Odessa and Andre Pradesh. 

The other important products of residual concentration are Kyanite, Barite, Phosphate, 

Tripole, Mineral paints assed or Ocher, Zinc ore Tin ore, Gold Nickel, Cobalt etc., 

CLASSIFICATION OF MINERAL DEPOSITS 

 Classification is an attempt to arrange related subjects in logical order or sequence and 

helps to classify a diverse assemblage. Classification of mineral deposits indicates the 

substance that vary greatly in metal and mineral content, form, size, mode of origin and value. 

 The ore processes have been classified from time to time by several workers. In the 

early classification of mineral deposits, material form, texture, position and origin were 

hopelessly given equal rank. Agricola first classified the ore deposits. But no classification of 

mineral deposits has been used. 

 

 



Early classification: 

 Early schemes of classification, reviewed by Kemp, appeared in the middle of the 19th 

century and involved, vein alone. Then Wissennbach, Voncotta and Loconte proposed a 

classification on the basis from, origin, position or material but they could not classify the 

veins. Then in the latter half of the century, a more logical development of classification were 

proposed First a group appeared based partly on from and partly on origin without sub 

divisions. Next a more logical group based upon, form alone was proposed by Voncotta, Prime, 

Callon etc., 

 Voncotta divided into regular with beds, veins, and irregular (with), segregations group 

based chiefly upon origin by Grim, Pumpelly, Phllips. Some of these classification interspersed 

from and origin but none of them were included the existing knowledge of ore deposits. At the 

end of the 19 century Monroe Wad worth proposed a classification based upon origin. Hey 

were the forerunners of later genetic schemes of classification. 

Later classification: 

 Around the beginning of the 20th century, much attention was directed to schemes of 

classification, several of which were based upon origin. Most of them are utilized term that are 

tabulated widely used today. Examples of them are tabulated as below. 

 

Beck (1904) 
Ber GREAT Stelzner 

(1904) 
Irving (1908) 

I Primary I Protogene  I Bed rock deposits 

A) Syngenetic A) Syngenetic A) Syngenetic 

1. Magmatic Segregation 1.With eruptive rocks 1. Igneous  

2. Sedimentary ores 2. With Sedimentary    

rocks 

2. Sedimentary 

   

B) Epigenetic B) Epigenetic B) Epigenetic 

1. Veins 1, Cavity fillings 1, Cavity fillings 

2. Epigenetic deposits 2. Replacement 2. Replacement   
3. Contact Metamorphic       

deposits.    

II Secondary II Secondary II Disintegration deposits 

A) Residual A) Residual A) Mechanical 

B) Placer B) Placer B) Chemical 



 

  The above scheme s are genetic and simple. The terms are everyday words and are 

readily useable by the geologist in the field and by the mining profession. 

Beck in 1909 again changed his classification as forms. 

1. Magmatic segregation. 

2. Contact – metamorphic deposits. 

3. Fissure veins. 

4. Bedded deposits. 

5. Stocks. 

6. Secondary alterations. 

7. Sedimentary ore deposits. 

8. Detridal deposits. 

In 1908, J.D.Irving also modified his classification as follow. 

I.  Bed rock deposits 

A. Sygenrtic (1) Igneous, (2) Sedimentary 

B. Epigenetic deposits. 

 1) Cavity filling:  

(a) Fissure veins. (b) Shear Zones. (c) Ladder veins. (d) Stock work. (e) Saddle reef. (f) 

tension-crack fillings (g) Solution cavity filling (caves, channels, gash veins) (h) Breccia 

fillings. (i) Pore-space (j) Vesicular fillings. 

2) Replacement deposits: 

a) Massive b) Code, c) Disseminated. 

 3) Contact-metamorphic deposits: 

II. Disintegration deposits. 

A. Mechanical 

B. B. Residual 

C. Chemical. 



Lindgren Classification: 

In 1911 Lindgren proposed a genetic scheme of classification. He considered that most 

deposits have been formed by physical chemical reaction in solution and also mechanical and 

also by Mechanical concentration. The main outlines of his classification are condensed below. 

I. Deposits by Mechanical process. 

II. Deposits by chemical process. 

A. In surface waters. 

1. By reactions temperature 0-70°C Medium to high pressure. 

2. Evaporation. 

B. In bodies of rocks. 

1) Concentrations of substances contained within rocks 

a) By weathering               -     temperature 0 to 100°C      -  Medium pressure 

b) By ground water            -     temperature 0 to 100°C      -  Medium pressure 

c) By Metamorphism        -      temperature 0 to 400°C      -  High pressure 

2)  By introduced substances 

a) Without igneous activity – Oct. 100°C – Medium pressure 

b) Relate to igneous activity. 

a) By ascending water. 

1) Epithermal deposit         -     temperature 50 to 200°C      -  Medium pressure 

2) Mesothermal deposit      -     temperature 200 to 300°C    -  High pressure 

3) Hypothermal deposit      -     temperature 300 to 500°C    -  High pressure 

b) By direct igneous emanations 

1) Pyrometasomatic deposits   -   temperature 500 to 800°C   -  High pressure 

2) Sublimates                           -    temperature 100 to 600°C  -   low to Medium 

c) In magmas by differentiation. 

1. Magmatic deposits      700 - 500°C              High + 



2. Pegmatite                        ±575°                   High + 

This is the most advanced genetic scheme of classification. Its terminology is 

extensively used and parts of it are incorporated in many books. It is genetic, logical and 

sufficient complete that most deposits can be assigned to their proper pigeonholes. Some 

deposits find no place in any of the classification groups but are treated by lindgren under 

separate heading such as “ deposits of native copper”, “regionally metamorphose sulphide 

deposits” and “deposit resulting from oxidation and supergene sulphide enrichment”. 

The chief basis of distinction between groups in the classification is the temperature 

and pressure of formation of deposits. 

All good classification has some defect and this also applies ro Lindgrens. Some 

objections that may be pointed out are  

1.  The classification, division and sub-division do not themselves constitute appropriate 

names by which the deposits within them may be designated. For e.g. Deposits of class. 

II A1. or “Deposits produced by chemical process of concentration in bodies of surface waters 

by interaction of solutions could be more satisfactory and briefly called sedimentary deposits”  

in which except for bogiron ores, all can be described under this groups. 

2. The terminology of class 

II B2. or “ deposits produced by hot ascending waters of certain origin, but changed with 

igneous emanations” which are generally known as Hydrothermal deposits is insufficient 

desinstive of the deposits themselves.  

 For e.g. a given deposits is mesothermal does imply the approximate temperature and 

pressure of formation and indicate the mineral assemblage, but it gives no hint as to the 

localization, form, size or continuity of the deposit, which are desirable features to convey. 

3. The Lindgren classification does not apply to many zoned deposits. 

4. Certain deposits, such as cerro de pasco, Peru, from either mineralogy would be classed 

as mesothermal but according to Graton and Bowdich, they have been formed, not at great 

depth abd high pressure, but at shallow depth, equivalent to that of epithermal deposits. High 

temperature minerals actually are found at shallow depths and low temperature minerals a great 

depth. 



5. In general, most hydrothermal deposits are formed in successive stages with later 

minerals replacing earlier ones and earlier minerals of epithermal deposits commonly appear 

to have formed at higher temperatures than later minerals of mesothermal deposits, so 

temperature alone is not the controlling factor, and depostional factors other than temperature 

and pressure play a part in the formation of mineral deposits. Thus structural control, the 

physical and chemical effects of wall rocks, the relation ratios of concentration of different iron 

in solution, and chemical complexes all play a part in determining the position and 

mineralogical content of mineral deposits. 

Lindgren 1922 recognizing the disadvantage of concise terminology in his classification, 

proposed additional terminology as follow. 

Deposits of origin dependent upon the eruption of igneous rocks 

A. Hydrothermal deposits 

a) Epithermal 

b) Mesothermal 

c) Hypothermal 

B. Emanation deposits 

a) Sublimation 

b) Exdationveins, surface types 

c) Pyrometasomatic deposits. 

d) Exudation veins, deep-seated types. 

C. Magmatic deposits 

a) Orthotecfic 

1) Differentiation in situ 

2) Injected. 

b) Pneumotectic 

1) Differentiation in situ. 

2) Injected. 

Recent classification: 

Niggli 1925 introduced a new major separation on the basis of plutonic and volcanic 

similar to that made for igneous rocks. His classification is 

I) Plutonic  



A) Hydrothermal 

B) Pegmatic preumatolytic 

C) Orthomagmatic. 

II) Volcanic  

A) Exhalative to Hydrothermal 

B) Pneumatolytic 

C) Orthomagmatic 

A more extended genetic classification was introduced by Schneiderhohn in 1932 as follow 

A) Magmatic ore and ore deposits. 

B) Intensive magmatic 

I. Intensive rocks and liquid magmatic deposits. 

I-II.  Liquid magmatic – Preumatolytic 

II. Prematocytic 

1. Pegmatite veins. 

2. Pncumatolytic veins and impregnations. 

3. Contact preumatolytic. 

      II-III Pneumatolytic – Hydrothermal 

III. Hydrothermal 

c) Extensive magmatic 

I.  Extension –Hydrothermal 

II. Exhalation. 

B.   Sedimentary deposits: 

1. Weathered zone (oxidation and enrichment), 2. Placers, 3. Residual, 4. Biochemical – 

inorganic, 5. Salts, 6. Fuels, 7. descending ground water deposits. 

C. Metamorphic deposits: 

1. Thermal contact metamorphism 

2. Metamorphic rocks. 

3. Metamorphosed or deposit 

4. Rarely formed metamorphic deposits. 



This classification has many good points but is to subjective to find much favour. 

Proposed Classification (Bateman): 

 The following classification is proposed as a simple genetic classification which is 

usable for the felid or laboratory. It carries familiar, well established terminology. It is proposed 

primarily as a working classification for the beginning student in Economic geology and for 

the mining geologist and mine operator. 

Proposal Classification: 

            Process          Deposits 

1. Metasomatic concentration I. Early Magmatic 

 A. Disseminated crystallization 

 B. Segregation 

 C. Injection 

 II. Late Magmatic 

 A. Residual liquid segregation 

 B. Residual liquid injection 

 C. Immiscible 

 D. Immiscible liquid injection 

  
2. Sublimation Sublimates Sulphur 

  
3. Contact metsomatisum Contact metsomatism 

 Iron, Copper, Gold 

  
4. Hydrothermal Process Cavity fillings (open space deposits) 

A. Cavity filling A. Fissure vein 

 B. Shear-Zone deposits 

 C. Stock works 

 D. Ladder Veins 

 E. Saddle reefs 

 F. Tension-Cracks filling 

 G. Breccias fillings 

 a) Volcanic 

 b) Tectonic 

 c) collapse 

 H. Solution - Cavity filling 

 a) Cause and channels 

 b) Gash  veins 

 I. Pore Space filling 

 J. Vesicular filling 

  
5. Replacement Replacement 



 A. Massive 

 B. Zode fissure 

 C. Disseminated 

  
6. Sedimentation (exclusive evaporation Sedimentary Iron, Manganese,Phosphate 

etc., 

  
7. Evaporation Evaporites 

 A. Marine 

 B. Lake 

 C. Ground water 

  
8.Residual and Mechanical concentration 

A. Residual concentration Residual deposits Iron, Mn, Bauxite etc., 

B. Mechanical concentration Placers 

 A. Stream 

 B. Beach 

 C. Eluvial 

 D. Eolian 

  
9. Surfacial oxidation and supergene 

enrichment Oxidised Supergene Sulphide 

  
10. Metamorphisum A. Metamorphosed deposits 

 B. Metamorphic deposits. 

  
 

Geological Thermometer 

 Mineral that yield information about the temperature of their formation and of the 

enclosing deposits are termed geological thermometer. They are very important to understand 

the origin of mineral deposits and their classification. This information has been obtained by 

direct observation, by laboratory experiments and from the repeated observation of association 

of certain mineral with other previously determined diagnostic minerals. Some of the method 

of geological thermometry has been determine. 

Direct Measurement: 

 The measurement of the temperature of lavas, fumarolls and hot springs yields 

maximum temperature of formation for the minerals. Temperature as high as 1185°C have been 

recorded for basic lava by Perret. Washington estimated the more acidic layer between 800°C 

and 900°C. In general according to Bowen, the earliest minerals of more basic rocks from in 



part above 870°C but principally between 870°C and 600°C decreasing with increasing  silica 

content. Pyrogenic ore mineral such as chromite form within the range of magma consolidation. 

The gas temperature of fumaroles indicates maximum temperature of 645°C has been measured 

in the fumaroles. The magnets and other mineral have been deposited about fumaroles. The 

magnets and other mineral have been deposited about fumaroles conducts. 

 The temperature of hot spring extend downward from the boiling point of water and 

maximum temperature of formation can be assigned to Opal, Gypsum, Chinnbar, Stibinite, etc., 

Melting points: 

 The melting point of mineral indicates maximum temperature at which they can 

crystallize. The presence of other substance generally lowers the melting point. Melting points 

of orthoclase are at 1150°C, Stabinte at 546°C and Bismuth 271°C. When Bismuth occurs in 

Cobalt ore, It melting point will become lower than 271°C. 

Dissociation: 

 Mineral that lose volatile constituents at certain temperature may serve as Geological 

thermometers. However the temperature of dissociation is increased by pressure. Calcite 

dissociate under atmospheric pressure at 900°C.But only 40 meters of rock pressure is required 

to prevent dissociation at 1100°C. Pyrite dissociates into pyrrhotite and sulphur vapour. If the 

practical pressure of sulphur is 2omm, pyrite cannot form above 615°C and Pyrhotite is 

deposited. 

Inversion points: 

 The most useful temperature are invention points since they are little affected by 

pressure and the changes are readily recognizable. The High Quartz from Below 870°C at 

573°C High Quartz changes into low Quartz with different symmetry, Wollastonite inverts 

pseudo wollaswnite at 1125°C pseudo Wollaswnit has no summery. Isometric sphalerite 

inverts to hexagonal quartzite (Zns) at 1020°C. 

Exsolution: 

 Mineral that form natural solid solution in each other and at particular lower 

temperature unmix to yield distinguishable mineral intergrowth serve as geological 

thermometer. These geological thermometer indicates a temperature indicates a temperature of 



formation above that at which exsolution takes place. E.g. Exsolution temperature of 

chalcopyrite – bornite unmixing is 475°C. 

Recrystallization: 

  This change is somewhat similar to inversion and exsolution but applies more 

respectively to native metals E.g. Native copper undergoes a recognizable recrystallization at 

about 450°C. Native silver recrystallize at about 200°C. 

Liquid Inclusion: 

 Liquid inclusion in cavities of crystal indicates the approximate temperature of 

formation of crystals by the amount of the contraction of liquid, assuming that the liquid 

originally filled the cavity. Deposition of crystal of salts from included solution has also been 

utilized to indicate minimum temperature of enclosure. E.g. Sphalerite has been formed at 

temperature of 115°C to 135°C. It is measured by liquid inclusion thermometers principle. 

Change in physical properties: 

 Some minerals at certain temperature undergo recognizable change in certain of their 

physical properties E.g. Pleochroic holes in mica are destroyed at 480°C. 

 Smoky quartz and amethyst nose color between 240°C and 260°C. 

Associated Minerals: 

 Repeated association of certain minerals in deposits that certain one or more 

geological thermometer enable them to be ranked as high-intermediate or low temperature 

minerals. 

 

 

 

 

 

 



CONTROLS OF MINERAL LOCALISATION 

 

Localization of economics minerals is controlled by following factors 

1. Structure  

2. Stratigraphy  

3. Physical and chemical properties of host rocks 

4. Relation between igneous rocks and associated ores  

5. Mineral para-genesis and zonal distribution of mineral deposits 

6. Metallogenic epochs and provinces  

 

1. STRUCTURE: It is play an important role in ore localization. These may be two types 

(a) Regional   (b) Local or detailed  

 

(a) Regional structural control:  

➢ It demonstrates the border localization of ore-beds or mineral provenance. They are 

influenced by orogenic movements, igneous intrusion and major faults. 

➢ Epigenetic mineral deposits occurs in the regions of orogenic  or mountain building 

movements 

➢ Folding, igneous intrusion, faulting and mineralization are related and occur in the area 

sequence. 

➢ Large regional faults or shear zones provide master channel for mineralizing solutions 

of copper for over 128km of the singhbhum copper belt 

 

(b) Detailed structural controls: Smaller detailed structural controls are prime importance 

in mineral localization. They provide various types of rock openings, like foliation, 

bedding planes, lineation, shears, joints etc. 

 

2. STRATIGRAPHY: stratigraphic controls are most important in localization of Oil, water 

and many sedimentary mineral deposits like coal, Iron-ore, manganese, phosphate, 

limestone etc. 

 

(a) Regional stratigraphic controls: 

It includes geosynclines, basins, plateau margins, unconformities etc.  

Geosynclines –sites of thick accumulation of sediments and deposition of sedimentary 

ores, rocks and fuels of economic value.  

Sedimentation and deposition is followed by uplift, folding, faulting and igneous 

intrusions  

Plateau margins are also known as extensive sedimentation that later were strongly 

folded, faulted, intruded and mineralized. 

Unconformities indicate surface of erosion which are favorable loci accumulation of 

residual concentration deposits like residual iron and manganese and for localization of oil 

gas and water pools.  

 

 

(b) Detailed stratigraphic controls 

Bedding, Lenses, impervious covers, impervious bases etc. 

Bedding planes offer ways for movement of underground fluids like oil, gas, water, 

and many metallic, Non metallic mineral deposits. 



 

It is favourable sites for replacement and contact metasomatic deposits. Cross bedded 

strata also more favourable. 

 

Lenses of sandstone localize oil, water and ores.  

Carbonate lenses are suitable for replacement deposits.  

 

3. Physical and chemical properties of host rocks 

(Intrusive) Congenial host rocks, judged from their physical and chemical characters 

essential for mineral localization.  The permeability, brittleness (weakness), grain size 

etc are the physical properties which control the mineral localization.  

 

Permeability offers connected opening in the rock for the mineralizing solution to reach 

the site of deposition. 

 

In some epigenetic mineral deposits where channel ways are absent. The localization 

of oil pools, ground water supplies and many oxidation and sulphide enrichment take 

place in permeable rocks. 

 

Chemical character of cost rock exhibits a dominant role in the localization of 

epigenetic mineral deposits.  

Reactive rocks like  

Carbonate rocks namely ----- limestone, dolomite etc 

Greenstone   ---- chlorite schist, tremolite-actinolite rocks 

 

Lead-Zinc deposits --- Zawar (Rajasthan) occurs in dolomite 

Hesatu belbathan belt (Bihar) Tremolite- actinolite rock is the main host rocks 

for the Lead – Copper mineralization 

Chlorite schist shows affinity for copper mineralization in Singhbhum belts 

Gold in --- Kolar Hutti gold fields 

 

 

4. Relation between Igneous rocks and Associated ores: 

 

 

Rock Type Associated ores and 

minerals 

Occurances 

Kimberlite Diamond Wajrakarur (Andrapradesh) and 

Panna 

(Madhya Pradesh) Kimberlite pipes 

Ultrabasic Intrusives, 

Peridotite, Pyroxene 

and Dunite rocks 

Chromite Jojohatu W Singhbhum (Bihar); 

Nausahi, Keonjhar (Orissa); Sukinda, 

Cuttack (Orissa); Drass, ladakh (J & 

K) 

Gabbro – Anorthosite Titaniferrous 

Magnetite 

Bisoi-Rairanpur, Mayurbhanj 

(Orissa) 

Nepheline Syenite Corundium Khammam district, Andra Pradesh 

Granite and Granitic 

Pegmatite 

 

Tin 

 

Tungsten 

Koraput, Orissa and Tosham- 

Haryana 

 



 

 

Uranium 

Quartz and Pegmatite veins at 

Degana and Sirohi – Rajasthan 

 

Granitic intrusion in singhbhum 

Copper belts, Bihar 

 

 

5. Zonal Distribution of Mineral Deposits 

 

In a zonal distribution high temperature minerals lie close to igneous activity, i.e the 

magmatic source while the low temperature mineral occurs in more distant zones. 

 

 An ideal sequence of metals given by Emmons is from the parent intrusive outward. 

1. Barren zone with quartz, 2. Tin; 3. Tungsten; 4. Bismuth and Molybdenum; 5. Gold; 6. 

Copper; 7. Zinc; 8. Lead; 9. Silver; 10. Barren zone; 11. Antimony; 12. Mercury; Gold & 

Silver; 14. Upper barren zone. 

 

Some of the zones may be absent. It zonal arrangement controls ore localization.  

 

6. Metallogenic Epochs and provinces 

 

Most minerals are generally, associated with the periods of crustal disturbances and 

orogenic movements.  

 

Mineral deposits are related to time and place of events of crustal and igneous activity. 

 

Metallogenic epochs and province is function as controllers of mineral localization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



METALLOGENETIC EPOCHS AND PROVINCES 

 

Definition: Metallogeny is a serious of isolated phenomena in the history of the evolution 

of the earth crust. It constitutes characteristics events in the evolution of mobile belts and 

platforms. Mineral deposits are related to time and place to periods of crystals evolution and 

igneous activity that have taken place at definite periods in the earth history. 

 

In India the chief metallogenetics epochs were: 

 

1. Precambrian 

2. Late palaeozoic 

3. Late Mesozoic to Early Tertiary 

 

Precambrian Epochs: 

 

 It is the most important in the world, because of the great length of time involved and 

presence of large and varieties of mineral deposits. 

 The huge sequence of Precambrian meta-sediments associated with granitoids, gneisses 

etc are supposed to have a different metallogenic history. 

 The endogenetic deposits have been broadly correlated to ultrabasic, basic, acid – 

intermediate and post –orogenic acidic phase of magmatism. 

 Exogenic deposits like Iron and Manganese are related to sedimentary, metamorphic 

and other processes.    

 

Examples of Precambrian epoch  

 

Iron ore deposits -   Southern Singhbhum (Bihar) 

   Keonjhar; Mayurbhanj and Sundargarh (Orissa) 

   Bastar and Durg ( Madhya Pradesh) 

   Dharwar, bellary, sendur, shimoga and Chikmagalur (Karnataka)  

 

Chromite   Singhbhum (Bihar)  

   Dhenkanal, Cuttach and Keonjhar (Orissa) 

   Mysore and Hassan (Karnataka) 

 

Gold   Kolar, Hutti and Gadag (Karanataka) 

   Ratnagiri, Ramgiri and Anantpur (Andra Pradesh)  

   Wynad (Tamil Nadu) 

 

Copper  Singhbhum (Bihar) 

   Khetri and pure-Banera-Bhindar (Rajasthan) 

   Malanjkhand (Madhyapradesh) 

 

Lead and Zinc Zawar, Rajpura,-dariba, Deri (Rajasthan) 

   Banaskandha and Vadodara (Gujarat) 

 

Manganese  Balaghat (MP) Bhandara and Nagpur (Maharastra) 

 

Permo-carboniferous (Late Palaeozoic) Epoch: 

 



 The Upper Carboniferous Hercynian movement introduced great changes on the 

surface of the globe and this is marked by mountain building and initiation of sedimentary era. 

  

In India the epoch is known by rich in Coal deposits of Lower Gondwana. 

 

Examples:  

 

Jharia, Bokaro, Karanpura, Giridih, Ramgarh, Auranga   --- Bihar   

 

Raniganji Barjora and darjeeling     --- West Bengal 

 

Godavari Valley        --- Andhra Pradesh 

 

A large number of hypabyssal basic intrusive – dolerites and basalt, Mica rich ultrabasic 

rocks, mica peridotite pass through these coal fields. Other Mineral deposits in this epoch are 

Fireclay, Ironstone, Ochre are occurs in Gondwana formation.    

   

Late Mesozoic to Early Tertiary epoch: 

 

 This epoch is dominated by Fissure (Gap, Fracture) eruption (outbreak) of basaltic lava 

flow (Deccan Trap). 

 Now it occupy 5,00,000 sq.km area in western and central part of India with 

semiprecious stone like rock crystals, Amethyst, Agate etc.. 

 Considerable Igneous activities are marked by granites, granodiorite,  basic and 

ultrabasic rocks occur in extra peninsular regions, comprising main Himalayan ranges, 

Manipur- Meghalaya and Andhaman Nicobar Islands. 

 

 Fluorite, copper, lead, zinc, magnesite, clay asbestos     ---- Ladakh area of Indus 

ophiolite belt 

 

 Magnesite, Nickel, Chromite, Talc       -----   Manipur- Meghalaya 

 

 Nickel, Chromite          -----   Manipur- Meghalaya 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



METALLOGENETIC PROVINCES: 

 

It provenance is known by the name of dominant and specific minerals, such as Gold 

province, copper province, Iron ore province and manganese ore province.  

 

 In India have enough examples of metallogenic province 

 

1. Gold province of Karnataka, Andhra Pradesh, Tamil Nadu (Kutti- kolar, Anantpure 

Godag, Wynad  

2. Copper province of Singhbhum 

3. Copper province of Khetri-pur Banera - Bhinder 

4. Lead –Zinc province of Hesatu – Belbathan 

5. Iron ore Province of southern Singhbhum – Keonjhar- sundergarh- Myurbhanji 

6. Iron ore Province of Karnataka – Goa 

7. Manganese province of Balaghat – Bhandara – Nagpur 

 

 

Gold province of Karnataka, Andhra Pradesh, Tamil Nadu:  

 

 Gold fields of Kolar, Kutti and Gadag of Karnataka, Ramgiri, Gooty, Bisanatham and 

Gavanikonda of Andra Pradesh and Waynad, Cherambadi and Bensibetta of Tamil Nadu. 

 

 It province occupied by Dharwars, represented by metamorphosed mafic volcanic rocks 

altered to schistose massive, granular and fibrous amphibolites. 

 

 The other rock types are Muscovite–biotite-schist, Quartzite and granulites, with 

peninsular gneisses and granite. 

 

 The metallogenic zones of the province are characterized by mineralization of the 

intermediate late final stage of development of mobile belt 

 

(i) Gaddag – Chitaldrug – Mysore zone 

(ii) Ramgiri – East Bangalore Zone 

(iii)  Hutti – Kolar.Mamandur- Vellore-Terupati zone 

 

The gold is associated mostly with quartz lodes or quartz-veins and sulphide bearing 

reefs within schist and belongs to high temperature hydrothermal class 

 

  

Copper province of Singhbhum: 

 

Copper province of Singhbhum is localized in the shear zone, which extend from 

Duarpuram in the west to Barahagora in southeast for over 128 km , width ranging upto 5km 

and molded along the northern and the north eastern margin of singhbhum granite massif. 

 

The ores occur as veins in the granite and Neighboring mica-schist, quartz-schist and 

hornblende schist 

 



This province represents hydrothermal and pegmatite mineralization in refolded 

synforms and dislocated anti-forms of predominantly metamorphosed sedimentaries of the 

greywacks suite and associated metavolcanic. 

 

Copper province of Khetri-pur Banera – Bhinder: 

  

 There are two main zone of copper mineralization in the province namely Khetri zone 

and Pur –Banera-Bhinder zone. Khetri lengthen 80km in the Northeast and Pur-Banera- 

Bhinder 135km extend in the Southeast. 

 

  Potential areas for copper – Madhan kudan, Kalihan and Chanmari  ---- Khetri zone 

 Dariba in Pur –Banera-Bhinder zone.  

 

 Pre-Aravalli and Aravalli and Delhi groups of rocks are found in the area and the copper 

mineralization is along favorable structural zone related to different orogenic movements. 

