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'PREFACE

This course deals with the topics in Geology included in thc syllabus for the Thml _
Year of the B.Sc. course oﬂ'cred by the Dr. B.R. Ambedkar Open Umversnty 'I'he toplcs '
generally cover the 'core’ areas of the suject to be studied i in'the Third Year of the Three Year
| 3 - Degree Course in Sc1encc The syllabus for the sake of convenience is divided into blocks,
each of wluch compnses 1 number of Umts Bach block generally covers a spoclfied area of
e *ﬂtﬂc subject. The Umts are prepared by specialists in accordance with a format so designed as to
g - enablethe student to read and understand them without much chfﬁcully Each Unit begins with
{ Ca statement of its objectives, and assignments at the end of the course material intended to fest
_ thesmdent'soomprehensmnofsubjoct. Tectnucaltexmsthhwhlchmesmdernmaynotgmeral!y

_bc famlhar with are given appronately under the head, 'Glossary'.

| The Umvers:ty hopcs that this course material will help the student to get acqumtod
Wlth the concepts and prmcnplcs of structural geology, Eoonomnc geology and Indian Gcology :

The total content is devided into 6 blocks and 24 units, Block 1 and 2 con51sts of

structural goo]ogy, here the basic prmcnples and structures were explained. Block 3 and 4 are
alloted 1o economic geology In this blocks thc different processes of ore formatlou and their
"dmbumonmhm\vasmswm Block 5 mdﬁdcalsmthlndmnﬁcologyvanousstahgmphm |
 divisons of India were described along with its economic importance. The unit 24 is spccxally |
mcotporatod in t!ns course about the Andln*a Pradesh Geology







UNIT:1 STRUCTURAL GEOLOGY -
. AN INTRODUCTION |

Contents - _
1.0 © Objectives

1.1 Introduction o :
12 Primary and Se::ondary Structures

1.3 Objectives and Methods of Structural Ge.ology.

1.4 Applications of Structural Geology. ' _
1.5 .Structural Geology and its relation to other branches of Geology;_
1.6 Summary R
- L7 Check Your Progress - Model Answers.

1.8 Model Exémil_lation Questions .

1.0 OBJECTIVES |

o In this Unit, we have presented the method of study and applicétioﬁs of Structural
Geology. __ ' T oo - '

At the end of this Unit, you will be able to

*  explain the primary and secondary structures

o describe the methods of structural geology

*  describe the applications of structural geology :

*  describe the _sfructurai geology and its relétibnship with other branches

1.1 INTRODUCTION

- -Structural Geology is the study of the structural (in contrast to compositional) -
features of rocks, their geographic distribution and their causes. Billing defines structural
geology "as the study of the architecture of the earth's crust as it has resulted from
deformation.” The expression architecture of the earth's crust is very appropriate because:
structural geology aims at understanding and interpreting the form, symmetry, geometry
and certainly the elegance and artistic assembling of the components of the carth’s crust
on all scales. Geologists are concerned with structural features which range in size from
those observed in an outcrop (megascopic size) to those of regional size which are to be
represented on geological or structural maps. Featufes of a still large scale are considered -
-in'tectonics’ which is "the study of the features of much broader or larger components of
the earth and their causes”. - : o I ' o

12 PRIMARY AND SECONDARY STRUCTURES

A structural feature is one produced in rock by movements after its formation after
the consolidation of the rock or rock units. The term structural feature or simply structures
refer to the shape and attitnde of the various rock units present in any part of the earth.

- The shapes and attitudes of the several rock-units, as they ROW exist in earth, are the
-+ results of process conriected with their original formation and also of all later processes 4




* the displacements, rotations and distortions that gave rise to the structure. By integrating .
this knowledge with theoretical concepts and experimental data, one can analyse the nature
of crustal deformation. All this structural analysis has an important bearing on our
understanding the formation and structural control of natural resources, especially energy
resources and metallic mineral deposits. - -

" The knowledge of the structure of rock bodies is basic to the understanding of
other aspects of geology. Structural knowledge is of great importance in applied fields of
geology such as ground water hydrology, mining geology and engineering geology. Inall
these fields it is essential to learn about the subsurface configuration of rock bodies as
well as their surface distribution. The occurrence of oil pools, the size and shape of ore.
bodies or other economically important rock formations such as coal or limestone and
distribution of ground water are very often controlled by geological structures and as such
a detailed knowledge of structures forms a prerequisite for successful and economic
exploitation of each resources. ' ' '

_ In the field of engineering geology also, selection of sitcé for dams, bridges and
- such other projects is based on the proper evaluation of the foundation rock, particularly -
with reference to its structure as the presence, for example, of an active fault may endanger
 the engineering construction. -

Check your progress
Note : (a) Space is given below for writing your answer. .

(b) Compare your answer with the one given at the end of this unit. -
3. Describe where the knowledge of structural geology is useful?

15 STRUCTURAL GEOLOGY AND ITS RELATION TO
OTHER BRANCHES OF GEOLOGY |

~ The scope of 'structural geology' has beené'};p}'ai'ned in the foregoing paragraphs.
Some geologists use the terms 'tectonics’ or ‘tectonic geology' with the same meaning as -
‘Structural geology. Some however, consider structural geology is to be concerned with -
the geometry of the rocks within an area. The study of a small area naturally leads the
- structural geologist to consider the 's'etting" of his area in the broader frame-work of the:
“surrounding region. He desires to fit the beds, folds and faults he mapped into the pattern

- " of the folded or faulted belts of the whole country and uitimately proceeds to think on a

continental scale. Although such i;westi_gations, irreSpective' of the size or area, also come

within the scope of structural geology, traditionally the wider aspects of continental and

oceanic and eventually of global structures are referred to as "teéctonics’ or 'tectonic geology

or 'geotectonics’. Discussions on major fold belts, fault zores and the like which require a

 thorough understanding of the nature of the earth's deep interior, form the subject matter
of 'tectonics.' : ' ' ' '




In the investigation of the structural problems of an area or région the structural

i - geologist has to first study the nature of the rock mass in which the structure is present. A
i knowledge of geomof phology, which is concerned with the study of landforms, is of
particular importance to the strictural geologist because in regions of recent tectonic activity
the structure may be directly expressed by the topbgraphy, petrology, which deals with-
the systematic description or rocks and their origin throws much light oft the structural
; history of igneous, sedimentary and metamorphic rocks. As rocks ar¢ composed of minerals, -
| mineralogy, which deals with the classification, internal structure and genesis of minerals

is another branch of geology with which the structural geologist should be familiar. For

-the study of the structure of folded and faulted sedimentary formations a knowledge of

stratigraphy, a branch of geology concerned with the sequence in which formations were -

deposited, is essential. Paleontology, the study of fossils is indispensable when rocks
- containing fossils are encountered. - '

: In addition to the branches of geology mentioned above, the structural geologist
i has got to be familiar with the methods and instruments of other branches of science as
- well particularly, physics and chemistry. Geophysics, which involves the application of
~ physics to geological problems and includes studies in seismology, gravity, electricity and
magnetism, is being used extensively and successfully in solving problems with which the

_ structural geologist is concerned. Indeed, for most of the information available on the

" nature of the interior of the earth which is source of tectonic energy, the principal source
is seismology. The subject of rock mechanics deals with the physical properties of rocks
and their significance in rock deformation. The study of the ancient magnetic field of the

- earth and its role in tectonic processes forms the subject matter of Paleomagnetism.
Geochemistry deals with the application of the principles of chemistry in geological
investigations and overlaps mineralogy and petrology. Geochronology is concerned with.

the dating of geological events through the application of such advanced techniques as
radiogenic dating. ' ' ’ o

The science of geology originated and progressed from observations made mainly
on the continents. Although oceans occupy a larger part of the earth's surface and have
been familiar to man for many thousands of year, his concern for the subsurface parts of
the ocean is only of recent origin. Oceanography, science dealing with the ocean, involves
many other sciences like biology, physics and chemistry in addition to geology. The
study of the structure of the sea floor, the underlying crust as also the mantle has now -
become the primary concern of structural geologists. Lunar geology, which involves
mineralogy, petrology and geomorphology is attracting the attention of geologists in recent
times. ' :

1.6 SUMMARY

" Structural geology is the study of the structura] features of rocks, their geographic
distribution and their causes. This branch of geology is useful in understanding the
interpretation of form, symmetry, geometry and other components of earth’s crust. Structural
features are of two types, normal primary and secondary, structures that eriginate during
the formation of rocks are called primary structures. Structures produced by forces that
tend to displace and destroy the rocks or by metamorphism are called secondary structures,
The latter are the result of essentially of deformational processes such as uplift, tilting,
faulting and folding. ' ' - : :

T

: _ The primary objective of structural geologist is the recognition, representation
_1 o and genetic interpretation of the rock structures. It is essential to study thé rock bodies'




and determine their size, shapé and structural charaétérs. The out crops are to be correctly
located and geological maps sheuld be prepared. The geometry of the rock masses isto be

described in terms of the various linear or planar structural elements and the structure.is to

" be represented by means maps, cross sections, block diagrams and photographs. After the -

preparation of maps the geologists may explain the origin of the structure and the geological
history of the area. : '

" The knowledge of structural geology is basic to the understanding of other aspects
of geology. Structural knowledge of great importance in applied fields of geology such -
as ground water hydrology, mining geology and engineering geology. On all these fields
it is essential to learn about the subsurface configuration of rock bodies as well as their
surface distribution. - ' o ' I

Structural geo'log_y_has relation with other branches of geology. It is rei_ated to
geomorphology, petrology, Mineralogy paleoritology, geophysics, geochemistry,

" seismology, oceanography, lunar gelogy ete. ' :

17 CHECK YOUR PROGRESS - MODEL ANSWERS

1. -. S_tnﬁ:tural geology.
Imagery Photographs. ' ; -
3. - Groundwater hydrology, Mining geology, Engineering geolo gy etc.

1.8 MODEL EXAMINATION QUESTIONS

L. A'liswe'r.thé following question in about 30 lines each. _

1. Explain about structural geology; Describe the'_'(.)bjectivés and uses.
il Answer the following questions in about 10 lines e'a.ch_
.1. ~ Explain the terms - primary structures and secondary s_tnictur.és.

2. Explain briefly the applications of structural geology.

* .ok ¥




'UNIT:2  MECHANICAL PRINCIPLES
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2.4 Strain
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2.5.1 - Elastic deformation
2.5.2 Plastic deformation

253 Rupture _ : .
2.6  Factors Controlling Behavior of Materials
27 Summary .

2.8 Check Your Progress - Model Answers

29'  Model Examination Questions.

. 2.0 OBJECTIVES

In this unit; we have pl_‘esented' the mechanical principles as force, stress, strain and the
three stages of deformation. L o : - :
~ At the end of the unit, you should be able to
*  describe force, stress and strain
* explain thre_c stages of deformation _ o
~* " describe the factors controlling the behaviour of materials

2.1 INTRODUCTION

The dut_er shell of the earth consists of sedi.mentary, igneous and metamdfphic rocks.

The structural geologist, however is interested primary in the mechanical properties of the:
rocks with which he deals rather than. in their origin.. Geologists usually observes rock

deformation. This deformation may be due to internal forces or external stress. Soitis essential
to know about mechanical principles related to elasticity, plasticity and rupture. This type of
characters are usually developed with different forces. C '

22  FORCE

Itisan expliciﬂy definable vector quantity that changes or tends to produce a changein

the motion of abody. The locomotive of a train exerts the force that moves the cars. Force is

 defined by its magnitude and direction, hence it may be expressed by an arrow, the length of

which is proportional to the magnitude of the force and the direction of which indicates the
direction in which the force is acting. : : ' S
_ Anunbalanced force is one that causes a change in the motion ofa body. The acct_':l_érétion
1s the rate of change of velocity. Ifa train starts from rest and acquires a velocity of 20 miles per

N




hour at the end of 10 mmutes the acceleration is two miles per hour per minute. A body

. dropped from a high building is subjected to an unbalanced force because of the gravitational
pull of the earth, and the body accelerates at the rate of approx:mately 32 feet per second per
second

Balanced forces ex1st where no change in motion occurs. If a train is moving at a
constant velocity, the frictional resistance of the tracks and the air equals the. force exerted by
the locomotive. If aman pushes against a wall that he cannot move, the wall is exerting a force
equal and opposite to the exerted by the man.

Most problems confrontmg the structural geologrst may be analyzed by assummg

balanced forces because the velocity of rock bodies is so small that acceleration is neghglble

. Along faults however, the motion causing earthquakes may be so rapid that acceleration is
important. ' :

The pressute on a smali body immersed in a liquid is described as hydrostatlc pressure.
Rocks i in the hthosphere because of the weight of whatever rocks in above them, are subjected
to similar but not identical kmd of pressure known as Lithostatic pressure. Butin expenmental
work thls equal, all-sided pressure on solids is called the confining pressure. This lithostatic
pressure increases with depth in the earth and reaches tremendous values in the interior. Itis
equal to the weight of the overlying column of rocks. An increase in confining or lithostatic
pressure causes a decrease in the volume of rocks, but an increase in the density. A decrease in
oonﬁmng pressure causes an mcrease in volume but a decrease in density.

In many instances the forces acting on a body are not equal on all sides. A body is said

to be under tension when it'is subjected to external forces that tend to pull it apart. Tension

may be represented, as in Fig. 2-14, by two arrows that are on the same straight line and are |

directed away from each other; the arrows represented the forces, whereas the rectangle represents
the body or part of a body upon which the forces act. The rectangie may be omitted.

A body is said to be under compressnon when itis subjected to external forces that tend
to compress it. Compression may be represented, as in Fig. 2-1B, by two arrow that are on the
same straight line and are directed towards each other; the arrows represent the forces, whereas
the rectangle represented the body or part of the body acted upon. The rectanglc may’ be omitted.

~ Tension . Compression - Couple

Flg. 2.1. Arrows representmg tensnon, compr@esmn and a couple

A couple consists of two equal force that act in oppoS1te directions in the same plane
but not afong the same line. InFig. 2-1Ca couple is represented by the upper and lower arrows,
~ which are not on the same straight line and which are directed away from each other, To
prevent rotation and preserve equlhbmrm a second couple is necessary, as shown by the vertical
T . arrows.. The rectangle whjchrepresentsthebodyorpartofthebodyactedupon, maybe'
8 omltted




"Torsion results from twisting. If the two ends of a rod are turned in Oppostte dlrecnons
the rod is subjected to torsion.

Check your progress

Note : (a) Space is given below for writing your answer. # _
(b) Compare your answer with the one given at the end of this unit.

1. What is lithostatic pressure?

2.3 ' STRESS

- Imagine a vertical column of material. Along any Imagmary i rizontal plane within
this colomn, the material above the plarg, because of its weight, pushes downward on the
material below the plane, Similarly, the part of the column below the plane pushes upward with
an equal force on the material above the plane. The mutual action and reaction along a surface
constltutcs a stress.

Moreover, along any i'maginary plane withig the column there are similar actions and
reactions. The imaginary plane may be horizontal, vertical, or inclined at any angle. The force,
due to the weight of the part of the column that lies above the plane, acts in a vertical direction. B
This force would be directed normally to horizontal plane. Along an inclined plane, however,
the vertical directed force would be resolved into a normal component and a tangentlal
component ' :

The normal component isa mmpriﬁsive stress if it tends to push fogether the material
on opposite sides of the plane. The normal component isa tensﬂe stress if it tends to pull apart
the material on opposite sides of the plane. The tangentlal component is generally called a
sheanng stress or shear.

 Physicists measures stress as the force per unit area; it is stated in pounds per squ_are
inch, tons per square foot - kilograms per square centimeter, or similar convenient units.
Engineers prefer to use unit sti‘ess force per unit area.

It is essential to dlStlIlg‘lllSh between the external force that is apphed to abody and the
resulting internal actlon and reactlons that constitute the stress.

CALCULATION OF STRESS

There is no direct way to measure stress in a body, but they may be calcu}atcd if the
external forces are known. If a body is compressed or stretched, the stress is referred to a plane
perpendicular to the direction in which the external force are acting. Thus if a vertical square
column 10 inches on a side supports a load of 5000 pounds, every horizontal plane in the
celummn is subjected to a compressive. force of 5000 pounds if we neglect the weight of the
column 1tself Each square mch of these horizontal planes supports a load of 50 pounds per




square inch. The compressive stress is satd to be 50 pounds per square inch. If a vertical rod
with a cross -sectional are of 10 square inches carries a weight of 5000 pounds at. its lower end,
evéry horizontal plane in the rod is subjected to a pull of 500 pounds per square inch. The
tensi_le-stress is said to be 500 pounds per square inch. : '

24 STRAIN

Strain is the deformation caused by stress; strain mey be dilation, which is a change in
volume, or distortion, which is a change in form, or both. '

When there is a change in the confining pressure, an isotropic body-that is, a body
whose mechanical properties are uniform in all directions-will change in volume, but not in
shape.. With increasing confining pressures, the volume of the body decreases and the dilation
is negative. With decreasing confining pressure, the volume of the body mcreases and the
dilation is positive.

Check your progress
Note : (a) Space is given below for wntmg your answer.
- (b) Compare your answer with the one given at the end of this unit.
-2 What are stress and stram'? '

2.5 THREE STAGES OF DEFORMATION

Ifa body is subjected to directed forces lastmg over a short penod of Ume-rrunutes or
hours-it usually passes through three stages of deformation, although in brittle substances the
intermediate stage may be omitted. At first, the deformation is elastic; that is, if the stress is -
withdrawn, the. body returns to its original shape and size. There is always a limiting stress,
called the elastic limit; if this is exceeded, the body does not return to its'original shape.' Below
the elastic limit, the deform_atlon obeys Hoo_ks s law which states that strain is proportional to -

If the stress exceeds the elastic liinit, the deformation is plastic that is, the specimen
only partially returns to its original shape even if the stress is removed. Steel rods under tension,

~ for example begin to get thinner or "neck" in the middle, and, even after the stress is released
the constncnop remain in the rod.

_ ~ When thereisa contmued increase in the stress, one or more fractures develop, and the
speclmen eventually fails by rupture.

Brittle substances are those that Tupture before any mgmﬁcant plastic deformation takes
- place. “Ductile substances are those that undergo a large plastic deformation before rupture.
Afier the elastic limit has been, exceeded ductile substances undergo a. long interval of plasnc

16 deformation, and in some mstances they may never rupture




2.5.1 Elastic Deformation :

Atroom temperature and pressure, and under stress applied for a short period of tlme '
most rocks are brittle. They behave elastically until they fail by rupture. For such rocks the
elastic limit or yield points is the stress at rupture. Ideally an elastic substance will return to the

- original shape after the deforming stress has been removed, although there may be a sllght
delay as unloading occurs.