 

 The mineralizations associated with earlier stages are not very predominant, while the 

mineralization of the late stage have given rise to the following important structural 

metallogenic zone 

 

➢ Shinghana – Khetri – Babai zone [Cu, (Fe, As, Co)] 

➢ Anjari – Dariba – Bairat – Jadawas zone [Cu, (Fe, Ni,Co), Pb, (Zn, Sb)] 

➢ Kishagarh-Ajitgarh-Ambamara zone [ (Pb, Cu, Ti) Cu]  

   

 Lead and Zinc Province of Hesatu – Belbathan, Bihar: 

   

  It province is extend in WNW – ESE for about 250km from Hesatu Hararibagh district 

in the west to belbathan (Godda district) in the east and has width about 50km. The 

mineralization is associated mostly with Precambrian tremolite-actinolite schist, amphibolites 

and calc – granulite which occur as pockets within chota-Nagpur granite gneisses.   

 

Iron ore Province of southern Singhbhum – Keonjhar- sundergarh- Myurbhanji: 

 

 About 15 to 20 million tones of annual Iron ore production are forming this province. 

Deformed and folded belts of Precambrian meta-sediments along with gneisses and granites 

for two generations cover a major part of the area and indicate the development of interior areas 

of a mobile belt.  

 

 Iron ore province of Karnataka produces 46% of Indian production, i.e annually about 

25 million tons of iron-ore. This represent structural metallogenic zones of sedimentary 

metamorphic deposits, considered to be corresponding to the early stage of development of 

mobile belts – Iron ores in greywacke association. Banded iron ore formation with good 

hematite iron ore deposits.  

 

 

 

 

 

 

 



NATIONAL MINERAL POLICY 

(For non-fuel and non-coal minerals) 

INTRODUCTION  

 Minerals are a valuable natural resource being the vital raw material for the core sectors 

of the economy. Exploration, extraction and management of minerals have to be guided by 

national goals and perspectives, to be integrated into the overall strategy of the country’s 

economic development. Mining contributes significantly to employment generation, thus, there 

shall be a keen focus on gender sensitivity in the mining sector at all levels. Taking into account 

of the various reasons, the government enunciated National Mineral Policy for liberalization 

of the mining sector. The National Mineral Policy was time to time revised to keep in pace 

with changing needs of the country. 

AIM OF THE POLICY 

• Zero waste mining. 

• To improved the regulatory environment to make it more conducive to investment 

and        technology flow. 

• To framework sustainable development methods of mineral exploration. 

• To appropriate linkages between exploitation of minerals and their end use. 

• Private Public Participation will be the basis on which mining infrastructure will 

be       built. 

• To protect the legitimate fiscal interests of States which are mineral rich. 

• To establish appropriate educational and training facilities for human resources 

development. 

REGULATION OF MINERALS 

Management of mineral resources is the responsibility of both the central and state 

governments.  In order to make the regulatory environment conducive to ensure enforcement 

of mining plans, the Indian Bureau of Mines (IBM) and the State Directorates of Mining & 

Geology will be strengthened with adequate man power, equipment and skill sets upgraded to 

state-of-the-art levels. Provisions shall be made for end-to-end accounting of mineral/ore in the 

supply chain with use of IT enabled systems. 

 



ROLE OF STATE IN MINERAL DEVELOPMENT 

The core functions of state in mining will be facilitation and regulation of exploration 

and mining activities, making provision for development of infrastructure and tax collection. 

There shall be transparency while reserving mining areas for State agencies or specific public 

interests. Grant of lease shall be streamlined with simpler and time bound procedures through 

an on-line public portal. The states shall make an endeavour to auction mineral blocks with 

pre-embedded statutory clearances. Mineral bearing area/zone shall be earmarked as Mining 

Land in the land record by the states.  

PROSPECTING AND EXPLORATION 

The country is blessed with ample resources of a number of minerals and has the 

geological environment for occurrence of many others. To explore the country’s entire 

geological potential, it shall be ensured that regional and detailed exploration is carried out 

systematically, scientifically and intensively over the entire geologically conducive mineral 

bearing area of the country, using state-of-the-art technologies, including seismic 2D/3D 

interpretative systems, in a time bound manner. Particular attention will be given to the 

prospecting and exploration of minerals in which the country has a poor resource-cum-reserve 

base despite having the geological potential for large resources. Special attention will be given 

towards exploration of energy critical minerals, fertilizer minerals, precious metals and stones, 

strategic minerals and other deep seated minerals which are otherwise difficult to access and 

for which the country is mainly dependent on imports. In the offshore areas, it is necessary to 

ensure that India’s Exclusive Economic Zone is explored and extracted to the maximum 

possible extent. Cooperation between Ministry of Earth Sciences (MoES) and Geological 

Survey of India (GSI) needs to be further institutionalised so as to achieve this objective within 

a time bound framework. 

MINING AND MINERAL DEVELOPMENT 

Extraction and management of minerals has to be guided by long-term national goals 

and perspectives and integrated into the overall strategy of the country’s economic 

development. Mining technology will be upgraded to ensure extraction and utilisation of the 

entire Run-of-Mines (RoM). A thrust will be given to extraction of mineral resources in the 

country so that the needs of domestic industry are fully met keeping in mind both present and 

future needs, while at the same time fulfilling the demand of external markets for such minerals, 



so as to enhance domestic economic and social well-being. Considering that a large number of 

merchant mining leases are going to expire in the year 2020, and for captive mines in 2030, 

efforts shall be made to ensure uninterrupted supply of minerals/ore to the downstream 

industry. Merger and acquisitions of mining entities and transfer of mining leases granted 

transparently will be encouraged by introducing appropriate incentives in existing laws. 

CONSERVATION AND MINERAL DEVELOPMENT 

There shall be an adequate and effective legal and institutional framework promoting 

zero-waste mining as the ultimate goal and a commitment to prevent sub-optimal and 

unscientific mining. The concept of collaborative mining amongst mining concessionaires 

located in large mining belt shall be encouraged to ensure optimum extraction of mineral. Value 

addition and general customisation of product will be encouraged by providing fiscal and/ or 

non-fiscal incentives. 

SCIENTIFIC METHODS OF MINING 

Mine development and mineral conservation as governed by the rules and regulations 

will be on sound scientific basis, with the regulatory agencies, viz. IBM and the State 

Directorates, closely interacting with R&D organisations and scientific and professional 

bodies, to ensure preparation of optimal Mining plan. Conditions of mining leases regarding 

extent of area/size, shape, disposition with reference to geological boundaries and other mining 

conditions shall be such as to favourably predispose the leased areas to systematic, scientific, 

optimum, and complete extraction of minerals. The regulatory agencies will be suitably 

strengthened through capacity building measures in terms of adequate manpower, technology, 

equipment and skill-set. 

SMALL DEPOSITS 

Small and isolated deposits of minerals are scattered all over the country. These often 

lend themselves to economic extraction through small scale mining. With modest demand on 

capital expenditure and short lead-time, they provide employment opportunities for the local 

population. However, due to lack of economies of scale they can also lead to sub-optimal 

mining and ecological disturbance. Efforts will be made for promotion of small mineral 

deposits in a scientific and efficient manner while safeguarding vital environmental and 

ecological imperatives. 



BEACH SAND MINERALS 

Efforts will be made to encourage extraction of the replenishable deposits of beach sand 

minerals for improved economic growth by ensuring coordination between the different 

agencies viz., State Governments, Ministry of Environment, Forests & Climate Change, Indian 

Bureau of Mines, Department of Atomic Energy, Atomic Minerals Directorate for Exploration 

and Research, and Department of Customs and Excise, etc. so that regulation of mining of 

beach sand minerals is in conformity with the mining and other related laws, while also 

conforming to national security requirements and established international protocols. 

PROTECTION OF ENVIRONMENT 

Prevention and mitigation of adverse environmental effects due to mining in accordance 

with the latest scientific norms and modern afforestation practices shall form integral part of 

mine development strategy in every instance. To reducing pollution, carbon footprint and 

operational costs, use of renewable sources of energy at mining sites will be encouraged 

through appropriate incentives. Appropriate sensitization training about environmental issues 

will be provided to all workers involved in mining operations. 

MINE CLOSURES 

Where mining activities have been spread over a few decades, mining communities get 

established and closure of the mine means not only loss of jobs for them but also disruption of 

community life. Mine closure should be done in an orderly and systematic manner. 

Government has a role in ensuring that post-production mine decommissioning and land 

reclamation are an integral part of the mine development process; that financial provisions for 

the costs incurred in mine closure are accorded a high level of priority by the industry; and that 

consistent approaches are adopted for efficient and effective mine reclamation and 

rehabilitation. 

FOREIGN TRADE AND FOREIGN 

Attracting foreign investment in the mining sector will be encouraged by appropriate 

mechanism. Efforts shall be made to export minerals in value added form as far as possible. 

The indigenous mineral industry shall be attuned to the international economic situation in 

order to derive maximum advantage from foreign trade by carefully anticipating technology 

and demand changes in the international market for minerals. 



RESEARCH AND DEVELOPMENT 

Research and development thrust shall be directed specially in the areas of rock 

mechanics, ground control, mine design engineering, equipment deployment and maintenance, 

energy conservation, environmental protection, safety of operations and human engineering. 

Attention will be given to beneficiation and agglomeration techniques to bring lower grades 

and finer size material into use. Government shall also consider an appropriate fiscal measure 

to facilitate import of automated equipments, machinery and mining robots etc. which are not 

available in the country, which can be used for exploration, mineral development and value 

addition in the downstream industry. Research and development activities in the mineral sector 

are carried out in the national laboratories, educational institutions and R&D units of public 

and private sector enterprises. 

OUTCOMES AND CONCLUSION 

This national initiative requires a holistic development of the mineral sector on a 

sustainable basis in order to fulfil the demand of downstream industries dependent on 

mineral/ore supply. The success of this national mineral policy will be critical in propelling 

India on to a loftier development trajectory. Successful implementation of this policy and shall 

be ensured by achieving a national consensus among various key stakeholders and their 

commitments to fulfil its underlying principles and objectives. 
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IMPORTANT MINE ACTS & RULES 
 

➢ Mines & Minerals (Development & Regulation) Act, 1957 (As amended up to 27th 

March, 2015). 

 

➢ Mines & Minerals (Development & Regulation) Act, 1957 (As amended up to 11th July, 

2016).  

 

➢ Minerals (Other than Atomic and Hydro Carbons Energy Minerals) Concession Rules, 

2016 (as amended up to 8th December 2016). 

 

➢ Mines & Minerals (Contribution to District Mineral Foundation) Rules, 2015.  

 

➢ Minerals (Evidence of Mineral Contents) Rules, 2015.  

 

➢ Mineral (Auction) Rules, 2015.  

 

➢ Mineral Concession Rules, 1960 (As amended up to 26th July, 2012). 

➢ Offshore Mineral Concession Rules -2006. 

➢ The Minerals (Evidence of Mineral Contents) Rules, 2015 

 

➢ The Mineral (Auction) Rules, 2015. 

 

➢ The Mines and Minerals (Contribution to District Mineral Foundation) Rules, 2015. 

 

➢ Mineral (Non-Exclusive Reconnaissance Permits) Rules, 2015. 

 

➢ The National Mineral Exploration Trust Rules, 2015. 

 

➢ Atomic Mineral Concession Rules, 2016. 

 

➢ Mineral Conservation and Development Rules, 2017 (As amended up to 27th March, 

2018). 

 

➢ Minerals (Other than Atomic and Hydro Carbons Energy Minerals) Concession Rules, 

2016 ( as amended up to 8th December 2016) 

➢ Mineral Conservation and Development Rules, 2017. 





From ancient Greece to China, from India 

to Peru, GOLD has been admired and 

valued for its warmth, its beauty, its 

sensuality and its spiritual richness.

sensuality

warmth

beautiful
spiritual richness

Dread lust

Introduction



 Gold was the earliest metal to be mined by the 
mankind.

 Gold occurs free in nature the metal also occurs 
in association with silver, copper, bismuth, 
mercury and other metals.

 The common gangue minerals of gold are 
quartz, Carbonates, tourmaline and a few other 
non metals.



 It has been valued by the peoples of worldwide 
for gold ornaments, as a wealth and coinage. 

 Pure gold is ductile and malleable metal.

 The present production of gold in India is 
about 0.1% of the total world production.



 Gold is bright yellow in colour with  metallic 
lusture, ,quite soft ,resistant to tarnish, highly 
malleable and ductile.

 Its hardness 3 and sp.gravity19.32. 

 The gold is associated with pyrite, pyrrhotite, 
and arsenopyrite.

 The gold minerals are                

➢ Native gold(Au)always associated with silver 
and minor amounts of other metals. (Glowing 
dawn)                              



➢ Amalgam:Gold amlagam(Au with Hg and Ag)

➢ Calaverite(Au,Ag)Te2

➢ Sylvanit(Au,Ag)Te2

➢ Tellurides :Petzite(Ag,Au)2 Te.













What do we 
know about

Gold?

Melting 
point: 1064 

0C

Boiling 
point: 

2860 0C

Doesn’t react 
with water or 
oxygen

Atomic number: 79

Soft and 
rare

Yellow 
metal



 Most of the gold deposits formed as veins by 
hydrothermal solution as cavity filling or 
replacement near the igneous intrusive and 
some deposits formed by the process of contact 
metamorphisim.

 Gold also found in the river beds as placer 
deposits by mechanical concentration.

 The gold bodies are classified as follows



1.Magmatic deposit :Formed by magmatic 
concentration as intrusive e.g-waarkraal, south africa, 
gold hill utab.

2.Replacement deposits :Formed by hydrothermal 
solution e.g-kolar gold field, karnatka.

3.Civity fillings :Formed by fillings of open space of 
rocks e.g- Hutti gold field, Karnataka.

4.Mechanical concentration :By river forming placer 
deposits e.g-Placer deposits of Subernarekha river of 
Bihar,India. 

5.Residual deposit :Formed by residual conentration
e.g-deposits in Brazil and Australia.



Mode of occurrence
 Gold occurs mainly in two forms lodes and 

placers

➢ LODE DEPOSITS:-

 It is primary in nature and occur in intrusive 
rocks.

 Lode deposits are mostly formed through igneous 
intrusion during last stage of cooling of magma 
which came up along some opening like 
fissures,faults,fractures and folds to upper layer of 
earth crust.



 During cooling of magma gold crystallises in 
native state or combined with other elements 
like Ag,Cu,As depending upon the physio-
chemical condition.

➢ PLACER DEPOSITS:-

 Gold occurs placer deposits that has been 
derived from pre-existing gold bearing veins 
and rocks by mechanical weathering of rivers.

 Gold occurs as placer together with 
alluvium,sands,gravelsand conglomerate.



➢ KOLAR GOLD FIELD:-

 The Kolar gold field is situated in kolar district 
of Karnataka,India.

 The kolar gold field is about 15km long and 
3km wide. It situated in the central part of the 
Kolar-schist belt.

 In kolar gold field country rocks are mainly 
dark hornblend-schist.which are folded in the 
form of a major syncline with a number of 
cross folds.The gold occurs as gold bearing 
quartz vein which traverse the country rock.



 In the kolar gold field ,there are about 26 gold 
bearing quartz loades.of these only five loades
are economically important which are strike in 
the N-S direction and dip towards the west.

 The important mines of the kolar gold field are 
nundydroog,champion reef and mysore.

 The deepest mine is champion mine which is 
about 3350 meters deep.



➢ HUTTI GOLD FIELD:-

 Hutti gold field is situated in the Raichur
district of Karnataka.

 The country rocks are mainly green stones and 
chlorite-schists.These rocks are folded and the 
gold lodes are localised along shear zone.

 Gold is associated with quartz-reefs with in 
metabasalt, represented by green stone passing 
into chlorite-schist.



➢ RAMGIRI GOLD FIELD

 It situated at Anantpur district of Andhra Pradesh.

 The auriferous belt 150m-200m wide and 
comprising quartz-vein zone,is spread over a 
strike length of about 15km with in schistose rock.



➢ WYNAD GOLD FIELD

 Wynad is situated at Nilgiri district of 
Tamilnadu and partly in Kerla.

 The ore occurs in lodes and here quartz vein 
and reefs are found to occur in irregular 
pattren

 The gold is associated with quartz reefs within 
biotite-gneiss and inter banded hornblende-
granulite and at placer within magnetite-
quartzite.



 Gold is a precious metal so it used as monetary 
base for currency.

 It is used for making jwellery.

 It is used in the textile industry for ‘zari’ work.

 It used as preparation of glass 
bangles,lettering,interior decorations and 
plating.

 Gold is used for ayurvedic preparation and 
medical diagnosis and radio therapy .



 Gold controll the world economic.

 High reflectivity(99%) of gold makes it ideal for 
infrared heaters,cookers as shielding for space 
crafts and satellites and life saving face shields 
for astronauts and fire fighters.





ALUMINIUM



INTRODUCTION

Aluminum (Al) is the most abundant of metals. It is not
found in free state ,but in combination constitutes
8.07%of the earth crust .The element Al, holds second
position in abundance after silicon . The total world
production of Al metal in 1990 was 17.9 million tonnes to
which India’s contribution (1990-91) was about 450
thousand tonnes (2.5%) with 10th ranking in the world
production. The leading producer in the world were USA ,
USSR ,CANADA ,AUSTRALIA,BRAZIL AND CHINA.

The worlds production of Aluminum mineral
Bauxite, increased to about 106 million tonnes (1989) in
view of heavy demand for aluminum .



MINERALOGY

• The chief industrial source of aluminium and 
its compounds is bauxite.

• Attempts have been made to extract the 
metal from andalusite , anorthosite , alunite , 
and clays with little success . The other 
aluminium minerals commonly associated 
with bauxite are diaspore,boehmite and 
gibbsite etc.



MODE OF OCCURANCE

Bauxite deposits occurs as –
➢Blanket at or near the surface .
➢ Interstratified bedded deposits lying on erosional  

unconfirmities.
➢Pocket deposits or irregular masses in lst or 

dolomite .
➢Transported deposits .



❖ BLANKET DEPOSIT - They generally have some soil cover & 
are represented by caps of  high plateaux. E.g. – in western 
chhotanagpur & Rajmahal hills (Jharkhand), Amarkantak 
(M.P) , Kolhapur, Ratnagiri (Maharashtra), 
Belgaum(Karnataka)& other places.

❖ INTERSTRATIFIED DEPOSIT – The Bauxite deposits in 
Saurastra & Kutch regions (Gujarat) are narrow zone 
interraning in between the Deccan Trap and Tertiary 
sediments.

❖ POCKET DEPOSITS – Several isolated pocket deposits of 
bauxite wit yellow fosiliferous Lst are noticed along coast 
between Lamba and Miani , Saurastra region Ahmadabad in 
Gujarat.

❖ TRANSPORTED DEPOSITS - Bauxite may also be formed by 
reworking and moved from site of formation and 
redeposited in nearby sedimentary beds and give rise to 
transported deposits.



RESERVES

The total insitu reserves of Bauxite in the
country is estimated to be 3037 million tonnes
out of which 2525 million tonnes are
recoverable reserves. About 89% of the
recoverable reserves constitutes metallurgical
grade . The availability of refractory and
chemical grade is quit low , 1% and 0.44%,
respectively.



PRODUCTION AND CONSUMPTION
• The demand for aluminum metal exceeds the production 

level , and hence metal is imported to bridge the gap.
• The production figures of bauxite and aluminum metal  for 

the four years 1989-1990,1990-91,1991-92,1992-93 stood 
at 4.83,0.43,4.99  and 0.45 , 4.74 and 0.51 and 5.07 and 
0.52 million tonnes respectively .

• There are 5 primary producers of aluminum in the country 
–

1. Bharat aluminum Co. Ltd (BALCO)
2. Indian aluminum Co. Ltd (INDALCO)
3. Hindustan aluminum corp.(HINDALCO)
4. Madras Aluminum Co. Ltd (MALCO)
5. National Aluminum Co. Ltd(NALCO)



USES 

Aluminum can be used in different forms –
a) Aluminum metals – Household utensils ,electrical Industries, 

airplane construction etc.
b) Aluminum Alloys – Its alloys with zinc , copper and magnesium are 

important. They are used in manufacture of airplane .
c) AL – SALTS - It is directly used for dyeing , tan sing and printing 

and al-chloride is used as disinfectant and for preservation of 
wood .

d) BAUXITE - It is used in manufacture of refractory bricks , alumina 
cement , metallurgical industries and purification of kerosene .

e) COMMERCIAL PRODUCTS - ‘Alumino ferrite’ and ‘alferite’ 
prepared by digesting crude bauxite with sulphuric acid and used 
in the manufacture of finest paper etc.



GEOLOGICAL DISTRIBUTION IN INDIA
FORMATION TYPES OF DEPOSITS OCCURANCE

Quaternary
Associated with high level 
laterite

Blanket Type In M.P,karnataka overlying 
Deccan trap, In Ranchi –
Palamu (Jharkhand) 
overlying granite gneiss, In 
Eastern Ghats  overlying 
Khondalite  , I Jammu 
&Kashmir ,Tamil nadu , 
daman & diu etc

Associated with low level 
laterite

Pocket Type Coastal deposit of 
Maharastra overlying 
Gneissic rocks , coastal 
deposits of Odisha overlying 
upper Gondwana sst , 
Coastal deposits of Gujrat 
overlying  limestone 
,Karnataka etc

Associated  with                                      Interstratified In kutch area
Interstratified                                            type                                 between mandit
Laterites                                                                                              s.w lakhpat etc.



GEOGRAPHIC DISTRIBUTION

❑ JHARKHAND – Lohardaga , Ranchi , Gumla , Palamu, 
Rajmahal,Monghyr,Rohtas

❑ ORISSA – Koraput , Kalahandi, Bolangir , Sambalpur , Keonjhar, 
Sundergarh.

❑ ANDHRA PRADESH – East Godavari & Vishakhapatnam
❑ M.P – surguja, shahdol, Bilaspur, Jabalpur ,Katni, Durg, Raigarh, Balaghat .
❑ MAHARASHTRA – Kolhapur, kolaba , Sindhu ,Ratnagiri , thane .
❑ GUJARAT – Kutch , Saurastra , Jamnagar , Bhavnagar, 
❑ TAMILNADU – Salem , Nilgiri , Madurai 
❑ KERALA –Cannore ,Quilon, and Trivandrum
❑ U.P – Banda, Varanasi , Lalitpur 
❑ J&K – Udhampur 
❑ RAJASTHAN -kota



REFERENCE

• ECONOMIC GEOLOGY – By Umeshwar prasad
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                             copper   

introduction

          The demand for copper metal has
shown progressive increase under the five
years development plans of the country and
the requirements are being met largely (about
70%).The world refinery production of primary
copper metal was about 40,000 tonnes i.e,0.4%

with 30th position. The principal producers
were Chile,USA,USSR,Canada, Zambia, Zaire,
Poland and Peru which together accounted for
more than 70% of world mine production. The
world reserve of copper metal have been
placed at 566 million tones.

mineralogy

          The cheif ores of copper along with their

chemical composition.                                        

 Sulphides

          1. Chalcopyrite -CuFeS2copper
-34.5%,brass yellow, greenish black,H=3.5-4,
specific gravity-4.1 to 4.3.
          2.Bornite- Cu5FeF4,copper-

63.3%,coppery red and indescent with pale
greyish black streak, metallic lustre,H=3,

specific gravity-4.9-5.



           3.chalcocite :Cu2S,
copper-79.8,blackish lead grey, metallic,H=2.5-3,
specific gravity-5.5to5.8.
            4.Covellite: CuS, copper-66.4%,indigo
blue,H=1.5-2, specific gravity-4.6.
             5.Enargite :Cu3AsS4, copper-48.3%,
greyish black to iron black, metallic lustre,H=3,
specific gravity=4.4.
             6.Tetrahedrite :Cu2S,grey to iron black,

metallic lustre,H=3-4.5, specific gravity-4.5to 5.1. 

Oxides

           7.cuprite - Cu2O, copper-88.8%,
different shades of red with shining brownish
red streak,submetallic to earthy lustre,H=3.5-5.4,
specific gravity 5.8-6.15
            8.Tenorite - CuO, copper-79.8%, mostly
in black powder, also in dull black
masses,H=3-4, specific gravity=6.25.

Uses of copper

            1.Domestic uses: ornament and vessels
            2.Industrial:a) Electrical industry as
conductors, windings and other components
of chemical machines.
                               b) Stream engine
automobiles, tractors,other machines.

             3.Alloys : Bronze(88%Cu,10%Sn
and2%Zn),gun metal (90%Cu and 10%Sn),

duralumin (95%Al,4%Cu&1%Si+Mg).

             4.Chemicals: chlorite is used as
disinfectant and in chemical operations, 



sulphate employed in painting and dyeing
textiles for preventing rots in timber and
fungicide, certain copper salts are utilised for

colouring glasses.
                           
       

mode of occurrence and origin:
                 Copper occurs in a variety of ways
as magmatic segregation,in disseminated
forms,in veins and lodes,in contact
metamorphic deposits etc. The occurrence of
porphyry copper deposit is mostly associated
with stocks or chonoliths intrusions of
monzonite or diorite porphyry of early Tertiary
age. These deposits are low grade and high
volume ore,have greater horizontal than
vertical dimension,are overlain by leached
cappings and have been subjected to
supergene sulphide enrichment. In India
copper lods occur mostly in veins, stringers,
patches, disseminated forms, fracture and
cleavage fillings etc., associated with different
types of rocks, mostly Dharwar and cuddapah
ages. Associated with copper ores are
frequently the other metals, namely
lead,zinc,gold, silver, Platinum, palladium,
bismuth etc. Which are recoverable at one or

other stages of their treatment.



Distribution

Precambrian

Bihar
          
     Archean , quartz - chlorite-biotite schist,
metamorphosed basic rock and soda granite.
      Deposits- Singhbhum copper belt.
       Tremolite- actinolite - schist ,calc- granite
and amphipolite.
       Deposits- Hesata - Belbathan belts.

Rajasthan

      Pre- Aravalli, Aravalli and Delhi group of
rocks.
      Deposits - 1) Khetri belt
                       2) Pur - Banera Bhind belt
                       3) Other detached occurrences.

Madhya Pradesh

      Quartz reefs in Bundelkhand granite
complex, overlain by the Precambrian meta-
sedimentaries of chilpighat formation with an
erosional unconformity.
      Deposits - Malanjkhand copper
deposit,Balghat district.

                 



Karnataka

         Dharwar schist belt and occasionally
associated with basic dykes and other
intrusions in peninsular gnessic basement.
         Deposits : Chitradurga and Hassan
districts.

Andhra Pradesh

         Archean shist and gneisses.
         Deposits : Mailaram,Khammam district
and Gani area,Kurnool district.

           Cuddapah super group, Calcareous
quartzite and dolomite of cumbum formation.
            Deposits: Agnigandala belt, Gantur
district.

                   

      





INTRODUCTION

❖ Iron Ore is the basic mineral and is the backbone of Industrial

development. Magnetite is the finest iron ore with a very high content of

iron.

❖Hematite ore is the most important industrial iron ore.

❖ Iron ore constitutes 5.05% of the crust material and holds 3rd position

in abudance after silicon and aluminium

❖The total world production of iron-ore in 1990 was about 1008 million

tonnes to which India’s contribution was about 55.5million tonnes with 6th

position in the world production



MINERALS CHEM. COMP. Fe0%

HEMATITE Fe2O3 69.9

MAGNETITE Fe3O4 72.4

TURGITE 2Fe2O3.H2O 66.1

GOETHITE Fe2O3.H2O 62

SIDERITE FeCO3 48.2



IRON ORE

LIMONITE SIDERITE



Classification of Iron Ore Deposits

➢Metamorphic banded deposits – The major iron ore deposits fall in this group.

They are typically sedimentary or volcano – sedimentary and metamorphosed rocks,

consisting of rich in iron ore and siliceious bands.