Elastic deformation is primarily of lmportance in analyzmg tidal deformation of the
solid earth and in 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, and in certain aspects of

folding. Although most structural features observed by structural geologists are the résult of B

deformation beyond the elastic limit, the same parameters of length mass, time, and force are
1nvolved

2.5.2  Plastic Deformation

Although most rocks at room ternperatures and pressure fail by rupture before attaining
a stage of plastic deformation, most rocks, at sufficiently high temperztures and confining
pressures deform plastically even in experiments lasting for a short time. This plastic deformation
~ is not recoverable or is only partially recoverable. ‘This is, if the siress i+ removed, the material
does not return to its onglnal shape.

In much experimental work the deformation of rocks results from internal adjustments
within the mineral grains, notably gliding and dislocation. Hence metallurgists tend to confine.
the concept of plasticity to such deformation. But in nature other factors are also important,
notably the rotation of grains and recrystalhzatlon o .

2.5.3. Rupture -

- Rocks, when subjected to stress, deform elastically. Under atmospheric pressure and
room temperature most rocks are brittle and fail by rupture at the elastic limit. But under high
confining pressure and high temperatures most rocks undergo plastic deformation above the
elast1c limit. But under sufficiently high stress they may eventually fail by rupture.

Several factors are of concern: (1) the nature of the deformation  preceding rupture; (2)
the physical conditions at the time of rupture; (3) the stresses necessary to cause rupture; and
(4) the onentatlon of the fractures relative to the causatlve stresses.

All ruptures may be classed as tension fractures and shear fractures. Tension fractures _
result from stresses that tend to pull the specimen apart. When the. specimen finally breaks, the
two walls may move away from each other.. Shear fractures result from stresses that tend to
slide one part of the specimen past the adjacent part. When the specnmen finally breaks, the two
walls may shde past one another :

Check your progress

Note : (a) Space is given below for writing your answer. .

| (b) Compare your answer with the one given at the end. of this unit.
3 What are the three stages of deformation? '




*,

2.6° FACTORS CONTROLLING BEHAVIOR OF MATERIALS

The mechanical behavior of rocks is controlled not only by their inherent properties -

. mineralogy, grain size, porosity, fractures, etc.- butalso by factors that are of little or ne concern
in planning man-made structures at the surface of the-earth. These factors are confining pressure,
temperature, time, and solutions. ' -

Check your progress |
Note : (a) Space is given below for writing your answer. -
(b) Compare your answer with the one given at the end of this unit.

4. What are the factors controlling the mechanical behaviour of rocks?

27 SUMMARY

Structural geologist must know the mechanical principles involved in rock deformation.
Rock deformation will occur with internal forces or with external stress. Force is defined asa
vector quantity that change or tends to produce change in the motion of a body. Forces are two
types an unbalanced force and balanced force. An unbalanced force tends to change in the
motion of a bddy where as b_alanced force exists where no change in motion. As velocity of
rock bodies is less balanced forces are important to _geologiéts. The pressure on a smatl body
immersed ina quuid_ is hydrostatic pressure. The overlying rocks exert pressure on underlying
rocks and is called lithostatic pressure. The all sided pressure on solids is confining pressure.
A body is said to be under tension when it is subjected to external forces that tend to pull it
apart. A body issaid to be under compression when it is subjected to external forces that tend
to compress it. A couple consists of two equal forces act in opposite directions in same plane.

_ Torsion results from twisting. - | - '

The mutual action and reaction along a stirface constitutes a stress. There are compressive |
stress, tensile stress and shear stress. Strain is the deformation caused by'stmss'. It may be
dilation, a change in volume or distortion, a change in form or both. '

In the procesé of deformation there are three stages. At firstthe deformat,idn is cla's.tic,.

exceeds elastic limit, the deformation is plastic, that is the specimen only partially returns to
original shape. When there is a continued increase in stress one or more fractures develops and
the specimen eventually fails by rupture. ' o '
- The mechanical behaviour of materials or rocks are controlled internally by mineralogy,
~ grain size, porosity, fracture etc. and externally with confining pressure, temperature, time
42 solutions etc. ' - : ' '

that is if the stress is withdrawn the body will return®to its original size and shape.” if the stress ~




2.8

 CHECK YOUR PROGRES_S - MODEL ANSWERS

Rocks in the llthosphere because of the weight of what ever rocks above them are
subjected to a kind of pressure known as hthostatlc pressure.

The mutual action and reactlon along a surface is stress, and deformation caused by
stress is strain,
3. Elastic deformation, piasuc deformation and rupture are the three stages of deformation..
4, The mechanical behavior of rocks are controlled internally by mineralogy, grain size,
porosity, fracture etc. externally by confining pressure, time, temperature solutions etc.
29 .MODEL EXAMINATION QUESTIONS
I Answer the following questions in about 30 lines each.
1. Explain about force, stress and strain. _
2. What are the three stages of deformation? Explain in detail.
n Ahswer the following questions in about 10 lines each.
1. | Hook's Law
Factors controlling mechanical principles in Rocks.
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30 OBJECTIVES

This Unit-aims to make you aware of the field procedures and its applications in.the

" field. At the end of this Unit, you will be able to:

1"

* - define the character of out crops
*  describe the geological maps

% explain distribution of rock formation within an area.

3.1 INTRODUCTION

Field work forms the first and the most essential phase of activities connected with
structural geology. The structures are to be studied in their natural setting. In doing so, the
structural geologist is concerned with a descriptive analysis of the structures which includes
recognizing the structures, ‘measuring their orientations and describing their physical and
geometrical components. He has to make a direct observation and of the field relationship, -
probe the subsurface features through drilling or geophysical methods and study the stratigraphy
and petrography of the rocks in which the structures occur. In a sense descriptive analysis
required geologic mapping of rocks and structure, measuring the physical dimensions of
structures using tape, scale, surveying instruments on topographic map, measuring -the
orientations of structures with a compass-clinometer; plotting graphically' the orientations of

structures; determining orientations of minerals in thin sections of deformed rocks using a

microscope; and examining the geological characteristics of fracture patterns with the help of
aerial photographs. o ' o : o .

32 STUDY OF OUT CROPS

. Rocks, beds or formations sometimes project through the overlying cover of detritus or
soil and thus become exposed. These exposures are called outcrops. Geologists search for
outcrops where they can study the character of the rock formations. This is the first step in
geological field work. The rocks are described in a suitable field note book in terms of their
colour, mineralogy, textures, primary features, topogfaphic expression of rocks and structures,
weathering characteristics and the nature of bedding or foliation. Finally the name of the

 formation, if known;, is entered. If the outcrop disclosed a contact with some other rock formation,




- the contact relationship and the nature of the contact, whether deposmonal deformatlon or

igneous, are also described.

Check your progress

Note : {a) Space is given below for wntlng your .answer.

o '(b) Compare your answer with the one given at the end of this unit.
1. ‘What is the scope of geological field w_ork?

2. " Define the term out crop.

33 GEOLOGICAL MAPPING

Geological mappii1g is the art of descriptive analysis in structural geology. The geologic |

“map provides an image of the distribution of rock formations within an area. It also discloses
the form and structural pattern of rock bodies. Even the internal structures are sometimes

represented on the geologic maps. In effect, the geological map is a two-dimensional shectof

paper disclosing the three-dimensional description of rocks, structures and contacts in a given
area, through the use of standard symbols. : :

Inthe geological mapping, the initial step is selecting a suitable base on which ﬁ)apping.

can be carried out. The traditional base for geological mapping is the topographic map. The
topographic map show details of physiography (ground elevations, drainage etc) and culture
{town and related details) with the help of which the positions of structures and contacts can be
accurately indicated. Topographic maps for different areas are prepared and published by the
survey departments of the government (in India by survey of India). In some cases however,
topographic maps may have to be prepared as part of the geologic mapping process, particularly

Wwhen there is a need to carry out large-scale mapping of small area to unravel the three =

dimensional structure forms of the area. Large scale topographic maps can be constructed -

through the use of the plane table and alidade. Tn some cases aenal photographs serve as the

- most valuable base for geological mapping.
- 3.3.1. Components of a geologic map

- The geologic map shows the distribution of rock formations in an area by means of
colour and/or pattern and letter symbols. Each colour, pattern or symbol on the map should
coincide exactly with the distribution of the corresponding rock formatlon The meaning of the
colours, patterns and symbols is given in the explanation..

S5 “[4%‘7?
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Each formation shown on the geological map is enclosed by a contact except where the
formation extends outside the+iiap area. These contact lines are usually of two types-lithologic
(depositional and intrusive contacts) and fault contacts. Lithologic contacts are represented by
thin lines and fault contacts by thick lines.

After mapping the rock formations, the geometnc and physwal nature of the stmctm‘es
present, like bedding, foliation, faults, joints, folds, cleavage and lineation is indicated through
standard symbols. The size and orientations of the features shown on geologlc map can be
understood with the help of the scales and north arrows given on the map. The map becomes
complete when the borders are drawn and title given. The title conveys the name and general
location of the map area. '

' 3.3.2 Structural Elements

There are many major and minor structures and many different types of each major .
structure also occur in nature. In order to make a complete descriptive analysis of the structure,
it is necessary to identify and describe the concerned structural element. Structural elements
are the physical and geometric components of structures. The physical elements are real and
visible and their shape, size and orientations can be measured. The geometric elements, on the
other hand, are imaginary lines and surfaces, with the invisible but can be identified in the field.
They too have shapes, sizes and orientations which are measurable.

In describing the physical and geometric elements, measurements are required to be
made for features some of which are linear and other planar. All linear geologic features like

 the grooves on a fault surface or lineation are called linear elements. Bedding planes, joints,

fault planes, dykes etc. come under planar elements

- One basic equipment that is mdlspensable for measuring orientations of structurcs in
field is the compass-clinometer. This is used for measuring trend and inclination of structural
elements. Trend refers to the Azimuthor bearing of a line. ‘Azimuth is measured in degree

" clock-wise from north (eg. 100°, 275° Bearing is measured in degrees east or west from north or

%

 south (eg. N55°E;S25°W). Incillination is the angle measured in degrees between an inclined

line or plane and the horizontal. Its value may vary from 0° to 90°. Trends are measured with -

the compass and inclinations with the clinometer which is located inside the compass.

The orientation of a linear element in space is expressed in terms of trend and plunge,
the latter being a measure of inclination. While the trend is measured in a horizontal plane,
plunge is measured in a vertical plane containing the line. Plunge is the angle between the line
and the horizontal in the vertical plane.

The orientation of a planar feature is given by measuring the orientation of two lines in
that plane is determined by two lines. Any two lines which are not parallel can be chosen. ‘For
convenience two lines in a plane one a horizontal lirie and the other a line at right angles to itare -
chosen strike and dip. The first is called the line of strike and the second the line of the dlp

Strike and Dip

.Strike and Dip are the two measurements required to define the attitude or three

.dimensional orientation of a plane. The strike of a plane or a planar feature like bedding is its

trend measured on a horizontal surface, or more precisely, it is the trend of a line formed by the

. intersection of the planar feature and horizontal plane. It is expressed in terms of degrces of

azimuth (50°) or bearing (NS0°E).

~ The dip of a plane or planar feature is the angle between the plane and a horizontal
plane measured in a vertical section that is at right angles to the strike. It is expressed in terms
of the angle of mclmatlon and the direction. The dip direction is not directly measured because




- itcan be determined from the strike direction. For example a plane with N S0°E strike, will dip -
_ either NAO’E or S40°W In field work, the dip is always measured in a vertical section which is
r at right angles to the strike as mentioned above. This dip is called true dip. The angle of
inclination measured in a vertical section which is not at right angles to the strike, is called
_ _ apparent dip. While there can be only one true dip, there can be many apparent dips depending
- on the direction of the vertical section. Apparent dip is always less than true dip. The strike and
q - dip along with the symbols used for them are illustrated in (figure.3.1) the upper part of each.
figure is a block diagram and the lower part a plan or map. The attitudes of inclined, horizontal
and vertical beds are showa. In all cases strike is north. The dip in 60°E in A, 0%n B and 90°in

A B c

Fig. 3.1 Dip - Strike Symbols
A.lInclined bed B. Horizontal bed - C. Vertical bed.
_ The strike and dip are measured with the help of the compass clinometer. The stiikeis =~ i
measured with the help of the compass and the dip with clinometer. For a detailed description

of the compass-clinometer and the method of using it any book on field geology (Ref: Manual
of Field Geology-by Cromption; Field geology by Lahee) can be referred. '

- .. The 'relatioriships of fonﬁatiqn shown in the geolo'gical map and the structural data _ H
collected through measurements in the field form the basis for understanding the physical and -
geomeric characters of different structures through the preparation of profiles, projections and - i
‘plots. -4 L :
Check your progress o - .

Note : (a) Space is given below for writing your answer. :
(b} Compare your answer with the one given at the end of this unit. -
3. What is a G_co_logica_l Map? '

34 SUMMARY

. Field work is ﬁery vital for .geologist because St_ructures are to be studied and mapped. _
- In order to do field work field procedures are important to study. The structures are to be 47




studied in their natural settings. It inclides recognising the structures, measuring their orientation
and describing their physical and geometrical components. The geological field work required
geologic mappmg of rocks and structures. The-Major requirements to conduct geo]oglcal field
work are. tOposhcct scale; tape, surveying instruments and clinometer compass.

Rocks, beds of formation sometimes project through the overlying cover of demtus or
soil and thus become exposed and are called as out crops. Study of out crops begins the duty
of field study. These out crops are described in terms of their colour, mineralogy, textures,
primary features topographic expression, weathering characteristics and nature of bedding or-

foliation.

Geological mapping is the art of field work. This geological map provides an image of
the distribution of rock formations. Geologic map is a two-dimensional sheet of paper disclosing

' the three dimensional description of rocks, structures and contacts in a given area. The base

map for geological mapping is the toposheet. The contact lines are of two types one is lithologic
and the second.is fault contacts. The features are like bedding, foliation, faults, joints, folds,
cleavage and lineation. The orientation of a linear element in space is expressed in terms of
trend and plunge. Plunge is the angle between a line-and horizontal in the vertical plane. Strike

- and dip are the two measurements required to define the attitude or three dimensional orientation

of a plane. The strike of a plane or a planar feature like bedding is its trerid measured on a
horlzo_ntal surface. Dip of a plane or planner surface is the angle between horizontal plane and
bedding plane. These two are measured with the help of clinometer compass.

35 CHECK YOUR PROGRESS - MODEL ANSWERS

1. . Geological field work is essential to map the field characters like structures, rhineralogy,
- petrology for further interpretation ' '

2. The area, strip of ground, line or place where a rock-body or a rock surface {bedding

surface, fault or-any other) emerges at the carth's surface is known 4s “Out Crop". The -
term "Qut Crop" IS also used as a verb, derived from the substantive, but some prefer to
use ‘crop out'.

3. Geological map is a two dlmenswnal sheet of paper dlsclosmg the three dimensional
' _description of rocks; structures and contacts.

3.6 MODEL EXAMINATION QUESTIONS

1. Answer the followmg question in about 30 lm&; each.
I, Write down the field procedures for the determination of structures?
1. Answer the following questions in about 10 lines each.
I ' Geological map and its components.
2. Structural elements. '
3. Suikeanddip.
4.

True dip and apparent dip.

18
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OBJECTIVES

40

In this Unit we shall prcscnt a brief description and importance of Primary Structures -
Sedlmentary and Igneous Structures. R - o
At the end of this unit, you will be able to
descrlbe the anary Sedlmentary Structures. -
¥ describe the anaxy Igneous Stmctures
*  explain the i importance and apphcanons of pnmary structures.

41 IN TRODUCTION

_ ana:y structures are those that are present in rock before the onset of defonnatxon
- They are called primary because they are the original features of sedimentary or igneous rocks
resulting from deposition or emplacement. In sedimentary rocks primary structures form before
lithification and in igneous rocks during the flow and later-stage congealing of magma, before
‘and durmg final crystallisation. Mctamorphlc focks do not possess primary structures because
they are formed secondarily from pre- existing rocks ' '

anary structures of sedxmentary origin include :
Stratification or bedding.

Graded .beddmg

Cross bedding

Pebble imbrication

Markings on bedding planes .
Mudcracks . . B - B T
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" Primary structures of igneous origin include :

1. Flow and other structures of _1a\ias.
3. Columnar jointing inlavas. = S .
3. Flow structures in platonic igneous rocks. Foliation and lineation.

42 SEDIMENTARY STRUCTURES

. Sedimentary structures are those which are observed in sedimentary rocks. These
structures are formed with the origin of sedimentary rocks. ' :

4.2.1 Stratification or Bedding

Stratification or bedding is a fundamental primary structure in sedimentary rocks. No
structure of sedimentary rocks is more universal than stratification. The beds may vary from
massive layers to delicate laminae. ‘They are separated from each other by bedding planes.
Stratification arises from variations in one or more physical or chemical characteristics of
sediment which occur vertical to the bedding. Some of the factors that cause stratification are
difference between layers in (1) Chemical composition, (2) Colour, (3) Grain size, (4) Degree
of sorting, (5) Degree and type of packing, (6) Cohesion, (7) Cementation, (8) Permeability or '
- porosity and (9) Resistance to erosion. . L S

The nature of the layers, the arrangement of material with in the layers, features on the
bedding planes, sometimes the layer shape of the sedimentary unit depend on the conditions
like the depth of water, nature of current under which the sediments is deposited. As E.S. Hills
~ ohserves it is the sam of its lithological features that characterizes a bed, with the implication
that it was laid down under a particular set of conditions, either uniform or systematically
varying. ' _ ' ' '

Stratification may result directly from sedimentation as in the case of varves, layering.
_in deep sea carbonate and siliceous oozes, evaporites and chemical precipitates in general.
Stratification may be produced indirectly when the water is agitated so that sediment is reworked
and the sediment deposited previously may be broken up and redeposited. - This occurs most
commonly in shallow water. Some bedding may be produced under combined conditions of
‘direct and indirect stratification. ; ' '

4.2.2 Graded Bedding

- Sediments a:e'_'said to be graded when there has been asorting of sizes and the sediments
are separated vertically to some extent within the sequence. Graded sediments show a gradual .

decrease irt-grain size from bottom to top of the layer. Graded bedding is produced due to the

settling of suspended materials from a rapidly flowing, sediment, laden current. when it
experienced a sudden decrease in the velocity of fiow. Turbidity current deposits usually show
graded bedding (Fig 4.1) : B R -

S o Fig. 41 Graded Bedding o
_ . A. Normal horizontal beds each bed get thinner towards the top. . B.Dipping beds rights side up.
~ C. Vertical beds top towards right. o . D. Dipping beds over turned.