Different names in different countries --- Itabirites, Taconites, Jaspalits, banded hematite

quartizites and matamorphosed iron ore etc..

Iron ore Deposite --- Bihar – Orissa belt, Bailadila ( MP) & Karnataka

➢Continental sedimentary Deposits: It is formed in fresh water or under brakish

swams conditions.

Ironstone of Raniganji

Auranga coalfield

➢Marine sedimentary deposits : The Indian example is magnetite deposits of

coastal region such as Travancore …heavy mineral sand and ilmenite

➢Valcano sedimentary deposits: Dras –Thasgam area, Ladakh



Classification of Iron Ore Deposits

➢ Liquid magmatic deposits: Formed in early crystallization of plutonic rocks by gravitational

differentiation

Titano vanadium bearing Iron ore deposits – Mayurbhanji district – Orissa

➢ Intrusive magmatic deposits: It is related to alkaline rocks of Precambrian shields

Apatite – Magnetite rocks : Singhbhum

➢Contact metasomatic deposits: These are found at the contact aureoles of granitoid intrusion

within limestone and widely distibuted.

Main ore is magnetite – Kotwalsa, Vishakhapattinam (AP), Gore and Biwabathan – Palamau dist,

Bihar

➢Polymetallic skarn ore deposits: These occur associated with sedimentary deposits which later

affected by regional metamorphism



In nature iron ore deposits are generally formed by following processes

➢MAGMATIC –Magnetite , titaniferous magnetite , e.g.- Kiruna(Sweden) , Keonjhar &

mayurbhanj(Odisha) ,Salem (Tamilnadu) , Hassan (Karnataka) etc .

➢SEDIMENTARY- Hematite deposits of Bihar , Odisha ,M.P. ,Maharashtra & Karnataka

.Siderite deposits of economic important are usually sedimentary deposits.

➢REPLACEMENT- Magnetite , Hematite deposits , e.g. Lyon mountain Newyork .

➢RESIDUAL CONCENTRATION – Lateritic formations in the Eastern Ghats of India

➢OXIDATION : Limonite , e.g. Rio Tinto,Spain

MODE OF ORIGIN



Production of Iron Ore 2003-04

Jharkhand

Goa

Chattisgarh

Orissa

Karnataka

Others





MODE OF OCCURANCE

❖Iron –ore deposits occur as magmatic deposits , as bedded – deposits ,as residual 

concentration deposits or sometimes as nodules and concretions in shales associated with coal-

seams.

❖ Banded iron formation is iron rich chert (cryptocrystalline silica, SiO2). The banded 

colors, usually on a cm scale are due to differing amounts and oxidation states of Fe-

containing minerals: hematite, magnetite, grunerite, siderite and sometimes pyrite. BIF is not 

forming today and although it can be found in the Archean, most deposits of BIF were formed 

around 2 billion years ago.

❖ Banded iron formations are a distinctive type of rock often found in old sedimentary 

rocks. The structures consist of repeated thin layers of iron oxides, either magnetite or 

hematite, alternating with bands of iron-poor shale and chert. Some of the oldest known rock 

formations, formed around three thousand million years before present (3 Ga), include 

banded iron layers, and the banded layers are a common feature in sediments for much of the 

Earth's early history. 



DISTRIBUTION:

• Extensive deposits of good quality iron ore is available in many states of India such 

as Orissa,Bihar,M.P.,Maharastra,karnataka,A.p.,Rajasthan etc….

• Bihar and Orissa:-

➢ The largest iron ore deposits of India is situated in the singhbhum dist. Of Bihar 

and adjoining districts of keonjhar,Sundargarh and Mayurbhanj districts of Orissa.

➢ The iron ore was deposited in Archean metallogenic Epoch. 

• Madhyapradesh:-

➢ Large amount of iron are deposits occur in Bastar and Durg Districts of M.P.

➢ Deposits of BHQ type are found in Jabalpur,Gowalier and few other area.



Maharastra:-

➢Some important iron ore deposits found in 

Ratnagiri,Maharastra in associated with 

ferruginous quartzite.

Goa:-

➢The deposits of hematite occur as banded-

hematite quartzite in the districts satari,ponda and 

Redi area.



• Andhrapradesh:-

➢Iron ore deposits are found in 

Guntur,Cuddapah,Hyderabad,kurnool,Nillore and 

Nizamabad districts of Andrapradesh having about 55 to 

60% Iron.

• Tamilnadu:-

➢Deposits of magnetite are found in Tiruchirapalli and salem

districts.The total reserve are about 447.7 m tons.



Rajasthan:-

➢A few small iron ore deposits are found in 

jaipur,sikar,udaipur and bundi district of Rajasthan.

➢The ore of the area are hematite associated with 

metamorphic rocks.

• Jammu and kashmir:-

➢Hematite deposits are found mainly in some places like 

khundi in kashmir.

➢The ores are associated with ferruginous chert quartzite.



USES:-

• The iron ore is basically used for the extracted of iron-

metal in the form of cast iron,wrought iron-steel and iron 

alloys which their own particular uses.

• Iron play a major role in building 

construction,machines,automobiles ships etc.

• Iron is also used in certain industries is cement to make up 

the proportion of iron in the raw material under water 

cable sheating, power metallurgy etc.



THANK YOU
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INTRODUCTION

 Manganese is widely distributed in earth’s crust in the 

form of oxides, carbonates and silicates.

 It was known to man in one form for long time untill 

1774 that the metal was first isolated by Scheeli.

 With the growth of steel industry the demand of 

manganese ore is increased.

 India is self sufficient in Manganese production and 

ranks 7th in the world production of it. 



MINERALOGY

In nature Mn does not occur in the native 

state .Melting point of Mn is 1260˚c and 

boiling point 1920˚c and having sp. Gravity 

of 7.2.

The chief source of Manganese and its salts 

are Oxide, Carbonate and Silicate minerals. 

There are 156 minerals out of which 44 are 

found in India.



 Oxides:-

◦ Pyrolusite MnO2 63% 

◦ Psilomelane Mn2O3.2H20 45.60%

◦ Manganite MnO.OH 62.4%

◦ Braunite Mn2O3 64.3%

◦ Hausmanite Mn3O4 72.5%

◦ Hallandite MnO2 46-56.5%

 Carbonates:-

◦ Rhodocrosite MnCO3 47.6%

 Silicates:-

◦ Rhodonite MnSiO3 42%

◦ Spessartite 3MnO, Al2O3 3SiO2 33.4%



GRADES OF ORE

The manganese ore on the basis of their Mn 

contents may be classified in to following 

grades:-

➢Chemical grades 82-87% of Mn

➢Metallurgical grades 45-48% of Mn

➢Manganese ore grade 45-35% of Mn

➢Ferruginous Mn ore grade 10-35% of Mn

➢Manganese Iron ore grade <10% of Mn



ORIGIN

Manganese ores are formed by following kinds:-

 Hydrothermal Deposits:-
formed by magmatic hot aqueous solution derived from 

the magma.

 Magmatic Deposits:-

formed by magmatic concentration.

 Metamorphosed deposits:-
formed by recrystallization of preexisting ore deposits 

by pressure and temperature .

 Residual concentration Deposits:-
formed by secondary concentration removing gangue 

from preexisting manganese deposits.

 Sedimentary Deposits:-
formed by physico-chemical action deposited from 

solution. Derived from the preexisting manganese bearing 
rock.



MODE OF OCCURRENCE

 Manganese ore mainly occurs usually in massive columnar and 
fibrous e.g. Pyrolusite, in botryoidal, stalactitic, reniform and massive 
e.g. Psilomelane , in massive earth e.g. wad, as granular or massive 
e.g. Braunite.

 In India manganese ore deposits are associated with Gonditic ores, 
Koduritic ores and lateritoid ores.

 Gonditic Ores:- formed from metamorphosed manganese 
sediments in association with Gondite. Ore minerals are Pyrolusite, 
psilomelane, braunite, rhodonite, vredenbergite, spessartite etc.

 Koduritic Ores:-hybrid rocks formed by assimilation of manganese 
ore and manganese silicate rocks by an acid igneous magma. Ore 
minerals are Pyrolusite, psilomelane, manganese garnets, manganese 
pyroxene etc.

 Lateritoid Ores:-formed by metasomatic replacement formed at 
the surface in association with dharwarian rocks.

 Pyrolusite and Psilomelane occur as lateritoid deposits.



INDIAN DISTRIBUTION

 Odisha:- Kalahandi, Keonjhar, Koraput, Bolangir & Sundargarh distict
with a Mn contents of 37.5 to 57.9%. Ores:- Psilomelane, Pyrolusite, 
Spessartite and Rhodonite etc.

 Bihar & Jharkhand:- Barajamda, Singhbhum Dist. The Mn content is 
about 40 to 50%. Ores:-:- Psilomelane and Pyrolusite

 Andhra Pradesh:-Srikakulam dist. The ore contains about 28.5 to 
31.0%. Ores:-:- Psilomelane, Pyrolusite and Braunite etc.

 Karnataka:-Shimoga, Chitradurga, Chikmagalur, Tumkur, Kadur, 
Bellary, Belgaum,Bijapur, Dharwar dist. The Mn content is about 45-
50%.. Ores:-:- Psilomelane, Pyrolusite, and Wad etc.

 Maharastra:-Nagpur and Bhandar. The Mn content is about 45-48%.

Ores:-:- Psilomelane, Pyrolusite, and Braunite etc.

 Goa:-Bordez, Sanguem. The Mn content is about 41.56%. Ores are 
found as the the pockets in mangani-ferrous shale. 

 Rajasthan:-Udaipur and Banswara dist. The Mn content is about 35 
– 40%. Ores:- :- Psilomelane, Pyrolusite, Braunite and Wad etc.

 West Bengal:-chaukisal hill ranges, Simulpal,Bermadal, Laboni, 
Bannapahari, Talbera, Dagikusum,baranayata, Dakai, Katucha and 
Sarsiba of Medinapur dist.. The Mn content is  about 31%. 



Reserve 

 The total manganese production of India is 
1587581 tonnes. The chief producing centres 
are Madhya Pradesh, Gujarat, Maharastra, 
Jharkhand, Orissa, Andhra Pradesh, Tamilnadu, 
Rajasthan, Karnataka etc.

 The estimated production of manganese ore 
in India is about 1887581 tonnes. 

EXPORT/ IMPORT:-

 Manganese ores are exportable surplus 
amount and the production of manganese in 
India is sufficient for its requirements.



USES

 Production of steel and Ferro alloy 

metals.

 Manufacture of dry batteries, glass, paints, 

pigments, dyes and fertilizers industry.

 Manufacture of Bromine, Oxygen, 

Permanganates and manganese 

compounds.

 For medicines

 For chemical reactions for many analysis.
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COPPER



INTRODUCTION

• Copper is pinkish coloured and comparatively softer 
metal.

• It has a history of use i.e., at least 10,000 years old.

• Copper possesses special characteristics such as
excellent ductility, high conductivity of heat and
electricity, resistance to corrosion, ability to form
alloy with other metals.

• Production of primary copper metal in India is 0.4%
with 30th position in world.



MINERALOGY

CHIEF ORES OF COPPER

1. Chalcopyrite

2. Bornite

3. Chalcocite

4. Covellite

5. Cuprite

6. Malachite

7. Azurite

8. Chrysocolla



MODE OF OCCURRENCE

• Copper occurs as magmatic segregation, in
disseminated form, in veins and lodes, in contact
metamorphic deposits, in bedded deposits etc.

• Copper deposits have largely originated from
hydrothermal solution.

• In India copper lodes occur mostly in veins,
stringers, patches, disseminated forms, fracture and
cleavage fillings etc., associated with different type
of rocks.



DISTRIBUTION

1. Singhbhum copper belt of Jharkhand- It is of Precambrian

age. Archaeanquartz-chlorite-biotite schist, metamorphosed

basic rock and soda granite are formations. It is localised in a

shear zone moulded along the north eastern margin of

singhbhum granite massif.

2. Hesatu-Belbathan belt of Bihar- It is of Precambrian age.

Tremolite-actinolite-schist,calc granulite and amphibolite are

formations. Mineralised rocks occur as lenses or pockets.



DISTRIBUTION

3. Khetri belt and Pur-Banera-Bhinder belt of Rajasthan- It is of

Precambrian age. Pre-Aravalli, Aravalli and Delhi groups of

rocks are formations. The copper mineralisations are along

favourable structural zones related to different orogenic

movements.

4. Malanjhkhand Copper deposit of M.P- It is of precambrian

age. Quarz reefs in Bundelkhand Granite complex is the

formation. The copper mineralisation in quartz reef is

controlled by shear and fracture planes.



DISTRIBUTION

5. Chitradurga and Hassan in Karnataka- It is of Precambrian

age. Dharwar Schist belt, basic dykes and other intrusions

are formations. The mineralisation is along shear fractures in

quartz-veins, traversing sheared greenstone.

6. Mailaram and Gani area of A.P- Archaean schist and gneisses

are the formations. Mineralisation is in quartz-reef and

quartz-chlorite-schist at junction of schist and granite.



PRODUCTION AND CONSUMPTION

• M.P is leading copper producing state i.e., 36% of the 

total production

• Rajasthan- 35%

• Bihar and Jharkhand- 27%

• Copper metal is produced at two smelters of Hindustan 

Copper Ltd(HCL) at Ghatsila in Bihar and Khetri in 

Rajasthan.



USES OF COPPER

1. Domestic use in ornaments and vessels.

2. Industrial in electrical industry and steam 
engines automobiles, tractors.

3. Alloys like bronze, gun metal.

4. Chemicals like dyeing textiles, colouring 
glasses etc.



THANK YOU
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ZINC
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• It is the 24th most abundant element in Earth’s crust.

• In periodic table, it is the 1st member of group 12 having atomic no. 30

• In India Zn production has ever been fallen short of meeting the 

demands

• As a result the industry is all set to go in for massive expansion of 

capacities and capabilities encouraged by good pick up in demand from 

domestic and industrial consumers,specially steel makers,who need it 

for their galvanizing operations.



❖ Bluish white in colour

❖ Brittle metal with specific gravity about 7.15

❖ Melting point 4190c

❖ Soluble in dilute acid

❖ Zn ore carry Au & Ag which are important byproducts of these deposits.

❖ Galena, Chalcopyrite, Pyrite are the ore minerals commonly associated with Zn ore

❖ Common gaunge minerals present are Quartz, Calcite , Dolomite etc

❖ Zn ore which is sent to smelter usually contain 45 to 60% of Zn



CHIEF ORE
ORE COMPOSITION ZN% NATURE OF 

MINERALS

SPHALERITE ZnS 67 PRIMARY

SMITHSONITE ZnCo3 52 SECONDARY

HEMIMORPHITE 2ZnO.SiO2.2H2O 54.2 SECONDARY



❑ Smithsonite And Hemimorphite are secondary in origin derived from Zinc Blende & are 

usually found in upper oxidized portion of Zinc deposit

❑ Zinc Blende occour in intimate association with galena & primary in origin

❑ Zinc ore bodies are formed as contact metasomatic deposit,fissure veins,cavity fillings & 

replacement load formed by hydrothermal solution.

❑ These deposits commonly occour in limestone & dolomite.



OCCURRANCE
❖ Most Zn ore along with Pb ore found as lodes or veins, as metasomatic

replacements, and contact metamorphic deposits,as cavity fillings or as 

disseminations.

❖ Most deposits are confined to limestone, dolomite, 7 other calc-magnesium rich 

rocks

❖ In Zawar,Rajastan,they occour in fine grained dolomite and gritty 

conglomeratic dolomite with interbedded phyllite and quartzite as sheeted 

zones,veins etc,forming lenticular bodies arranged in overlapping en-echelon 

pattern



DISTRIBUTION
➢ In India zinc ores are found associated with lead deposits.

➢ In India , only zn deposit proved to be economic value is zawar deposit of Udarpur,Rajastan

➢ Notabler deposits are shown in below……

STATE DISTRICT

Jharkhand Hazaribagh,Singhbhum

Gujarat Baroda

J.K Riasi,Udhampur

Tamilnadu South Arcot

Karnataka Mysore,Chitaldurg

Himachal Pradesh Sirmur

Andhra Pradesh Cuddapah,Kurnool

Maharashtra Nagpur

Uttaranchal Gharwal

Sikkim

Rajasthan Udaipur,Dariba-rajpur area of 

Alwar,Lohakhan & Sewar of Ajmer



USES

❖ Mostly used in galvanizing iron and steel products

❖ It is also used in making brass, bronze, German silver, Antifriction metal.



❖ In the form of rolled sheets is used in manufacture of dry cell battery cans, fruit 

jar tops, collapsible tubes, photo engraving, lithographic plate,and boiler plates



❖ Zn dust & Zn shavings are used to precipitate gold from cyanide solutions in the 

treatment of gold ores

❖ White pigments of Zn  (ZnS & lithophone ) are used in paints, plastics etc

❖ Zinc oxide are also used in pharmacy

❖ Zinc chloride & sulphate arte used in textile industry, timber preservation and in 

agriculture.

lithophone
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INTRODUCTION
➢ It is the twelfth element on the periodic table, located in the second group called alkaline 

earth metal.

➢ Sea water is a rich source of magnesium in the form of salt

➢ It is the eighth most abundant element in the earth's crust.

➢ India is wholly self sufficient in magnesite which is required as a raw material for metallic 

magnesium, magnesium compounds and also used in natural state

➢ The world annual production of natural magnesite is about12.00 million tonnes to which 

India's contribution is about o.5 million tonnes ranking 8th order of quantum of production.

➢ China, North Korea, USSR, Ausatria & Turkey continued to be the leading producers.



MINERALOGY

▪ It is shiny grey in colour
▪ It has the lowest melting (923 k)& 

boiling point (1363 k) among other 
alkali earth metal

▪ It is a highly flammable metal
▪ Magnesium minerals of economic 

importance are its carbonate, 
sulphate, chlorides, aluminates & 
oxides

▪ It is the one of the lightest metals 
known.



MAGNESIUM ORE

CARBONATE

Magnesite-MgCO3

Dolomite-MgCO3.CaCO3

SULPHATE

Epsomite-MgSO4.7H2O

Kieserite-MgSO4.H2O

CHLORIDE

Carnalite-MgCl2.HCl.6H2O

OXIDE

Periclase-MgO

Brucite-MgO.H2O

ALUMINATE

Spinel-MgO.Al2O3



EPSOMITE KIESERITE

SPINEL MAGNESITE CARNALITE

BRUCITE
PERICLASE



ORIGIN
▪ Magnesite is result from the break down of serpentine by hydro thermal carbonate 

solution,Progessive replacement of limestone or dolomite by MgCO3 through 

hydrothermal solution Or as saline residue.

▪ Dolomite is formed by epigenetic replacement of calcite in limestone & also by 

action of hydrothermal solutiuon in fissure, joints, cracks etc

▪ Epsomite are formed mostly by precipitation of sea water

▪ Periclase is due to contact metamorphism on limestone

▪ Brucite results from contact metamorphism of impure limestone & secondary 

hydration of periclase



MODE OF OCCURRANCE
• Amorphous Magnesite are found as irregular veinsin crush or fracture zone of 

serpentine or ultrabasic rock.Crystalline types are found as bedded deposits,lens.

• Dolomite are found as veins,sedimentary beds etc. Epsomite occours in  solution in 
sea water & mineral water

• Spinel occous in crystalline limestone & schists & also in alluvial deposits.

• Brucite occours with marble & also as veins traversing serpentine



❖Principal deposits of  magnesite are in 

the states of  Uttar Pradesh, Tamilnadu

, Karnataka and Jammu & Kashmir.

❖Minor occurrence are in Himachal 

Pradesh, Kerala, and rajastan



USES





FERTILIZER MINERALS



FERTILIZER MINERALS

Fertilizer minerals play a very important role in enhancing 

Food production. They may be utilized directly in crude 

state or May form basic raw materials for the manufacture 

of fertilizers. The different type of fertilizers, normally 

being used are phosphates,Potash, nitrates, Sulphur, lime 

and gypsum.



1.PHOSPHATES

 The natural phosphates of importance are apatite  which 

is phosphate of calcium with some chloride and fluorine, 

and rock phosphates like phosphorites, phosphatic 

limestone, guano, basic slag, bone beds etc. having no 

definite chemical composition. They are the most 

important Fertilizer minerals. The total world production 

of these minerals in 1990 was about million tones to which 

India's contribution was 0.4%.



USES

 The largest consumer of phosphates is the fertilizer 

industry (about 95%). Treatment with Sulphuric acid 

produces super phosphates, triple super phosphates and 

dicalcium phosphates which are more valuable for plant 

life. Phosphate is also utilized in manufacture of 

elemental phosphorus, chemicals, glass, sugar, and iron 

and steel industries, It finds use in safety matches, fire 

works, shells, grenades, tracer bullets, smoke screens, 

distress signals, medicines, soft drinks, baking powder, 

photography, cement ceramics etc.



Mode of Occurrence and Origin 

 The phosphatic rocks may be fragmental, pelletal, 

nodular, oolitic, pisolitic, lenticular, platy, granular and 

massive in form. they may occur as marine sedimentary 

beds, phosphatic marls and limestone beds, reworked 

pebbles, residual concentration of phosphatic materials 

and apatite deposits.



POTASH

 Potassium is another essential plant food. It is an 

important nutrient for protein synthesis and in being 

plants to use water more efficiency. It also protected 

crops from bacterial and fungal diseases, the potassium as 

such dose not occurs in native state. Formerly it was 

obtained from vegetable materials which being burnt 

were dissolved in water. The soluble portion yielded 

potash salts after evaporation. 



USES

 The most important use of potash salt is as fertilizers. The 

other uses of potassium minerals and compounds are in 

the manufacture of glass explosive, chemicals and 

metallurgical processes. Potassium nitrate and carbonate 

are used in glass while nitrate is utilized in explosive 

manufacture. Minor use if potash are in ceramics, dyeing, 

tanning, soap, meatcuring, matched and photography.



Mode of Occurrence and Origin 

 Marine evaporites, potash-rich brines, saline lakes plays 

deposits and bitterns at salt works, are the various modes 

of occurrences of potash deposit. The saline water on 

evaporation becomes concentrated as super saturated in 

soluble salts which finally precipitate as solid salt in order 

of their solubility. The most soluble salt is precipitated 

last. In other words, these salts represent the residual 

products of evaporation of saline water. 



Distribution and Resources 

 The potash and potash-rich brines are known to occur in 

Tsoker lake, leh district, Jammu and Kashmir, and Rann of 

Kuchch, Gujarat. Potash in the form of sylvite has been 

recently found in sriganganagr district of Rajastan. 

Glauconite , an important source of potash, is found in 

Banda district Uttar Pradesh and satna district mathya

Pradesh, associated with semri and Rewa groups of 

Vindhyan super Group. Potash contents in panna shale 

(Rewa Group) analyse 5.27% average potash (K2O).



NITRATES

 The nitrogen compounds are essential are for plant life. 

About 78% of nitrogen gas by volume is present in the 

atmosphere. The organic refuse absorbs nitrogen from the 

air and supplies to the soil, but the amount is negligible. 

It is obtained mainly from sodium and potassium nitrates, 

ammonium sulphate and calcium cyanamide. 



Uses

 The principle use of nitrates is in fertilizer. In fertilizer, it 

is used in the form of sodium nitrate , potassium nitrate, 

ammonium sulphate, calcium cyanamide, calcium nitrate, 

urea etc. A small amount of nitrate is being used in 

explosive, nitric acid, chemical salts and refrigeration.



LIME

 Calcium is also important element required for plant life, 

it may be supplied by line, limestone, marl, oyster shells 

or gypsum. Calcium being soluble in surface water, is 

leached, and the soil becomes deficient in lime and 

acidic. It therefore, becomes imperative to neutralize soil 

by adding lime to it. Beside correcting the soil activity, 

the lime granulates heavy clay soil, provides plant food, 

promotes designation of other fertilizers and counteracts 

some soil poisons. For fertilizers industry the limestone 

should contain CaCO3 84%(min), SiO2 industry (5%) and 

humidity 0.5% max, as prescribed by the Nangal Fertilizer 

plant.



GYPSUM

 Gypsum (CaSO4·2H2O) is an important mineral, required 

for cement and fertilizer, it us of five types:

 i) Rock Gypsum

 ii) Gypsite, a mixed prous type with sand and clay

 Iii) alabaster, a massive, fine grained, snow white or 

light colored, 

 Iv) sain spar, a fibrous silky form and 

 v) selenite, a transparent crystal form.



 The World reserves of gypsum are place at 2600 million 

tones which are adequate to meet the total world demand 

for nearly 30 years.

 The united states of America remained the worlds largest 

producer of crude gypsum, accounting for about 17% of 

the world production. About 91.8 million of tones was the 

total world production during 1989



USES

 Gypsum is used as a retardant in cement manufacture to 

control the setting time. Gypsum of less purity may be 

employed for this purpose. High purity type is utilized in 

manufacturing ammonium sulphate fertilizer. For 

conditioning alkaline soil, low grade is utilized. 



Distribution and Reserves 

 Gypsum deposited are reported from several states of the 

country. Besides, gypsum is obtained as by-product from 

sea water during processing of common salt and from 

several chemical plants like phosphoric acid, hydrofluoric 

acid, borax and boric acid plants, the recovery of by-

products phospho-gypsum, Fluro-gypsum and marine 

gypsum together is substantial, slightly higher than the 

production of mineral gypsum.



Distribution of Gypsum Deposits 
STATE DISTRICT OTHER DETAILS 

Andhra Pradesh Nellore, Prakasam, Guntur Selenite occurs as irregular 

lumps in marine clays at 

depths ranging from a few 

cm. to about 1.5m below 

the surface.

Gujarat Jamnagar, Kuchch, 

Surendranagar, Bhavnagr and 

Junagarh

It occurs associated with 

marine clay and its of sub-

recent age.

Himachal Pradesh Sirmur and Chamba

Jammu Kashmir Baramula, Doda and Ladakh In Baramulla and dosa

districts it is within 

phyllites and schists of 

schists of salkhala

formation, while in Ladakh, 

it is seen within permo-

carboniferous limestone and 

shale 



STATE DISTRICT OTHER DETAILS 

Karnataka Gulbarga

Mathya Pradesh Shahdol

Rajastan Nagaur, Bikaner, 

Barmer, Churu, 

Jaisalmar, Ganganagar 

and Pali

Gypsum and gypsite occur as a part 

of evaporite sequence of sub-

recent age

TamilNadu Tiruchirapalli, 

Coimbatore, 

Ramanathapuram and 

Tirunelveli

The Mineral occurs with clay 

Uttar Pradesh Tehri, Garhwal, 

Dehradun, Pauri, 

Garhwal, and Nainital

It occurs as interbanded with 

limestone or dolomite belonging to 

Krol formation 



Thanks



Barytes (BaSo4) is one of the important industrial minerals.  Its name was derived from the 
Greek  word ‘barys’ meaning heavy, and so the mineral is also named as heavy spar which also 
includes witherite (BaCO3) to some extent in trade.  It is usually colorless or white, often tinged 
with yellow, red and brown .  It has white streak , and vitreous to resinous and, sometimes , 
pearly lustre .  Its hardness is 3 - 3.5 and specific gravity 4.5 .

China is the world’s largest producer of barytes with output around 0.9 millions tonnes a 
year.  The present world productions of barytes is 5.6 millions tonnes ( 1990 ), to which India’s 
contribution is about 0.51 millions tonnes.  India ranked second in the world in  order of 
quantum of production.  The other important producing countries are USA, Russia, Mexico and 
Morocco.  The world’s largest reserves of barytes are in China, exceeding 540 millions tonnes.  
The total word reserves are estimated at about 900 million tonnes.

1



USES
Barytes, being heavy, inert and stable, finds uses in various industries like oil and gas well 

drilling, Paint, chemical, asbestos and asbestos products, glass, rubber, ceramic etc.

In drilling, rubber, glass, linoleum, oil cloth, paper, plastics and resins, it is used in powder 
form as an inert volume and weight filler, and in paint as a paint extender.  Lithopone, a brilliant 
white paint, is 70% barium sulphate and 30%  zinc sulphide.  Mixed with TiO2 it makes a white 
paint of outstanding opacity.  It is employed in tanning, making highly surfaced papers like 
playing cards, for buttons, printer’s ink, face powder, glass, glazes and enamels.  Barium 
sulphate is medicine. It is opaque t X-rays.  Mixed with flour, sugar, cocoa and water, it is drunk 
by patients whose intestines are to be x-rayed. 

Barytes is an  important raw materials for extraction of barium metal which does not occur 
in native state.  Barium is useful in removing oxygen as a ‘getter’ from electron tubes and 
promoting vacum.  It is alloyed with nickel, magnesium and aluminium.
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Barytes occurs mostly as veins, often associated with galena, blende, fluorpar and quartz.  
The fissure and replacement veins of barytes in limestone and dolomite are known in many 
places in Andhra Pradesh, where they occur  in Vempalle limestone ( Cuddapah age ) near their 
contact with basic sills or in the sills themselves.  It also occurs here as residual nodules, 
resulting from the decay of limestone.  Near Alwar,  Rajasthan, fissure veins of barytes are in 
Alwar quartzite of Delhi Formation (Caddaah age ), while at Arsomang, Kinnaur district, 
Himachal pradesh, they occur in quartzite-phyllite sequence of Tiwri formation ( Silurian-
ordovician ).

Barytes veins appear to have formed in various ways, some being of hydrothermal origin 
and others arising by leaching of  barium compounds from rocks containing these.  Bedded 
deposits  of barytes ( sedimentary origin ) are also known e.g. Mangampeta, Cuddapah district,  

Andhra pradesh, where it is associated with volcanic and volcanoclasts.
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The deposits of barium  mineral, barytes, are known in many states 
of India, e.g. Andhra pradesh, Bihar, Himachal pradesh, Karnataka,  
Madhya Pradesh, Maharashtra, Rajasthan, Tamilnadu, Uttar pradesh
and Weat Bengal.  State-wise distribution of the deposits are given 
below in the Table.

4
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STATE DISTRICT/AREA GEOLOGICAL DETAILS

Andhra pradesh Anantpur, cuddapah, khammam, krishna, 
kurnool , Nellore and prakasam districts, the 
important deposits being in pulivenda taluk of 
cuddapah district. Some important deposits 
are also in anantpur (Tadpatri taluk) and 
Kurnool (Dhone taluk) districts.

Vempalle limestone formation of  
Caddapah age contains barytes veins near 
contact with basic sills or in sills 
themselves. The basic sills are of the post
Cheyair age. The Mangampeta barytes
deposits of cuddapah district is a bedded 
deposit with a total reserves of over 20 
million tonnes of all grades.

Bihar Singhbhum (kolpetka, Dhanopal etc.) Ranchi 
( Tantisilwai, Bahea, etc.), palamau
(Singhitali, North of Bhawnathpur).

Barytes occurs in discontinuous lenticular 
patches within serichite-schist with 
probable reserves of 4100 tonnes at 
Kolpatka (singhbhum). In Tanti-silwai
area (Ranchi) barytes veins, a few cm in 
thickness, are found in a zone, 2.5 km * 
200m, In singhitali area palamau, thin 
veinlets of barytes associated with quartz-
veins in sillicified shale  and dolomitic  
limestone (lower vindhyan) and with 
probable reserved of 33 thousand  tonnes
up to 1.5m depth have been noted.
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Himachal
Pradesh

Sirmur, Kinnaur, 
Presently it is being mined 
in sirmur district (kanti
and Tatyana)

It occurs as concordant  
linear and disconected
patches within krol limestone 
at kanti and Tantya where a 
reserve of 15,000 tonnes have 
been estimated.  In kinnaur
district  (Arsomang), barytes
veins occur in quartzite-
phyllite sequence of Tiwri
formation (silurian-
ordovisian).

Karnataka chitradurga Not of much econamic
significance.
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Madhya pradesh Dhar, Dewas, Jabalpur 
and sidhi.

Barytes is produced only in Dewas and 
Dhar districts. The other occurrence 
do not seem to be of much economic 
significance.

Maharashtra Chandrapura (phutana and 
mahadwari)

Veins and lenses of barytes, varying in 
width from a few cm to 4 m and 
extending upto 140m in length, occure
within granite-gneiss of Archaean age.

Rajasthan Alwar, udaipur, jaipur,pali, 
sikar, chittaurgarh, 
Bhilwara and Bundi

The production comes mostly from 
Alwar and Udaipur districts. It occurs as 
veins in Alwar quartzite of Delhi 
formation (cuddapah).  In Umar area 
(chittaurgarh) barytes lenses, upto 100 m 
* 0.5-4m, occur in association with vein 
quartz in dolomitic marble of pre-
Aravalli age, while in Rawat Bhatta area 
it occurs as thin veins,stingers, vug
fillings and lamination in the shales of 
upper Vindhyan age.



8

Tamil Nadu Coimbatore (Kurichi), North  
Arcot (Alangayam), 
Ramanathpuram, S. Arcot, 
Tiruchirapalli.

Barytes occurs as veins and
lenses , associated with vein-
quartz, in pegmatites and 
gneisses.

Uttar Pradesh Dehradun, Garhwal and Kumaon Barytes is reported from the 
precambrian-lower palaeozoic
sequence in Tethyan zone of 
Garhwal and Kumaon.

West Bengal Purulia / Malthol-Belma-Raghudih
and Chas-road areas

Barytes occurs as narrow veins 
within mica-schist, enclosed by the 
granitic rocks.



All  India recoverable reserves of barytes as on 1.4.1990 are placed over 70 million 

tonnes. Reserves are located mostly in cuddapahh district of Andhra Pradesh.  The Mangampeta
barytes deposits ( Andhra Pradesh) alone accounts for a total recoverable reserves of 20 million 
tonnes of all grodes.

PRODUCTION  :

Andhra Pradesh continued to be the principal producer of barytes (over 95% ) of total 

production. The all-India production figures for 1989-90, 1990-91 and 1992-93 were about 645, 
509, 684 and 381 thousand tonnes, respectively.

9



RADIO-ACTIVE 

METALS

URANIUM AND THORIUM



INTRODUCTION

In this new era of  atomic energy for nuclear power 
generation,uranium and thorium constitute the potential atomic 
fuels.

Uranium was discovered in 1789 by klaproth in pitchblende ( 
chief  ore of  uranium) .

Thorium was discovered in 1828 by berzelius in thorite.



Both the metals are extremely gas and air 
sensitive and so their extraction has to be 
carried out under inactive gases, such as argon 
and helium.

pyrometallurgical reduction yields uranium 
in the form of  a regulus and thorium in the 
form of  a powder.



MINERALOGY
Uranium:

uranium is a radioactive element which breaks down at a steady 
rate and after passing through a number of  intermediate stage,it is 
finally changed into a form of  lead i,e.pb2 that is not radioactive. 

uranium metal is white and hard with a specific gravity of  18.68.



Chief  minerals of  uranium

pitchblende(uraninite).

torbernite (copper uranite or uran mica).

autunite (lime uranite) .

carnotite.

uraconite (zippeite).



Thorium :

Thorium metal is grey (nickel 
colour),heavy (sp.gr.11.3) hard to fuse and 
emits radiation.

Cheif  thorium minerals:

monazite , thorite, thorianite.



MODE OF OCCURRENCE 

AND ORIGIN

Uranium and thorium are widely disseminated in the 
earth’s crust,but rarely form big deposits.

According to rough estimates,the upper layer of  the 
earth’s crust contain 100,000,000 million tonnes of  uranium .

Being highly active chemically,uranium and thorium never 
occur in native form.



They appear as primary constitutent of  igneous 
rocks, granites and pegmatits,or in high 
temperature veins associated with tin,copper and 
lead minerals or accumulate in ores of  
hydrothermal deposits.

primary uranium and thorium minerals in vein 
and igneous rock masses are converted in the 
surface oxidation zone into secondary minerals.



which are easily soluble, and are carried by 

river into seas and lakes. These disseminate 

through the sedimentary rock deposited on 

the floor of  these seas and lakes or given 

favourable condition,begin to reconcentrate in 

bedded deposits.



DISTRIBUTION

uranium:

The uranium deposits of  india may be classified as :

* disseminated type,

* vein type, and

*  infillings in fault breccia.

They all occur in the dharwarian rocks and are generally 
genetically related to the post – dharwar and post- cuddapah granitic 
intrusion.



Geographically, uranium ores are known to 

occur in several localities along in singhbhum 

copper belt,the delhi formation(algonkian)at 

kho-dariba in alwar district and at khetri in 

jhunjhunu district of  Rajasthan. 

Uranium bearing mineral also occur in the 

pegmatits inthe mica belt of  Bihar. 



THORIUM:

Thorium along with uranium occurs 
in the cerium mineral,monazite,which is a 
constituent of  the heavy black sands on 
the sea coasts of  India, from the 
narmada estuary to cape camorin and 
from the latter locality to orissa coast.



USES

The disintegration of  uranium gives rise to 
radium(Ra) which is impartant in the treatment of  
cancer,in certain x-rays apparatus and for luminous 
paint.

The fission of  uranium nuclei releases 
tremendous amount of  energy. All atoms in a kilo 
of  uranium releases as much energy as that 
obtained by 2,500 tonnes of  coal.



The radioactive isotopes of  uranium and 

thorium  which are product  of  fission 

reactions are being used in research, 

industry, Agriculture and medicine.

Thank you.......



QUANTITATIVE METHODS-
MICROINDENTATION HARDNESS

• The hardness of an ore mineral can be estimated or measured in one of three
ways : (1) polishing hardness, (2) scratch hardness, or (3) microindentation
hardness.

• Polishing hardness, only enables the hardness of a phase to be estimated relative
to other phases in a polished section.

• Scratch hardness may also be qualitatively estimated by visual examination of the
relative intensity of surface scratches on a polished section.

• The Mohs scale of scratch hardness, universally employed in the study of minerals
in hand specimen, is a simple quantification of this property.

• Early attempts at measuring mineral hardness under the microscope involved
drawing a scribe across the surface while applying a known load.

• Such methods have been superseded by the more accurate techniques of
microindentation hardness measurement, in which a static indenter is lowered
onto the mineral surface under a known load and the size of the resulting
impression is determined.



• The measurement of hardness on the microscopic scale has
involved a variety of instruments and types of indenter.

• The most common indenters are
– the Vickers (a square-based pyramid)
– the Knoop (an elongated pyramid).

Most systematic studies of ore minerals employ Vickers micro
hardness determination, and this technique has been widely adopted
in ore microscopy.

It is important to note that, although the various types of hardness
(polishing, scratch, micro indentation) will produce very similar results
for a series of minerals, differences in relative hardness may be
observed on detailed examination, since the methods (and nature of
"deformation" involved) are not equivalent.



• VICKERS HARDNESS MEASUREMENT
• The measurement of Vickers hardness provides a

Vickers hardness number (VHN) for a material.
• The hardness number is defined as the ratio of

the load applied to the indenter (gram or
kilogram force) divided by the contact area of the
impression (square millimeters).

• The Vickers indenter is a square-based diamond
pyramid with a 130° included angle between
opposite faces, so that a perfect indentation is
seen as a square with equal diagonals (although it
is actually a pyramidal hole of maximum depth
one-seventh the diagonal length).



The area of the Vickers indentation can be expressed in
terms of the length of the diagonal d (in µm) as



• Microindentation hardness testers normally employ loads of 100-200 gf,
which result in indentations of diagonal lengths approximately 5-100 µm,
commonly a few tens of microns in diameter.

• The load employed in a VHN determination must be stated, since values
obtained are dependent on load.

• A number of workers have compared the scale of VHN values with the
more familiar Moh’s scale.

• Figure 6.1 suggest that an approximately linear relationship is found when
log Moh’s is plotted against log VHN.

• A relationship is expressed by the equation

log VHN = 2.5 log Mohs + 1.00





• A variety of instruments for measuring Vickers hardness are
commercially available; some are marketed as complete
instruments, and others are designed as attachments to a
standard ore microscope.

• In all instances, a reflected-light microscope forms the basis
of the instrument; with a permanent or a detachable
indenter head that can be rotated into position in place of a
normal objective.

• The second major addition is a micrometer eyepiece that
enables the indentation diagonals to be accurately
measured.

• The load may be applied directly when a plunger is
depressed to allow the indenter to descend onto the
sample surface, or it may be applied pneumatically via an
air line by depressing a lever on an impeller drum.



• The typical sequence of operations in a single
hardness determination with the Leitz instrument
would be as follows:

• 1. Selection of a suitable grain or area for
measurement (of sufficient size and free of cracks
or flaws), using a low-power objective (on the
surface of a leveled polished section)

• 2. Selection of a high-power (X 40) objective,
focusing, and checking that the area is free from
flaws

• 3. Rotation of indenter nosepiece into position



• 4. Selection of a suitable load (commonly 100g,
although a range of loads from 10 to 200 g is
available for softer or harder materials)

• 5. Pressing of cable release (or equivalent) to
initiate indenting process, after a set time (say, 15
sec) pressing again to withdraw the indenter

• 6. Examination of indentation under high-power
objective

• 7. Measurement of the length of each diagonal
using the micrometer eyepiece, when the
indentation has been suitably positioned



• The data on diagonal lengths (averaged for each
indentation) can be used in equation to calculate the
VHN, although tables are normally provided by
manufacturers for direct conversion of diagonal
measurements to VHN values.

• An experienced operator can obtain satisfactory results
from a couple of indentations on each of three or four
grains, except when a wide range of hardness is
exhibited by the material.

• VHN values have been obtained for most ore minerals,
and the accepted standard values have been published
by the Commission on Ore Mineralogy (COM) in the
IMNCOM Data File (Refer appendix for VHN values)



• SHAPES OF HARDNESS MICROINDENTATIONS

• A perfectly square, clear indentation very rarely results from
hardness testing of minerals.

• The shape of the impression and any fracturing characteristics that
may result from indentation can provide useful additional
information regarding the identity (and sometimes orientation) of
minerals.

• Young and Millman (1964) have examined the shape and fracture
characteristics of indentations in a large number of ore minerals.
These authors have noted that the shape characteristics consist of
combinations of four distinct indentation types:

• (I) straight edge, (2) concave edge, (3) convex edge, and (4)
sigmoidal edge (Figure 6.2).

• The extent to which curvature is developed in these indentations
without straight edges can also be classified as weak or strong.





• Fracturing or deformation may also occur during indentation,
particularly if the mineral has a distinct cleavage or fracture.

• Again, Young and Millman (1964) have classified the types
observed:

• (1) star radial fractures, (2) side radial fractures , (3) cleavage
fractures , (4) parting fractures, (5) simple shell fractures , (6)
cleavage shell fractures , and (7) concentric shell fractures.

• The various shape, deformation and fracture characteristics of
indentations are illustrated in Figure 6.2.

• The shapes and fracture characteristics of minerals may vary with
orientation of the grain, particularly in such materials as covellite or
molybdenite, which have highly anisotropic structures.



• FACTORS AFFECTING MICROINDENTATION HARDNESS VALUES OF 
MINERALS

• 1. Variation with Load
• The actual VHN value determined for a mineral is not independent

of the load used in measurement; generally, an increase in hardness
is shown with a decrease in the applied load.

• For this reason, measurements are often made at a standard load
of 100gf,although Young and Millman (1964) have pointed out the
advantages of using a series of standard loads (15, 25, 50, and 100
gf), depending on the hardness of the mineral under examination.

• These authors undertook a systematic study of hardness variation
with load in a variety of minerals and found , for example, that a
mean percentage increase in VHN in going from 100 gf load to 15 gf
is ~24% for a mineral in the 600-1,200 kg/mmhardness range and ~
12%fora mineral in the 60-120 kg/rnm-hardness range.

• They also examined the effects of both load and orientation on the
VHN values of galena.



• One source of this load dependence of hardness
is the deformation of the surface layer of a
mineral during polishing. The hard layer(~10-20
µm thick) produced by some polishing methods
may become important when small loads are
used but should have less influence at loads of
100 gf, as shown by tests using different polishing
techniques (Bowie and Taylor, 1958).

• The load dependence may also be related to the
actual mechanism of deformation during
indentation or may even originate from
instrumental effects (Bowie and Simpson, 1977).



• 2. Variation with Mineral Texture
• Ideally, relatively large and well-crystallized grains are

required for hardness determination.
• When masses of microcrystalline or crypto crystalline

material are measured, the hardness may be markedly
lower (e.g. , microcrystalline hematite and goethite
give VHN values ~70% of values for coarse crystals).

• On single grains, excessive fracturing normally occurs
and values are unreliable if the indentation diagonal
exceeds one-third the grain size.

• In practice, the minimum grain size is ~ 100 µm,
although use of smaller loads may make it possible to
obtain results on smaller grains.



• 3. Variation with Mineral Orientation
• Most minerals show some degree of hardness

anisotropy, and this effect may be considerable in
fibrous, layered, or prismatic phases [e.g., molybdenite
VHN (0001) 33-74, VHN (1010) 4-10 at 100 gf load].

• The measurements of Young and Millman (1964)
involved determinations on oriented sections of 50
minerals and demonstrated that most minerals give
different hardness values on different crystal faces and
different indenter orientations on the same face.

• Indentation shape and fracture characteristics often
also exhibit variations with crystal orientation.



• An interesting aspect of hardness anisotropy is that it is
not limited to non isometric minerals; cubic minerals,
such as galena, sphalerite, and native copper, show
considerable hardness anisotropy.

• In the case of galena, a detailed interpretation of the
variation of hardness with orientation has been
presented based on the attitudes of various glide
planes in the structure.

• The relationship between hardness values for various
faces was determined to be VHN (001) » VHN (110)
>VHN (111).



• 4. Variation with Mineral Composition

• In some cases , hardness variation can be directly linked to variations in structure
and bonding in the series.

• For example, in the series galena (PbS)-clausthalite (PbSe)-altaite (PbTe) , which all
have the halite-type structure, decreasing VHN (at 100 gf) follows roughly the
increasing unit cell parameters (PbS, VHN 57-86, a, = 5.94A;PbSe VHN 46-72, a, =
6.45A;PbTe VHN 34-38, a, = 6.45A) .

• In the series of isostructural disulfides, hauerite (MnS2) -pyrite (FeS2)-cattierite
(CoS2)-vaesite (NiS2) hardness variations can be correlated not only with unit cell
parameter but also with the electron occupancy of certain orbitals associated with
the metals.

• These variations in the electronic structures of the disulfides also explain
differences in metalsulfur bond strengths, which, like the hardness values,
decrease in the sequence FeS2 > CoS2 > NiS2.

• An intimate relationship clearly exists between hardness, bond strength, and the
nature of bonding in minerals, but its precise formulation is complex.



• Several authors have studied the variation of 
the hardness of sphalerite (Zn,Fe)S with iron 
content. All of these studies show a sharp 
increase in hardness on substitution of small 
amounts of iron (< 2wt %),and most studies 
show a subsequent decrease with further iron 
substitution. 



• 5. Variation with Mechanical and Thermal History

• The presence of structural imperfections in crystalline materials has
a very marked influence on hardness properties.

• Defects, particularly the linear regions of mismatching of the crystal
lattice known as dislocations are introduced by mechanical
deformation (a process known as work hardening).

• This means that the cutting, grinding, and polishing of specimen
preparation can increase hardness values by 5-30%, compared to
the values for untreated crystal or cleavage faces of some materials.

• Since most laboratories use both comparable and consistent
methods of specimen preparation, the consequences generally do
not seriously impair the use of the technique in mineral
identification.



• CONCLUDING REMARKS
• The measurement of Vickers hardness

provides an established and tested method for
quantitative determination of the hardness of
minerals in polished section.

• This has been widely used as an aid to mineral
identification, although in many laboratories
hardness determination is now used only
when optical methods fail to provide
conclusive identification.
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Study of Ore Minerals in Reflected Light 

 

The Ore Microscope 

The basic instrument for petrographic examination of „ore‟ minerals or „opaque‟ minerals is 

the ore microscope, which is similar to a conventional petrographic microscope in the system 

of lenses, polarizer, analyzer and various diaphragms.  An ore microscope however, differs 

from a petrographic one in that it has an incident light source rather than a substage 

transmitting one, which allows examination of polished surfaces of opaque minerals under 

reflected light. 

Components of the Ore Microscope: Though there are numerous models of ore 

microscopes, there are certain basic elements common to all.  These are: 

1. The frame or stand which carries the other components. 

2. A circular stage, graduated in degrees, that can be rotated through 360
o
, attached to the 

frame.  This is usually equipped with a rack-and-pinion movement permitting it to be 

moved up and down for focusing the specimen, and sometimes a mechanical stage 

equipped with X and Y movement for systematic examination and point counting of 

grains in the specimen. 

3. Objective lenses which are interchangeable and may be classed in terms of type 

(achromat, apochromat or fluorite). Their magnification, numerical aperture, and whether 

they are for oil immersion or air usage is indicated. 

4. The occular serves to enlarge the primary image formed by the objective and render it 

visible to the eye.  Occulars commonly contain cross hairs, a micrometer or a grid with a 

fixed rectangular pattern used for measuring particle sizes. 

5. The standard illuminating system consists of two lenses, two or three diaphragms, a 

polarizer and an incandescent lamp of 6-12 V and 15-100 W, or an LED.  The illuminator 

aperture diaphragm restricts the field of view and stray scattered light.  The illuminator 

field diaphragm controls the angle of the cone of light incident on the specimen and 

should be set to just enclose the field of view (this restricts the light to the most parallel 

rays, minimizes elliptical polarization and maximizes contrast).  In many microscopes a 

third diaphragm helps sharpen the image. 

6. The reflector is a means by which light is brought vertically onto the polished surface.  

Reflectors are of two types: the glass plate reflector (a partial mirror) and the half-field 

prism (see figure 1).  Both types have their advantages and disadvantages.  Many 

microscopes have both types mounted on a horizontal slide so that either may be used. 

7. The polarizer is usually positioned within the illuminating system between the lamp and 

the collector lens but may also be located between the diaphragms.  It is usually a calcite 

prism or a polaroid plate that renders light linearly polarized in a N-S orientation.  The 

analyzer is a device similar to a polarizer but is positioned between the objective and 

occular with its vibration directions perpendicular to those of the polarizer. 
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Figure 1: Schematic diagram through an ore microscope illustrating essential components and the path 

of light through the system involving (a) the whole field glass-plate reflector and (b) the half-prism 

reflector. 

 

Accessories of the Ore Microscope: 

Monochromators: The visible range of light lies between 400 to 700 nm, whereas the 

operable range of most microscopes extends several hundred nm above and below this range.  

Since the optical properties of minerals vary as a function of wavelength, it is sometimes 

necessary to provide light of a particular wavelength.  This is commonly achieved by the use 

of: 

a) Fixed monochromatic interference filters which consist of a glass plate on which 

alternating layers of low reflecting transparent diaelectric substances and higher reflecting 

semitransparent metal films or diaelectrics of high R.I. are deposited.  Light passing 

through these filters is not truly monochromatic but lies within a narrow band, usually 

less than 15 nm. 

b) Continuous-spectrum monochromators are interference filters for which the wavelength 

of transmitted light varies continuously along the filter.  A window, the width of which 

may be varied to control the passband width, may be slid along the monochromator to 

whatever wavelength is desired, thus providing monochromatic light over the entire 

visible range and even beyond. 

Photometers: These are used to measure the reflectance of minerals.  Most of them consist 

of a photomultiplier tube that has a high sensitivity throughout the visible spectrum.  

Photometers must be used in conjunction with stabilized light sources, high quality 

monochromators, and reflectance standards. 
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Adjustment of the Microscope 

For accurate observation of optical properties, a proper adjustment of various elements of the 

microscope is extremely important.  Although most adjustments are done at the factory, 

certain others must be made by the ore microscopist. 

1. Place a polished section on the stage and centre the objective / stage properly. 

2. Replace the occular with a pinhole eyepiece and close down the aperture diaphragm until 

its image is a small circle of light.  Rotate the reflector until the image of the aperture 

diaphragm is at the centre of the field. 

3. Rotate the stage.  If the image does not move, the polished section is level.  If the image 

moves, the section should be leveled before proceeding. 

4. Centre the light source.  Attach a low power objective to the microscope, throw out the 

analyzer and remove the occular.  The field of view should be evenly and brilliantly 

illuminated.  If peripheral shadows appear, the light source is off centre and must be 

adjusted by means of the centring screws. 

5. Check the orientation of the axis of the reflecting device.  Focus with a low power 

objective on a leveled polished surface.  Close down the iris diaphragm until brilliant 

illumination of the field is restricted to the smallest possible bright spot.  Now rotate the 

reflector on its axis.  The bright spot should move across the field in a path precisely 

parallel to the N-S cross-hair of the occular.  If the path is at an angle, the axis of the 

reflector is not horizontal and needs correction. 
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Optical Properties of Ore Minerals in Polished Sections 

The optical properties of ore minerals determinable under the microscope fall under two 

categories: 

1. Properties observed in plane polarized light (without analyzer):  These include color, 

reflectivity, bireflectance (= absorption, pleochroism or reflection pleochroism). 

2. Properties observed between crossed nicols:  These include isotropism vs. anisotropism, 

polarization colors and internal reflections.  Besides these, other rotation properties viz., 

polarization figures and phase differences may be determined. 

Color: Most ore minerals have colors ranging from pure white to gray, and only a few have 

definite tints of the spectral colors.  The human eye has a poor memory for colors but at the 

same time it has a marvelous sensitivity to very slight differences in hue or brightness of 

adjacent objects.  The apparent color of a mineral as seen under the microscope depends upon 

a number of factors, and as such is of limited diagnostic value by itself.  Factors affecting the 

apparent color of a mineral are: 

a) Perceptions. 

b) Color of surrounding minerals. 

c) Type of illumination. 

d) Tarnishing and incorrect polishing. 

e) Index of refraction of the immersion medium. 

 

 

 

 

 

 

Reflectivity: is the ratio of the intensity of light reflected by a mineral to the intensity of light 

incident upon it, expressed in per cent (R or R%).  Reflectance of minerals varies as a 

function of the following: 

a) Crystallographic orientation of the polished surface relative to the vibration directions 

of linearly polarized incident light. 

b) Wavelength of light. 

c) Angle of incidence. 

d) Degree of polish. 

Quantitative reflectance measurements are done with various types of photometers, but rough 

visual estimates may be made and minerals in a section may be arranged in an order of 

increasing or decreasing reflectance.  Eg. Quartz (5%), magnetite (20%), galena (43%), pyrite 

(55%). 

Bireflectance: Most minerals of the non isometric groups show changes in reflectance or 

color (or tint) or both, when sections of certain orientations are rotated under plane polarized 

light.  These properties are collectively termed bireflectance.  In some literature, bireflectance 

refers only to change in reflectivity and reflection pleochroism is the term used to describe a 

change in color.  All sections of the cubic minerals and basal sections of the hexagonal and 

tetragonal crystals do not exhibit these properties.  In addition to noting this property it is 

TO OBSERVE COLOR 

 IFD (Illuminator 
 
Field Diaphragm)  and IAD (Illuminator Aperture 

Diaphragm) opened wide 

 Low power objective 

 High voltage for light of good intensity 

 Polarizer inserted, Analyzer withdrawn 
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usual to note the intensity (e.g. very strong, strong, moderate, weak, very weak) with which 

these properties are exhibited.  The following are some examples of bireflecting minerals: 

Strong - graphite, molybdenite, covellite, stibnite, valleriite. 