Check your progress _

' Note (a) Space is given below for writing: your answer. _
" {b) Compare your answer with the one given at the end of this unit. : C

1 Bedding or Stratification can be marked by - |

2. The bedding showing gradation in grain size is known as

4. 2 3. Cross Bedding

Cross bedding, also called false bedding or current beddmg, is characiedis2d by bedding
or lamination oriented at an angle to the true bedding at both the upper and lower extremities.
- In their most diagnostic form, the cross beds or cross-laminations are tangential to the lower
- bedding surface and are sharply truncated along the upper surface. Cross bedding is inclined in
the general direction of the sediment transport and current flow. Truncation of the upper ends
of cross-beds is due to erosion shortly after deposition. While it is true that the truncated edge o
is the top edge in cross bedded strata, in some cases, however, the intersection of the foreset
beds (in deltas) with the lower beds can be quite abrupt. This leads to the information of ¢ross
; bcddmg which is truncated at both top and bottom (Fig. 4.2) °

I

Flg. 4.2 Cross beddmg
A Normal Cross bedding,
B.. . Torrential Cross bedding

Cross bedding dcvelcp in many different evironments, mcludmg duncs, rivers, bcaches,
: -shallow seas and deltas and it is a useful md1cator of cunent dlrectlon

4.2. 4 Pebble Imbrlcatmn

. Pebble imbrication is characterised by overlappmg of disc: shapecl or flat pebbles laid
down in the beds of streams or on stony beaches. ‘These pebbles are often piled against each .
_other, lcamng at an angle. These are calied edgewlse conglomcrates o _ 21




In streams the pebbies lean down-stream and on beaches away from the water's edge.
Thus these become valuable in interpreting current direetion and direction of source are for the
conglomerates. Such cross bedding called torrentlal CTOss beddmg, is supposed to develop
-under condltlons of rapid Sedlmentatlon

- Check your progress -
Note : (a) Space is given below for wrltmg your answer.
(b) Compare your answer w1th the one given at the end of this’ umt
3. Define "Current beddmg

4.2.5 Markmgs on Beddmg planes

Marking on beddmg planes may be of both inorganic and orgamc ongm The morgamc '
markings include ripple marks, channels, rain prints, solemarkmgs load casts etc. The organic
markings include tracks, trails burrows etc.

" Ripple marks are repeated wave forms seen on sand, silt and mud. These niéy be
‘produced in shallow water due to the action of currents, waves and the play of wind on the-
" surface of the water or by wmd action at the surface of the earth (Fig. 4. 3) '

Fig. 4.3. Ripple marks
. Oﬂgmal Osc1llat10n ripple marks (bottom)
Over tumed cast of oscillation
Original current ripple mark (bottom) and cast top

Uow

Over turned cast of current ripple marks.

_ - . Two typ_es of ripple marks are commonly seén. The oscillation ripple marks have a -
symmetrical concave form. They consist of broad troughs that are convex downward and sharp
crests that point upward. These are formed in bodies of standing water. The current ripple
marks, on the other hand, are asymmetrical. Both the crest and trough are rounded. These
ripple marks develop when a current either of water or air moves across sand or mud These are
.useful in finding out the direction of the current. :

During the accumulation of sedlments partlculariy by river action, eros:on may altemnate .. _
zz w1th deposmon Aﬁer the deposmon of a sediment, chamlels may be curved onthem by swiftly




ﬂowing streams during flood time.  As the flood was subsiding these channels may.be filled
with gravel which truncates the bedding of the original sediment (Fig.4.4) :

i)

_ Fig. 4.4, Chann_eliiﬁg
Al Channel cut into shale filled up by conglomerate.
" B.. Fragments of shale deposited in overlying sandstone.

Check your progress .
Note : (a) Space is given below for writing your answer. _

{b) Compare your answer with the one givén at the end of this unit, -
4, "Ripple marks have wide application in sediméntology" Name them.

................................

Rain drop impressions are another common type of marking found on .beddi'n g planes,

Rain drops leave imprints in soft sediment in the form of small craters with rimmed edges,
which are preserved in the consolidated rock. '

Sole marks are so named because they are best preserved on the underside or sole ofa
bed. They are certain irregularities occurring in the interface, that is along the bedding plane .
between sandy mud below and sand or silt above, Afier the deposition on the mud and before
the deposition of sand or silt over it, irregular depression are cut and scoured on the top of the.
mud, due to current erosion of' material being dragged or bounced across the surface. Some of
the depression may'be animal tracks also. These depression are filled by sand or silt during the
‘burial of the mud. . After lithification the sand or silt casts filling the depression indicate the

of a sandstone or a siltstone bed when the underlying shale is removed by erosion.

Load casts are structures which are believed to have developed in soft sediment under
‘the influence of gravity, The structure is generally found at the interface between a sandstone
above and a mud stone or coal below. It is supposed to form by the sand sinking into the
underlying sediment which, due to its high water or gas content is very ductile and less dense
than the overlying sand. One property is very common among all load cast Structures the

coarser one of the two Leds forming the deformed interface is the younger of the two.

Organie markings are produced by animals living in shallow water. Many of these
animals leave tracks or trails which are preserved in the consolidated sediments. The tracks and
trails consist usually of furrows and ridges left in a pattern which is typical of the animals;

23




Some ani_mals' bore into the sediments. - Many 3invci‘tebrates burrow in sediments producing
tube like bores. Foot prints of animals are also commonly preserved, especially in soft sediments.

4.2.6 Mud Cracks

~ When the wet mud of a river bottom or lake bed or beach dries out, it will’
characteristically become broken into polygonal blocks that are bounded by mud cracks or sun
cracks. These cracks result due to the evaporation of water in the drying mud and the consequent

shrinkage. ‘Mud cracks, when filled by sand, may be preserved. Those found in ancient sediments
are used to interpret depositional environments. S ' :

‘43 IGNEOUS STRUCTURES

‘These structures are seen only on igneous rocks. These are formed along with the -
solidification of primary magma. ' ' : :

4.3.1. Flow and other structures in Lavas

voleanic rocks are largely dependent on the
fiow of the lava, which in tum is controlled by the viscosity of the lava and the physical
* environment of extrusion. Chemical composition has great influence on viscosity, although
temperature and gas content aiso are important factors. Mafic or basaltic magmas have low
viscosity and .are very fluid, whereas felsic or rhyolitic magmas posses high viscosity
and thus tend to be very stiff. The difference in fluidity of basaltic ahd thyholtic magmas partly
- accounts for the dominantly extrusive habit of basalt and dominantly intrusive habit of granites.
The physical environmerit of eruption also has influence on the structute of the lava flows, as
for example eruption of lava under water versus eruption under air. Rates of cooling differin
these two settings. Similarly the steepness and roughness of topography also influence the flow-
movements including relative speed. — )

The p_rima'r'y' structural chacateristics of

Of all flow structures, ropy lava is the most impressive. Pillow structures, Vesicular
structures and Amygdaloidal structures are the other common structures of lavas.

4.3.2. Columnar Jointing | | |

. The columns which are very characféristié- of some basalt flows are pi'oduced;by
columnar jointing, a fracturing that occurs during the final congealing and shrinkage of the
flow. The columns tend to be polygonal because the fracturing is polygonal as in the case of
mud cracks. Orientating of the columns may sometimes reveal the direction of the lava flow.

~ Columns may locally plunge toward the rear of the flow. The columns tcnd to be polygonal
" because the fracturing is polygonal as in the case of mud cracks. . (Fig. 4.5) '

A B
 Fig. 4.5 Columnar j_oint:i_hg_

A PlainView ~ B. Block diagram




4.3.3. Flow Structures in Plutonic Rocks

In plutonic bddies, flow struetures form relatively early in the process of 'emplacem::nt.
of magma and they continue to form until the mass becomes rigid. Primary fractures form [ate.

The flow characters of a pluton are reflected often in the aiignméﬁts ‘of crystals. The
most commonly occurring crystals which are useful in the study of alignment patterns are the
needle - like crystals of hornblendle, tubular Crystals of felspar and platy mica. Elongate minerals

like hombl_cnde and felspar on alignment produce lineation. (Fig. 4.6) Mineral lineation is o

commonlj} oriented parallel to local flow direction. Tabular and platy minerals, when aligned
produce flow foliation (Fig. 4.7) in igneous bodies. Foliations in igneous rocks are typically
produced by parallel arrangement of mica sheets or paralielism of the broad 010 faces of felspar
crystals. Foliation reflects laminar flow of the intreding magma. B o
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 Fig. 4.6 Lineation Fig. 4.7 Foliation

_ Alignments of Xenoliths and inclusions also help in understanding the primary internal
structure in plutonic bodies. . : _

In addition to foliation and lineation, which afe_produéed in arclatively carly stage of
crystallisation of magma, plutonic bodics are also characterised by fractures produced at later -
stage, before final crystallisation, as-a natural response 1o the thermodynamics of intrusion.

- These are primary fractures exhibit a geometrical co-oridination with the primary foliation and
" lineation, They may be filled with aplite or peg;matite dykes genetically related to the magma
or with veins produced by late stage hydrothermal solutions circulation within the still hot -
body. - ' :

Check your progress

Note : (a) Space is given below for writing yo'ur.answer. _ _
(b) Compare j?our answer with the. one given at the end of this unit.

5. Whatare the names of igneous Structures?




44 IMPORTANCE OF PRIMARY STRUCTURES

1.  As guide to deformation

Evaluation of primary structures, the sedimentary structures in particulat, is useful in
many ways. They are useful in the interpr_eation of the structure of deformed areas. It is only
-through a proper understanding of the primary shape and attitude of strata that we are able to
perceive that they are deformed and measure the amount of deformation. For example, if there
were on bedding in sedimentary rocks, there would be far less evidence of deformation in
deformed rocks. This point becomes clear when we consider the case of deformed igneous
rocks. 1In such rocks, there may be abundant microstructural evidence which indicates
deformation, but because the shape of the various units before deformation is not known, itis
generally difficuit to interpret or predict the structure with confidence. But interpretation of a
deformed, bedded sequence can be done with more confidence because it can be assumed that
the bedding was initialty more or less planar. ' S ' o
Primary structures provide considerable information on the tectonic environment. In
the study of deformed rocks the ultimate aim is to understand the total history of a deformed
rock and not just its deformational history. Further more, the processes of deposition deformation

- ‘may. not necessarily be isolated in time. For example,' the history of a mountain chain may

shown an intermingling of the processes of deposition and deformation in such a way that the

type of sediment being deposited can often provide clues for understanding the tectonics. For

example, an unusually thick sequence of shallow water sediments (as indicated by primary

structures) must have been deposited in a gradually subsiding basin, because otherwise the
" lowest members of the sequence world show deep water features. '

A As evidence for dist_ingﬁishing top from bottom beds

 Primary structures are very useful in recognizing the top and bottom of beds, and
therefore in arriving at the correct sequence of rock formations. In this connection ripple marks, -
graded bedding, cross bedding, sole marks, load casts and mud cracks are of particular
" importance. The original ripple mark or its cast map be preserved in sedimentary rocks.
Oscillation ripple marks can readily be used to know whether abed is right-side up or overturned.
The sharp crests whether in the original or in the cast point toward the younger strata, in other
words point upwards. Current ripples cannot be used to distinguish top from bottom because
an overturned ripple has the same from as the one is right is right-side up. (Fig. 4.8)

N
W I

Fig. 4.8 Determination of top.of beds with the help of cross bedding
A. Beds are right side wp. B. Tops isto theright. ~ C. Both are overtumed

In graded bedding, the grains are progressively finer from bottom to top. In cross -
bedding, the cross beds are tangential at the lower surface but are sharply truncated at the upper
surface. _The sole marks and load casts point downwards.

- Mud cracks are preserved by becoming filled with sand or mud of a different fonhation.
. When exposed to weathering, the original mudstone with mud cracks slowly disintegrates leaving
behind casts of the cracks on the lower surface of the overlying sandstone. In a similar way rain




prints, organic markings or even fossils when preserved properly can offer evidence for
distinguishing the top of a bed from its bottom. P ' o

In pillow lavas, the tops and bottoms of the pillows are generally convex upward.
Vesicular and Amygdaloidal structures are characteristic of the tops of lava flows. (Fig. 4.9)

L'ava; vesicles represented by smali ellipses -

_ .Fig. 4.9 TOp of lava flows
~A. Pillow structure right side up. L
B. Pillow vesicles structure indicate that the top is to the ri ght.

_ In addition, primary structures, when studied carefully, after information concerning
the source of sediments, the depth of deposition and the direction of movements of current and -
materials, in other words, concerning the environment of deposition.

45 SUMMARY

. Primary structure are those that are present in rocks before the on set of deformation.
. They are the original features formed during the deposition one can observe primary structures
only in'sedimentary and igneous rocks. Metarhorphic_: rocks do not possess primary structures.
- Primary structures are of two types namely primary structures of sedimentary origin and primary
structures of igneous origin. ' s ' . '
- Primary structures of sedimentary origin are stratification, graded bedding, cross bedding
pebble imbrication, marking on bedding planes, mud cracks etc. Generally stratification develops
from variations in one or more physical or chemical characters of sediment. In graded bedding.
‘sediments are graded with sorting of grain size, and will show gradual decrease in size from
bottom to top of the layer. Cross bedding is chamé‘teti_sed by bedding or lamination oriented at
an angle to the true bedding at both the upper and lower margins. Pebble: imbrications are
charecterised by overlapping of disc shaped or flat pebbles laid down in the beds of streams on
stony beaches. h s : - '

Markings on bedding planes are represented both organic and inorganic origin. The.in-
organic markings includes ripple marks, channels, rain prints, sole markings, load casts etc..
The organic markings include tfacks, trails, burrows etc. When the wet mud of a river bottom
or lake bed or beach dries out, it will charactergtically become broken into polygonal blocks -
that are bounded by mud cracks or sun cracks. .- ' '

_ Igneous structures are grouped as flow structures, columnar jointing, foliation and
lineation. Flow structures are mainly represented by volcanic rocks, ropy lava, pillow structures,
vesgicular structures, amygdaloidal structures etc. Columnar jointing is the characteric features
of basalts. In this, fracturing occurs during the contraction of magma. Foliation and lineation

are the other plutonic structures,




' anary structures are very lmportant as guides to know about c_le'fonnation and as
evidences for the determination of top beds from bottom beds, Primary structures are also .
useful in studying the deposmonal environment.

4.6 CHECK YOUR PROGRESS - MODEL ANSWERS.

a) D1fference of composmon b) Difference of colour ¢} Hardness and texture
Graded bedding '
3. In current bedding major bedding planes are parallel and with subsidiary bedding planes,

running in different directions. The subsndlary bedding planes indicate the direction of
current flow. ' :

4. a)Paleocurrent and flow analysis-
b) Depth of water in which they are formed
c) .Stratigraphic order |

5. - 1. Flow and other structures in lavas.

2. Columnar jointing
3. Flow structures in plutonic rocks.

47 MODEL EX-AMINATION QUESTIONS

L Answer the following quéstion in about 30 lines each.

1. Explain the importance of Primary Structures.
" JI. - Answer the following questions in about 10 lines each
1. Mention the primary structures seen in sedimentary and igneous rocks.
2. Explain the following.
a. Stratification - |
b. Cross Beddings -
c. Ripple marks
d. Columnar jointing
€.

Foliation and Lineation
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~ For field work and in the preparation of geological maps, topographic maps are h
used as base maps. During field work as much data as possible is collected and recorded
from as many outcrops as possible, because it is only then that a geologist will'be in a

_position to interpret the data and arrive at the correct geologleal setting of the area. Much
of the information necessary is usually gathered from direct observation either in-outcrops.
“or in pits or mines. But in recent times this is being supplemented by data collected from
the depths of the earth (sub-surface geology) by indirect means. Vast amounts of data are
" obtained from the study of drill hole data and from geophyswal investigations.

Aerial photographs are also of immense use in geolog1ca1 mapping as they often .
disclose structural features, which are missed in normal mapping. In recent times the
technique of 'remote sensing' through orbiting satellites is being widely cmployed for
obtaining imagery photographs. :

After arriving at a conclusion regardmg the possible structure based on the facts
available after representing it in the proper way through maps, sections, diagrams etc., the
geologist is faced with the problem of explaining the origin of the structure and fit it into
the geological history of the area or the region or of the whole earth, if possible. The
conditions of temperature and pressure at the time the structural feuture developed, the
nature and distribution of forces as also the movements responsibl: for the deformation
~ and such other factors involved in the evolution of the structw’e are to be carefully
" interpreted. Experimental studles provide sngmﬁcant data for understanding the process
of deformation. Although it is difficult to produce in the laboratory the conditions that
exist in the earth to consider all the variables involved, much knowledge is gained and
_ information ‘gathered thrOugh the use of specially concelved apparatus and through
experlments mvolvmg apphcatlon of known forces on rocks.

: Check your progress
Note : (a) Space is given below for wrltlng your answer.
(b) Compare your answer: w1th the one given at the end of this unit.
2. Remote sensing is used for obtaining - photographs

1.4 APPLICATION OF STRUCTURAL GEOLOGY

" The study of structure is fundamental to the understanding of how crustal rocks
have responded to physical processes that have been operating through out the long -
geoioglcal time, Masses of crustal rocks, from the size of specks to the size of continent
~ have been shifted, rotated, uplifted and distorted in response to earth forces. Structures
like faults, folds, joints cleavage, foliation and lineation are abundant in the earth's crust
because the rocks in which these structures are found were forced to change their size,
: shapes and even thelr position. :

: As ment1oned earlier students of structural geology leam to recognize and descrlbe
the structure, measure the structural elements and understand the methods of 1nterpret1ng




" the dlsplacements rotations and:distortions that gave rise to the structure. By mtcgratm g .

this knowledge with theoretical concepts and experimental data, one can analyse the nature
of crustal deformation. All this structural analysis has an important bearing on our

understandmg the formation and structural control of natural resources, especially energy'

resources and metallic mineral deposits.

The knowledge of the structure of rock bodies is basic to the understanding of
other aspects of geology. Structural knowledge is of great importance in applied fields of
geology such as ground water hydrology, miming geology and engineering geology. In all
these fields it is essential to learn about the subsurface configuration of rock bodies as
well as their surface distribution. The occurrence of oil pools, the size and shape of ore
bodies or other economically important rock formations such as coal or limestone and
distribution of ground water are very often controlled by geolo gical structures and as such

‘a detailed knowledge of structures forms a prcrequ1s1te for successful and economic

exploitation of each resources.

In the field of engineering geology alse, selectlon of sites for dams, brldges and

such other projects is based on the proper evaluation of the foundation rock, particularly

with reference to its structure as the presence, for example of an active fault may endanger

the engineering construction.

Check your progress _
Note : (a) Space is given below for wﬁting your answer. .

(b) Compare your answer with the one given at the end of this unit.
3. Describe where thé_ knowledge of structural geology is useful?