Moderate - marcasite, hematite, niccolite, cubanite, pyrrhotite. 

Weak - ilmenite, enargite, arsenopyrite. 

Weak or very weak bireflectance in minerals may be identified by closely observing 

adjacent grains. 

 

 

 

 

 

 

Anisotropism: Polished sections of non-isotropic minerals, when rotated through 360
o
 under 

„crossed‟ nicols, will show either a) complete darkness, or b) faint illumination with no 

change in intensity or color of illumination.  Such minerals are termed isotropic.  Minerals 

crystallizing in the non-isometric systems will show a change in the intensity of illumination 

or color of illumination (or both) in white light.  Such minerals are termed anisotropic.  

Sections of certain special orientations of anisotropic minerals (e.g. the basal sections of 

hexagonal and tetragonal crystals) may be isotropic.  As with pleochroism, the anisotropy can 

range from a maximum to zero depending upon the orientation of the section, and therefore 

the terms very weak, weak, moderate, strong and very strong are used to describe it.  

Anisotropy is best observed under intense illumination using a plane glass reflector and a low 

power occular.  In cases of weak anisotropy, the effects may be detectable only when a 

number of adjacent grains of a mineral are minutely examined while rotating the stage.  

Observation of anisotropy may be more easily accomplished by either a) throwing the 

analyzer slightly off from the precise crossed position, or b) leaving the stage stationary and 

slowly rotating the analyzer 5-10
o
 back and forth through its crossed position. 

NOTE: Fine parallel scratches of improper polishing or careless buffing 

can produce effects similar to pleochroism and anisotropy  

Polarization colors: The change in color of a mineral during rotation under crossed nicols 

produces a beautiful effect.  These are the polarization colors.  The polarization colors of 

certain minerals are highly characteristic and extremely useful in identification.  However 

they are used less than they deserve to be for several reasons: 

a) The colors are constant only if the nicols are precisely crossed, which is rarely the case. 

b) Polarization colors appear different to different observers, hence the difficulty in applying 

precise color terms. 

c) The intensity and hue of polarization colors varies from microscope to microscope. 

d) Constant illumination is necessary for consistent results. 

 

 

TO OBSERVE BIREFLECTANCE 

 IFD and IAD opened wide 

 Polarizer inserted, analyzer withdrawn 

 Low power objective 

 High voltage 
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Internal Reflections: Translucent minerals, when observed under reflected light, allow light 

to penetrate beneath the surface and be reflected back to the observer from cracks, crystal 

boundaries, cleavages and other flaws within the crystal.  Such light will appear as diffuse 

areas or patches known as internal reflections.  Although visible in plane polarized light, 

internal reflections are best seen under crossed nicols and intense illumination using oil 

immersion and high power magnification.  They are best seen at the edges of grains or in fine 

grains.  It is important to note that many grains of a mineral that could show internal 

reflections may not exhibit them.  Both the occurrence and colors of internal reflections are of 

diagnostic value.  The following are some examples: 

Sphalerite Yellow to brown (sometimes red to green) 

Cinnabar  Blood red 

Proustite-pyrargyrite Ruby red 

Rutile Clear yellow to deep red-brown 

Anatase Blue 

Azurite Blue 

Malachite Green 

Cassiterite Yellow brown to yellow 

Hematite Blood red 

Wolframite Deep brown 

Chromite Very deep brown 

 

TO OBSERVE ANISOTROPY/POLARIZATION COLORS 

 Polarizer and analyzer inserted 

 Intense illumination 

 Low power objective (10X) 

 IFS may be closed down to cut out periphery of field 

TO OBSERVE INTERNAL REFLECTIONS 

 IAD opened 

 IFD opened or closed down 

 Nicols crossed 40X or 10X objective 

 Cedar oil immersion (R.I. = 1.515) strongly 

recommended for use with 100X objective 

 Large grains generally show internal reflections best 
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Physical Properties of Ore Minerals in Polished Sections 

The physical properties of ore minerals observed in polished sections are of great assistance 

in mineral identification, and hence their study is routine in ore microscopy.  The most useful 

and easily observable physical properties are crystal form and habit, cleavage and parting, 

twinning, zoning, inclusions and intergrowths and hardness. 

Crystal Form and Habit: Some ore minerals, particularly the harder ones viz., pyrite, 

hematite, wolframite, arsenopyrite, cobaltite and magnetite have a remarkable power of 

crystallization and develop well formed crystals even under adverse conditions.  The softer 

minerals, e.g.  chalcopyrite, galena, tetrahedrite and pyrargyrite have somewhat lower powers 

of crystallization and form crystals only in open spaces.  Since a polished surface shows two 

dimensional sections rather than whole crystals, the shape as seen in a polished section 

depends upon the manner the crystal is intersected by the polished surface.  Thus cubes 

appear rectangular or triangular of various shapes; hexagonal prisms appear hexagonal or 

rectangular, etc., so that the crystal form must be mentally reconstructed from observations of 

a number of crystals of a particular mineral. 

Terms used in mineralogy e.g. cubic, octahedral, acicular, radiating, columnar, bladed, 

tabular, foliate, micaceous, concentric, colloform, prismatic, fibrous, etc.  are appropriate for 

describing crystal form and habit as seen in polished sections. 

Zoning: Many ore minerals exhibit zonal growth in the form of concentrically shelled 

structure indicating deposition in successive layers around a nucleus.  The shells may be few 

or many and thin or thick.  Zoning is sometimes visible in ordinary light due to color 

contrasts, physical discontinuities or zonally arranged inclusions.  In other cases zoning is 

visible only in crossed nicols or after etching with an appropriate chemical.  Zoning in 

minerals is due to either of the following reasons: 

a) Pauses in deposition 

b) changes in the rate of growth 

c) Simultaneous crystallization of more than one mineral at certain stage / stages. 

d) Variation in the composition of successively deposited layers. 

Galena, sphalerite, pyrite, stibnite, cobaltite, safflorite and arsenopyrite are some of the many 

minerals that show zonal structure. 

Cleavage and Parting: In polished surfaces the cleavages of minerals are not as well 

developed as in thin sections.  Cleavage or parting is evident in the form of one or more sets 

of parallel, distinct or indistinct cracks.  Minerals may exhibit one to three sets of cleavages 

depending upon the number of sets present and the orientation of the polished surface with 

respect to these.  The presence of three or more sets of cleavages may give rise to triangular 

pits usually arranged in rows parallel to one set.  Such pits are characteristic of galena, and 

may also be present in magnetite, pentlandite, gersdorffite, etc.  A prismatic cleavage gives 

rise to diamond-shaped, triangular or rectangular patterns; a pinacoidal cleavage gives rise to 

a set of parallel cracks. 

Cleavage of a mineral may not be evident in a well polished surface, or in minerals occurring 

in fine grained aggregates.  It is likely to be more evident in slightly weathered ores, during 

the earlier stages of polishing, at the margins of grains, or after etching. 

Twinning: Three major types of twinning may be observed in ore minerals seen in polished 

sections - growth, inversion and deformation.  Twinning is best seen in anisotropic minerals 
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under crossed polars.  In isotropic minerals it is generally not visible unless the surface is 

etched.  It is sometimes evident from abrupt changes in the orientation of cleavages or of 

rows of inclusions.  The crystallographic planes involved in twinning are usually not 

determinable in polished sections. 

Nevertheless, the twin patterns in some minerals are quite characteristic e.g.  “arrowhead” 

twins (growth) in marcasite, lamellar twins (deformation) in hematite and chalcopyrite and 

“oleander leaf” twins (inversion) in chalcopyrite, stannite and acanthite. 

Inclusions and Intergrowths: Inclusions of one or more minerals in another is a very 

common feature of ores.  The characteristics of inclusions depends to some extent on the 

mode of formation of the guest and the host.  They may have either of the following modes of 

formation: 

a) Grains of a mineral accidently included during growth of the host. 

b) Remnants of a pre-existing mineral that was replaced by the host. 

c) Result from simultaneous deposition of a mineral with the host. 

d) Products of breakdown (exsolution) of a solid solution into two components. 

In so far as the mode of occurrence is concerned, inclusions may: 

a) Occur singly or in groups 

b) Be regular (signifying a control of crystallographic planes of the host over the guest) 

or highly irregular in shape. 

c) Be large or very minute (submicroscopic). 

d) Be evenly distributed through the host (signifying control of crystallographic planes 

of guest on the growth of host) or unevenly distributed. 

e) Being abundant in certain bands, signifying a zonal growth structure of the host. 

Intergrowths refer to simultaneous deposition of one mineral with another.  The term also 

covers graphic and subgraphic arrangements of two minerals, or exsolutions in which the two 

minerals are intimately associated and neither can be said to be the host.  A knowledge of 

inclusions is useful in deciphering the paragenetic sequence while that of intergrowths in 

identification since the number of mineral combinations which may occur as intergrowths is 

limited.  This is particularly true of exsolution intergrowths. 

Hardness: The term hardness as used in ore microscopy refers to a number of phenomenon.  

Three types of hardnesses are particularly important – polishing, scratch and 

microindentation.  It is important to note that these three forms are not entirely equivalent, 

being the response to different kinds of deformation or abrasion.  Only the polishing hardness 

shall be discussed here. 

Polishing hardness is the resistance of a particular mineral to abrasion during the polishing 

process.  The fact that hard minerals are worn away more slowly than soft minerals means 

that they may stand slightly above the surface of softer grains giving rise to an effect called 

"polishing relief". 

Polishing hardness can be examined under a standard ore microscope by comparing the 

relative hardness (i.e. relief) of adjacent phases and can be very helpful in mineral 

identification.  The determination involves a simple test using the Kalb light line, a 

phenomenon analogus to the Becke line used in transmitted light (see figure 2).   
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Figure 2: Formation of the Kalb line at the junction of a hard mineral 

(M1) and a soft mineral (M2). 

 

The procedure is as follows: 

a) Focus on a clear boundary between two mineral grains. 

b) Close the aperture diaphragm partly. 

c) Raise the microscope tube slowly (or lower the stage in microscopes where focusing 

is dome by moving the stage) so that the sample begins to go out of focus as the 

distance between the sample and objective is increased. 

d) Observe the “line” of light which will move from the boundary towards the softer 

mineral, provided there is appreciable relief. 

Usually the polishing hardness of an unknown mineral is compared to one or several known 

minerals.  This permits the mineral to be arranged in a sequence of increasing or decreasing 

polishing hardness with other known minerals, and can be of great assistance in mineral 

identification. 

 TO OBSERVE THE KALB LINE 

 Moderate illumination  

 IFD opened wide IAD closed  

 10 X or 40 X objective used 

 Polarizer inserted, analyzer withdrawn 
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Application of Geology in Engineering Projects

Geology is a branch of science which encompasses knowledge of earth

pertaining to its origin, history and processes which are reshaping its

landforms in time. To understand the role of geology in engineering projects,

a separate branch of geology; engineering geology has evolved considerably

in the last decades. Engineering geology is an applied component of geology,

which deals with strength and mechanical behavior of rocks and soils. This

applied knowledge of geology helps in locating the feasible site for natural

hazard management, environmental protection management, mining, power

plant, dam, tunnels, highways, railways, bridges, multi-story buildings etc.



The application of geology in various engineering projects is

described distinctly for each following project;

• Tunnel

• Dam

• Highway, Railways & Bridges

• Building

• Waste Disposal



Tunnel 

Geological and Geotechnical investigations are cost & time controlling 

parameters in tunnel projects. Such investigations help to minimize the level 

of uncertainty, which is encountered during tunnel excavation. There are 

various geological considerations in a tunnel designing stage, which are as 

follows; 

a) Strength and mechanical behavior of rock 

b) Structures in rockmass 

c) Groundwater condition 

d) Gases in rock 

Strength & Mechanical Behavior of rock 

To determine the strength (compressive, tensile and shear) & behavioral 

parameters (modulus, permeability, Poisson ratio), Geotechnical testing are 

performed on rock samples, collected through bore holes.



Structures in rockmass

Structures (fold, fault, joint & fracture) are considered as one of the most uncertain

parameters in tunnel designing. The outcome of the Geophysical surveys and bore

holes are used to reconstruct the subsurface stratum environment having

discontinuities.

Groundwater condition

During the site investigation stage, finding out groundwater occurrence,

composition, and temperature and distribution pattern is as difficult as structural

uncertainty. It is done to mitigate any possibility of groundwater flooding &

associated risk during tunnel excavation.

Gases in rock

Various gases like CH4 & CO2 (by-product of organic decomposition) and SO2

(by oxidation of sulphide minerals) remain trapped in the rocks for a long time and

get free during tunnel excavation. This exposure of gases becomes poisonous (in

case of SO2 & H2S) and prone to fire (in case of CH4) for tunnel workers. Thus,

pre excavation geological investigation is necessary in tunnel excavation.



Dam

For structures like dams, geological knowledge is an essential component in

designing as well as in construction stage. In designing stage, site selection process

requires comprehensive understanding of the geology of the area in terms of

lithology & structure. Geological and Geotechnical investigation of the proposed

site is conducted to assess the viability of the project site. Geological investigation

involves lithological and structural mapping of the proposed area in which type of

rock, fault, fold and joints are mapped at large scale. In Geotechnical investigation,

engineering geological properties of rock and soil are determined for strength

(compressive, tensile and shear) and behavioural (modulus, porosity, permeability)

analyses.

For construction stage, in case of rock fill or earth dam, durability, impervious

nature and strength of the rocks are determined by Geotechnical analyses. Thus,

geology acts an important factor in dam project.



Buildings

In building projects, factors like strength of the subsurface strata (rock/soil) and

groundwater availability are considered feasible parameters in designing stage.

These factors require regional as well as localized geological knowledge. Strength

of the subsurface strata is represented by bearing capacity while for groundwater

availability, geophysical survey and boring is done.

Highway, Railway and Bridge

For the highway, railway projects and bridges, bearing capacity of the subsurface

strata is considered as an important parameter. However, bearing capacity is not

required as high as for buildings. Subsurface pattern of the strata & groundwater

availability is also found by geophysical survey to avoid any possibility of

subsidence. For Bridges, pillars & abutments require specific bearing capacity,

durable site and hence Geotechnical investigation is carried out cautiously to

achieve these conditions.



Rocks can be classified in to two major divisions regarding engineering

constructions.

•Rocks as materials for construction

•Rocks as a site of construction

Rocks as materials for construction can further sub divided into two – building

materials and road materials.

Building stones –

•Strength characteristics – compressive strength, transverse strength, porosity,

density, abrasive resistance, frost and fire resistance etc.,

•Geological characters – mineralogical composition, texture and structure,

resistance to weathering(durability) etc.,

•General characters – cost, colour etc.,



Road materials – hardness, toughness, binding properties, crushing strength,

hydrophobic property etc.,

Rocks as a site for construction:-

•Uniaxial compressive strength

•Tensile strength

•Shear strength

•Modulus of Elasticity

•Triaxial strength



Physical properties of rocks:

In most of the engineering applications, rocks are used as building stones. A

building stone may be defined as a rock that can be safely used as a rough unit or

as a properly cut and shaped (dressed) block or slab or column or sheet in different

situation in an engineering construction. The following physical properties are

considered to be important for a rock to be used as a building material.

Crushing Strength

It is also termed as compressive strength of a stone. It may be defined as maximum

force expressed per unit area which a stone can withstand. Any force beyond the

compression strength will cause a failure of the stone. Mathematically, compressive

strength is expressed by simpler method as follows

P

Co = -----

A

Where Co =Compressive strength, P= Load at failure, A = Area of cross section of

stone under P

.



The determination of compressive strength of a building stone involves

making standard test specimens (which are either cubes of 5cm side or

cylinders of length: diameter ratio of 2 or 2.5). These specimens are then

loaded gradually one at a time after placing on the base plate of a universal

testing machine, till the first crack appears in the specimen. Any further

loading will crush the specimen. The compressive strength determined in

this way using the above relationship is called “unconfined or universal

compressive strength”. Because the test specimen has no lateral support or

restraint.

When the compressive strength is tested by a method providing a lateral

support , as by keeping the specimen in a special cell filled with a liquid

under pressure. The value obtained, then it is called as confined or triaxial

compressive strength



The crushing strength of a rock depends on a number of factors, such as its

i. Mode of formation

ii. Composition

iii. Texture and structure

iv. Moisture content and

v .extent of weathering it has already suffered

Igneous rocks are crystalline rocks. They are compact and characterized by

interlocking in texture and uniform in structure. These rocks possess very high

crushing strengths compared to sedimentary and metamorphic rocks. In the

sedimentary and metamorphic rocks, the presence of planes of weakness along

bedding planes, foliation and schistosity and cleavage, greatly affects the

compressive strength, both in direction and magnitude.

The sand stone may show a very low crushing strength when loaded parallel to

bedding planes than when loaded perpendicular to the same structure. Except

for sandstone, quartzite and most other sedimentary and metamorphic rocks are

composed of clays, calcareous and hydrated silicate minerals which are

inherently weak is strength.



COMPRESSION

Crushing strengths of common types of building stones are generally higher

than the loads that they are supposed to withstand, in ordinary type of building

constructions.

The compressive strengths of some rocks and their range are as follows. They

are expressed in Kg/cm2. Dolerite=1500-3500, Basalt= 1500-3500,

Quartzite=1500-300, Granite= 1000-2500, Marbles=700-2000, Gneisses=500-

2500, Sand Stone= 200-2500, Limestone= 200-2000.

During the last few years thousands of tests have been made to classify the rocks

on the basis of uniaxial compressive strength in to grades. The following

classification proposed by Deere and Miller has been found usefull.

Class Description Uniaxial compressive strength(Kg/cm2

A Very high strength More than 2240

B High strength 1120—2240

C Medium strength 500—1120

D Low strength 200—500

E Very low strength less than 200



Uniaxial unconfined 
compressive strength  ( 
UCS)

Triaxial compressive 
strength

Compressive



Transverse strength:

It is defined as the capacity of the stones to withstand bending loads. Such

loads are only rarely involved in situations where stones are commonly used.

But when a stone is intended for use as a beam or a lintel, its transverse strength

is determined as modulus of rupture using the following relationship.

R=3Wl / 2bd²

R = Modulus of rupture; W = weight at which sample breaks; l= length of the

specimen; b = width of specimen; d = thickness of the specimen.

This property is determined practically by loading transversely a bar shaped test

specimen generally of 20cmsx8cmx8cm dimension and is supported at ends

from below.

It has been found that in stone, the transverse strength is generally 1/20th to

1/10th of their compressive strengths.



Shear Strength :

Shear strength is the resistance offered by a stone to shear stresses, which

tends to move one part of a specimen with respect to the other. It is obtained

by using the relationship. Shear strength of a stone is also not commonly

determined except when the stone is to be used as a column

S=P / 2A

Where P = load at failure; A = area of cross section of the specimen.

It has been observed that shear strength of most common building stones

ranges from 70 to 140 kg/cm2.

In laboratory testing, a bar shaped specimen is held with grip and is

supported at ends below, is loaded from above. Rupture occurs when the

shear strength is exceeded.



Tensile Strength:

Tensile strength of a rock is related to its ability to withstand breakage. It happens

after some level. That level is its strength. It may be determined directly or

indirectly. The tensile (pulling) strength that has to be applied to a material to

break it. It is measured as a force per unit area. The direct method would require

elaborate means to avoid bending while applying tensile forces by gripping the

specimens at the ends. Since tensile stresses are seldom required accurately, an

indirect method is commonly applied.

The indirect method is called the Brazilian test. It consists of loading a test

cylinder diametrically in such a way that the applied loads would develop tensile

rupturing along the diametrical plane of the specimen.

Loads are gradually increased till the cylinder fractures. The load P, at rupture

being thus known. Transverse strength Ts is calculated by using the formula

Ts = 2P / µDL

D = diameter of the specimen; L = length of the specimen



Strength tests

CompressiveTensileShear

Uniaxial unconfined 
compressive strength  ( 
UCS)

Triaxial compressive 
strength



Porosity :

The shape, size and nature of packing of the grains of a rock give rise to the

property of porosity or development of pore spaces within a rock. Numerically

it is expressed as the ratio between the total volume of pore spaces and the total

volume of the rock sample. Porosity is commonly given in percentage terms.

Presence of interlocking crystals, angular grains of various sizes and abundant

cementing materials are responsible for low porosity of stones.

Conversely the rock will be highly porous it composed of spherical or rounded

grains, (sandstone) or if the cementing material is distributed unevenly or is of

poor character.

Porosity is an important engineering property of rocks. It accounts for the fluid

absorption value of the stones in most cases and also that a higher porosity

signifies a lesser density which generally means a lesser compressive strength.

Porosity values for a few common building stones. Granite-0.1 to 0.5%, Basalt-

0.1 to 1%, Sandstone- 5 to 25%, Limestone- 5 to 20%, Marble- 0.5 to 2%,

Quartzite- 0.1 to 0.5%.



Absorption Value:

It defines the capacity of a stone to absorb moisture when immersed in water for

72 hours or till it gets full saturation. It is generally expressed in percentage

terms of original dry weight of the mass. . It maybe obtained from the

relationship

Ws -Wo

Absorption value = ------------ X100

Wo

Where Ws = weight at saturation; W0 = dry weight of the sample used.

Permeability:

It is the capacity of a rock to transmit water. Sand stones and limestones may

show high values for absorption or 10% or even more. Selection of such highly

porous verities of these stones for use in building construction, especially in most

situations, would be greatly objectionable.

Presence of water within the pores not only decreases the strength of the rock but

also makes the stones very vulnerable to frost action, in cold and humid climatic

conditions.



Density :

It is defined as weight per unit volume of a substance. But in the case of rock it is

not only the solid mineral matter which wholly accounts for the total volume of a

given specimen. A part of the rock may comprise of pores or open spaces, which

may be empty, partly filled or wholly filled with water. Accordingly, three types of

density may be distinguished in rocks. They are a)Dry density, b) bulk density and

c) saturated density.

1.Dry density: It is the weight per unit volume of an absolutely dried rock

specimen, it includes the volume of the pore spaces present in the rock.

2.Bulk density: It is the weight per unit volume of a rock sample with natural

moisture content where pores are only partially filled with water.

3.Saturated density: It is the density of the saturated rocks or weight per unit

volume of a rock in which all the pores are completely filled with water.

The fourth type is also recognized as true density. It is the weight per unit volume

of the mineral matter(without pores and water) of which a rock is made up. The

most engineering calculations, it is the bulk density which is used frequently.

Bulk density values in gram/cubic cm for some common building stones are

granite-2.7, basalt-2.9, sandstone-2.6, and limestone-2.2 to 2.6.



Abrasive Resistance :

It is more a qualitative than a quantitative property. It may be broadly defined as

the resistance which a stone offers to rubbing action of one kind or another.

Determination of this is of considerable significance when stones are intended for

use in situations where rubbing by natural or artificial causes is involved as a

routine. Example a) stones used in paving along roads, b) Facing stones in

buildings of arid region where strong sand laden winds are blown. These type of

situations demand stones that have not only high abrasive resistance but also of

essentially uniform, composition. So that the wear is as uniform as possible.

Stones composed of more than one mineral like granite may look quite appealing.

In such cases, when freshly used, but within short time, they may get pitted or

disfigured because of unequal wear of the different mineral components.

Frost and fire resistance

Many building stones show quick disintegration of building stones or rocks when

used in situations involving frost formation (excessive cold) or heating. Frost

causes disintegration by expansion of water on breezing within the rock pores.

In the case of fire, the unequal expansion in different mineral components and also

at different depths from surface inwards may cause disintegration.





Geological characteristics of rocks 

Mineralogical composition :

Rocks are made up of smaller units of the minerals. Their properties depend

upon the nature and composition of these minerals. It has been observed that

rocks composed chiefly of silica (SiO2) especially in free form, are the

strongest in all respects Quartzites are the strongest in all respects. Fresh

Quartzite, Sand Stone and granite are some of the examples.

Carbonate rocks show a wide variation in their properties. A particular deposit

of these rocks has to be tested by taking random representative samples before

the stone is recommended for use in engineering construction of any

importance. Presence of some minerals even in small quantites is to be viewed

with caution while using in building stones. These minerals are mica, gypsum,

sulphides, tremolite, flint and chert and clays. These destroy the inherent

strength of the rock.



Texture and Structure:

Texture defines the size, shape and mutual relationship of the mineral

compounds in a rock. Whereas structure determines the development of

large scale features in the rock mass as a whole. Rocks may be coarse

grained, medium grained or fine grained.

The fine grained equigranular textured rocks are better building stones

compared to coarse grained and inequigranular rocks. In the later cases

different compounds often tend to behave as separate units under the

imposed loads and thereby reaction offered is of a complexes and

certainly weaker character.

Structurally speaking features like bedding planes, foliations, cleavage,

joints and flow structures which might not be fully represented in small

sized test specimens, but which may be present in rock masses on a

large scale, have to be given due considerations.



Resistance to weathering (Durability):

It is essentially a geological character of a stone that is commonly determined by

its composition, texture and structure on the one hand and the climate

environment where the stone is ultimately used on the other hand.

A stone may remain almost fresh and untarnished for 500 years or more when

used in the interior of a building. But the same stone used on the exterior might

get pitted and weathered badly within 100 years. Good example is granite.

Similarly, limestone used in building construction, in industrial townships may

weather badly and quickly due to reaction with sulphorous acid polluted air.

Whereas the same rock used only a little amount in temples and forts and

historical buildings may last for centuries. An engineer and especially a town

planner has to bear in mind this fact that rocks also live and sensitive to the

environment in which they are placed.

Durability of a stone can be experimentally determined by subjecting the stone

sample to disintegrating action of Sodium sulphate. Test specimens generally of

5cm side cubes, are dried perfectly and weighed. They are suspended in 14%

solution of Sodium sulphate for 4 hours at 27 degree Celsius and then air dried

and oven dried at 105degree Celsius. The stone samples are subjected to 30 such

cycles and lots of weight determined which gives a measure of the durability of

the rock. Greater the loss in weight after these cycles, poorer is the durability of

the stone.



General characteristics of rocks: In addition to these engineering and geological

properties of rocks, there are certain other characteristics that may add value or otherwise

to them. They are a) cost, b) colour.

Cost: It is an important consideration similar to engineering properties or geological

character.A stone may be quite suitable for use in building construction on first two

considerations, but still it may not find use for the simple reason that it is

uneconomical.Cost of a building stone depends upon its availability, accessibility and

workability. Good quality building stones are not available elsewhere.

Their transport from one place to another might be a very costly affair.The workability of

a stone is understood the ease in effort and economy with which it can be extracted from

its place of occurrence and dressed to the desired dimensions and shapes. Harder and

stronger rocks become costlier on these accounts.

Color: Color is the property of appears and gets involved only where the stone is used in

construction exposed to public view. For stones to be used in foundations is dams or in

situations where they are ultimately to be given covering, color of a rock has no relevance

in its selection. In the case of residential or official building, it becomes a property of

major importance. The color of a rock is a geological character depending upon the type

of rock and more precisely upon the composition of rock. Eg. Granites are light coloured,

Basalt are dark, and Sandstone are lighter shades.



Modulus properties or Flexible strength or Elastic properties of rocks

The elasticity of rocks indicates their deformation under loads. The deformation is

recovered when loads are removed. It is determined in accordance with Hook’s law

which states that in elastic substances stress is directly proportional to strain.

It is expressed by the relationship

Q/E=E

Where Q= stress, E= Strain, E= Modulus of elasticity, It is also termed as young’s

modulus.

It is tested for rocks by loading test specimens usually a cylinder of L/D ratio 2, Under

uniaxial compression and sometimes tension.

The axial deformation i.e. change in parallel to stress direction is determined at the

application of each increment of load using strain gauges. This process of loading and

determining the strain is continued till the specimen actually breaks.

That is the ultimate limit up to which the specimen could be deformed. The limit up to

which it remains elastic i.e. recovers the original shape when the load is removed is

reached slightly earlier.

Rocks arehighlyanisotropic so far as their elastic constants are concerned. They show all

varieties ranging from perfectly elastic to practically inelastic. This depends on their

composition, texture and structures.It is possible to broadly group the rocks into three

categories, based on their Modulus of elasticity.



Quasi elastic:

These are rocks in which the stress-strain relationship is expresses by almost a

straight-line till the point of failure. Such rocks include massive, denselypacked

uniformly structured verities of igneous sedimentary and metamorphic groups

such as Syenites, Diorites,Dolerites, gabbros, basalts and quartzites.Quasi elastic

rocks show E values ranging from 6x10 to the power of 5 to 11x 10 to the power

of 5 kg/cm2.

Semi elastic Rocks:

Are coarse, grained slightly open packed with some porosity and very minor in

any structure discontinuities. The semi elastic rock show E value range between

4x10 to the power of 5 to 6x10 to the power of 5 kg/cm2. Coarse grained igneous

rocks like granites, some massive compact sediments like Sandstones and

dolomite may often show semi elastic properties. In this group the curve

indicating the modulus of elasticity. Such a characteristic that is slope tends to

decrease with increasing loads.

Non elastic Rocks :

Are those in which stress strain relationship tends to break in two zones.A initial

zone of steep slope followed by a curve of least slope. These are open textured

coarse grained and rich in structural discontinuities.Values of E obtained with

such rocks are commonly of the order of less than 4x10 to the power of 5

kg/cm2.



Important Building stones

Any type of rock that satisfies the above considerations may be used as a

building stone. Granites, Sand stones,Limestones, Marbles and Quartzites and

others like Dolerites,Syenites, Basalts and Gneisses etc. are some of them are not

available , because they do not possess all the requisite properties.

Let us see one by one…

Granites: These are the most commonly used building stones of all the

igneous rocks.They generally possess all the essential qualities of a good

building stone showing very high crushing strength, low absorption values,

least porosity, interlocking texture, variety of appealing colors, and

susceptibility to perfect polish.

Indian occurrence: India has got good reserves of granite and granitic

rocks. The archean group of rocks of peninsular India are comprised chiefly

of Gneisses and Granites



Sandstone: Massive sandstones consisting of closely interlocking and angular

grains and free from structural defects find extensive use of building stones.

Ferruginous and calcareous varieties should not be used for exterior work,

especially in industrial towns. Argillaceous sandstones are generally weak in

character. Massive varieties with siliceous cement possess sufficient strength

and are easily workable.

Indian occurrence: India has got immense reserves of Sandstones fit for

construction purposes. The most important supplies come from two important

stratigraphical systems, namely the Vindhyan and Gondwana systems. Vindhyan

sandstones are fine grained in texture and available in abundance in a variety of

colours like white, cream and deep red and grey etc. They are easily quarried

and economically workable.

These stones are available in a large area of the country for over 350,000 sq.kms

extending from Bihar to Aravallis. Many buildings of Delhi, and Agra are built

of these stones. No other rock formation of India posseses such as assemblages

of characters rendering it so eminently suitable for building or architectural

work.

The gondawana formations of India have also yielded very good quality of

sandstones. The fine grained sandstones of Cuttack( known as Athgarh

sandstones) have been used most widely and famous temples of Jaganathpuri

are built of them.



Lime stones: These sedimentary rocks are veryextensively used as building stones.

It is not due to their physical properties. It is due to the crushing strength. They

may be weak showing values much below 300 kg/cm2 or as strong as 1500 kg/cm2

or even more.A similar variation in other property like absorption, specific gravity

and porosity may be observed.

The use of limestones as facing stones even if they are sufficiently hard should be

avoided in situations where

a. The air is polluted with industrial gases

b. The air from sea can approach them easily.

The reason for first precaution is that sulphuric acid vapours contained in the industrial

gases react with calcium carbonate of limestone producing gypsum (calcium sulphate)

crystals. This change involves an increase in the volume and results in disintegration of

the surface layer of the rock.Salt crystals, may be formed from moist air from sea and

cause dampness and disintegration of the stone.

Indian occurrence:Lime stones occur in many geological formations of this

country. i. The cuddapah system outcropping in Andhra, Chennai, Delhi and

Chattisgarh, ii) The Bijawar, Kondalite and Aravalli groups iii) TheVindhyan

system of Madhya Pradesh, vi)The hill limestone, exposed at many places in

northern India.



Marbles: These are metamorphic rocks that are used for ordinary

structural work as well as for decorative purposes.

Marbles are varying in their texture, color and composition. Their

absorption value is generally below 1% and normally they possess

sufficient crushing strength.

They have been extensively used as decorative stones and this is because

of their susceptibility to brilliant polish and beautiful colors.

Indian occurrence: Most important source of commercial marbles in the

crystalline formations of Rajasthan. i) Makrana in Jodhpur-white and

pink, ii) Kharva in Ajmer – green and yellow, iii) Kishengarh and Jaipur

are famous for black and dense marbles.

Slate: It is another metamorphic rock, characterized by a perfect

cleavage and because of this property it does not find any use in

building stones except for paving roofing purposes.



Conclusion :

It is a well-known fact that rocks play a vital role in constructing the

structures which are destined to be strong, appealing and economical.

All the factors which have been considered so far give a clear

guideline for an engineer to choose the right type of naturally occurring

rocks or stones to be used to build such structures.

By choosing all the properties judiciously in conjunction with one

another, it is possible to adhere to the safety regulations prescribed in

building standards. A combination of laboratory testing of small

samples, empirical analysis and field observations should be employed

to determine the requisite engineering properties.

Engineering properties of rocks are very essential properties to be

determined in every project of civil engineering, construction

engineering and structural engineering.





















































































































Types of mining

Glory Hole



A glory hole is an unofficial term for a big and inspiring mine

excavation open to the layer. The term may mean any one of a number

of things:

 A deep mine shaft.

 An open-pit mine.

In the block caving process of underground mining, ore subsides from

above into a mine burrow. If enough ore is taken out, the ground surface

subsides into a layer depression known as a glory hole. Instances

comprise the Climax and Henderson molybdenum mines in the U.S.

state of Colorado.

Diggings in construction sites can also be referred to as glory holes.



Clay mining

Clay minerals (layered silicates) are a class of phyllosilicates, which

can occur naturally as the result of chemical weathering of other silicate

minerals. Clay mineral interactions with biological structures and

biopolymers have opened up for opportunities in tissue engineering. The

various characteristics of clay minerals in terms of composition offer a

range of possibilities to develop systems able to facilitate cell adhesion,

proliferation, and neotissue formation.

A clay pit is a quarry or mine for the extraction of clay, which is 
generally used for manufacturing pottery, bricks or Portland cement. 
Quarries where clay is mined to make bricks are sometimes called brick 
pits.



As naturally abundant and highly reactive geomaterials, clay

minerals have been used since prehistoric times for a variety of

purposes. For example, clays were used in farm animal nutrition as

binding agents and feed additives to promote growth and health,

and as a supplement to treat gastrointestinal disorders;

sometimes, pregnant women consumed clays to compensate for

mineral deficiency in food. Clays were also used to make many

commodities such as ceramics, bricks, pottery, and medicines.



Occurrence

Soils

All types of clay minerals have been reported in soils. Allophane,
imogolite, hydrated halloysite, and halloysite are dominant components in
ando soils, which are the soils developed on volcanic ash. Smectite is usually
the sole dominant component in vertisols, which are clayey soils. Smectite
and illite, with occasional small amounts of kaolinite, occur in mollisols,
which are prairie chernozem soils. Illite, vermiculite, smectite, chlorite, and
interstratified clay minerals are found in podzolic soils. Sepiolite and
palygorskite have been reported in some aridisols (desert soils), and kaolinite
is the dominant component in oxisols (lateritic soils). Clay minerals other
than those mentioned above usually occur in various soils as minor
components inherited from the parent materials of those soils.



Soils composed of illite and chlorite are better suited for agricultural use than kaolinitic
soils because of their relatively high ion-exchange properties and hence their capacity to hold
plant nutrients. Moderate amounts of smectite, allophane, and imogolite in soils are
advantageous for the same reason, but when present in large amounts these clay minerals are
detrimental because they are impervious and have too great a water-holding capacity.

Recent sediments

Sediment accumulating under nonmarine conditions may have any clay mineral
composition. In the Mississippi River system, for example, smectite, illite, and kaolinite are the
major components in the upper Mississippi and Arkansas rivers, whereas chlorite, kaolinite, and
illite are the major components in the Ohio and Tennessee rivers. Hence, in the sediments at the
Gulf of Mexico, as a weighted average, smectite, illite, and kaolinite are found to be the major
components in the clay mineral composition. Although kaolinite, illite, chlorite, and smectite are
the principal clay mineral components of deep-sea sediments, their compositions vary from
place to place. In general, illite is the dominant clay mineral in the North Atlantic Ocean (greater
than 50 percent), while smectite is the major component in the South Pacific and Indian oceans.
In some limited regions, these compositions are significantly altered by other factors such as
airborne effects, in which sediments are transported by winds and deposited when the carrying
force subsides. The high kaolinite concentration off the west coast of Africa near the Equator
reflects this effect.



Ancient sediments

Analyses of numerous ancient sediments in many parts of the

world indicate that smectite is much less abundant in sediments formed

prior to the Mesozoic Era (from 251 million to 65.5 million years ago)

with the exception of those of the Permian Period (from 299 million to

251 million years ago) and the Carboniferous Period (359.2 million to

299 million years ago), in which it is relatively abundant.

The available data also suggest that kaolinite is less abundant in

very ancient sediments than in those deposited after the Devonian

Period (416 million to 359.2 million years ago). Stated another way, the

very old argillaceous (clay-rich) sediments called physilites are

composed largely of illite and chlorite. Palygorskite and sepiolite have

not been reported in sediments older than early Cenozoic age—i.e.,

those more than about 65.5 million years old.



Granite mining

Where is granite mined?

Granite is Mined from a Quarry

Some of the most prolific quarries in the world are in far flung locations,
such as Italy and Brazil. Using powerful machines, a mining company
mines and blasts raw granite out of the quarry.

How is granite extracted?

How It Is Extracted. Granite usually occurs in large deposits, many times
referred to as slabs, throughout the world. Mining operations use different
methods of cutting to extract the different deposits from the ground in
places called quarries. These slabs are then polished, put on trucks and
sent to fabricators.



What are the 3 minerals in granite?

Granite is a Plutonic Rock, that is , it was formed deep in the earth

crust. It usually consists of Three main Minerals.Quartz which makes

Granite an Acidic rock; Mica, mostly Muscovite (The light Mica) but

sometimes Biotite(The Dark Mica) and sometimes both of them. The

third mineral is Feldspar, usually Orthoclase

What are the crystals in granite?

Granite is a light-colored igneous rock with grains large enough to be

visible with the unaided eye. It forms from the slow crystallization of

magma below Earth's surface. Granite is composed mainly of quartz

and feldspar with minor amounts of mica, amphiboles, and other

minerals.



How granite is slabs cut?

From Block to Granite Slab

Once a block arrives at a stone cutting (fabrication) facility, it is cut

into slabs. To cut the block into even 2 cm or 3 cm thick slabs, it is

run through giant saws that make many slices into the stone at once.

What is granite used for?

Granite is used in buildings, bridges, paving, monuments, and

many other exterior projects. Indoors, polished granite slabs and

tiles are used in countertops, tile floors, stair treads and many other

design elements. Granite is a prestige material, used in projects to

produce impressions of elegance and quality.



Sand mining and stripping

Sand and gravel are the most important aggregate materials for

building constructions. The ever increasing population and

economic developments impose an exponential rise in their

demand throughout the world.

Types of Alluvial Sand Extraction

In river environment, sand and gravel deposits are extracted mainly

from two major sources: (1) active channels and (2) floodplain

areas and overbank areas (like terraces). Figure 3.1 shows the

fluvial geomorphic features encountered in a channel profile across

the river in its storage zones.



Instream Mining

Extraction of sand and gravel from the active channel of a river is called instream sand
mining. Instream (in-channel) sand usually requires less processing than any other sand
sources. Instream sand mining takes place in many fluvial subsystems bars, point bars or even
active channels. Usually instream sand extraction takes place first followed by mining of sand
from other alluvial sources.

Floodplain Mining

Floodplain is the area just behind the levee and is occupied mainly by water during flood
events. Floodplains are usually the areas evolved from deposition of sediments during migratory
phases of the river channels. Stratigraphically, floodplain sediments are composed generally of
channel sand at the bottom followed by floodplain silt and clay at the top. Mining of sand from
the layer representing the channel sand in floodplain areas is referred to as floodplain mining.

Terrace Mining

The term ‘‘terrace’’ is applied to the raised older river deposition areas seen behind the
floodplains. In many rivers of the world, mining of sand from terraces is also very common.



Strip mining

The Bagger 288 is a bucket-wheel excavator used in strip mining.

"Strip mining" is the practice of mining a seam of mineral, by first

removing a long strip of overlying soil and rock (the overburden).

It is most commonly used to mine coal and lignite (brown coal).

Strip mining is only practical when the ore body to be excavated is

relatively near the surface. This type of mining uses some of the

largest machines on earth, including bucket-wheel excavators

which can move as much as 12,000 cubic metres of earth per hour.



There are two forms of strip mining. The more common

method is "area stripping", which is used on fairly flat terrain, to

extract deposits over a large area. As each long strip is excavated,

the overburden is placed in the excavation produced by the

previous strip.

"Contour mining" involves removing the overburden above

the mineral seam near the outcrop in hilly terrain, where the

mineral outcrop usually follows the contour of the land. Contour

stripping is often followed by auger mining into the hillside, to

remove more of the mineral. This method commonly leaves behind

terraces in mountainsides.
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Choice of method for grinding

Dry grinding is generally done in three ways: (a) batch or intermittent,(b) open circuit and (c)

closed circuit.

In the open circuit mills, eg., buhr and attrition mills, pans, and tube mills, the rate of feed

is so regulated that the finished product is also discharged

In the mills operated on the closed circuit system, the material discharged is passed again

and again into the mill. The coarse fraction of the discharge is separated and fed back until further

grinding reduces the discharge to the desired sizes. Internal separation of coarse material is done in

the krupp or Griftin mills, by means of screens, and in the roller mills by means of internal

classification. In the ball and pebble mills, the classification is external.

Products of grinding may be described as (1) graded, all sizes occur (2) fine ,(3

abraded,(4) granular,(5) cleaned,(6) disintegrated,(7) sharp and (8) flaky.



What is an ore?
A naturally occurring solid material from which a metals can be extracted profitably. Ex. Iron ore

Hematite. Ore when mined from a country rock, contains ore mineral and gangue mineral, gangue minerals
those which are commercially worthless that surrounds or mixed with the ore mineral. And according to the
of ore to gangue mineral the ore grade is fixed.

What is dressing of Ore?
Ore dressing or beneficiation is the processes by which an ore is improved in grade, so that the product that 

the product can be used in the metallurgical industry.

How to dress a ore? 
There are several methods to adopted for the purpose of ore dressing, each take advantage of some peculiar

physical / mechanical / chemical properties or the combination of properties of the ore mineral.

The process may range from simple sorting by hand in case of chrome ore to very complicated operations
involving several stages of ore containing metallic sulphides like lead-copper- zinc etc.,

simple sorting by hand complicated operations involving several stages of ore



Some properties of minerals that are commonly utilized in ore beneficiation process are as follows:

1. Particle size - screening.
2. Cleave or fracture – weather the grains are flat or round, jigsaw.
3. Specific gravity – sink or float.
4. Magnetic susceptibility – magnetic separation.
5. Surface energy – floating.
6. Fluorescence – ex. uranium.
7. Hardness – washing.
8. Volatility – ex. Sulphur.
9. Solubility - separation by dissolving, Like some salts.
10. Colour – in hand picking.
11. Electric conductivity – electrostatic separation.
12. Interfacial energy – ex. diamond.
13. Amalgamation – gold with mercury.
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Ore dressing process comprising the following steps:
 Crushing
 Screening
 Finer crushing or Grinding
 Concentration
 Storage

Crushing is the process of breaking the rock, in to fragments. Crushers are employed in the crushing processes
The following are the few types of crushers:

 Jaw crusher
 Gyratory crushers
 Cone crushers
 Sledge role
 Hammer mill
 Stamps
 Etc.,

Jaw crusher:
These are the compression type of crushers, consist of a fixed jaw and moving jaw positioned

(V), where the jaw plates are made up of high carbon cast steel, Manganese and chrome steel.
flying wheel supplies the inertia for the smooth running during breaking.

There are mainly two types of jaw crushers that is in use, they are (i) Blake crushers (ii) Dodge
crusher.



Essential Parts comprises of, 1. Fixed jaw, 2. Swinging
3. Eccentric, 4. Flywheel, 5. Pitman, 6. Toggle, 7.

Fixed support for toggle, 8. Exit, 9. Feed.
Working, the fly wheel is actuated by the prime mover
(engine / motor) and as the axel rotates, it moves the
eccentric. The pitman attached to the eccentric also
moves up and down, carrying the toggle with it. Since

end of the toggle is fixed, the movable jaw fixed in
other end moves back and forth, from the fixed jaw.

Thus any material lodged in the throat of the crusher is
broken up.

Blake Crusher: Dodge Crusher:

Essential Parts comprises of, 1. Fixed jaw, 2. Mouth of
the crusher, 3. Movable jaw, 4. Axle for jaw, 5. Fly
wheel, 6. Pitman, 7. Eccentric.
Working, when the fly wheel rotates, the pitman moves
up and down on the eccentric. This cause the lever arm,
attached to the movable jaw to move up and down, while
the upper portion of the jaw is pivoted at the lower end,
swing forward and backward. The feed dropped in the
throat will get crushed and comes out.

Deliver a product at - Variable size
Power consumption is low
Crushing capacity is high
Sticky ore have no much problem

1. Deliver a product at - same size
2. Power consumption is high
3. Crushing capacity is low
4. Sticky ore tends to clog

Comparison



Gyratory crushers
The following is the working principle for the gyratory

crushers.
(1) Is the bearing suspension for the shaft, When the pulley (
rotated, by the belt it actuates the bevel gear (7) & (9) . Thus
shaft (3) is rotated, and the main conical jaw or breaking head
is also rotated. The crushing chamber (4) is in the form
inverted hollow truncated cone, the surface of which is lined
Mn steel plate, known as mantle(6) . The breaking head (5) is
lined with Mn steel plates. The sleeve imparts a small amount
eccentricity to the breaking head, which acquires a hammer action
in consequence. The action of the crusher may be like to that
continuous wedge.

Gyratory crushers



Comparison between Jaw & Gyratory crushers:

Cost of gyratory crusher is only 29 to 72 % of that of the jaw crusher of same capacity

Cost of installation for gyratory crusher is less, Jaw crushers need strong foundation that 
need more money to install.

The housing for gyratory crusher is more as it occupies more space.

Feed arrangement are simpler for Gyratory crusher than jaw crushers.

Gyratory crushers are more efficient than jaw crushers.

Maintenance cost are more for gyratory crushers.

Using jaw crushers you can change the product size as required.



Cone crushers
The essential parts are, (1) feed hopper, (2) Feed distributor

tray (3) fixed jaw (4) Breaking head with check plates (5) Spindle
axle (6) Bevel gear drive for the breaking head (7) pulley drive

In the cone crushers, the breaking head, height to diameter
1:3 ratio. With the throw of the head is also greater. It is stronger
mechanically, with high movement of material. The reduction
ratio in cone crusher is large, due to relatively large crushing
The reduction ratio ranges from 1:7 – 1:5



Sledge role / Giant rolls
The Sledge role also known as Giant role comprise two rollers, 3ft. to 6ft. in

diameter, which have knobs. They rotate inward i.e. towards each other and the
material is broken down by the hammer action of the knobs or slugs. The size of
discharge varies from 4in. to 8in. The action of slow speed machine is mainly
nipping and compression, where as the high speed machine will do sledge hammer
action.



Hammer mill
This machine comprises a roller (1) which consist of two circular discs (2), to

which the hammers (3) are pivoted. The rotter is rotated about the axle (5). A grate
or grizzly (4) is placed at the lowest position and the discharge passes through this.
The hammers swing out, under the action of centrifugal force, and the material
lying on the breaker plate (6) is stuck and got disintegrated.

Hammer mill



Stamp
Stamps are in principle large size pestle and mortar.

pestle is actuated mechanically by steam or compressed
directly. When the stamp is lifted, drops down by gravity,
called gravity stamp.

In gravity stamp the cam (3), on rotation, lifts the tappet
and this in turn lifts the pestle (1). While lifting, a rotary motion
also imparted, to the pestle by the cam. The mortar is provided
with screen (6), on one side so that only the undersize materials
flows out while the coarser fraction is retained for further
breaking and crushing.

Stamps are generally used in small gold milling units, where
the amalgamation is also carried out in the stamps.



Manual crushing methods
breaking / crushing is also carried out manually. The following are few of the methods:

1. Explosives are used in breaking up large boulders.
2. Sledging – is the processes of breaking rocks with sledge hammers which are 4 – 7 Kg

weight.
3. Spalling is reducing 6 – 8 in. lump to 2 or 3 in. size with the help of 1 kg hammers.
4. Pile drive type of breakers – a heavy solid cylinder was lifted up and dropped suddenly

the rock. Shattering was produced in this manner.
5. Heating and quenching is one of the earliest method to break the rock for mining.

method is efficient in liberating and breaking quartz of high purity.



Blake Crusher:

Dodge Crusher:

Gyratory crushers

Hammer mill

Stamp

Sledge role / Giant rolls



Grinding

Characteristics:

Crushing yield coarse product, grinding produce fine
material.

Grinding is essential for liberating valuable minerals
Where the mineral occur in intergrowth, (ex. Galena

Chalcopyrite) so that these ores may be rendered amenable
to ore dressing processes. (ex. Flotation)

Grinding is also needed where hydrometallurgical
processes is practiced (ex. Leaching of low grade
copper ore).



Tumbling mills

The principle of operation is (a) abrasion due to grinding
between particles and also (b) between the rolling of the grinding
element caused by cascading (pour downwards rapidly and in
large quantities). Balls, rods etc., are carried up by the inner
surface of the rotating drum or cylinder, and then dropped in
continuous cataract. In the zone PQRS maximum crushing
occurs. The arrow in the figure indicates the direction of rotation
(1) is the drum (2) the course taken by the pebbles.

Rod mills – Essential parts are shown in figure (1) feeder
(2) inspection door (3) body (4) Overflow (5) open hallow axle.

The usual size of feed is ¼”, this is done when granular
product is required for gravity or magnetic separation processes.

Rod mills 



Chillean Mill

It is a wet grinding processes, it consist
of a robust steel or cast iron tray with vertical
sides inside (1) the tray on the lower part of the
side is a (4) screen, (3) there are three rollers
mounted at 120 degree apart, on a (2) central
shaft.

The feed is put into the mill near the
centre to gather with sufficient water. As the
roller rotates the materials is crushed. There is
scraper, which follows the rollers for raking up
the sediment. As the rollers move, the fines are
pushed forward, in suspension. After getting
through the screen (4), the fines enter
discharge channel.



The Huntington Mill

It consists of four rollers (1) which are freely suspended
from a cross arm (2) attached to a vertical shaft(3). Just above the
base plate is fixed a die ring (6), made of hard manganese steel,
and above this is a circular screen (8). When the shaft (3) is
rotated, at a high speed, by the gears (7), the suspended rollers fly
apart, due to centrifugal force; and run against the die ring (6), the
material which is fed through a hopper (9), from the top, is
ground by the action of the rollers.



Choice of method for grinding

Choice of the method of grinding whether dry or wet depends on
(1) The physical characteristics of the feed , and the use for the which the product is required,
(2) On the behavior of the feed and its influence on the mill whether it is abrasive, corrosive, sticky

etc.…
(3) On the particle size and distribution desired,
(4) On cost economics, ex., capital expenditure, on labor, maintenance etc..,
(5) On the climate,
(6) On the availability of water,
(7) On the safety factors, and certain other factors ex., dust, noise, vibration, speed, etc.…

The efficiency of dry grinding is more or less on a par with wet grinding, but certain
materials are required to be ground dry according to market requirements, eg., coal, for being used
as pulverized fuel , in boilers, cement mixes in the dry process of cement manufacture.



Buhr Mill

The principle used in grinding may be either (1) attrition
(2) impact (3) jetting or ejection.

The Buhr mill is similar to the ordinary “Chakki” used
for grinding wheat in the villages, the only difference is that this
machine is actuated by a motor. Two abrasive wheels (7) and (8),
made of French buhr, emery, or pebble grit (mill stone grit) are
enclosed in a housing(9).

The upper wheel (7) is rotated by a pulley (6) while the
lower (8) is fixed. The feed is dropped through a hopper (1) and
enters the central hole , in the upper wheel. As the wheel (7
rotates, the material enters between the wheels, is crushed and
discharged all round the wheel where it is drawn out of opening at
(4).



Sizing by screening

Sizing by Screening

A grade is a size group. which passes through a particular aperture or limiting screen and is
retained by another aperture or retaining screen.

A short rage product comprises particles in which the size are very near to each other,
without much difference.

Purposes of screening are (1) to remove the coarser fractions(2) to remove the finer material
from the grinding circuit(3), to obtain commercially marketable sizes of material , eg., sands
rockchips(4),to obtain suitable sizes for further beneficiation ,eg., jigging and (5) to separate different
minerals, which occur together , but each mineral being characterized by a particular grain size . In
beach placers ilmenite, monazite garnet, etc… can be separated as well as quartz, and these can
sometimes be separated by sizing.



Sizing by screening

Requirements and conditions for proper screening are :

(1)All particles should be brought to the screen opening, oriented in such a manner , and
moved at such a rate , that the under size particles will pass through freely unhampered , without
rebounding , from the edges of the screen opening.(2) Ideally , every under size particle should be at
stand still and centrally placed , in respect of aperture . (3) Larger tonnages can be obtained if the
particles, of the material, move over the screen . (4) Even though screen , made of extremely fine wire
or metal they are ideal for efficiency , in practice , these cannot be emploped as they are mechanically
too weak.

During the cores of screening , conditions are far from ideal , as (1) crowding of particles
takes place , and (2) the particle may lie flat or present the surface of maximum area , when placed on
the screen . thus many undersized particles are prevented from passing through the screen, for
certain period.



Classification of screens
Screens are generally classified as (a) fixed and (b) moving

Fixed type screens are represented by the grizzly. Grizzlies are coarse screens made of stout iron
Rails are also used in the larger grizzles. The grizzly is sometimes mounted on an eccentric with an inclination

10o.
Advantages are mainly, simplicity and ruggedness.
The disadvantages are lesser efficiency, loss of head room, blending and breakage of over size.

travelling grizzley has also been designed and it comprises a wide belt made up of bars fixed at
intervals.

the roller grizzly, instead of bars, corrugated rollers are used.

Moving type consists of shaking, vibrating, revolving and travelling belt screens. Revolving screens,
trommels are usually attached to the discharge end of a crushing or grinding mill. Compound trommels

two or more screens, mounted on the same shafts,

Revolving screens used in sizing stone and gravel, there is no central shaft; and the mounting
gudgeon, the ends of the screen are provided with heavy steel trays, which move on rollers, as in the

tumbling mills. This type of screen is used in dredges and stone crushing plants.



Classification of screens
Shaking screens consists of elongate trays which are filled with screens at the bottom. Shaking is affected

various mechanical arrangements:
The screens may be suspended by chains;
They may be supported on vertical rods attached to the sides; and
The screens may be supported by small rollers, at the sides, which move on rails.