1.5 STRUCTURAL GEOLOGY AND ITS RELATION TO

OTHER BRANCHES OF GEOLOGY

The scope of stmctural geology’ has been explained in the foregoing paragraphs
Some geologists use the terms "tectonics' or 'tectonic geology' with the same meaning as

‘Structural geology. Some however, consider structural geology is to be concerned with -

the geometry of the rocks within an area. The study of a small area naturally leads the
structural geologist to consider the 'setting’ of his area in the broader frame-work of the

- surrounding region. He desires to fit the beds, folds and faults he mapped into the pattern

of the folded or fanlted belts of the whole country and ultimately proceeds to think on a
continental scale. Although such 1nvestgatmns irrespective of the size or area, also come

within the scope of structural geology, traditionally the wider aspects of continental and -

~ oceanic and eventually of global structures are referred to as 'tectonics’ or ‘tectonic geology'

or 'geotectonics’. Discussions on major fold belts, fault zones and the like which require a-

thorough understanding of the nature of the carth‘s deep interior, form the sub}ect rnatter
of 'tectonics.’ :

o
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UNIT-5 UNCONFORMITIES
- Contents : L
5.0 Objectives
5.1.  Iatroduction
5.2 Types of Unconformities _
' 5.2.1 Angular Unconformities
-5.2.2  Disconformity
5.2.3  Local unconformity
5.2.4  Non conformity _ |
5.3 Recognition of Unconformities
5.3.1 Out crop characterstics
5.3.2 - Aerial Mapping .
53.3  Sharp contract in the degree of induration
53.4  Distinct difference in the grade of metamorphism’
5.3.5 Difference in the intensity of folding |

! o - 53.6 Relation to plutonic rocks
5.3.7 Fossils
| 5.4 Importance of Unconformities
5.5 Summary '

5.6 Check Your .Progrc_ss‘Mbdel Answers.
5.7  Model Examination Questions

50 OBJECTIVES

After completion of this unit, you should be abie to

*  define unconformity

* describe types of unconformities

*  explain recognition of unconformities

R -

describe the importance of unconformities

.~ 51 INTRODUCTION

Sedimentary beds which constitute a sequence of parallel to sub-parallel beds by virtue
of their deposition in a continuous manner are said to be conformable, ' :

During the process of deposition sedimentary layers {(and volcanic layers) are deposited
one over the other forming a sequence of parallel to subparallel beds. Such beds are said to be
conformable. They show conformity. Conformable beds are formed during continuous

' deposition or during separate events so close in time that the age difference between the younger

i and older layers cannot be detected with the available methods. Contacts formed between beds
_ in a conformable sequence are referred to as normal depositional contacts, These contacts are
S usually planar or slightly irregular in form. Normal depositional contacts are distinctive because

1 ‘of the properties like colour, composition, lithology, texture and thickness of the layers involved.

. Depositional contact of a type different from the normal depositional’ coﬁtacts also
occur in rocks. ‘These are called unconformities. An unconformity is 2 depositional contact
. between two rocks of different ages. Unconformities represent breaks in the stratigraphic 34




sequence, that is they indicate periods of time that are not represented in the stratigraphic columns,
by rock unit. This break may be due to a period of nondeposition or to a period during which
previously formed rocks are eroded. - Hence the unconformity is defined as a surface of

nondeposition or erosion that separates younger strata from older strata. It is more commonly
~ a-surface or erosion. (Fig.5.1) ' :

Fig. 5.1 Unconformity
a b : Unconformity .
Sedimentary rocks above and below.

Sedimentary rocks below and volcanic above.

Volcanic rocks above and below. :
Plutonic rocks below sedimentary rocks above.
Plutonic rocks below and volcanic rocks above.

mouowp

: * The Evaluation of the time gap or hiatus represented by and unconformity is not easy.
For example, if tertiary beds rest on devonian beds- it is possible that deposition originally.
continued through carboniferous time, the carboniferous beds having been subsequently eroded
away leaving only the devonian beds. Again it is possible that deposition may be occurred at
any time between carboniferous and tertiary, say during jurassic, and erosion again may have
removed thesé rocks before the tertiary rocks were deposited. Although regional mapping will
help in clarifying the situation, much will invariably remain hypothetical about any major
unconformity. _ - o . -
- An unconfirmity develops through several stages. First the older rocks are formed.
These are later uplifted, sometimes deformed, and subjected to subaerial erosion. Finally the
younger beds are deposited. Unconformities may be present between rocks of the same origins
or rocks of different origins., Sedimentary rocks, volcanic igneous rocks, plutonic igneous
rocks or metamorphic rocks may be involved, Therocks both above and below the unconformity
may be sedimentary or they may be plutonic below and sedimentary above, or sedimentary
- below and volcanic above or vice versa, or plutonic below, volcanic above or volcanic both
above and below and so on. - : -

. The topography of unconformities may differ greatly. In some localities it may be an
_ extensive peneplain, the older rocks having been reduced to a uniform level by erosion. Elsewhere
~therelief on the unconformity may be some bundreds even a few thousands of feet indicating that
32 onlyamiddlestrata in the cycle or erosion was reached before the younger rocks were deposited.




Check your progress
Note : (a) Space is given below for wntlng your answer,
(b} Compare your answer w1th the one glven at the end of thls unit,
1. What is an Unconformity?

52 TYPES OF UNCONFORMITIES |

Different types of unconformntes are recogmsed depending upon the rocks involved. -

‘and their relationship. The important varieties are - 1) Angular unconfonnlty 2) Disconformity,
~3) Local unconformity and 4) Nonconforrmty

5.2.1 Angular Unconformity

_ An angular unconformity is a sunace of erosion that separate strata which are not
parallel. The two groups of strata show differences in de or in both strike and dip. The older
‘strata are usually tilted or folded and subscquently eroded before the overlying strata were

deposited. The younger strata. are essentially parallel to thé unconformity. Some. angular

unconfonnmes represent many rmlhons of years of geolog;cal tlme (Flg 5: 2)

Fig 52 Angular Ul}conformlty
A b Unconfonmty

5.2.2 Disconformity B _
" Ina dxsconformnty the strata on opposf
dlsconfonmty covers alarge area and repmsents a comlderable interval of tite. A depositional

- break of less magmtude than- a disconformity is called dlastcm Dlastems are the smallest '

breaks recogmzable in the deposntlon ofa sedlmentary serles
5.2.3. Local Unconformlty ; .' o
A local unconformlty isa dlsconfonmty, but as the name mlphes itis dlstmctly Iocal in

o extent. The time involved is very short.: During the depasmon of contmcntal sediments such as

 gravels, sands and clays, the streams move back and forth across the basin of sedimentation.

‘During flood time these streams scour out channels whlch may be many feet w1de and deep As .

the ﬂood recedes the channels filled up again with se‘dlments

dcs .of the unconfonmty are parallel A

=




5.2.4 Non C.onformity

. A nonconformity is an unconformity that separates younger sedimentary or volcanic

- rocks from underlying older crystalline rocks (metamorphic or intrusive igneous rocks or both).

The great unconformity known the Eparchaean unconformity is a nonconformity. This

_ unconformity separates the archean crystalline rocks from the overlying younger sedimentary
rocks. ' -

Another, but a Jess common type of unconformity is also recognized. A surface of
erosion, may sometime be covered by a thick, residual soil that grades into the underlying bed
rock. Younger sediments deposited above this erosion surface may not be visible. Such a
contact is called a blended unconformity. : '

Check your progress _
Note : (a) Space is givcn below for writing your answer. _

(b) Compare your answer with the one given at the end of this unit.
2. Name the different types of Unconformities.

53 RECOGNITION OF UNCONFORMITIES

Unconformities are some times confused with faults and igneous contacts. The following

criteria, if employed with care, will be useful in recognizing unconformities.
L Outerop characteristics and prcseric'e of basal conglomerate etc.

2. ~ Aerial mapping. . | '
-3, Sharp contréct:in the degree of induration.

4. Distinct difference in the grade of metamorphism.

5. Differences in the intensity of folding. - '

6. Relation to plutonic rocks.

7. Fossils.

 While these criteria may indicate anunconformify, it s to be confirmed through structural
mapping, subsurface exploration and biostratigraphic studies. . ' o
' _ Unconformities can be recognised in many ways. But care s_hb‘uld be taken to see that
T angular unconformities are not confused with fault contacts and nonconformities with igeous
o contacts. '

-Disconfonnit_iéé may be completely overlooked because they lack geometric experssion,
the rocks above and below the unconformity being parallel. : ' :

The chief ways of recognizing unconformities are explained -
531 Outcrop Characteristics " |

_ _ Observation of an uné_m_l___formity in a single outcrop is. the\mds't_'satisfa(.:tbry method of
34 recognizing it. The outcrop may be small and only a few feet across.” It may be a natural




~ become loose sands and clays.

5.3.4' Disinct Difference in the Grade of Métamorphism

- exposure such as the side of a valley or a canyon or it may be an artificial opening such as a

quarry or a tunnel.

An angular uncoﬁfonnity is easy to recongnize because the beds on opposite sides are
not parallel. The strata above any unconformity commonly show a basal conglometate normally
composed of clasts of the rock below the unconformity. However, basal conglomerates are not

- necessarily present along anguiar unconformities. Faults and dykes will be found truncated at

the unconformity. -

' Disconformities can be recognized by éha.rp contrast in colour between the rocks above
and below the contact, wavy nature of the contatt and thin conglomerate presen: above the
contact. It is necessary to study the regional relations in order to distinguish between a

disconformity and a loeal unconformity. Nonconformities are to be distinguish between a

disconformity and a local _tincdnfonnit_y. Nonconformities are to be distinguished from intrusive
igneous contacts. In nonconformities the rocks above usually contain fragments of the older

igneous clock. In some cases' the plutonic rocks may seen to grade into the overlying strata

through arkose which may be many feet thick. In the case of an intrusive contact, not only
metamorphic effects are seen in the adjacent strata along the contact but the dykes may penetrate
the adjacent rocks. ' : :

532 Aerial Mapping

Aerial maps are often useful in.recognis'ing' unconformities. When beds belonging to

~one group and abruptly against another bed belonging to a different group, an angular

unconformity may-be indicated. - In a disconformity also older beds are truncated to some
extent by younger beds. A nonconformity is ilﬂficated if the sedimentary rocks above contain
pebbles of the plutonic rock. If dykes of the igneous rock do not cut into the sedimentary rocks

“or if inclusions of the sedimentary rock are not foung in the plutonic rock, the contact is
nonconformity. It is not an intrusive contact. Similar situations may arise even by faulting.

Hence the aotual contact is to be observed in the field in order to decide about its origin.
5.3.2 Sharp Contrast in the Degree of Induration

If significant difference is found in the degree of induration of sedimentary beds lying
one over the other, an unconformity may be indicated. For example, if unconsolidated sands
and clays occur above well-cemented sandstones and compact shales, it may be presumed that
the unconsolidated sediments are lying unconformably over the consolidated rocks. However,
it is to be kept in mind that unconsolidated rock may become indurated locally weathered to

If two groups of rocks Occuﬁiﬁg in the"séihe region show distinet difference in the -

; grade of metamorphism, it is probable that the less metamorphosed rocks were formed

‘unconformably over the more metamorphosed rocks.

The grade of metamorphism can be normally known from the nature of minerals present,

. particularly in the case of regionally metamorphosed argillaceous sediments. Under conditions
of regional metamorphism, a shale becomes a slate or phyllite with such minerals as sericite

and chlorite. With increasing intensity of metamorphism biotite, garnet, staurolite and sillimanite

- appear successively, In sufficiently large areas it will be possible to map out successive zones )
‘of metamorphism as characterised by the index minerals or mineral assemblages. Thus an area -

- originally occupied by a single formation say, shale, may show different metamorphic facies

- characterised by one or more of the following minerals, the order of minerals indicating an

increasing grade of metamorphism, Chlorite, biotite, ga‘_nict, staurolite, sillimanite. Normally
the change from one facies to the other is gradual. = S :




' Ifshale and silimanite schist are fbﬂn‘d in adjacent out crops an unconformity is probably
indicated, the more metamorphosed rock being the older. o

_ It is, however to be remembered that rocks of different metamorphic facies of the same
formation may as well be brought together by a fault. : '

5.3.5. Difference in the Intensity of Folding

If some formations in an area are highly folded while others are not affected or are
gently inclined or horizontal, it is probable that an unconformity exists between the two, the
uneffected or less deformed rocks lying uticonformably over the highly deformed rocks. The
intensity of folding however depends on the nature of the beds subjected to deformation. Thick
massive sand stones which are competant may show.only a few broad, open folds, while thin

bedded shales which are incompetant and deformed at the same time as sandstones, may be

thrown into many small folds.

' 53.6 Relation to Plutonic rocks

If two beds are separated from each other by an igneous intrusion, say granite, and do
not come into contact with each other, an unconformify is indicated when only one of them is
introduced by the granite while the other is not affected, but contains pebbles of the granite, the
former being below the unconfomrmity and the latter above. :

5.3.7 Fossils

Fossils may afford evidence to an unconformity. ifa rock with upper devonian fossils
is directly overlain by a rock with lower permian fossils, a break corresponding to the whole of
carboniferous perjod is clearly indicated. This is obviously true even if the strata appear to be
conformable. o ' ' - o o :

_ The above criteria are not, by themselves, of a confirmatory nature and as such
establishing an unconformity requires a through study of the region, through structural mapping,
sub-surface exploration and bio-stratigraphic investigations. : '

Check your progress

Note : (a) Space is given below for wﬁting your answer. _

36

(b) Compare your answer with the one giircn at the end of this unit. -

3. ' Asharp contrast in the degree of induration and grade of metamorphism in the formation '
* on both the sides suggest the presence of ................ : :

54 IMPORTANCE OF UNCONFORMITIES,

Unconf_drmities are structural features. Their origin involves erosidnal, depositional
and tectonic processes. Sometimes they may be confused with some kinds of faults.

‘Major unconformities extended over wide area and represent the effect of important

earth movements followed by prolonged erosion and later deposition. As such they have been
used in the subdivision of the geological columns. - ' o . .




.*M

Unconformities are used in dating orogenic and epiorogenic movements.

Like other surfaces, unconformities also may become folded and overturned. In areas
where such a situation exists, they are of much value in interpreting the geometrical aspects of
the structure and they may as well throw light on other aspects of the stratigraphic and structural

 history of the area. -

Lastly, unconformities are important because certain valuable deposits of petrolenm |
and minerals are associated with them. - -

5.5 SUMMARY

' Uncdnformity_may be defined as a break in the stratigraphic sequence or is a surface of

erosion or nondeposition; and occur between rocks of different origin. An uncenformity develops

through several stages, first older rocks are formed, then uplifted or deformed and subjected to
erosion, subsequently younger rocks are deposited. Different types of unconformities are
recognised depending upon the rocks involved and their relationship. The important types are
angular unconformity, disconformity, local unconformity and nonconformity. Angular
unconformity is a surface of erosion that separates strata which are not parallel. In disconformity -
the strata on opposite side of the unconformity are parallel. Local unconformity is distinctly
local in extent. In nonconformity the unconformity separates younger sedimentary rocks from

- older crystalline rocks.

. Unconformitives-are sometimes confused with faults and igneous contacts. For the _
recognition of unconformities there is a criterea. It includes careful observations of out-crop:
characterstics, acrial mapping, sharp contrast in the degree of induration, distinct difference in
the grade of metamorphism, difference in the intensity of folding, relation to plutonic rocks, -
fossils etc. If the above cretirea is not worked out, then structural mapping, sub-surface
exploration and Bio-stratigraphic investigations may be useful in the recognition of |

. unconformities.

Unconformities are used in the sub division of stratigraphic column; in dating orogenic

- and epiorogenic movements. valuble deposits of oil and minerals are sometimes associated

with unconformities. _
5.6 CHECK YOUR PROGRESS - MODEL ANSWERS
1. ‘An Unconformity is a surface of erosion or non-deposition - usually the former - that

separates younger strata from the older rocks. Rocks of various origins may participate
~ in Unconformities - Sedimentary rocks, Volcanic rocks, Plutonic rocks a_md Metamorphic

~ rocks. g .
2. (i) Angular Unconformity (it} Disconformity (iii) Local Unconformity (iv) Non
- Conformity S - :
3. Unconformity | .
57 MODEL EXAMINATION QUESTIONS
L Answer the following guestions in abont 30 lines each.
1. What is unconformity? Explain various types.
Explain the criterea used in the recognition of unconformities.
L Answer the following questions in about 10 lines each.
L. Explain the terms conformity and unconformity
2. Describe the importance of unconformity.
3.

What is Epgarchean unconformity?
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6.0 OBJECTIVES

 After completion of this unit, you should be able'to
*  define joints a

% describe the attitude of beds
*  describe the classification of joints
*  explain the importance of joints

61 INTRODUCTION -

Joints are relatively smooth fractures found in rocks. These result from the_ brittle
behaviour of rocks, which are subjected to shearing or tensional forces. The word "joint” was
first used by coal-miners of Britain for smooth siraight cracks separating blocks of rock which
appeared to them to have been joined as in brick work, the joints being at right angles to the
bedding planes. Most joints are planes, but a few are curved surfaces. Many of the joints are
initially tight fractures. Due to,weathering they become enlarged to form open fissures. There
should have been no visible displacement parallel to the joint surface. If there is displacement
it is called a fault. However, there may sometimes be slight movement at right angles to the
joint and this produces open fissures. :

Joints may extend from a few meters to some hundreds of meters. They may be spaced

very closely a centimeter or even less apart, or at distances of a few meters. Fractures whichare

very small and can be observed only under the microscope are called microjoints. Joints -
which penetrate several strata and persist for long distances are called master joints. The’
master joints seen in aerial photographs can sometimes be traced for distances of several
kilometers. Joints usually occur as groups of fractures with more or less regular spacing in a '
given rock type. A group of joints of common origin is called a joint set. The joint are usually
more or less paralle! to each other. There may be one or more sets of joints in a rock body. Two
or more joints sets or any group of joints with a characteristic pattern constitute a Joint system.
The characteristics of a joint system, that is the sizes, spacings, and orientations of the joints,
show variation of some degree across contacts between rocks of different lithology.

62 ATTITUDE OF JOINTS

Joints may have any attitude. Some jdints are .'\_fertical, some horizontal, but maﬁy are
3 inclined. The attitude of joints is described, in the same way as for bedding, in terms of ifs




Ay

strike and dip. The strike of the Joint is the direction of the line of_' intersection of the joint piahe
with the horizontal plane and the dip is the angle between the joint plane and a horizontal plane
‘measured in a vertical plane at right angles to the strike of the joint, (Fig. 6.1) '

Fig. 6.1 Attitude of joints
ABCD - Vertical joints striking E - W
BDEF - Vertical joints striking N - S -
GHIJ Joint striking N - S dipping 50° East

63 CLASSIFICATION OF JOINTS

Joints may be classified based on their geometry or their genesis. The geometrical -
classification is of a discriptive nature and can be easily applied. The genetic classification on
the other hand, involves the interpretation of forces responsible for joints and is therefore not
readily applicable. ' ' :

6.3.1 Geometric Classification

Ina geometrical classification the joints are classified on the basis of their attitude in
] relation to the attitude of the bedding or some similar structure in the rocks in which the joints.
H occur. Four types of joints are recognised. They are strike joints, dip joints, oblique or paraliel
- joints and bedding joints, (Fig.6.2) '

Fig. 6.2 Classification of joints thick black layer in a bed -
ABCD ; GHI - dip joints h
BDEF ; MNO - strike joints
JKI. - Bedding joints -
PQR ; STU - diagonal joints




- Strike joints are those that strike parallel or essentially parallel to the strike of the bedding ofa
sedimentary rock, the schistosity of a schist or the gneissic structure of gneiss. Dip joints are
" those that strike parallel or essentially parallel to the direction in which the bedding, schistosity
or gneissic structure dips. Oblique or diagonal joints are those whose strike direction lies
between the strike-and dip directions of the associated rocks. Bedding joints are paraliel to the
bedding of the associated sedimentary rocks. ' .

Joints may be classified based on their strike as north - south set, west-set or north-east
set. o - S _

" Check your progress |

- Note : (a) Space is given below for writing your answer.

(b) Compare your answer with the one given at the end of this unit.

1. - Name the basis for geometrical classification of joints and name the
- different types of joints.

6..3.2 Genetic Clas’Siﬁcaﬁon

In a genetic classification joints are classified based on their origin. The majority-of
joints are of tectonic origin. Some are produced by tesidual stresses, due to events which
occurred long before fracturing some by contraction due to shrinkage because of cooling and
some by surface movement such as rock slides or landslides. Joints, in general represents either
tension fractures or shear fractures. Tension fractures result from stresses that tend to pull the
rock apart while shear fractures result from stresses that tend to slide one part of the rock past
the adjacent part. When the rock finally breaks, the two blocks may slide past one another.

" In folded regions many joints are found to be systematically disposed about the folds.
These are supposed to have resulted from the same compressive forces which have produced
the axes of folds. These are called extension joints. They are formed prependicular to the axes
of folds. Some joints are produced due to expansion upon the released of load. These are cailed. '
release joints. These are found to be parallel to the axial planes of folds. Both extension joints

release joints are produced by tension. (Fig. 6.3)

AL

Fig. 6.3 Joints in a fold
~ ABCD - Vertical dip joint, Extension joint
- EFGH - Vertical strike joint, Release joint




Two sets of joints that intersect at a high angie to from a conjugate system are considered
to be shear joints. Shear joints are difficult to recognize. '

* Sheeting is.a form of fracture similar to jbinti_ng. It is best exposed in quan‘iés and -

other artificial openings.. The surfaces of sheeting are generally parallel to the topographic
surface, except in regions subjected to rapid erosion during recent times. The fractures are

closed to each other, may be only a few centimetres apart and near the surface the earth. But -
with depth, the interval between them increases and 2 few metres below sheeting disappears.

However invisible planes of weakness parallel to sheeting persist at depth. Sheeting is best
development in granitiod rocks. It is also seen in sandstones, Sheeting is due te sxpansion
- upwards on the relief of load due to removal of overlying material by erosion.

~ Joints developed adjacent to major faults are called feather joints. | These occur in the
immediate vicinity of the fault plane and intersect the fault-in an acute angle pointing in the
“direction of relative movement of ihe block contain‘ing the fractures. They are tension joints.

Some joints result due to tension developed during the shrinkage. of the rock. The

shrinkage may be due to cooling.” Igneous rocks contact on cooling and mud silt contract

because of dessication. The columnar jointing found in igneous rocks, ¢specially basaltic lavas,

sills and dykes is due to contraction.
‘Check your progress
Note :- (a) Space is given below for writing your answer, o
(b) Compare your answer with the one given at the end of this unit.
2. Joints roughly perpendicular to fold axes, normally having steep dips are referred to as

3. Joints roughly parlallel to fold axes normally h:a\'ring' steep sides are cailed

64 IMPORTANCE OF JOINTS

Study of joints is important in many geological and other investigations. Quarrying of
 rocks for construction purposes is greatly influenced by the joints. A study of the orientation
and concentration of joints is essential for engineering projects. Horizontal joints which are
closely spaced are unfavourable for tunneling. -Large joitits dipping towards public passages
are sites of potential land slides. Occurrence of ground water in hard rocks like granites is
controlled by joints. Wells drilled into highly jointed. granites are more productive than those
drilled into less jointed granites. Study of joints is essential for deducing the nature of stresses
to which the rocks have been subjected. - . T :

4
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“which the rocks were subjected.

6.5 SUMMARY

Joints are relatively ._sm_oot'h fractures in rocks. There is no visible displacement parallel

10 joints.The size and spacing of joints vary widely.A group of joints of common origin and

" usually parallel to each other is called a joint set. Two or more joint sets with a characteristic
_ pattern constitute a joint system. The attitude of joints is described in terms of strike and dip of

the joint plane. Joints are classified based on their attitude in relation to the attitude of the
rocks in which they are present, as strike joints, dip joints, diagonal joints and bedding joints.

Joints are produéed due 1o tensional or shearing forces. Extension joints or release joints found

in folded regions are produced by tension. Two sets of joints intersecting at a high angle to

form a conjugate system are produced by shearing. ‘Sheeting is produced by removal of a load

" by erosion, feather joints by faulting and columnar jointing by shrinkage. Study of joints is

important in drilling for water, for engineering projects and for understanding the stresses to

6.6 CHECK YOUR PROGRESS : MODEL ANSWERS

1. - The basis for Geometrical classification are -

Attitude in Telation to the attitude of the bedding or some structures in the rocks four

different types of joints are recognised, they are strikejoints (ii) dip joints' (iii) oblique
or diagonal joints (iv) bedding joints. ‘ :

Extensipn;if}iﬂts." ' ' '

Release joints.

6.7 MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each '
1. What are jo'ihts‘? Give an account of th'éir claséiﬁcation.
IL Answer the following questions in about 10 lines each
1. - _ Write youi' notes on Joints set, and Joint system.
v 2 ‘What are strike joints? -
3. ‘What are coiizmnarjoints?
4 What is the importance of joi.'nts? |

Sk R K
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70 OBJECTIVES

~ Inthis Unit, we have present_éd a detailed account folds —'parfs o~ folds, kinds of folds,
types of folding, causes of fold and its importance in geology.

_Aftef-reading this unit, you will be able to
*  explain the different parts of folds -

~*  describe the different types of folds

* explain the causes of folding
*  explain the importance of folds.

7.1 INTRODUCTION

In many mcké,_ what were once approXimat_ely planar SUffaces have been deformed to

. producc curved or nonplanar surfaces. These structures are called fold. Folds are bendsin any

planar structure. Of all earth's structures folds are visually the most obvious manifestation of

~ ductile deformation of rocks.

- Folds are best displayed by stratified formations such as sedimentary focks or lava
flows or their metamorphosed forms. Folds are also seen in the primary flow structures in
plutonic igneous rocks. Folds are formed under different conditions of stress. Hydrostatic
pressure, pore pressure and temperature. This is evident from the fact that they can be present

in rocks of diverse origins,

Folds vary in their shépe', size and orientation. They occur in every conceivable
configuration. Some are upright. Some show layers which are neatly arranged and uniformly
thick, others are irregular. They may occur as single isolated structures or as'parts of a system

or repeated wave-like forms. While some folds are a few kilometres across, others are a few
. Inetres or centimetres or even fraction of a centimetre in width. Regional folds are hundreds of
“kilometres wide and can be best studied only through satellite imageries.

_ - ‘There are innumerable varieties of folds_sbme of 'w'hi_ch show very complex __three'
dimensional patterns. A vast vocabulary has therefore been developed to describe the georhetry-
of folds. o ' - - ' : _

_ The gcofne_try of folds is stﬁdi'ed by _vicwing, in a profile section, a single folded surface
~ which forms part of a deformed sequence. Itis a two-dimensional study. =




7.2 PARTS OF THE FOLDS _
“The sides of fold are called limbs. Every limb is shared by two adjacent folds. The
hinge of a fold is the line of maximum curvature in a folded surface. Each folded surface has a
separate hinge. The hinges may be horizontal, inclined or vertical. 'The axial plane is the
surface connecting all the hinges. It may be a plane surface or a curved surface. It divides the
fold more or less symmetrically. In profiles, the axial plane is represented by a line. The
attitude of ani axial plane may be horizontal, inclined or vertical. The attitode of an axial plane
 is defined by it strike and dip, just as in the case of a bedding plane. The axis of a fold is a line
paraliel to the hinges. It is formed by the intersection of the axial plane and a folded surface.
‘Yome use the term axis as synonymous with hinge. o

The crest is a line connecting the highest points on the same'bed in an infinité number
of cross sections. Each bed has a separate crest. The plane or surface formed by all the crests
is called the crestal plane. In many folds the hinge coincides with the crest. But this is not

always the case. ' : :

The line connecting'the lowest points on thc same bed in an infinite nimber of cross
sections is called the trough. The plane containing the trough lines is called trough plane

_ Fig. 7.1 Parts of a fold
AP:  AxialPlane . . .a'b: limb of fold
c:crest on the bed e ¢": crest on another bed _
t : trough on one bed v . t:trough on ancther bed

' Check your progress
Note : (a) Space is given below for writing your:aqswef. )

" (b) Compare your answer with the one given at the end of this unit..
1. Write a note on 'Elements of folds" o |

20 ‘Hinge line is fhe'line-




7.3 KINDS OF FOLDS

In'view of the wide variations in the morphological and geometrical characters of folds,
an extensive vocabulary has been developed to describe these structures. The most'commonly .
used terms are briefly explained below,

. An anticline is usually a fold that is convex upward or has such an attitude at some
stage of development. In simple anticlines, the limbs are oppositely inclined, that s, they dip
away from each other. In more complex anticlines, the limbs may dip in the same direction. An
anticline may be defined more aptly as a fold in which the older rocks are towards the centre of
curvature regardiess of its configuration. The fold is convex in the direction of the youngest
beds in the folded sequence (Fig. 7.2) ' - '

Fig. 7.2 Some types of anticlines
AP : axial plane

‘A syncline is usually a fold that is concave upward or had such an attitude at some

stage of development. In simple synclines, the limbs are inclined inward from both sides, that
is they dip towards each other, In complex synclines, the limbs may dip in the same direction.
A syncline is more aptly defined as a fold in which younger rocks are towards the céntre of
curvature irrespective of its configuration. It is convex in the direction of the oldest beds in the-

“folded sequence (Fig. 7.3)

Fig.'7.3 Some types of synclines
' AP - Axial Plane -~




Check your progress

Note : (a) Space is given below for wrltmg- your answer.
(b) Compare your answer with the one given at the end of this unit.
3. Asynclineisa fold in which the younger beds arc towards....

' A symmetrieal fold is one which the axial plane is essentially vemcal The two hmbs '

. dlp at sm-ular angles. Thls type of fold is also called an upright fold.

An Asymmetrical fold is a fold with an inclined axial plane. The limbs d1p in opposite -

direction at unequal angles.

Inan overturned fold, also known as an over fold; the axial plane is inclined and the

| hrnbs dip in the same direction but at different angles. The limb that has been rotated through -

more than 90° to attain ifs present attitude is called the overtumed, inverted or reversed llmb

The limb that is nght—snde up is called the normal hmb (F1g 7.4)

46

“Fig. 7.4 Some types of folds

: _ AP - Axial Plane _
A. Symmetrical Fold B. Asynmetncal Fold
C. Overtumed Fold - D. Recumbent Fold

: In a recumbent fold the ax1al plane is essentially honzontal The fold hes on its side.

- Large- _scale folds of this type are well exposed in the Alps. In recumbent folds any bed is

usually much thinner in the inverted limb and thicker in the normal {imb. The curved part of the

- fold between the normal and inverted limbs is called the arch bend. The inner part of the fold is

called the core and the outer part is the shell. Many of the alpine recumbent folds have crysialline
rocks in the core and sedimentary rocks in the shell. Many recumbcnt folds have subsidiary
recumbent anticlines attached to them and these are called digitations. It may be possible trace
the recumbent folds back to the place from which they arise and th[ﬁ is called the root or root.

- zone. In the root zone the axnal plane becomes much steeper. (Flg, 17.5)

L




F ig. 7.5 Recumbent anticlines
A.P. Axial Plane

R : Roof zone _ S C: Crystalline core
S : Sedimentary shell . I : Inverted limb
D : Digitations A ArchBed B

_ A isoclinal fold is one 'i_n which the two limbs dip at equal angles in the same direction.
In a symmetrical or vertical isoclinal fold-the axial plane is vertical. In an asymmetrical or
overturned isoclinal fold, the axial plane is inclined and in a recumbent isoclinal fold the axial
plane is horizontal. Most of the recumbent folds are isoclinal. (Fig. 7.6) "

Fig. 7.6 Isoclinal folds
A. ' Vertical Isoclinal fold '
B. Inclined Isoclinal fold
- C. Recumbent isoclinal fold

A fold with sharp and angular hinges is called a chevron fold while a fold with broad
and flat crest is called a box fold. In abox fold there are two h_inge_s, one on _each side of the flat
crest (Fig. 7.7) . _ - : ' S

' _ Fig. 7.7
= A. Chevron fold 'B. Box fold _ - .
In 2 fan fold both limbs are overtumed. In 4n anticlinal fan fold, the two limbs dip
towards each other and in a synclinal fan fold the two limbs dip away from each other (Fig. 7.8) '47




o | * Fig. 7.8 Fan fold |
A monocline is formed when relatively flat beds locally assume a stecper dip. A
strut_:tura'l terrace is formed when dipping strata locally assume a horizontal attitude (Fig.7.9)

'A. Monocline | - B.Structural terrace

_ In a closed or tight fold the more mobile beds are subjected to flowage under intense
deformation and as a result these beds thicken and thin. In an open fold such flowage has not
occurred and so the beds show uniform thickness (Fig. 7.10}

Fig. 7.10
A. Open fold . B. Close fold

~ Drag folds form when a competent bed slides past an incompetent bed. These folds
may form on the limbs of the larger folds because of slipping of beds past each other or may
form beneath overthrust blocks. The axial planes of the drag folds are inclined to the bedding -
of the competent strata and the acute angle between the axial planes and the bedding of the ~
competent strata point in the direction of the differential movement (Fig. 7.11)

Fig. 7.11 Drag fold =




Check your progress _ _
Note : (a) Space is given belmy for writing your answer.. o o
(b) Compare your answer with the one given at the end of this unit.

4. Name the fold-in which the hinges are sharp

74 TYPES OF FOLDS

The shape of folds may varj with depth and depenc_liﬁg on this different types of folding - |
are recognized. - ' - ) '

In similai_- folding each succeésivel_y lower bed or bedding rlane shows the same
geometrical form as the bed of bedding plane above. Similar folding nplies thinning on the
limbs and thickening at the axes. . :

In parallel or concentric folding each bed maintains the same thickness throughout
all parts of the fold, assuming it was initially of uniform thickness (Fig. 7.12)

Fig. 712 A. Similar Folding B, Parallel Folding

In disharmonic folding abrupt changes in gebmeﬁiical relations occurs in passing from
one bed to another, especially where alternations of plastic and rigid beds ocour. The form of
~ the fold change with depth (Fig. 7. 13y AR '

. Fig. 7.13 Disharmonic Fold.
A symmetrical anticline in the upper part gradually changes
downwards towards right to an overtirned fold. o
In supratenuous folding the beds thicken towards the syncline because it was sinking 49




| durmg sednnentanon and the beds become thin above the anticline because it was rising during
sedimentation. This type of folding occurs when foldmg and sedlmentanon are contemporaneous
and the basin was subsiding during sedimentation.

. Diapir or piercing folds are anticlines in which 2 mobile core, such as salt, has mjected '
"the more brittle overlylng rocks.

A decoliement is produced when a sheet of sedimentary rocks breaks loose from the
underlying formatxons and folds mdependcntly (F ig. 7.14) .

‘Fig. 7. 14 Decollemcnt '

~ PLUNGING FOLDS In the precedmg sections dlfferent typas of folds have bcen'
 described with reference to their appearance in ¢ross sections. In dcscnbmg the third dnnensmn
of folds the attitude of the hmge o the axis is of great unportance

f E gy
. L2
-

- Fig 7. 15 Nonplungmg Folds

_ In some folds the axis or hmge is horizontal, in other it is inclined and in. stlll others it
is vertical. The attitude of the axis of a fold is described in terms of the trend of its horizontal
projection and the plunge. Folds Whose axes are horizontal, that is plunge'is 0. are saidtobe .
nonplunging folds, the others with plunge are said to be plunging folds. Some folds have
_plunging only in one direction. But some folds reverse their direction of plunge within the
limits of an area. These are called doubly plunging folds. (Fig. 7.15 & 7. 16)
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Fig. 7.16 Plunging Folds
. Plunge is to the left _
- Adomeisan antlclmai aplift Whlch has plunge in all dn'ectlons more or less equalty '




'.I"he dome is a roughly symmetrical up fold. A basin is a synclinal depression which has plunge
m all directions. The beds dip inward. (Fig. 7. 17) E . ' _ -
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Fig. 7.17

A.  Doubly Plunging anticline
B. Doubly Plunging syncline
C.  Dome

D.  Basin -

75 CAUSES OF FOLDING

_ Processes operating at or niear the surfa_éc of the earth, especially m relation to-erosion,
may cause nontechnical folding. These processes inctude hillside creep, collapse structures,

glacial action, and differential compaction of sediments.
7.6 IMPORTANCE OF FOLDS

The study of folds and folding is essential for understanding the nature of deformation
and the deformations processes. The stratigraphic sequence of a folded region can sometimes
be established through the study of folds. The occurrence of valuable mineral deposits particularly
those of oil, is controlled by folding and as such a detailed study of the folded structures is

essential for the exploration and exploitation of mineral deposits.
7.7 SUMMARY
- Folds are bends in planar structures in rocks.Folds vary in their shape, size and

orientation. The parts of a fold include the limbs, hinge, axial plane, crest, crestal plane, trough
and trough plane. : - o o

_ The mest '.inllporta.nt kinds of fol_ds_ are: énticline, syncline;- ._symrﬁetrica-l fold,
asymmetrical fold, over turnedfold, recumbent fold, isoclinal fold, chevron fold, box fold, fan
- fold, monocline, structural terrace, open and closed folds, drag folds. Folding may be of different 59




types. The common types are smllar foldmg parallel foldmg, disharmonic foldmg, suprateneous.

folding, diapir folding and decollement. When the axis of a fold is inclined, the fold is said to be

- plunging, Folds with horizontal axes are nonplunging, Domes and basins are plunging folds.
A fold system includes a group of folds with comumon charactenstlcs and of cornmen origin.