The screens are, generally, given a tilt of 10o-15o. Shaking motion is communicated, to the trays,
either by an eccentric, or toggle mechanism, or by an adjustment of the rails and rollers.

The adjustment to the shaking screen are for (1) frequency (2) Length of stroke, and (3) angle
slope. These should be so combined as to produce a quick forward movement, of the materials, with a view

avoid blinding and induce rapid stratification. Excessive speed and length, of stroke, cause the material
be thrown forward and prevent stratification, whereas excessive slowing down. On the other hand,
opposite effect. The slope is the controlling factor in both the cases. The strokes normally employed
.m. length and 60-70/min, the max. Being 800/min. shaking screens are used in coal preparation
in sizing asbestos.



Classification of screens

Vibrating Screens: Consist essentially of a plane screen surface, which is stretched tightly, and
made to vibrate at a high frequency; the amplitude being small, such screen may contain up to 4
decks are recommended. The vibration is produced either by electromagnets or by the use of
mechanical devices, such as hammers, cams, eccentrics, or by the use of an unbalanced rotor

Travelling belt screen: shown in fig. consist of long strip of screen
cloth (1) which is made in to a belt by passing over the rollers. The
material is washed with water. The material passing through the
cloth belt, is collected in the chute (2), the over size is carried by
the belt and washed down (3).



JIGGING
Jigging

The jig, is a machine utilizes the differential capacities, of various mineral grains
penetrate a semi-stationary bed. This machine consists essentially of a box, with
perforated bottom. Water is generally employed, as the medium and the current
induced passes through the perforated plate either (a) continuously upwards or
continuously downwards or (c) alternatively upwards and downwards.

This machine consist of a number of hopper shaped compartments. To the upper
of which is divided in to two portions (1) is a plunger, while the other portion (2
fitted with screens ( Fig. 12.40)

When the compartments are filled with water, and the plunger is forced in,
material which is placed on the screen,(5) the heaviest particles sink and settle on
the screen, while smaller particles pass through the screen, in to the lower
compartment or hutch(3). The coarser particles which lie on the screen travel
forward and are withdrawn through the lip or spout(4).

The lighter material, which does not pass through the screen, floats up from the first
compartment, and gets in to the second, and this process is repeated, till the lightest
material travels further and further through the lower compartments, which are also
affected by the pulsation induced by the plunger.



JIGGING
In the diaphragm jigs, pulsation of the water within the machine, is caused by means
diaphragm. The jig comprises a box in which the screen S is fitted very near the upper
The pulsating diaphragm is below the screen. Water is used as the medium for transmitting
pulsating motions to the materials on the screen (fig 12.41)

The same principle as the diaphragm jig is utilized in the American placer jigs,
for treating heavy minerals and for working gold, associated with alluvial materials.

Another form of jig is the pulsator jig. In this machine, instead of a mechanically
actuated piston, or diaphragm, for inducing agitation, intermittent water current is fed beneath
the screen compartment, through the rotating valve. The concentrate obtained is discharged
through the gate and dam system. Water impulses can also be used, when required, to make
material loose. The normal pulsation used, is about 200 strokes per minute, but this machine
uses a large quantity of water.

A modification, of the pulsating jig, is the air driven machine, Which is typically represented by the Baum 
jig. Here, instead of the plunger compartment with the plunger, compressed air is employed. Compressed air admitted 
in to the plunger compartment, causes the necessary pulsation.



Flotation
General principles:

Flotation is also a method of gravity separation
the ultimate. In this method, advantage is taken of certain properties
of minerals by which air bubbles can be attached to their surface,
there by decreasing the effective specific gravity of the mineral
concerned.

The apparent loss of weight, of the mineral, caused by
attachment of the bubble may not, at times, be sufficient to make
particles float, but sufficient to produce a separation on a shaking
table or in a hydraulic classifier. If, however, the froth causes
mineral particles to float, the process is known as froth flotation
When the particles do not actually float, the process is termed
agglomerate flotation or oil flotation.



Flotation
The factors which serve to achieve flotation are:

(1) Fine grinding to at least 35 or 48 mesh,

(2) Low pulp consistence, in which the solid content is 15 to 35%

(3) The addition of small quantities of one or more organic
conditioning agents,

(4) The introduction of a collector reagent, which coast the minerals
to be floated with a water repellent film,

(5) The addition of a frothing agent, for stabilizing the bubbles, when
they reach the surface,

(6) Aeration which may be induced either by agitation, or by
injection, for producing fine bubbles of gas and

(7) Separation of the froth or bubbles, containing the floating mineral
particles, which were not coated by the collector regent.



Flotation

The principles underlying the process of flotation comprise a system which may roughly be taken
include both dynamic and chemical equilibrium, in which mechanical processes as well as chemical
reagents play an important part. This can divided into four main parts: (1) conditioning, (2) collection
levitation and (4) frothing. Conditioning:

Conditioning is essential selective flotation.
Conditioning, which aims at affecting collector coating,
on a desired mineral group, is called activation, whereas
conditioning which aims at preventing the entry of
undesirable minerals, into the overflow, is termed
depression. Conditioning time differ for various ores and
in various treatment plants. The usual period in the zinc-
lead treatment plants, is less than 5 minutes, in the lead
circuit conditioner, and about 15 to 30 minutes in the zinc
conditioner. Conditioning time is an important factor, and
may effect efficient recovery, both when extended or
when cut short.



Flotation

Conditioning Agents :

Acids are normally used to control the Ph, except hydrofluoric acid, which is used to precipitate
ferric , aluminium and rare earth metal ions.

Hydrofluoric acid prevents re-surfacing of quartz by this ions and thus helps soap floatation of the
silicates than quartz. It also acts as a dispersant for clay and altered feldspar even in acid solutions.

Sulphuric acid is normally used because of it low cost. Quartz and other silicates are depressed in soap flotation
the suppression on ionization of silicic acid. Thus activation produced, by both metal and collector coating,

prevented. Depending on pH and on the nature of soap coating, acids convert metal soap coating to acid soap. At
below, neutral soaps, of heavy metals, exist, while soaps below this range are largely acidic. Carbonate ion is

precipitate heavy and earth metals and prevent resurfacing.



Flotation

Collection :

Collection is the process by which selective water repellent coating, is produced on the mineral particles,
which are to be separated from the pulp, so as to enable the attachment of gas bubbles to these alone. Organic chemicals,
added to the pulp, in agitation, produce the desired effect. The collecting agent used in flotation may be divided
anionic collector, (2) cationic collector and (3) oily collector of these groups of collectors, the anionic collectors

the most important, in the present day flotation process. They have been marketed under various trade names,
various manufacturers. These collectors can be classified, according to the active acid groups or the hydrocarbon loading

Hydrocarbon loading determines the solubility of the collector and the water repellent properties, while
group determines the extent of attachment of mineral particles.



Flotation

Activation:

Effective bubble attachment is obtained only when the coating of the reagent has the same orientation
respect of the electric charge . This is obtained only when the reagent produce a monomolecular film . Where the reaction
continues further a thicker coating will result . Consequent to the variation in thicknesses orientation in each layer

will also vary, resulting in the particles having both polar and non polar element . such a condition is unsatisfactory
efficient attachment of the bubble to the surface .This is common in the case of relatively soluble mineral surfaces

where collectors , with small irons are used . In such a cases , the solubility of the mineral surfaces is reduces
coating (1) by using sodium sulfide,(2) by removing the extra thickness of the coat by attrition mixing and
preserving the first formed coat, with monomolecular oily film, where slime prevents the formation of coating , then

alkalis, alkaline silicates , phosphates, as well as organic colloids , are employed for depression. In Attrition mixing
pulp is churned mechanically, in a tumbling mill are beater box of the agitation – Froth machine .

Depression:

The main purpose of depression are (1) to prevent activation re-surfacing, due to the precense of soluble
the pulp ,(2) to prevent collector reaction on surfaces ,(3) to nullify or remove collector coatings (4) to a

dispersion and (5) enable resurfacing and to induce the affinity between water and mineral particles.
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enhancement. Multispectral band ratioing and differencing, colour space transformation. Image classification: 

supervised, unsupervised and hybrid classifications. Description of data merging and GIS integration 

 

Geographic Information System 

 

Unit IV 

Geographic Information System: Definition of GIS – Basic principles & uses of GIS – components of 

GIS  - Hardware, Software modules – Vector & Raster Data – Spatial data Structure  projection and Registration.  
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distribution, Joint Probability, conditional probability, Baye’s theorem – Continuous random variable, 
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What is Remote Sensing? 

 
"Remote sensing is the science (and to some extent, art) of acquiring information 

about the Earth's surface without actually being in contact with it. This is done by 
sensing and recording reflected or emitted energy and processing, analyzing, and 
applying that information." 

 

In much of remote sensing, the process involves an interaction between incident radiation 

and the targets of interest. This is exemplified by the use of imaging systems where the 

following seven elements are involved. Note, however that remote sensing also involves the 

sensing of emitted energy and the use of non-imaging sensors. 

 

 

1. Energy Source or Illumination (A) - the 

first requirement for remote sensing is to 

have an energy source which illuminates or 

provides electromagnetic energy to the 

target of interest. 

 

2. Radiation and the Atmosphere (B) - as 

the energy travels from its source to the 

target, it will come in contact with and 

interact with the atmosphere it passes 

through. This interaction may take place a 

second time as the energy travels from the 

target to the sensor. 

3. Interaction with the Target (C) - once the energy makes its way to the target through 

the atmosphere, it interacts with the target depending on the properties of both the target 

and the radiation. 

 

4. Recording of Energy by the Sensor (D) - after the energy has been scattered by, or 

emitted from the target, we require a sensor (remote - not in contact with the target) to 

collect and record the electromagnetic radiation. 

 

5. Transmission, Reception, and Processing (E) - the energy recorded by the sensor has 

to be transmitted, often in electronic form, to a receiving and processing station where 

the data are processed into an image (hardcopy and/or digital). 

 

6. Interpretation and Analysis (F) - the processed image is interpreted, visually 

and/or digitally or electronically, to extract information about the target which was 

illuminated. 
 

7. Application (G) - the final element of the remote sensing process is achieved when 

we apply the information we have been able to extract from the imagery about the target in 

order to better understand it, reveal some new information, or assist in solving a particular 

problem. 



 

 

 

 

Electromagnetic Radiation 

 

As was noted in the previous section, the 

first requirement for remote sensing is to 

have an energy source to illuminate the 

target (unless the sensed energy is being 

emitted by the target). This energy is in the 

form of electromagnetic radiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All electromagnetic radiation has 

fundamental properties and behaves in 

predictable ways according to the basics of 

wave theory. 

Electromagnetic radiation consists of an 

electrical field(E) which varies in magnitude 

in a direction perpendicular to the direction 

in which the radiation is traveling, and a 

magnetic field (M) oriented at right angles to 

the electrical field. Both these fields travel at 

the speed of light (c). 

 

Two characteristics of 

electromagnetic radiation are particularly important for understanding remote 

sensing. These are the wavelength and frequency. 



 

 

The wavelength is the length of one wave cycle, which can be measured as the distance  

between successive wave crests. Wavelength is usually represented by the Greek letter 

lambda ( ). Wavelength is measured in metres (m) or some factor of metres such as 

nanometres (nm, 10-9 metres), micrometres ( m, 10-6 metres) ( m, 10-6 metres) or 

centimetres (cm, 10-2 metres). Frequency refers to the number of cycles of a wave passing 

a fixed point per unit of time. Frequency is normally measured in hertz (Hz), equivalent to 

one cycle per second, and various multiples of hertz. 

 

Wavelength and frequency are related by the following formula: 

 

 

Therefore, the two are inversely related to each other. The shorter the wavelength, the 

higher the frequency. The longer the wavelength, the lower the frequency. Understanding 

the characteristics of electromagnetic radiation in terms of their wavelength and frequency 

is crucial to understanding the information to be extracted from remote sensing data.  

The Electromagnetic Spectrum 

 

The electromagnetic spectrum ranges from the shorter wavelengths (including gamma 

and x-rays) to the longer wavelengths (including microwaves and broadcast radio waves). 

There are several regions of the electromagnetic spectrum which are useful for remote 

sensing. 

 

 

 

 

 

 



 

 

For most purposes, the ultraviolet or UV portion of the spectrum has the shortest wavelengths 

which are practical for remote sensing. This radiation is just beyond the violet portion of the 

visible wavelengths, hence its name. Some Earth surface materials, primarily rocks and 

minerals, fluoresce or emit visible light when illuminated by UV radiation. 

 

The light which our eyes - our "remote sensors" - can detect is part of the visible spectrum. It is 

important to recognize how small the visible portion is relative to the rest of the spectrum. There is a lot 

of radiation around us which is "invisible" to our eyes, but can be detected by other remote sensing 

instruments and used to our advantage. The visible wavelengths cover a range from approximately 0.4 

to 0.7 m. The longest visible wavelength is red and the shortest is violet. Common wavelengths of 

what we perceive as particular colours from the visible portion of the spectrum are listed below. It is 

important to note that this is the only portion of the spectrum we can associate with the concept of 

colours. 

 Violet: 0.4 - 0.446 m 

 Blue: 0.446 - 0.500 m 

 Green: 0.500 - 0.578 m 

 Yellow: 0.578 - 0.592 m 

 Orange: 0.592 - 0.620 m 

 Red: 0.620 - 0.7 m 

 

 

 

 

Blue, green, and red are the primary 

colours or wavelengths of the visible 

spectrum. They are defined as such because 

no single primary colour can be created from 

the other two, but all other colours can be 

formed by combining blue, green, and red in 

various proportions. Although we see 

sunlight as a uniform or homogeneous 

colour, it is actually composed of various 

wavelengths of radiation in primarily the 

ultraviolet, visible and infrared portions of 

the spectrum. The visible portion of this 

radiation can be shown in its component 

colours when sunlight is passed through a 

prism, which bends the light in differing 

amounts according to wavelength. 



 

 

 

Interactions with the Atmosphere 

 

Before radiation used for remote sensing reaches the Earth's surface it has to travel through 

some distance of the Earth's atmosphere. Particles and gases in the atmosphere can affect 

the incoming light and radiation. These effects are caused by the mechanisms of scattering 

and absorption. 

 

 

 

Scattering occurs when particles or large gas molecules present in the atmosphere interact 

with and cause the electromagnetic radiation to be redirected from its original path. How 

much scattering takes place depends on several factors including the wavelength of the 

radiation, the abundance of particles or gases, and the distance the radiation travels through 

the atmosphere. There are three (3) types of scattering which take place. 

 

 



 

 

 

 

Rayleigh scattering occurs when particles are very small compared to the wavelength of 

the radiation. These could be particles such as small specks of dust or nitrogen and oxygen 

molecules. Rayleigh scattering causes shorter wavelengths of energy to be scattered much 

more than longer wavelengths. Rayleigh scattering is the dominant scattering mechanism 

in the upper atmosphere. The fact that the sky appears "blue" during the day is because of 

this phenomenon. As sunlight passes through the atmosphere, the shorter wavelengths (i.e. 

blue) of the visible spectrum are scattered more than the other (longer) visible 

wavelengths. At sunrise and sunset the light has to travel farther through the atmosphere 

than at midday and the scattering of the shorter wavelengths is more complete; this leaves a 

greater proportion of the longer wavelengths to penetrate the atmosphere. 

 

Mie scattering occurs when the particles are just about the same size as the wavelength of 

the radiation. Dust, pollen, smoke and water vapour are common causes of Mie scattering 

which tends to affect longer wavelengths than those affected by Rayleigh scattering. Mie 

scattering occurs mostly in the lower portions of the atmosphere where larger particles are 

more abundant, and dominates when cloud conditions are overcast. 

 

 

The final scattering mechanism of importance is 

called nonselective scattering. This occurs when 

the particles are much larger than the wavelength 

of the radiation. Water droplets and large dust 

particles can cause this type of scattering. 

Nonselective scattering gets its name from the fact 

that all wavelengths are scattered about equally. 

This type of scattering causes fog and clouds to 

appear white to our eyes because blue, green, and 

red light are all scattered in approximately equal 

quantities (blue+green+red light = white light). 
 

Absorption is the other main mechanism at work 

when electromagnetic radiation interacts with the 

atmosphere. In contrast to scattering, this 

phenomenon causes molecules in the atmosphere to 

absorb energy at various wavelengths. Ozone, 

carbon dioxide, and water vapour are the three main 

atmospheric constituents which absorb radiation. 

 

Ozone serves to absorb the harmful (to most living 

things) ultraviolet radiation from the sun. Without 

this protective layer in the atmosphere our skin 

would burn when exposed to sunlight. 



 

 

 

Radiation - Target Interactions 

 

Radiation that is not absorbed or scattered in 

the atmosphere can reach and interact with 

the Earth's surface. There are three (3) forms 

of interaction that can take place when energy 

strikes, or is incident (I) upon the surface. 

These are: absorption (A); transmission 

(T); and reflection (R). The total incident 

energy will interact with the surface in one 

or more of these three ways. The 

proportions of each will depend on the 

wavelength of the energy and the material 

and condition of the feature. 

 

Absorption (A) occurs when radiation (energy) is absorbed into the target while transmission 

(T) occurs when radiation passes through a target. Reflection (R) occurs when radiation 

"bounces" off the target and is redirected. In remote sensing, we are most interested in 

measuring the radiation reflected from targets. We refer to two types of reflection, which 

represent the two extreme ends of the way in which energy is reflected from a target:                          

specular reflection and diffuse reflection. 

When a surface is smooth we get specular or mirror-like reflection where all (or almost all) 

of the energy is directed away from the surface in a single direction. Diffuse reflection 

occurs when the surface is rough and the energy is reflected almost uniformly in all 

directions. Most earth surface features lie somewhere between perfectly specular or 

perfectly diffuse reflectors. 

 

Leaves: A chemical compound in leaves called chlorophyll strongly absorbs radiation in the red 

and blue wavelengths but reflects green wavelengths. Leaves appear "greenest" to us in the 

summer, when chlorophyll content is at its maximum. In autumn, there is less chlorophyll in the 

leaves, so there is less absorption and proportionately more reflection of the red wavelengths, 

making the leaves appear red or yellow (yellow is a combination of red and green wavelengths). 

The internal structure of healthy leaves act as excellent diffuse reflectors of near-infrared 



 

 

wavelengths. If our eyes were sensitive to near-infrared, trees would appear extremely bright to 

us at these wavelengths. In fact, measuring and monitoring the near-IR reflectance is one way that 

scientists can determine how healthy (or unhealthy) vegetation may be. 

 

 

 

 

 

 

 

Water: Longer wavelength visible and near infrared radiation is absorbed more by water than 

shorter visible wavelengths. Thus water typically looks blue or blue-green due to stronger 

reflectance at these shorter wavelengths, and darker if viewed at red or near infrared 

wavelengths. If there is suspended sediment present in the upper layers of the water body, then 

this will allow better reflectivity and a brighter appearance of the water. The apparent colour of 

the water will show a slight shift to longerwavelengths. Suspended sediment (S) can be easily 

confused with shallow (but clear) water, since these two phenomena appear very similar. 

Chlorophyll in algae absorbs more of the blue wavelengths and reflects the green, making the 

water appear more green in colour when algae is present. The topography of the water surface 

(rough, smooth, floating materials, etc.) can also lead to complications for water-related 

interpretation due to potential problems of specular reflection and other influences on colour 

and brightness. 

 

Passive vs. Active Sensing 

 

So far, throughout this chapter, we have made 

various references to the sun as a source of 

energy or radiation. The sun provides a very 

convenient source of energy for remote sensing. 

The sun's energy is either reflected, as it is for 

visible wavelengths, or absorbed and then re- 

emitted, as it is for thermal infrared 

wavelengths. Remote sensing systems which 

measure energy that is naturally available are 

called passive sensors. Passive sensors can 

only be used to detect energy when the naturally 



 

 

occurring energy is available. For all reflected 

energy, this can only take place during the time 

when the sun is illuminating the Earth. There is 

no reflected energy available from the sun at night. Energy that is naturally emitted (such as 

thermal infrared) can be detected day or night, as long as the amount of energy is large 

enough to be recorded. 

 

 

 
 

aperture radar (SAR). 

Active sensors, on the other hand, provide their own energy 

source for illumination. The sensor emits radiation which is 

directed toward the target to be investigated. The radiation 

reflected from that target is detected and measured by the sensor. 

Advantages for active sensors include the ability to obtain 

measurements anytime, regardless of the time of day or season. 

Active sensors can be used for examining wavelengths that are not 

sufficiently provided by the sun, such as microwaves, or to better 

control the way a target is illuminated. However, active systems 

require the generation of a fairly large amount of energy to 

adequately illuminate targets. Some examples of active sensors 

are a laser fluorosensor and a synthetic 

 

In order for a sensor to collect and record energy reflected or 

emitted from a target or surface, it must reside on a stable 

platform removed from the target or surface being observed. 

Platforms for remote sensors may be situated on the ground, on 

an aircraft or balloon (or some other platform within the Earth's 

atmosphere), or on a spacecraft or satellite outside the Earth’s 

surface.      

Ground-based sensors are often used to record detailed 

information about the surface which is compared with 

information collected from aircraft or satellite sensors. In 

some cases, this can be used to better characterize the 

target which is being imaged by these other sensors, 

making it possible to better understand the information in 

the imagery.



 

 

Satellite Characteristics: Orbits and Swaths 

 

 

The path followed by a satellite is referred to as 

its orbit. Satellite orbits are matched to the 

capability and objective of the sensor(s) they 

carry. Orbit selection can vary in terms of altitude 

(their height above the Earth's surface) and their 

orientation and rotation relative to the Earth. 

Satellites at very high altitudes, which view the 

same portion of the Earth's surface at all times 

have geostationary orbits. These geostationary 

satellites, at altitudes of approximately 36,000 

kilometres, revolve at speeds which match the 

rotation of the Earth so they seem stationary, 

relative to the Earth's 

surface. This allows the satellites to observe and collect information continuously over 

specific areas. Weather and communications satellites commonly have these types of 

orbits. Due to their high altitude, some geostationary weather satellites can monitor 

weather and cloud patterns covering an entire hemisphere of the Earth. 

 

Spatial Resolution, Pixel Size, and Scale 

 

For some remote sensing instruments, the distance between the target being imaged and the 

platform, plays a large role in determining the detail of information obtained and the total 

area imaged by the sensor. Sensors onboard platforms far away from their targets, typically 

view a larger area, but cannot provide great detail. Compare what an astronaut onboard 

the space shuttle sees of the Earth to what you can see from an airplane. The astronaut might 

see your whole province or country in one glance, but couldn't distinguish individual houses. 

Flying over a city or town, you would be able to see individual buildings and cars, but you 

would be viewing a much smaller area than the astronaut. There is a similar difference 

between satellite images and airphotos. 

 

The detail discernible in an image is dependent on the 

spatial resolution of the sensor and refers to the size of 

the smallest possible feature that can be detected. 

Spatial resolution of passive sensors (we will look at 

the special case of active microwave sensors later) 

depends primarily on their Instantaneous Field of 

View (IFOV). The IFOV is the angular cone of 

visibility of the sensor (A) and determines the area on 

the Earth's surface which is "seen" from a given altitude 

at one particular moment in time (B). The size of the 

area viewed is determined by multiplying the IFOV by 

the distance from the ground to the sensor (C). This area 



 

 

on the ground is called the resolution cell and 

determines a sensor's maximum spatial resolution. For 

a homogeneous feature to be 

detected, its size generally has to be equal to or larger than the resolution cell. If the feature 

is smaller than this, it may not be detectable as the average brightness of all features in 

that resolution cell will be recorded. However, smaller features may sometimes be 

detectable if their reflectance dominates within a articular resolution cell allowing sub-pixel 

or resolution cell detection. 

 

  
 

 

Images where only large features are visible are said to have coarse or low resolution. 

In fine or high resolution images, small objects can be detected. Military sensors for 

example, are designed to view as much detail as possible, and therefore have very fine 

resolution. 

Spectral Resolution 

 

 

Different classes of features and details in an image can often be distinguished by 

comparing their responses over distinct wavelength ranges. Broad classes, such as water 

and vegetation, can usually be separated using very broad wavelength ranges - the visible 

and near infrared - as we learned in section 1.5. Other more specific classes, such as 

different rock types, may not be easily distinguishable using either of these broad 

wavelength ranges and would require comparison at much finer wavelength ranges to 

separate them. Thus, we would require a sensor with higher spectral resolution. Spectral 

resolution describes the ability of a sensor to define fine wavelength intervals. The finer 

the spectral resolution, the narrower the wavelength range for a particular channel or band. 

 

Many remote sensing systems record energy over several separate wavelength ranges at 

various spectral resolutions. These are referred to as multi-spectral sensors and will be 

described in some detail in following sections. Advanced multi-spectral sensors called 

hyperspectral sensors, detect hundreds of very narrow spectral bands throughout the 

visible, near-infrared, and mid-infrared portions of the electromagnetic spectrum. Their 



 

 

very high spectral resolution facilitates fine discrimination between different targets based 

on their spectral response in each of the narrow bands. 

Radiometric Resolution 

 

While the arrangement of pixels describes the spatial structure of an image, the radiometric 

characteristics describe the actual information content in an image. Every time an image 

is acquired on film or by a sensor, its sensitivity to the magnitude of the electromagnetic 

energy determines the radiometric resolution. The radiometric resolution of an imaging 

system describes its ability to discriminate very slight differences in energy The finer the 

radiometric resolution of a sensor, the more sensitive it is to detecting small differences 

in reflected or emitted energy. 

 

Temporal Resolution 

 

In addition to spatial, spectral, and radiometric resolution, the concept of temporal resolution 

is also important to consider in a remote sensing system.. The revisit period of a satellite sensor is 

usually several days. Therefore the absolute temporal resolution of a remote sensing system to 

image the exact same area at the same viewing angle a second time is equal to this period.  

 

Multispectral Scanning 

 

Many electronic (as opposed to photographic) remote sensors acquire data using scanning 

systems, which employ a sensor with a narrow field of view (i.e. IFOV) that sweeps over 

the terrain to build up and produce a two-dimensional image of the surface. Scanning 

systems can be used on both aircraft and satellite platforms and have essentially the same 

operating principles. A scanning system used to collect data over a variety of different 

wavelength ranges is called a multispectral scanner (MSS), and is the most commonly 

used scanning system. There are two main modes or methods of scanning employed to 

acquire multispectral image data - across-track scanning, and along-track scanning. 

 

Across-track scanners scan the Earth in a 

series of lines. The lines are oriented 

perpendicular to the direction of motion of the 

sensor platform (i.e. across the swath). Each line 

is scanned from one side of the sensor to the 

other, using a rotating mirror (A). As the 

platform moves forward over the Earth, 

successive scans build up a two-dimensional 



 

 

image of the Earth´s surface. The incoming 

reflected or emitted radiation is separated into 

several spectral components that are detected 

independently. The UV, visible, near-infrared, 

and thermal radiation are dispersed into their 

constituent wavelengths. A bank of internal detectors (B), each sensitive to a specific range 

of wavelengths, detects and measures the energy for each spectral band and then, as an 

electrical signal, they are converted to digital data and recorded for subsequent 

computer processing. 

 

The IFOV (C) of the sensor and the altitude of the platform determine the ground 

resolution cell viewed (D), and thus the spatial resolution. The angular field of view (E) 

is the sweep of the mirror, measured in degrees, used to record a scan line, and determines 

the width of the imaged swath (F). Airborne scanners typically sweep large angles 

(between 90º and 120º), while satellites, because of their higher altitude need only to 

sweep fairly small angles (10- 20º) to cover a broad region. Because the distance from the 

sensor to the target increases towards the edges of the swath, the ground resolution cells 

also become larger and introduce geometric distortions to the images. Also, the length of 

time the IFOV "sees" a ground resolution cell as the rotating mirror scans (called the dwell 

time), is generally quite short and influences the design of the spatial, spectral, and 

radiometric resolution of the sensor. 