~ Terms anticlinorium, synclmormm, salient, recess, culmination, expression, en echelon folds
and monocline are used for describing fold systcms _

Folds may be produced by both tectonic and riontectonic processes. Compressnonal
_forces are the commion cause of folding. S '

Study of fold is important for understandmg defonnatlon and fof exploration of mineral
deposition especially oil. : ' :

78 CHECK YOUR PROGRESS MODEL ANSWERS

1. The elements of folds are :-
Core is the inner part of the fold.
Limbs are the sides of a fold. ( _
Axial plane is the plane dividing the fold into two equal parts.
' Axial lineis the line of intersection of the axml plane of the fold thh the earth‘s surface
Crest is the line connecting the highest pomts on the same bed.
Trough is the line connectmg the lowest points on the same bed
Necessarily laying at the top of the fold.

Centre -

Chevron fold -
7.9 MODEL EXAMINATION QUESTIONS
L Answer the fo]lo_mng ques_tions in about 30 lines each

. What is fold? Describe different kinds of folds.
.': 2. | _' Explain the types of folding and causes of folding.
I Answer the following questions in about 10 lines each.
~ 'What are plunging folds? Give examples. |
What are anticlinorium and synclinorium?
-Explam about culmination and depression.

- What are annclme and synchne‘?

e

Dlﬁ‘erennate between similar folding and paraltel folding.
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80 OBJECTIVES

In this unit, we have discussed abotit the fauIts, parts of a fanit, cléssiﬁcat_i_on of faults,

causes of faults, recoghition_of faults in the field and importance of faults,
At the end of this unit you should be able to : |
¥ define the term "faunlt
. describe different classifications of .faul_ts
*  explain the causes of faults

o * 'I'explain the importance of faults.

81 INTRODUCTION

- Faults are macroscopic-shear or fracture planes in the earth along which blocks of
- rocks have mov'egi past each other and there is observable displacement. The term '"fault’ refers.
both to the plane, which is called the fal_ﬂ_t plane and to the displacements that have occurred
alohg that plane. The movement is parallel to the surface of the fracture. The size of faults and
' the amount of displacement show wide variations. While sb_me faults are only a few centimeters
. long, and the displacement is in fraction of a centimetre, there are faults which are hundreds of
kilometres long and the displacement is measured in kilometres. Some joints are faults of very -

small displacements (microfaults)_. -'I_'he attitude of 2 fault is ex_presséd' in terms of its _stﬁke_and X




dip in the same way as for bedding or jointing. The sirike is the trend of a horizontal line in the
fault plane. The dip is the angle between the fault plane and a horizontal plane, measured ina
vertical plane at right angles to the strike of the fault. The hade is the complement of dip, that
the hade is equal to 90° less the angle of dip (Fig. 8. n ' :

B - /

!:35' } ‘
TN

< dark black line is Fault Plane

[C—] Hanging wall
MID Footwall
35° = dip
——2> hade

The block above the fault is called the hanging wall and the block below the fauit is
called the foot walk. " The displacement between originally contiguous points in the hanging -

" .wall and footwall is called the net slip. The components of net slip parallel to the strike and dip

of the fault are respectively called the strike slip and dip slip. The vertical component of dip .

slip is called throw and the horizonta! component heave (Fig. 2.2). Both throw and heave are
measured in vertical section that is perpendicular to the strike. The rake of the slip is the angle
‘between the slip line and-a horizontal line in the fanlt plane (Fig. 8.3) ' '

~ Fig 8.2 Stip, Throw, Heave S
ab:Netslip ac: Strikeslip Ad: Dipslip ac: Throw ed: Heave

Y 1




_ Fig. 8.3 Slip o
A: XY-Net slip eqﬁals dip slip, No strike slip C: XY-Net slip, XZ-strike slip, ZY-dip slip,
s : A ﬁ~Nﬂ ship, equhls" strike slip, no dip slip.  D: XY-Net slip, equals dip slip, bquals dip slip; no strike slip
' E XY-Net slip, YZ-strike slips, ZX-dip slip. -
In most of the faults the displacement is not confined to a single fracture but is distributed
over a number of ﬁ'aétures spread over an area which may be a few hundreds of metres wide, -

This area ig called the fault zone.

o The intersection of the fauit plane with the surface of the earth is cafled the fault line,
-~ fault trace or fanlt out crop. T .

- Movement along fauits

The movement aleng the fault may be of two types-translational and rotational. In
ranslational movement there is no rotation of blocks relative to each other. All linear features

: . . Fig. 4 Movements along a f:_iult _ :
AB. Translatipnal movement C,D : Rotational movement 55




Check your progress. - C | |

Note : (a) Space is given below for writing, your apswer. ' 1
(b) Compare your answer with the one given at the end of this unit - _
1. The lines which were parallel before faultirig on two sides Ffaxilt reniain parallel

after faulting in case of .o revens _

............................................................................................................

e e——————

........................................................................................................................................

................

8.2 CLASSIFICATION OF FAULTS

- Faults are classified on the basis of their 'geometiical features and on the basis of their
‘genesis. Geometrical classifications are casy to apply because no interpretation is involved in E
their use. - R - :

8§.2.1 Geometric Classifications

Broadly, there are five diffefent types of geometrical classifications based on the
following factors 1) Rake of the net siip, 2) attitude of the fault relative to the aititude of the
adjacent rocks, 3) pattern of the faults, 4) dip angle of faults and 5) apparent movement on the

* « fault. : " - -

1. Based on the rake of net slip, the following three types of faults are recognized: :

: ~ Strike-slip fault is a fault in which the net slip is parallel to the strike of the fault. The
strike-slip equals the net stip and there is no dip-slip. The rake of the net skip is zero (Fig. 8.5} ;

-------

- Fig. 8.3 Strike. slip fault and also Dip fault.

Dip—Slip fault is one in which the net slip is up or down the dip of the fault. The dip sl_ip..
equals the net ship and there is no strike slip. The rake of the net slip is 90 degrees (Fig. 8.6)

-y " Fig. 8.6 Dip-slip faut



Fig. 8.7 Diagonal' —siip fault,

Check your progress

Note : (a) Space is given below for writing your answer. '
{(b) Compare your answer with the one given at the end of this unit.
2. A fault in which rake of net slip is zero is called
3 When the rake of net ship of fault > zero and <90° the fau:llt-wﬂl be classed as
——
2. _B:ised on the attitude of fault relative to the attitude of adjacent rocks the deoWing
types are recognized, ' g : ' -

A strike fault 18

one that strikes paraliel o the s
flow structure, as the cas

trike of the bedding or schistosity or
e may be, of the adjacent rocks. ' :

A bedding fault is a type of strike fault that is parallel to the bedding (Fig. 8.8 & 8.9)

Fig. 8.8 Strike fault Fig. 8.9 Bedding fault, o




A dip fault strikes parailel to the direction of dip of adjacent rocks; in other words the
strike of the fault is perpendicular to the strike of the adjacent rocks (Fig. 8.10)

| Fig. 8.10 Dip fault with diagonal slip |
: ‘An oblique or diagonal faultisa fault that strikes obliquely or diagonally to the strike
of the adjacent rocks (Fig. 8.11) ' :

. Fig. 8.11 Diagonal fault

On a regional scale; faults that strike parallel to the strike of the regional structure arc.
called longitudinal faults and faults that strike perpendicularly or diagonally to the strike of the -

regional structure are called transverse faults (F ig. 8.12)

Fig. 8.12 Longitudinal faults (abed) and transverse faults (ebof&gh)

3. Based on fault pa-tt'ern.as seen on A map or in a cross sec ion, the fdllowing types

are recognized. . P S .
‘Parallel faults comprise faults occurring in a locality and having the same strike and

dip. If the strikes are the same, but dip differ, the faults are considered as belonging to two or
more sets of parallel faults. 'A series of parallel faults, which are all inclined in the same

direction and have their successively down thrown blocks on the same side given rise to step.

5. faults (Fig. 8.13A).




En echelon faults are relatively short faults that overlap each other (Fi g. 8.13B).

Peripheral faults consist of ¢ircular or arcuate faults that bound a circular area or part
of a circular area (Fig. 8.13C). ' .

Radial faulis comprise a systgrh of faults that radiate from a point (F ig. 13.D)

Y

"D

| | Fig.8.13 o
A. Paralle] faults B.En echelon faults C. Peripheral faults D, Radial faults
4, Based on the angle of dip of the faults. Fauits are divided into high-angle
faults with dip greater than 45° and low-angle faults with dip less than 45°, - ~

5. Based on the apparent movement seen in vertica sectibn_s. The types of
faults-normal an reverse faults-are recognized. Normal faults are those in which the hanging

- hanging wall appears to have gone up relative to the foot wall.
Check your progress | _
Note : (a) Spacp is given below for writing your aﬁs_wer. =
(b) Compare your answer with the one given at the end of this unit.

4. . Faults relative short that overlaps each other are known as ....... e

...............

5. Afault that dips more than 45° s called ......
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§222.  GENETIC CLASSIFICATION

The genetic classiﬁc_ations are baséd on 1) The nature of the relative movement al'ong
the fault and 2) the absolute movements. : ' ' '

Based on the relative movements along the fault: Two types of faults, gravity faults
and thrust faults are generally recognized. A gravity fault is a fault along which the hanging
wall moved relatively downward. S I :

A thrust fault or thrust is a fault along which the hanging wall has moved up relative
1o the footwall. Among thrust faults there arc three varieties. A thrust fault that dips more than
45% is sometimes called as & reverse fault. The term thrust is limited to fault that dips less than
45°. An over thrustis a thrust fault that dips less than about 10° and has large net slip-(the term
is used in a different sense 21s0.) '

- Based on absolute movements relative to datum plane, such as the sea level, an elaborate
classification has been gvolved. For example among gravity faults there can be five kinds.

1) those in which the footwall did not move, but the hanging wall moved down 2} those.
in which the footwall moved up, while the hanging wall remained stationery 3) those in which
the hanging wall moved down and the footwall moved up 4) those in which both blocks moved
down, but the hanging wall moved a greater distance and 5) those in which both blocks moved
up, but the hanging wall moved a lesser distance. Similarly five kinds of thrust faults can be
established. " ' '

Normatly it is difficult to know the absolute movements, but in a few cases, where
faulting occurred near the ocean within histori¢ times, it is possible to establish which block
moved. In such cases, the terms up-thrust, underthrust and overthrust are used.

Up thrusts are high angle gravity or thrust faults along which the relatively uplifted
block has been the active element. Underthrusts are those thrust faults in which the footwall
has been the active element. Overthrusts are those thrust faults in which the footwall has been
the active elements. : '

Check your progress
Note : (a) Space is given below for w'ri)ting your answer. _

(b) Compare your answer with the one given at the end of this unit.

6. Classify the faults based on the relative movements along the fault. -

83 CAUSES OF FAULTS

. The mechanism of faulting is very c__omp'lex as each type of fault is caused by a setof

* conditions operating at the time of faulting. However a few general remarks can be made

regarding the causes of the more common types of faulting-normal and reverse. Fractures are
essential for fauls to oceur. Fractures are caused either by tension or by shear. The movement
is generally due to gravity in the case of normal faults and due to compression in the case of
reverse faults. : : '




84 RECOGNITION OF FAULTS

recognising faults in the field, In any single case, however, ohl_y a few of these criteria may be
available. Small faults can be identified in outcrops or exposures, but large faults are to be
demonstrated on the basis of stratigraphic or physiographic evidence. _ o
' The following criteria are generally useful in recognising faults.
L: Discontinuity of'structures, ' E
2 “Repetition or otiission of strata
3 Minor structures associated with faults,
- 4, Silicification and mineralization
5
6

- Changes in sediméntary facies.
Physiographiq criteria.

8.4.2 Repetition and Omissibn of strata

In aregion where the stratigraphic sequence of the rock formations is established, if'the -
beds repeat in a Sequence, say as a, b, ¢, d, e or one or more beds formi ng part of the sequence
disappear, a fault may be indicated. Such repetition or omission of strata can be bést seen in
a geological map of the region. Repetition of Strata may some times be due to folding or may be

aresult of differential erosion and omission of strafa may be due to an unconformity.

Fig. 8.14 Repetition and omission of strata by faults (FF, FIF n.
"The sequence of sirata is a (oldest), b, ¢, d, and ¢ (youngest), .
A syncline is indicated in the central part of the map. &1




8.4.3. Minor Structures _associatéd with Faults

Minor structures like slickensides, grooves, drag, gouge, breccia and mylonite which
are usually associated with faults are often useful for recognising a fault.

Slickensides are smoothed or polished surfaces which are diagnostic of fault planes.

| They are produced. due to friction along fault plane and show prominent paraliel striations. The

siriations are believed to be parallel to the direction of movement. Some of the striations may
be grooves scored on one side of 2 fault by hard particles drawn over it by the other side. Some

of the striations are thought to be lineations in the fine grained material along fault plane.

] Fig. 815
~ A. Slickensides o B.Drag along fault.

Sometimes large grooves or furrows which are very wide and many centimeters deep
are seen along the fault plane. They are paraliel to the direction of movement. '

Striations may. be produced by glacial action also. Drag is another potential indicator

of displacement along faults. Bedsina fault zone generally show, adjacent to faults, flexures

giving an appearance as if the beds had been dragged back by frictional resistance on the fault

 plane. Drag can be used for determining relative movement. In a normal or gravity fault, the

beds are draggedrup in the hanging wall and dragged down in the foot wall. The opposite
happens in the case of reverse.or thrust faults. - ' o '

Gouge is fine grained rock material found sometimes along faults. This is produced

‘dueto pul_vg:rization of rock along fa}ilt during faulting. Clays of glacial origin also look like

gouge.. -

Large blocks of rock may éometimes be caught aloﬁg faults. In ndrrﬁal faults such

blocks are called horses and in reverse faults they are called slices. -

* Fault zones are generally characterised by what are called fault breccias or crush breccias
which consist of angular t0 sub-angular fragments of different sizes associated with a finely -
crushed matrix. Sometimes due to prolonged mqvement along the fault the angular fragments

may become rounded and in such a case the material is called crush conglomerate.

- Check your progress

Note: (2) Space is given below for writing your answer.

: " (b) Compare your answer with the one given at the end of this unit. .

7. Presence of fault breccia in the field represents

. [P . ; . hmiaamannr




- 8.4.4 Silicification and Mineralization

Faults, being extensive fractures, are often traversed by circulating solutions, .These
- solutions may replace the countryrock with fine grained quartz or amorphous forms of silica,
causing silicification. Mineralization i another important character of fault zones. Many mineral
deposits, particularly those of copper, lead and zinc are found associated with faults.

8.4.5 Differences in Sedimentary Facies
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. Fig. 8.16 Changes in sedimentary facies
Sandstone facies '
Sandstone-shale facies
Shale facies
Shale-limestone facies

MU aw e

. Limestone _facies'
8.4.6. Physiographic Criteria

Offse_t ridges when subjected to differentia] erosion, resistant beds usua_l-ly stand up as
ridges. When a group of strata aie displaced by a dip fault or a diagonal fault or a diagonal

fault, the more resistant beds will occur as discontinuous ridges. Such ridges are called offset -

‘ridges. o :
' Scarps: Scarps are relatively steep and straight slopes which may vary in height from
a few metres to hundreds of metres or even more. Scarps may be produced in many ways._

6




~ Scarps produced by faults typically truncate topographic features such as ridges and valleys.

Such of the scarps which are the direct results of movement along the fault are called fault
scarps, while those which are formed due to differential erosion along a fault line are called
fault-line scarps.. Composite fault scarps are formed partly due to faulting and partly due to
differential erosion. (Fig. 8.17) ' : _

_ Fig. 8.17 Fault scarp A. Before erosion _
‘B. After erosion - material from valleys in foot wall deposited as alluvian fans on the hanging wall.

Piedmont scarps or scarplets are of smal_ler.sizc, upto a few meters in h'eigh't.' They .
are confined to areas of active faulting and are generally found near the foot of mountain ranges.

o Fig. 8.18 .
S A. Fault line B Fault-line scarp : . =
. Triangular facets are found on some scarps resulting from normal faulting. There are
produced by €rosion of the fault scarp. ' ' S

Fig. 8.19 Development of Triangular facets. _

Al Fault scarp before erosion.
64 "~ B,C Gradual development of triangular facets.




l__._...

Springs aligned along the foot of 2 mountain range, offset streams, breaks in stream

profiles are also suggestive of faults. Slickenside, young breccia,
Chgck your progress "

Note : (a) Space is given below for writing your answer. . _
(b) Compare your answer with the one given at the end of this unit.
8. ' Name the structure associated with physiogrphic criteria

Faults Vs Unconformities

Faults may sometimes be confused with unconformities. It is ~asy fo recognize dip

|  faults, diagonal faults and transverse faults. But a contact at which th~1 :ds on both sides have
the same strike as contact itself, may be either an unconformity or a fav .. The following points .

will be helpful in such cases,

fthe dip of the contact is parallel to the dip of the lowest bed in the sequence occurring
above the contact then it is an unconformity. The more the dip of the contact differs from the
dip of the bed referred to above, the more is the probability that the contact is a fault.

If the younger beds strike or dip into the contact, a fault is indicated.

The presence of pebbles of older formations in the formation above the contact indicates
that the contact is an unconformity. However such a situation may be caused by a fault also.

In the case of an unconfomiity, small ridges of older rock may project into younger
rocks. A conglomerate or sandstone with fragments of the older rock may be present above the
contact. However slickensides, gouge and breccia are not found at an unconformity, but are

likely to be present along a fault,

85 IMPORTANCE OF FAULTING |

_ The study of fault is important for understanding the tectonic history of a region. Fault
planes have been potential places for mineralisation and the occurrence of several mineral

~deposits is found to be controlled by faults. Hence a detailed study of faults is essential for the
successful exploration and exploitation of mineral deposits. A thorough investigation of the
faulted structures is very essential for engineering projects like dams, bridges and tunnels and -
even building construction because their safety is endangered by the presence of a fault in the
region.. S S

8.6 SUMMARY

Faults are fracture planes along which 'rocks'.héﬁc moved past each other and there is

visible displacement.. They show wide var_iation_s--in sizeand diSpl-acement produced. The attitude
of a fault is expressed in terms of its strike and dip. The parts of a fault include the fault plane,

the hanging and footwalls. The displacement is cailed the net slip (with strike slip and net slip

- components). Throw, heave and rake are other measurable quantities related to net slip.

+
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The movement along a fault may be translational or rotational. Faults are classified
based on their geometry and on their genesis. Geometrical classifications are based on 1) The
rake of net slip, 2) attitude of fault relative to the attitude of adjacent rocks, 3) Pattern of faults
4) dip angle of faults and 5) apparent movement of the fault. The above classifications recognize
the following fault types; Strike slip fault, dip slip fault and diagonal slip-fault; strike fault, dip
fault, bedding fault, longitudinal and transverse faults; paraile! faults, step faults, en echelon
‘faults, peripheral faults, normal and reverse faults. The genetic classifications are based on 1}
relative movement and 2) absolute movemient along the fault. The types of faults recognized on
the above bases include gravity faults, thrust faults and overthrusts, Five alternatives are possible
regarding the absolute movement along the fault. Upthrusts, underthrusts and overthrust terms
are used for faults in which the active block is identified. -

Fault may occur along tension or shear fractures. Gravity and compression are considered
to be the main causes for faulting. Geological recognition is very essential in case of faults. The
" criteria for recognition is observation of continuity of structures, repetitions or omission of
strata, minor structures like-slicken slide, gouge, breccia, silicification and mineralisation,
changes in sedimentary facies and finally physiographic criteria like springs, - €IC. Study
of faults is essential for understanding the tectonic history of a region, for the exploration and

" exploitation of mineral deposits and for planning engineering projects.

%7 CHECK YOUR PROGRESS - MODEL ANSWERS

Translation movement
 Strike slip fault
Diagonal slip fault
Enechelon faults
High angle faults
The faults are classified based on the relative movements along the faults
into two types. They are Gravity fault and Thrust fault.
Fault. ' o ' '
Scraps, triangular facts, springs etc.

MODEL EXAMINATION QUESTION

=

o

o4
%

~ Answer the following questions in about 30 lines each
What is fault? Describe the paft of a fault with 2 neat sketch.
Write down the classiﬁcati'on of faults.

Explain in detail the criteria used for the recognition of fauits.

MW N

Answer the following questions in about 10 lines each

Describe strike slip and dip ship
What is normal fault ?
What are Throw and Heave? . S
© Mention the features which distinguish a fault from an unconformity.
Write down the importance of faults. . o

s W
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UNIT-9 SCOPE OF ECONOMIC GEOLOGY
Contents ' : B

9.0 Objectives

9.1 Introduction

92 Ore minerals

93 Gangue minerals

9.4 Ore '

9.5 Summary

9.6 Check Your Progress - Model Answers

9.7 Model Examination Questions

9.0 OBJECTIVES

- Inthis unit, we have given you necessary information regarding the scope of economic
geology. By the end of the Unit, you should be abie to : '

* define economic geology
*  describe the scope of economic geology
*  define ore mineral, gangue mineral, ore and tenor

9.1 INTRODUCTION

Economic geology deals with the materials belonging to the mineral kingdom, which
man derives froft the mother earth for his needs and comforts. In search of such materials, man
undertook voyages, successful findings of such materials made him commercially rich and his
nation-supreme. Nations which are having large amounts of materials, are considered to be
economically superior. The more important substances of economic value derived from the
rocks underneath the surface are iron for steel, water for drinking purposes. Fuel like coal and
oil, building’ sténes, lime and cement, clays for brick making and pottery. Road metals,
ornamental stones, marbles, soils and last but not the ledst the precious and vseful metals like

‘gold and silver. In the search for these substances, knowledge of their distribution; character,

occurence and uses slowly and steadily got accumulated leading to the theories regarding their

‘origin. Nations economy depends upon the mineral industry growth chiefly depending upon’

the kno'chdge derived from economic geology. Though knowiedge of economic geology
makes man perfect, so that, he will be able to guide people for continued supply of material

needed for mineral industries. Consumption of economic mineral resources needs a discovery
of new areas having economic minerals, so that the industries continue to get regular supply of .
the materials needed for mineral industries to grow. - :

Minerals which are of economic value are calied economic minerals. The study related

to economic minerals is called economic geology. The economic mineral has chemical

composition and certain physical properties. The utility value of the economic mineral matter

. depéends upon the physical properties rather than the chemical composition for example both

Diamond and Graphite constitute carbon chemically, differ in their physical properties, making
Diamond most precious gem and graphite as heat and chemical resistance substance. The study

of occurence of economic minerals in rock bodies is also comes under economic geology.

Economic mineral deposits are geologic bodies which can be worked out for one or more
metals or non metals, '




- The economic minerals are thus broadly classified into metals and non-metals.

Gold, Copper, Tron or Nickel etc. belong to metallic group where as Coal, Clay,
Petroleum, Gem stones etc fall under nonmetallic, group. Everybody talks about politics,
‘everybody wants money. There are very few, who really know very much about money and
politics. Atleast it is clear that all money is based on something which the earth has provided
out from its vast store house of treasures in the form of economic mineral material. The location,
development and proper utilization of these natural resources have greatly influenced the course

of civilisation.

_ The soils which result from the weathei’ing of rocks are the basis of all agriculture
_ operations. The fuels like coal and oil wete formed through long and complicated geological
processes.

The metals are likely to occur in complex geological settings, thus their discovery -
commonly requires detailed geological exploration. Economic geology is closely related to
various desiplines, particular to various branches of geology like Mineralogy, Petrology,
Structural geology, Geomorphology, Remotesensing etc. '

Mineral deposits, whether they are metalliferous or non metalliferous are nothing but
accumulations or ¢oncentrations of one or more useful substances which are scattered in the
outer crust. The elements that enter into the materials of mineral deposits have been derived:
cither from rocks of outer crust or-from magmas, that have cooled to form igneous rocks. The
minerals which constitute the earth's crust are very few in number. About 1600 mineral species
are known.. Qut of which 50 are rock forming minerals and 200 are regarded as economic
minerals. o

* Extreme concentrations of formerly diffused metal in rock are called metalliferous
deposits. Close observation reveals that the desired metal is not seen independently but it is
chemically bound with other elements: and is known as ore mineral. Ore minerals are found

associated with other minerals or rock matter called gangue.

The . combination of ore minerals and gangue minerals is ‘called ore. Ore is found
enclosed in the rocks. ' '

92 ORE MINERALS

" An ore mineral can be defined as a substance from which one or two metals can be
extracted. A single metal can be extracted from different ore minerals. Chalcopyrite, Bornite,
Chalcocite, Cuprite are all ore minerals from which Copper alone can be extracted. Therefore,
chalcopyrite, chalcocite, cuprite and bornite are ore minerals of copper. Some ore minerals .
oceur as native metals Ex, gold and platinum. But many ore minerals are found in combination
with elements like silicon, oxygen and sulphur etc. Some times a single ore mineral provide
more than one metal for example, Stannite ore mineral on extraction yields Copper and Tin.

Native metals like gold and platinum do not offer serious problems in extraction becatise
admixed minerals can be easily separated and removed. The ore minerals of copper, lead, zinc,
iron etc are found in combination either with silicon, oxygen, or with sulphur Ex. PbS (Galena): -
Zn$ (Sphalerite) , Cu (Covellite) : Fe,0, (Hematite). These are all simple combination of
metals. In addition to this, there are more complex metallic combinations that yield considerable
quantities of common metals. Ore minerals may be classified into primary and secondary ore
minerals. Primary type are the ore minerals deposited during the original period of metallisation;;
where as secondary type are the alteration products found at or near the surface. Some people
called earlier formed ore minerals as primary ore minerals and later formed ore minerals in the

70 same sequence as secondary ore minerals. ' '




This has given rise to some confusion in differentiating primary ore minerals from
secondary ore minerals. To avoid this confusion, terms hypogene ore minerals are those ore
minerals which are formed by upcoming selution from depth or ascending solutions; where as
supergene ore minerals are formed by down buckling solutions or descending solutions. Though,
the terms hypogene ore minerals and primary ore minerals are considered synonymous, but
they are to be used carefully. All hypogene ore minerals are necessarily primary but not alt
Pprimary ore minerals are hypogene. An iron ore mineral like heamatite of sedimentary origin is
a primary ore mineral not to be termed as hypogene as 1t is not formed by asccndmg solutlon

Check your progress _
Note : (a) Space is given below for writing your answer.

(b) Compare your answer with the one given at the end of this unit.
1 The combination of ore mineral and gangue mineral is called

93 GANGUE MINERALS

It has been stated that ore minerals occur in association with other minerals of
uneconomic importance. Minerals of uneconomic importance associated with ore minerals in
an ore deposit are called gangue minerals. Sometimes, discarded metallic substance like pyrite
is also termed as a gangue mineral. Some of the gangue minerals are collected as by products
and used, some of the gangue minerals like quartz, flourspar, pyrite, lime stones etc are used as
+ abrasives, flux, for sulphur, for cement respectively. In short, gangue minerals are waste products,
non economical materials found in ore deposits. Some of the worthless, less commercial and
non economical gangue minerals of today may become valuable in future. Associated gangue
minerals in ore deposits may be separated during extraction of metal and is treated involving
expenditure. The expenditure varies depending upon the methods used and type of treatment
ore receives. Thus, the gangue, therefore, determines the value of the ore. Depending upon the
composition of the ore, the gangue minerals vary. In oxides common gangiie minerals are
quartz, gamnet. In carbonates the gangue minerals are mostly caicite. In  suiphides, barite and
ZyPSum are common gangue minerals. . '

‘94 ORE

Ore is a mixture of ore mineral and gangue mineral and from which one or two metals
- can be extracted profitably. “Therefore, to call material dugged out of the earth's surface, must
be payable. This is ore must be payable. If it is to be payable, then, the cost of mining,




7

L

transportation of the mﬁtérial, must be less than the value of ore. - If the cost involved in extractioﬂ

~ is more than the value of the ore obtained form it then it is not a economic proportion. Suitable

geographic location from where transporting facilities are available to the distribution centre is
also one of the important factor which makes the ore profitable. Normally the proportion of ore
minerals and gangue minerals varies and always gangue minerals will be more in proportions
than the ore mmerals The ore will be more proﬁtable when the part of the gangue mineral is

less, -

The metal content of an ore is called the Tenor. Tenor is always expressed in terms of '

percentages for ordinary metals like Copper, Iron, Manganese, Lead etc for precious metals
like gold and platinum it is always expressed in ounces per ton. The tenor varies with the price
of the metal, and cost of production’ higher the price of the metal, lower the metal content
necessary to make it profitable. Tenor has no upper limit. Higher the tenor better it will be. But
the lower limit of the tenor is fixed on various factors like size of the dcpoqlt geographic
locanon price of the metal and cost of extraction.

" The Economic mineral deposits have different modes of formation. Temperature,

- pressure and water play very importance role in the formation of mineral deposits. -

Formation of mineral deposits may be related tb magmatic processes or secondary

~ processes or metamorphism. Due to igneous activity deposits of magmatic origin, metasomatic
deposits, sublimates, pegmatitic and hydrothermal may result. Secondary processes give rise -

to sedimentary deposits, placers, residual deposits and deposits of formed by oxidation and
sulphide enrichment. Some of the deposits may result from metamorphic processes. A given
mineral deposit occurs either enclosed and in association with a rock formation. Such rock
formation is called host rock. If the formation of mineral deposit and the host rock have taken
place simultanecusly, the deposit is called syngenetic mineral deposit. If the mineral deposit
has formed later than the host rock it is called epigenetic deposit.
Check your progress _
Note : (a) Spaceis given betow for writing your answer,

~ (b) Compare your answer with the one given at the end of this unit.
3. The metal content of an ore is called

4.  What are syngenetic and _épigeneﬁc deposits?

.....

9.5 SUMMARY

~ Minerals which are of economic value are called econonic mmerals The study related
to economic minerals is called economic geology. Nations which are havmg large resources of
such rmnerals are considered as economically superiors. The more important substances derived




from minerals are steel, water, coal, petroleum and other chemical elements. Mineral industries
grows chiefly with the knowledge derived from economic geology. The economic menerals
are classified as metals and non metals. So far about 1600 mineral species are identified, out of
which 200 are economic minerals, useful for the better living condition of the society.

An ore mineral can be defined as a substance from which one or more metals can be
extracted. A single metal may be extracted from different ore minerals. Some ore minerals
occur as native metals Ex gold, but many are found in combination with elements like gilica,
- Some times we may also get two metals from a single ore. Ore minerals are classified as primary

. and secondary ore minerals. Primary type are the ore minerals dep_osit_ed during “..¢ period of
metailisation, where as secondary type are the alteration products found at or near the surface,
Ore minerals will occur in association with other minerals of UHeconorr_iic importance. Such
uneconomic minerals are called as gangue minerals. Some ot the worthless, less commercial

value, non economical gangue rinerals of today may become valuable in future. The percentage

of gangue mineral determines the value of the ore. -

Ore is a mixture of ore mireral and gangue minerals from which one or two metals can

be extracted profitably. The ore will be more profitable when the part of the gangue mineral is
less. The metal content of an ore is tenor. Terior 1s always expressed in ‘erms of percentage for
metals and ounces for precious metals. Higher the tenor better it *vil; be. Economic mineral
deposits have different modes of formation. Temperature, pressure and vater play very important
role in the formation. : S ) ‘

9.6 CHECK YOUR PROGRESS - MODEL ANSWERS

- Ore- _ - : - _
2. An Ore mineral can be defined as a substance from which one or two metals can be
" extracted. ' N
3. Tenor

If the formation of mineral deposit and host rock at a time, then such deposits are

syngenitic deposits or if the mineral is formed later the hostrock it is epigenetic deposit

9.7 _MODEL EXAMINATION QUESTIONS

1 Answer the following questions in about 30 lines
... Whatis economic geology? How is. its study useful to the mankind?
L. Answer the following questions in about 10 lines.
I. Write notes on ' -
a) Ore minerals
b) Gangue minerals
c) Ore
d) Primary and Secondary minerals _
2. Explain the relation of economic geology with other branches of geology?
* ¥ ok
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10.0 OBJECTIVES

1n this unit we have presented different prdcessés of mineral formation with igneoﬁs
activity | . : I -
After completion, you should be able to

*  explain the magmatic coﬂcent_ration pro’céss and_-hYdrothennal'procéss
*  describe contact metésomatic process -

- * * define pegmatitic deposits and sublimates

10.1 INTRODUCTION

The formation of mineral deposits were discussed under four processes namely igneous
processes, secondary processes, organic process and metamorphic process. In this unit, igneous
procesées are discussed. Dueto igneous activity, the deposits of magmatic origin, matasomatic
deposits, sublimates, Pegmatitic and hydrothermal deposits may be formed. The im'portant
igneous processes, such as magmatic process; contact metasomatic process, hydrothennal

74 Dprocess, pegmatitic process and sublimation processes are discussed here. '




1.2 MAGMATIC PROCESS-

All igneous rocks are products of magma consolidation. These rocks are made up of
two groups of minerals like essential minerzals and aecessory minerals, Minerals in rocks,
whose presence and absence change the identity of rocks are called essential minerals: where as
minerals whose presence and absence have no effect on the identity of the rocks are termed as
’1 . -accessory minerals, ' o ' '

- derivates of magma. The process is called magmatic. concentration process. '

S Magmatic concentration deposits are formed during differentiation of metal bearing
magma directly from melts of an ultrabasic, basic or alkaline content. Magma which is hot -
molten rocky material slowly starts cooling with fall in temperature. Nt only it cools, but also
splits into different_ layers of different composition before getting con olidated. Most magmas
are probably not homogenecus in composition, parts may be rich in ferromagnesiam constituents,
in silica, in sodium, in potassium compounds, in volatiles, or in other substances. When the
composition magma cools. It crystallises and scparates into fractions by the process of
differentiation are termed as magmatic ore deposits. The Most insofuble substances in magma

- crystallise first, . During differentiation, the more. mafic parts of the magma may enriched in
chromium, nickel, platinum, titanium and iron. Such products derived from magmatic fraction
-~ after the process of differentiation, In general uncommon, accessory mineral constituents like
zircon, apatite, titanite, ilemenite, magnetite, chromite: etc. are the minerals forming earlier than
the rock forming silicates like olivine, augite, honnblende, orthoclase, mica and quartz. Their .
crystallisation from magma will be in a sequence having quartz is the last mineral to crystallise, .
: 8 ' - This order of crystallisation of minerals in a sequence from- magma is known as Bowen's

discontinuous reaction series. _ ) _

_ All economic minerals originﬁte_d from magma during its course of crystallisation prior
. tothe rock forming silicates are called Early magmatic mineral deposits. All economic minerals

formed in the final stage of magmatic crystallisation are referred as late magmatic mineral

‘deposits.” : ' : o : - _ T
' Thus we have broadly__two types of magmatic concentration deposits-derived from
magma. This clearly means that there can be more than one period of magmatic ore formation
with the magmatic period and there may be one process of _different:iat:iou by which magmatic
economic mineral deposits can be formed. e . SR '.

The early magmatic minerai deposits are the direct magmatic processes. These deposits .

form in three different ways such as: T

i) Dissem_mation
ii). Segregation
1ii) Injection

" The late magmatic minéral deposits form to‘ward_,s{ the end of the magmatic period ie.,
they are all latter than the rock forming silicates. These'deposits form in four different ways,
i)y '.Rcs'i_dual_liquid segregation, _ :
ii Residual liquid injection. PO - 75
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i) ~ Immiscible liquid segregation.
iv) Immiscible liquid injection

- Magmatic Deposits -

l

~ Barly Magmatic : Late Magmaltic

] I ]

‘Dissemination Seggregation Injection' . Residual Immiscible

injection  and Seggregation

10.2.1 Early Magmatic Mineral 'Deposits

These are the products derived from magma i.c. process prior to the rock forming
silicates, these deposits are also known as orthomagmatic deposits. Early magmatic mineral
deposits are the carly differentiates that settled throughout the magma in response to gravity.
Farly magmatic ore deposits ore deposits may: form in three different ways such as i)
Dissemination ii) Segregation iii) Injection. _ '

1) Dissemination: This is simple crystallisation of minerals of economic value from magma

without getting concentrated in one place. Cooling of magma in deep seated condition

yield a granular jgrieots mass in which economic minerals are found scattered throughout

the rock mass. The best example of dissemination is diamonds in volcanic pipe of
corundum in syenite rock. '

ii) Seggregation: Seggregation means sinking of early formed ‘economic minerals m
* magmatic channel and getting accumulated. With fall in temperature, magma Starts
crystallising. On set of crystals so formed start sinking biecause of their high specific
gravity. Suchtype of differentiation is known as gravitative crystallisation differentiation.
Early magmatic economic mineral deposits may be due 0 segregation. Segregation

means concentration.of valuable constituents of magma by gravitative crystallisation

differentiation process.
0.B o
C _ D.G. = Diallage
D.G gabbro
p. G. = Pyroxene
. Diallage
o _ .. gabbro
: P G. 0B. = Over burden
= C = Chrome '

_ Fig.10:1: Seggregation deposits showing' layers
- For example chromite which crystallises early gets segre gated or separated from other

mineral constituents to form sufficiently rich and big deposits. Hence, economic minerals
which are the products of gravitative crystallisation differentiation have been referred
as early magmatic segregation deposits. All such deposits are generally lenticular and

are of small size. They form layers in host rocks as shown in the (Fig. 10.1)




i - i) Injection: Ore minerals of magmatic origin in the early stage of magmatic process

' undergo gravitative crystallisation differentiation leading to the formation of segregated
layers in magma, subsequently get injected into the surrounding rocks. Such deposits
of economic minerals are known magmatic injéction deposits. Injection deposits have
not remained at the placc' of original accumiation, Injection deposits cut across the rock
into which they have been injecte_d and occur as dykes or any other intrusive forms of
{ _ igneous rocks. | '

10.2.2 Late Magmatic Mineral Deposits

Economic mineral deposits of magmatic origin formed towards the close of magm_atib
period are termed as late magmatic mineral deposits. ‘They are all later than the rock forming
silicates, hence, they cut across them, surround them, react with them giving grise 0 reaction
rims. Late magmatic deposits are usually associated with basic igneous rocks. They may be

~due to crystallisation differentiation, or may be due to gravitative accumulation of residual’
liquid or it may be due to liquid immcibility. Only certain types of magmas yield late magmatic
deposits, it is generally seen that magmas undergoing the process of differentiation become
progfessively rich in silica, alkalies and water, but there are certain basic magmas like magma
of anorthosite composition, which becomes progressively rich in Fe and Ti contents during the

process of differentiation,

Late magmatic deposits may form in four (4) different ways such as i) Residual liquid
segregation ii) Residual liquid injection 1ii) Immiscible liquid segregation 1v) Immiscible liquid-
injection. ' "

1 i) Residual Liquid segregation : Magmas of anorthosi'te._composition on codling give
' rise to crystals of plagioclase in the liegining. The leftout magma or the residual magma
may be rich in Fe content. This segregation of residual magma rich in iron content
consolidates to from valuable mineral deposits of residual liquid segregation type. F ig.
10.2

i) Residual Liguid Injection : If the residual magma rich in iron content during the last
: phaée of magmatic process after the crystallisation of plagioclasc feispars may get injected
into the sﬁrrounding rock by filter press mechanism or by the influence of lateral pressure . .
to form residual liquid injection deposits.
i) Immiscible Liguid Segregation : In certain basic magmas sulphides of nickel and iron
and copper are found to the extent of 6 to 7% in soluble state. On coolin g of such
- magma the sulphides of Ni, Cu and Fe form immiscible fraction. It continues to remain
in liquid state till other silicates of magma c'rystallise,. subsequently the segregated layer
- of Ni, Cu and Fe sulphides soiidify to form immiscible liquid segregation deposits.
iv) Immiscible Liquid injection : If the immiscible sulphides of Ni, Cu and Iron remain
in liquid stage even after the silicates crystalli_s__f:: and get injected into the surrounding
rocké, then such depdsits are termed immiscible liquid injection deposits.. 77
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Late gravitative liquid accumul_ation
Early stage of crystallisation

Chill zone _
Layer of sunken early formed crystals rest on chill zone

Oxide rich residual liquid layer
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Check your pi'ogi‘ess _

Note : (a) Space is given below for writing your answer.
(b) Compare your answer with.the one given at the end of this unit.