 

Along-track scanners also use the forward motion 

of the platform to record successive scan lines and 

build up a two-dimensional image, perpendicular 

to the flight direction. However, instead of a 

scanning mirror, they use a linear array of 

detectors (A) located at the focal plane of the 

image (B) formed by lens systems (C), which are 

"pushed" along in the flight track direction (i.e. 

along track). These systems are also referred to as 

pushbroom scanners, as the motion of the 

detector array is analogous to the bristles of a 

broom being pushed along a floor. Each individual 

detector measures the energy for a single ground 

resolution cell (D) and thus the size and IFOV of 

the detectors determines 

the spatial resolution of the system. A separate linear array is required to measure each 

spectral band or channel. For each scan line, the energy detected by each detector of each 

linear array is sampled electronically and digitally recorded. 

Along-track scanners with linear arrays have several advantages over across-track mirror 

scanners. The array of detectors combined with the pushbroom motion allows each detector 

to "see" and measure the energy from each ground resolution cell for a longer period of time 

(dwell time). This allows more energy to be detected and improves the radiometric 



 

 

resolution. The increased dwell time also facilitates smaller IFOVs and narrower 

bandwidths for each detector. Thus, finer spatial and spectral resolution can be achieved 

without impacting radiometric resolution. Because detectors are usually solid-state 

microelectronic devices, they are generally smaller, lighter, require less power, and are 

more reliable and last longer because they have no moving parts. On the other hand, cross-

calibrating thousands of detectors to achieve uniform sensitivity across the array is 

necessary and complicated. 

 

Thermal Imaging 

 

Many multispectral (MSS) systems sense radiation in the thermal infrared as well as the 

visible and reflected infrared portions of the spectrum. However, remote sensing of energy 

emitted from the Earth's surface in the thermal infrared (3 m to 15 m) is different than 

the sensing of reflected energy. Thermal sensors use photo detectors sensitive to the 

direct contact of photons on their surface, to detect emitted thermal radiation. The 

detectors are cooled to temperatures close to absolute zero in order to limit their own 

thermal emissions. Thermal sensors essentially measure the surface temperature and 

thermal properties of targets. 

 

 

 

Thermal imagers are typically across-track 

scanners (like those described in the previous 

section) that detect emitted radiation in only the 

thermal portion of the spectrum. Thermal sensors 

employ one or more internal temperature 

references for comparison with the detected 

radiation, so they can be related to absolute radiant 

temperature. The data are generally recorded on 

film and/or magnetic tape and the temperature 

resolution of current sensors can reach 0.1 °C. For 

analysis, an image of relative radiant temperatures 

(a thermogram) is depicted in grey levels, with warmer temperatures shown in light 

tones, and cooler temperatures in dark tones. Imagery which portrays relative temperature 

differences in their relative spatial locations are sufficient for most applications. Absolute 



 

 

temperature measurements may be calculated but require accurate calibration and 

measurement of the temperature references and detailed knowledge of the thermal 

properties of the target, geometric distortions, and radiometric effects. 

 

 

 

 

Microwave Remote 

Sensing 



 

 

Microwave sensing encompasses both active and passive 

forms of remote sensing. The microwave portion of the 

spectrum covers the range from approximately 1cm to 1m in 

wavelength. Because of their long wavelengths, compared to 

the visible and infrared, microwaves have special properties 

that are important for remote sensing. Longer wavelength 

microwave radiation can penetrate through cloud cover, 

haze, dust, and all but the heaviest rainfall as the longer 

wavelengths are not susceptible to atmospheric scattering 

which affects shorter optical wavelengths. This property 

allows detection of microwave energy under almost all 

weather and environmental conditions so that data can be 

collected at any time. 

 

Passive microwave sensing is similar in concept to thermal remote sensing. All objects 

emit microwave energy of some magnitude, but the amounts are generally very small. A 

passive microwave sensor detects the naturally emitted microwave energy within its field 

of view. This emitted energy is related to the temperature and moisture properties of the 

emitting object or surface. Passive microwave sensors are typically radiometers or 

scanners and operate in much the same manner as systems discussed previously except 

that an antenna is used to detect and record the microwave energy. 

 

Applications of passive microwave remote sensing include meteorology, hydrology, and 

oceanography. By looking "at", or "through" the atmosphere, depending on the wavelength, 

meteorologists can use passive microwaves to measure atmospheric profiles and to determine 

water and ozone content in the atmosphere. Hydrologists use passive microwaves to measure soil 

moisture since microwave emission is influenced by moisture content. 

 

Elements of Visual Interpretation 

 

Viewing objects from directly above also provides a very different perspective than what 

we are familiar with. Combining an unfamiliar perspective with a very different scale and 

lack of recognizable detail can make even the most familiar object unrecognizable in an 

image. 

 

Recognizing targets is the key to interpretation and information extraction. Observing the 

differences between targets and their backgrounds involves comparing different targets 



 

 

based on any, or all, of the visual elements of tone, shape, size, pattern, texture, shadow, 

and association. Visual interpretation using these elements is often a part of our daily 

lives, whether we are conscious of it or not. Examining satellite images on the weather 

report, or following high speed chases by views from a helicopter are all familiar examples 

of visual image interpretation. Identifying targets in remotely sensed images based on 

these visual elements allows us to further interpret and analyze. The nature of each of these 

interpretation elements is described below, along with an image example of each. 

 

 

Tone refers to the relative brightness or colour of objects in an image. Generally, tone is 

the fundamental element for distinguishing between different targets or features. 

Variations in tone also allows the elements of shape, texture, and pattern of objects to 

be distinguished. 

 

 

Shape refers to the general form, structure, or outline of individual objects. Shape can be a 

very distinctive clue for interpretation. Straight edge shapes typically represent urban or 

agricultural (field) targets, while natural features, such as forest edges, are generally more 

irregular in shape, except where man has created a road or clear cuts. Farm or crop land 

irrigated by rotating sprinkler systems would appear as circular shapes. 



 

 

 

 

Size of objects in an image is a function of scale. It is important to assess the size of a target 

relative to other objects in a scene, as well as the absolute size, to aid in the interpretation 

of that target. A quick approximation of target size can direct interpretation to an 

appropriate result more quickly. For example, if an interpreter had to distinguish zones of 

land use, and had identified an area with a number of buildings in it, large buildings such 

as factories or warehouses would suggest commercial property, whereas small buildings 

would indicate residential use. 

 

Pattern refers to the spatial arrangement of visibly discernible 

objects. Typically an orderly repetition of similar tones and textures 

will produce a distinctive and ultimately recognizable pattern. 

Orchards with evenly spaced trees, and urban streets with regularly 

spaced houses are good examples of pattern. 

 

Texture refers to the arrangement and frequency of 

tonal variation in particular areas of an image. Rough textures would 

consist of a mottled tone where the grey levels change abruptly in a 

small area, whereas smooth textures would have very little tonal 

variation. 

Smooth textures are most often the result of uniform, even surfaces, such 

as fields, asphalt, or grasslands. A target with a rough surface and 

irregular structure, such as a forest canopy, results in a rough textured 

appearance. Texture is one of the most important elements for distinguishing features in 

radar imagery. 

 

Shadow is also helpful in interpretation as it may provide an idea of the 

profile and relative height of a target or targets which may make 

identification easier. However, shadows can also reduce or eliminate 

interpretation in their area of influence, since targets within shadows 

are much less (or not at all) discernible from their surroundings. 

Shadow is also useful for enhancing or identifying topography and 



 

 

landforms, particularly in radar imagery. 

 

Association takes into account the relationship between other 

recognizable objects or features in proximity to the target of interest. 

The identification of features that one would expect to associate with 

other features may provide information to facilitate identification. In 

the example given above, commercial properties may be associated 

with proximity to major transportation routes, whereas residential areas 

would be associated with schools, playgrounds, and sports fields.  

 

Digital Image Processing 

 

 

In today's world of advanced technology where most remote sensing data are recorded in 

digital format, virtually all image interpretation and analysis involves some element of 

digital processing. Digital image processing may involve numerous procedures including 

formatting and correcting of the data, digital enhancement to facilitate better visual 

interpretation, or even automated classification of targets and features entirely by 

computer. In order to process remote sensing imagery digitally, the data must be recorded 

and available in a digital form suitable for storage on a computer tape or disk. Obviously, 

the other requirement for digital image processing is a computer system, sometimes 

referred to as an image analysis system, with the appropriate hardware and software to 

process the data. Several commercially available software systems have been developed 

specifically for remote sensing image processing and analysis. 

 

For discussion purposes, most of the common image processing functions available in 

image analysis systems can be categorized into the following four categories: 

 

 Preprocessing 

 Image Enhancement 

 Image Transformation 

 Image Classification and Analysis 

 

Preprocessing functions involve those operations that are normally required prior to the 

main data analysis and extraction of information, and are generally grouped as 

radiometric or geometric corrections. Radiometric corrections include correcting the 

data for sensor irregularities and unwanted sensor or atmospheric noise, and converting 



 

 

the data so they accurately represent the reflected or emitted radiation measured by the 

sensor. Geometric corrections include correcting for geometric distortions due to sensor-

Earth geometry variations, and conversion of the data to real world coordinates (e.g. latitude 

and longitude) on the Earth's surface. 

 

The objective of the second group of image processing functions grouped under the term 

of image enhancement, is solely to improve the appearance of the imagery to assist in 

visual interpretation and analysis. Examples of enhancement functions include contrast 

stretching to increase the tonal distinction between various features in a scene, and spatial 

filtering to enhance (or suppress) specific spatial patterns in an image. 

 

Image transformations are operations similar in concept to those for image enhancement. 

However, unlike image enhancement operations which are normally applied only to a 

single channel of data at a time, image transformations usually involve combined 

processing of data from multiple spectral bands. Arithmetic operations (i.e. subtraction, 

addition, multiplication, division) are performed to combine and transform the original 

bands into "new" images which better display or highlight certain features in the scene. We 

will look at some of these operations including various methods of spectral or band 

ratioing, and a procedure called principal components analysis which is used to more 

efficiently represent the information in multichannel imagery. 

 

 

Image classification and analysis operations are used to digitally identify and classify 

pixels in the data. Classification is usually performed on multi-channel data sets (A) and 

this process assigns each pixel in an image to a particular class or theme (B) based on 

statistical characteristics of the pixel brightness values. There are a variety of approaches 

taken to perform digital classification. We will briefly describe the two generic 

approaches which are used most often, namely supervised and unsupervised 

classification. 

 

 

 

 

 

 



 

 

BASIC CONCEPT OF GIS  

 Geographic Information Science is the science concerned with the systematic and automatic 

processing of spatial data and information with the help of computers and the theory behind how to solve 

spatial problems with computers. 

Geographic Information System is a system designed for storing, analyzing, and displaying spatial 

data is the use of hardware, software, people, procedures, and data. 

BASIC CONCEPT OF GIS 

 GI Science allows us to consider the philosophical, epistemological & o n t o l o g i c a l c o n t e x t 

s o f geographic information & GI S y s t e m s p r o v i d e t h e infrastructure, tools and methods 

for tackling real world problems within acceptable timeframes.” 

Literal Definition 

  Geographic relates to the surface of the earth. 

  Information is a knowledge derived from study, experience, or instruction. 

  System is a group of interacting, interrelated, or interdependent elements forming a complex 

whole. 

  Science is the observation, identification, description, experimental investigation, and theoretical   

 explanation of phenomena 

Functions of GIS 

Data collection 

 Capture data 

Data storing, processing & analysis 

 Store data 

 Query data 

 Analyze data 

Output production 

 Display data 

 Produce output 

 Data collection 

- using GPS & RS 

- paper maps are also sources of data 

 

 

 

 

 



 

 

Components of GIS 

 

Basic elements of GIS 

  People 

  Data 

   Software 

  Hardware 

  Procedures/Methods 

1. People - are the most important part of a GIS, they define and develop the procedures used 

            by a GIS, and can overcome shortcoming of the other 4 elements (data, software, hardware,     

            procedure), but not vice-versa 

2. Data - Data is the information used within a GIS, since a GIS often incorporates data from multiple 

sources, its accuracy defines the quality of the GIS. GIS quality determines the types of questions 

and problems that may be asked of the GIS 

 

3. GIS software - It encompasses not only to the GIS package, but all the software used for databases, 

drawings, statistics, and imaging. The functionality of the software used to manage the GIS 

determines the type of problems that the GIS may be used to solve. The software used must match 

the needs and skills of the end user.  

4. Hardware - The type of hardware determines, to an extent, the speed at which a GIS will operate. 

Additionally, it may influence the type of software used. To a small degree, it may influence the 

types/ personalities of the people working with the GIS. 

 

 



 

 

5. Procedures/Methods - The procedures used to input, analyze, and query data determine the quality 

and validity of the final product. The procedures used are simple the steps taken in a well-defined 

and consistent method to produce correct and reproducible results from the GIS system. 

TYPES OF GIS DATA 

Vector 

In the vector data model, features on the earth are represented as: 

 Points 

 Lines 

 Polygons 

Raster 

In the raster data model, a geographic feature like land cover is represented as:  single square cells 

Attribute 

 Attribite values in a GIS are stored as relational database tables. 

 Each feature (point, line, polygon, or raster) within each GIS layer will be represented as a record in a   

    table.  

 A GIS stores information about the world as layers of spatial features (customers, buildings, streets,  

    and so 

 

 

 

 



 

 

GIS Applications 

mapping locations: GIS can be used to map locations. GIS allows the creation of maps through 

automated mapping, data capture, and surveying analysis tools. 

mapping quantities: People map quantities, like where the most and least are, to find places that meet 

their criteria and take action, or to see the relationships between places. This gives an additional level 

of information beyond simply mapping the locations of features. 

mapping densities: While you can see concentrations by simply mapping the locations of features, in 

areas with many features it may be difficult to see which areas have a higher concentration than others. 

A density map lets you measure the number of features using a uniform areal unit, such as acres or 

square miles, so you can clearly see the distribution. 

finding distances: GIS can be used to find out what's occurring within a set distance of a feature. 

mapping and monitoring change: GIS can be used to map the change in an area to anticipate future 

conditions, decide on a course of action, or to evaluate the results of an action or policy. 

Application of GIS's range from indigenous people, communities, research institutions, environmental 

scientists, health organisations, land use planners, businesses, and government agencies at all levels. 

CRIME MAPPING 

Crime mapping is used by analysts in law enforcement agencies to map, visualize, and analyse crime 

incident patterns. Mapping crime, using Geographic Information Systems (GIS), allows crime analysts to 

identify crime hot spots, along with other trends and patterns. 

Using GIS, crime analysts can overlay other datasets such as census demographics, locations of pawn 

shops, schools, etc., to better understand the underlying causes of crime and help law enforcement 

administrators to devise strategies to deal with the problem. GIS is also useful for law enforcement 

operations, such as allocating police officers and dispatching to emergencies. 

Crime analysts use crime mapping and analysis to help law enforcement management (e.g. the police chief) 

to make better decisions, target resources, and formulate strategies, as well as for tactical analysis (e.g. crime 

forecasting, geographic profiling). There are other, related approaches with terms including Information-led 

policing, Intelligence-led policing, Problem-oriented policing, and Community policing. 

BUSINESS 

1. Target Marketing: GIS market analysis tools can help to determine which products and promotions match 

the lifestyles and buying patterns of customers. We can create a multidimensional snapshot of trends to create 

trade areas, predict sales, design sales territories, plan media, and much more. 

2. Routing and Logistics: GIS integrates mapping and analysis into decision support for everything from 

calculating arrival times to customer sites as well as scheduling requests. Businesses can track assets in 

motion, analyze delivery patterns, predict road volumes, and much more. 

 



 

 

3. Marketing and Advertising: GIS market analysis tools can help you determine which products and 

promotions match the lifestyles and buying patterns of customers. Create a multidimensional snapshot of 

trends to create trade areas, predict sales, design sales territories, plan media, and much more. 

4. Site Selection: GIS offers a better way to find the right site for new store, distribution center, or service 

department. With a GIS, we can blend customer surveys with census data to visualize market penetration, 

market share, and trade areas. When markets change, GIS can help you plan exit strategies and asset disposal. 

5. Territory Management: How do you manage business territories? Where can you set up noncompetitive 

franchise areas? When and where should a new business be opened without cannibalizing existing 

storefronts? You can use GIS to make sense of the data and show you the best scenarios for expanding, 

protecting, and leveraging your business. 

6. Real Estate: Real estate companies count on GIS to find not just any site but the best site. They analyze 

data around locations—demographics, aerial photographs, traffic counts, shopping centers, merchandise 

potential data, and competitors—to find the best location for properties. They generate maps of locations to 

show potential buyers where locations exist relative to other locations or attractions and to show off the 

―ideal‖ location of particular sites. 

7. Customer Care: GIS software helps you take better care of customers by making it easy for them to find 

the information they need in a form they can understand. In today‘s information-rich society, GIS and 

mapping software help your customers find what they need with minimum cost and time to you. 

Applications of GIS in Health 

GIS is being used by public health administrators and professionals, including policy makers, statisticians, 

epidemiologists, regional and district medical officers. Some of its applications in public health are 

mentioned below: 

Find out geographical distribution and variation of diseases 

Analyse spatial and temporal trends 

Identify gaps in immunisations 

Map populations at risk and stratify risk factors 

Document health care needs of a community and assess resource allocations 

Forecast epidemics 

Plan and target interventions 

Monitor diseases and interventions over time 

Manage patient care environments, materials, supplies and human resources 

Monitor the utilisation of health centres 

Route health workers, equipments and supplies to service locations 

Publish health information using maps on the Internet 

Locate the nearest health facility. 



 

 

AM/FM/GIS stands for Automated Mapping/Facilities Management and is a subset of GIS, which is 

associated with public utilities like gas, electric, water and telecommunications. The term AM/FM/GIS 

mostly refers to GIS software that allows utility users to digitize, manage and analyze their utility network 

data. This data is stored in an underlying GIS database which also maintains the associations between the 

graphical entities and the attributes. 

Transportation GIS: GIS-T 

Shortest path analysis (SPA): It is for determining the minimum environmental cost route, for determining 

allocations in a location–allocation model, for trip assignment in transportation planning models. The more 

sophisticated GIS packages (e.g. ARC/INFO and TransCAD) allow impedance functions to be specified for 

turns of various types, traffic lights, on-off ramps, and other traffic controls and management devices. 

Vehicle routing (VRo): Vehicle routing problems include the development of routes or tours for deliveries 

and/or pickups from one or more depots (warehouses) at one or more stops (delivery or pick-up points). Such 

problems become more complex when there are time constraints at either the depots or the stops or both and 

when service times are variable. 

Arc routing (AR): In arc routing problems the GIS-T user is attempting to find routes which will allow for 

an optimal (or at least an efficient) transversal of a set of arcs in the transportation network. Applications 

include bus service and any residential delivery, pick-up, or monitoring systems such as mail delivery, solid 

waste collection, or meter reading, respectively. One of the aims of such algorithms is to minimise the amount 

of ‗deadheading‘ (a term most commonly used by bus companies) which is the distance from the point at 

which service is completed back to the bus depot, mail sorting plant, or other base facility. 

Partitioning, clustering, and regionalization: A common GIS-T application is the need to create regions 

such as sales territories or political districts within a database. Clustering procedures can be used to produce 

regions within point, line, or area layers and are especially useful in regionalising networks. 

Location–allocation modeling: Location–allocation models seek to determine optimal locations for private 

and public sector facilities such as warehouses, factories, retail stores, ambulance epots, police stations, and 

fire stations, as well as optimal allocations of ‗customers‘ to these facilities. 

The urban transportation model system (UTMS): The four-step UTMS of trip generation and trip attraction 

(how many trips?), trip distribution (where do they go?), modal split (by what travel mode do they move?), 

and traffic or network assignment (which route do they take?) is almost universally used in transportation 

planning 

 

 

 

 

 



 

 

Statistics 

• A branch of mathematics dealing with the collection, analysis, interpretation, and presentation of 

masses of numerical data 

• A collection of quantitative data 

• Statistics is a set of tools used to organize and analyze data. Data must either be numeric in origin or 

transformed by researchers into numbers 

 Statistics is the study of the collection, analysis, interpretation, presentation, and organization of data. 

In applying statistics to, e.g., a scientific, industrial, or social problem, it is conventional to begin with a 

statistical population or a statistical model process to be studied. Populations can be diverse topics such as 

"all people living in a country" or "every atom composing a crystal". Statistics deals with all aspects of data 

including the planning of data collection in terms of the design of surveys and experiments. 

It is subdivided into descriptive statistics and inferential statistics. 

Descriptive Statistics 

 Mathematical quantities (such as mean, median, standard deviation) that summarize and interpret 

some of the properties of a set of data (sample) but do not infer the properties of the population from which 

the sample was drawn 

Inferential Statistics 

 Mathematical methods that employ probability theory for deducing (inferring) the properties of a 

population from the analysis of the properties of a data sample drawn from it. It is concerned also with the 

precision and reliability of the inferences it helps to draw. 

Geostatistics is a branch of statistics focusing on spatial or spatiotemporal datasets. Developed originally to 

predict probability distributions of ore grades for mining operations, it is currently applied in diverse 

disciplines including petroleum geology, hydrogeology, hydrology, meteorology, oceanography, 

geochemistry, geometallurgy, geography, forestry, environmental control, landscape ecology, soil science, 

and agriculture (esp. in precision farming).  

 Geostatistics is applied in varied branches of geography, particularly those involving the spread of 

diseases (epidemiology), the practice of commerce and military planning (logistics), and the development of 

efficient spatial networks. Geostatistical algorithms are incorporated in many places, including geographic 

information systems (GIS) and the R statistical environment. 

Measurement System Analysis 

 The purpose of Measurement System Analysis is to qualify a measurement system for use by 

quantifying its accuracy, precision, and stability. 

An example from industry serves to illustrate the importance of measurement system quality: 

 A manufacturer of building products was struggling to improve process yields, which had a 

significant impact on product cost. Experience indicated that there were several process and environmental 



 

 

characteristics that influenced the process yield. Data were collected on each of the variables believed to be 

significant, followed by regression and correlation analysis to quantify the relationships in statistical terms. 

 The results showed no clear correlation between anything - in spite of years of anecdotal evidence to 

the contrary! In fact, the underlying strong correlation between variables was confounded by excessive error 

in the measurement system. When the measurement systems were analyzed, many were found to exhibit 

error variation 2-3 times wider than the actual process spread. Measurements that were being used to control 

processes were often leading to adjustments that actually increased variation! People were doing their best, 

making things worse. 

Characterization 

A measurement system can be characterized, or described, in five ways: 

Location (Average Measurement Value vs. Actual Value): 

• Stability refers to the capacity of a measurement system to produce the same values over time when 

measuring the same sample. As with statistical process control charts, stability means the absence of 

"Special Cause Variation", leaving only "Common Cause Variation" (random variation). 

• Bias, also referred to as Accuracy, is a measure of the distance between the average value of the 

measurements and the "True" or "Actual" value of the sample or part. See the illustration below for 

further explanation. 

Linearity is a measure of the consistency of Bias over the range of the measurement device. For example, if 

a bathroom scale is under by 1.0 pound when measuring a 150 pound person, but is off by 5.0 pounds when 

measuring a 200 pound person, the scale Bias is non-linear in the sense that the degree of Bias changes over 

the range of use 

Variation (Spread of Measurement Values - Precision): 

• Repeatability assesses whether the same appraiser can measure the same part/sample multiple times 

with the same measurement device and get the same value. 

• Reproducibility assesses whether different appraisers can measure the same  

• part/sample with the same measurement device and get the same value. 

The diagram below illustrates the difference between the terms "Accuracy" and "Precision": 

Efforts to improve measurement system quality are aimed at improving both accuracy and precision. 

 



 

 

Introduction to merits and demerits of statistics:       

 Statistics means the methods used for gathering, organization, study and interpretation of statistical 

data. Statistics is also described as the science which deals with collection, analysis and interpretation of 

numerical information. Statistics consists of tests used to analyze information. In this article we will see the 

information about about merits and demerits of the statistics and solve basic statistics example problem. 

Merits of Statistics: 

 Let us we will see the information about merits of the statistics. Statistics contains lot of merits. These 

are, 

 Statistics helps in gives a well understanding and correct explanation of a phenomenon of nature. 

 Statistical helps in suitable and efficient planning of a statistical investigation in any field of study. 

 Statistical helps in assemble of appropriate quantitative data. 

 Statistics helps in presenting complex data in a fitting tabular, diagrammatic and graphic form for a 

simple and clear comprehension of the data. 

 Statistics is used to drawing valid inference; along with calculate of their consistency about the 

population parameters from the model data. 

Demerits of Statistics: 

 No we are going to see the information about demerits of statistics. Statistics have some of the 

demerits. These are, 

 Statistics deals with combined and not with individuals. 

 Statistical data are accurate only on an average. 

 Statistical data collected for given reason cannot be useful to any situation. 

 It is not always possible to compare statistical data, unless they are equal in  

   character. 

 

If each observation in a climate series is xi when i changes from 1 to n (the total number of 

observations), then: 

Statistic Definition Formula 

Central 

Moments 

the expected values of the 

difference between a random 

variable and its expected value 

raised to a power (the moment 

number). 

  

Mean 

the statistic that measures the center 

of a sample of data (the first central 

moment) by adding up the 

observations and dividing by the 

number of data points. It may be  



 

 

thought of as the center of mass or 

balancing point for the data, i.e., 

that point at which a ruler would 

balance if all the data values were 

placed along it at their appropriate 

numerical values. 

Variance 

the second central moment, and is a 

scale parameter of the variable 

distribution 
 

Standard 

Deviation 
is positive square root of variance 

 

Median 

a statistic which measures the 

center of a set of data by finding 

that value which divides the data in 

half. A technical definition is that 

the median is the value which is 

greater than or equal to half of the 

values in the data set and less than 

or equal to half the values. 
 

Mode 

a statistic defined as the most 

frequently occurring data value. It 

is sometimes used as an alternative 

to the mean or median as a measure 

of central tendency 

no text 

Terciles 

are the statistics which divide the 

observations in a numeric sample 

into 3 intervals, each containing 

33.333% of the data. The lower, 

middle, and upper terciles are 

computed by ordering the data from 

smallest to largest and then finding 

the values below which fall 1/3 and 

2/3 of the data. 

no text 

Skewness 

the third central moment of a 

random variable. This statistic 

measures symmetry of the variable 

distribution. If the variable has 

more numerous lower values 

skewness is negative, for more 

numerous high values skewness is 

positive. Skewness close to zero 

implies a symmetrical distribution 

 

Kurtosis 

the fourth central moment 

characterizes how peaked (positive 

kurtosis or leptokurtic) or flat 

(negative kurtosis or platykurtic) 

the distribution is. Kurtosis close to  



 

 

zero is for a balanced distribution 

with regard to peakedness. 

  

 

Figure 1. Histograms and basic statistics for daily temperature (top) and 

precipitation (bottom) at Olympia Airport, Washington. 

Example of computation of basic statistics and histograms is shown in Figure 1. Temperature 

(Figure 1 top) mean, median and mode are very similar to each other relative to their magnitude, 

which is one of the characteristics of symmetric bell shaped histograms. Skewness and kurtosis 

statistics reflect this as well. Precipitation histogram (Figure 1 bottom) displays distinct positive 

skewness and kurtosis, the mean is much greater than the median relative to their magnitude, and 

the two are much greater than the mode. 
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