1. The process in which mineral grains of greater density sink through the fluid
magma during the crystalisation is known as - o
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10.2.3, Nature of magmatic minera deposits |
Economic minera] deposits. of magmatic origin have simple mineralogy and they are

characterised by their close relationship with the intrusive igneous rocks, The most significant

ore deposits of titanomagnctit_e, apatite-magnetite, and copper, nickel ores, chromites, diamonds,

Platinoids, apatite and graphite. The composttion of the minera] deposits of magmatic origin s

' banded, nodular, brecciated, and stréaky, streaky-dissemhlate'd, while the tyﬁical St_ruc__mres arg;.

o granular and prophyritic.

The surrounding rocks may show traces of the ore-forming processes in the form of
Serpentinisation, amphibolization, chloritisatipn, carbonis-ation, and taking from 1500°C as in
the case of diamonds to 300%. The drop in_temperature betwe_e_n the beginn ing and the end of




10.3.1 Mode of operation

The way of contact metasomatic process operative can bestbe visualised by corﬁparing :
the volcanic explosion. It is known that where volcanoes explode from time to time, @ vast
yolume of fluids are released.

These constituents originally were in solution in magma, and as long as the magma
remained liquid and pressure unchanged, they rermained in sotution. With the release of pressure
they escape. But most magmas, do not reach the surface but areenclosed in the earth's crust and
their gaseous constituents do not directly reach the surface. However the fluid emanations may
escape into the surrounding rocks. The emanations may cany the constituents of mineral deposits
that replace the invaded rock to form metallic and non-metallic mineral deposits. These deposits
are distributed sporadically in the surrounding rocks along the immediate contact of an infrusive,
contact Zone, wherein alteration of host rocks due to igneous emanations tooK place 18 called
aureole. The shape and size of aureole varies according t0 the size and shape of the intrusive
and the character and structure of the invaded rocks. :

10.3.2 Requirements for Contact Metasomatic Deposits to form

. Notall ‘magmas which intrude into the rock yield contact metasomatic deposits. Only
certain types of magmas are capable of yielding these deposits. The most important requirements
are _ _ :

1) Suitable magmas capabie of yielding contact metasomatic deposit

i) Magmas must contain neeessary ingredients of economic mineral deposits.

iy  The intrusion must take place at great depths. N |
1v) The intrusive magma capable of yielding_ contact metasomatic deposits must come in
~ contact with reactive rocks. :

v) Terperature range of formation is 400°C to 800°C.
10.3.3. Changes taking place between Intrusive Magma and Contact rock.

When intrusive magma comes in contact with the rock into which magma is entering
certain changes take place such as, recrysiallisation. Recombination and addition of new
substances to the rock by magma 1.€., accession. Certain minerals of rock under the influence of
teaperature recrystallise, calcite of limestones recrystallise t0 form marble.-

Sometimes these limestones have impurities like carbon which goes to form graphite.

Change of partner take place, which. is termed as recombination. Recombination means
interchange of ions. If original ‘minerals in rock, are AB and CD there on recombination it
becomes AC and BD, Further if intrusive magma adds some material after recombination which -
is known as accession, if material X is added 1o AC and material Y is added to BD, then, it

becomes ACX and BDY where X and Y is termed as accession products of magma.
10.3.4 Composition of the Magma yielding Contact Metasomatic Deposits

Not all magmas of any composition yield contact m ,tasomatic deposits. Only certain
types of magmas which are silicic of intermediate nature such as quartz [monzonite; monzonite
Granodiorite or quartz diorite ar¢ capable of providing contact metasomatic deposits. Neither
highly silicic magma-of granite composition,' nor basic composition magma of gabbroid
composition yield such deposits because silicic magma has high percentage of water and basic
magma is relatively dry where as silicic magma of intermediate composition has water content
which is neither too high nor too less but just sufficient for collecting and transporting metal

_3"0 content of magma to the rock into which magma is intruding.
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Contact metasomatic deposits are found associated with rocks, which have becn formed
at great depths under slow cooling and high pressure conditions.

If the intrusive magma containing economic minerals ‘come in contact with impure
calcareous rocks like silicious limestones or limestones with Aluminium impurities exhibit
greater effects of contact metasomatism and yield contact metasomatic deposits.

10.3.5 Characters of Metasomatic Deposits

The shape of the deposits is generally fairly complicated é,nd varied. They may be (1)
bedded and stratified bodies (2) Lenticular bodies (3) Stocks (4) Plpes (5) Veins and vein- llkc

bodies (6) vest and (7) Complex ranifying boches

- Many metasomatic deposits have a zonal structure. Farticularly distinct zoning is

_ observed going away from the contact with. the infrusive.

Metasomatic deposrts are fairly diverse in their content of recoverable minerals. Almost

all metals are known in them, with the exception of chromium, antimony and mercury. The

most significant metasomatic deéposits are those of iron. cobali, copper, platinum, tungsten,
molybdenum, lead, zinc, gold, tin, beryllium rare earths and uranium.

The most common feature that is observed in the mutual arrang = nent of minerals forming

metasomatic deposits is the well-defined matasomatic characters o’ the mineral deposition, -

which often leads to pseudomorphs of various minerals and mineral complexes by minerals and
aggregates deposited earlier. The grain size of minerals forming metasomatic deposits usually
lies within limits of fractions of a millimetre and one or two centimetres; but individual crystals,
may be as big as ten or fifteen centimetres.

104 HYDROTHERMAL PROCESS

The close of the magmatic phase, leaves behind liquid which is rich in economic mineral

content originally present in the magma after the magma has undergone the process of

differentiation. The end product of magmatic differentiation, rich in economic mineral content
is known as hydrothermal solution.’ These hydrothermal solutions carry the economic minerals
present in them through the opening like cracks and fissures and deposits the metal content to
form valuable economic mineral deposits by hydrothermal solution is known as hydrothermat
process;. These are strong evidence to believe that hot solutions or hydrothermal solutions are
capable of forming economic mineral deposits. When the hydrothermal solutions travel through
the rocks may deposit the metal content in the openings present in the rocks or it may get
involved in chemical activity, replace the mineral consistuents of the rock by the economic
mineral carried. Thus we have two types of hydrothermal deposits like (A) Cavity filling

deposits and (B) Replacement deposits. The hydrothermal solutions gradually loose heat

‘with increased distance from the intrusive. Depending upon the temperature at which

hydrothermal solution yield economic mineral deposﬂs are of three different catagories such

_as hypothermal, mesothermal and epithermal.

High temperature, hydrothermal solution deposits near the intrusive is called
hypothermal type. Slightly away from the intrusive with moderate temperature of hydrothermal

_deposits are called mesothermal type, where as the hydrothermal deposits far away the intrusive

at low temperatures are called epithermal type. Replacement by hydrothermal solution will be
dominant under high temperature condition near the intrusive where hypothermal deposits are
formed; Where as cavity filling by hydrothermal solutions are dominant under low temperature
condition away from the intrusive body where epithermal deposits are formed. In mesothermal
the hydrothermal solutions can replace and fillup the cavities. Thus replacement deposits and
cavity filling deposits may be formed in mesothermal ¢onditions.
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" Essential requirements for hydrothermal deposits to form :

1) Minetalising solutions or Hydrothermal solutiens must be capable of dissolving and
transporting mmeral matter from original site to the place of deposition.

ii) The Rock must have cracks fissures or openmgs for allowmg the hydrothermal solution
to move through them. - : :

111) The Rock through which hydrothermal solutions are travelling must have suitable places
for deposition of economic mineral content.

_iv).  Suitable chemical activity has to take place either to prempltate the metal content in the

~ cavity.or to replace the mineral constituents by economic mmcral contents of
hydrothennal solutions.

v) The economic mineral thus deposited in the cavities of replacement of mmcral '
~ constituents must get conccntrated to form workable deposits.

k Check your progress :
Note : (a) Space is given below for writing your answer,

(b) Compare your answer with the one given at the end of thls unit.
3. Ore deposit one produced by the effect of high temperature solution known as -

4, Hydrothermal deposits formed at shallow depth (1 e. at low pressure)
but at hi gh temperature is known as

~ Movement of Solution. through rocks: The movement of hydrothermal solutions
through rock appears to take place, where continuous opening like fissures or cracks are available

“in rocks. These opening in rocks are the main channels for the hydrothermal solutions, ‘which

supplies large amount of mineral matter, the small fractures, cleavages in the minerals serve as
minor distributing centres by diffusion. Diffusion, though an important factor cannot act in .
large scale distribution but plays very lmportant role in short instance transit of mineral matter

_ brought by hydrothermal solutions. Diffusion replaces the ions in mineral matter. Thus diffusion

is essential replacement, but it is not essential in cavity filling type because large volume of
hydrothermal solutions can enter the opcmngs react w1th it chemically and deposﬁ the metal
content in the cavities. : :

There are two different kmds of cavities found in rocks namely ongmal cavities like

pore space crystal lattice, vesicles, bedding planes, cooling cracks and induced cavities. like
cav1t1es or cracks formcd by foldmg and faulting, solution cavities, rock alteration cpening etc.




The hydrothermal solutions while passing through the rocks undergo chemical change

by reaction. The most important factors in hydrothermal deposition are changes in temperature
and pressure. In general, drop in temperature decreases the solubility leading to deposition of
economic mineral content. '

Replacement deposits by hydrothenﬁal solutions where there is substitution of new
minerals for older ones take place by reaction between hydrothermal solution and solid rock
bodies through which it is passing.

Minerat deposits having magmatic affiliations show charaptcristipally 4 sequence in
their formation. The sequential arrangement of economic mireral ‘formation is known as
paragenesis. Hydrothermal deposits provide best example ior *he study of paragenesis.

10.4.1 Cavity Filling Depnsits

The filin gup of cavities with economic mineral content by hydrothermal solutions are
" called cavity filling deposits. In earlier days cavity filling by solutions was considered to be the

only process by which all economic mineral deposits are formed. Cavity filling deposits are -

, formed by hot, dilute magmatically related solutions. Cavity filling, involves two separate

processes (i) formation of opening (ii) deposition of economic minerz s into the opening. Both
these processes may take place simultaeously or it may. be independent with a interval time in

between cavity formation and economic mineral deposition in the cavity.

When the hydrothermal solution enters the cavity deposit the mineral content along the
walls of the cavity and finally fills the cavity by economic mineral to form "Massive economic

ore deposits” of cavity filling types. Some times we find layers of different economic minerals

Check your progress
Note : (a) Space is given below for writing your answer.
o (b) Compare your answer with the one giifcn__at the end of this unit.

5. List out process involved in'cavity filling

- Formed one after the other in the cavity starting from the walls of the cavities, then,

such .Iayering of economic minerals in the cavities formed by hydrothermal solutions are termed _

as Crt_lstificaﬁon_.

- If prominent crystals projéct from the walls of the cavity then it is called comb structure

- Fig. 10.3. Crustification or layering in the cavities may be symmetrical or asymmetrical as

shown in figure. Some times, the cavities will not be completely filled up the central portion

remains vacant. The vacant portion of the cavity is called Vug, Some Vugs are large enough

for a man to enter. Vugs are the places wli_ere one can expect beautiful and rare mineral
crystals. Vugs are the treasure house for the mineral hunters.

83




1-Wall
© 2-Quarz
3-Quartz
4-Vug
© 5-Blende
6-Quartz
7-Wall

Fig.10.3 showing the formation of Comb & Vug Structure

There are different kinds of cavity filling deposits such as (1) Fissure veins (i) Shear

zone deposits (iii) Stock works (iv) Saddle reef (v) Ladder veins (vi) Pore space filling (vii)
Vesicular filling (viii) Solution cavity filling (ix) Breecia filling (x) Folderack filling. '

Check your progress _
Note : (a) Space is given below for Writing your answer.

(b) Compare your answer with the one given at the end of this unit.
In the cavity filled deposits, the ore is built up in successive layers are called

-

Fissure Vein deposits :- It ismost important and common type of cavity filling deposits.
It is a tabular ore body having length greater than the width. Fissures are formed in the
rocks due to stresses acting on them. If these fissures are deposited by the hydrothermal
solution, then, it-forms fissure vein deposits. There are many types fissure veins such as
simple, composite, linked, sheeted, dialated and chambered as shown in Fig.10.4 Fissures
rarely occur alone, they are always seen in groups. Number of fissures together is
known as fissure system. Fissure system may have different patterns such as parallel
system. ‘Fan system, radial system, intersecting cognate, intersecting system and
conjugated system. : : '

Fig. 10.4 Varieties of Fissure Veins :
A Chambred vein B Dilation vein "~ C Sheeted vein
D Enechalon veins _ E Linked vein




vi)

vii)

viii)

1)

Shearzone deposits:- are thin, sheet hke connected opening of a shearzone, through
which hydrothermal solutions pass and deposit the economic, mineral content.

Stock Works : It is a delicate, interlacking net work of small ore bearing veinlets inside
the cavities of the rock.

Saddle reef: When the alternative layers of hard and soft rocks are closely folded, then

- cracks are formed at the crest of the fold. When hydrothermal solutions entering through

such cracks deposits the economic mineral content to form saddle reef deposits Fig. 10.5

Ladder Veins: When a country rock is intruded by a dyke and dyke develops cracks

perpendicular to the Iength of the dyke, due to contraction while cooling. Subsequently,
these transverse cracks deposits because if resemble the ladder. : :
Pore space filling:- The space in between the mineral grains of a sedlmentary-rock is
called pore space. If these pore spaces are filled up the hydrothermal solution economic
mineral content, then it is called pore space filling deposits.

~ Vesienlar filling: Deposition of metal content by hydrothermal solutions into vesicles
formed due to escapement of gases from the lava surfaces is known as vesicular filling '
. deposits.

e e e e ]
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Showing A=Saddle reefs B= Three types of reefs
F=Fault - C=Cap  L=Leg - b=Gold Quartz Ore

Solution cavity filing: In limestones, we find various types of solu‘n on openin g into
which hydrothermal sotution deposits its mineral content.

Breccia filling: Irregular arrangement of angular to subangular fragments in breccia
give rise to number of openings. The hydrothermal solution pass through and depOSLt
the metal content to form breccia filling type of cav1ty filling dep051t5 :

Fold crack filling: Due to overlying burden, the lower part of the sedimentary beds
bends developing gentle synclmai folds in some brittle rocks. It also develops connected

tension cracks or opening known as pitches and flats. These cracks are the sultable sites

for the deposmon of metal content by hydrothermai solutions.

Check your progress

Note ;

(a) Space is given below for wrltmg your answer.

-(b) Compare your answer with the one given at the end of this unlt _
Cavity filling deposits in which rock body is intercalated by a network of
small closely spaced ore bearing veinlets is known as
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10.4.2 Replacement Deposi_ts -

Itis o_he of the types of hydrothermal depoeits. It is a type of deposit commonly found

inhydrothermal and mesothermal conditions. Replacement is a process in which there is capillary.

solution and depositon acting simultaneously. The replacing mineral is called metasome and it
need not have common in with the replace substance. The replacing mineral is carried in

solution and replaced mineral is also carried in solution hence, it is a open circuit.

If mineralising solutions encounter minerals that are unstable in theu' presence, then
substitution may take place giving rise to replacement The replacement process do not involve

~ any change in shape and size of the rock material. Particle by particle replacement is carried or

molecule by molecule. The mode of inter change can be shown with simple chemical equatlon
such as

ZnS+CuSO, - . D ZnSO4 + Cu§’

_ Replacement by hydrothermal solution is'maln]y due to diffusion. Movement of
molecules or ions in a solution from point of supply to a point of deposition. There are three
kinds of replacement deposits, they are i) Massive deposits ii) Replacement lode deposits iii)
Dlssermnated replacement deposits. -

iy  Massive deposits: are charactensed by great variation in size and extremely 1rregular
form. These deposits rarmfy into the ‘rock after the replacement.

ii). Replacement lode deposits: are found along the beds or fissures. -Fig.10.6. They are
very much resemble fissured vein deposits of cavity filling type. We find three
differences between replacement lode and ﬁssure vein deposns they are

a) They are wider than fissure vein.
b} The walls are generally wavy and 1rregular

c) Replacementlode deposits show gradation into the country where as fissure veins
do not show gradation with the rock. :

Fig.- 10.6.
Replacement Deposiis _
A. Massive. B. Disseminated ~ C.Multiple centre




tii}  Disseminateq replacement deposits:- Replacement by hydrothermai solutions not in
one place but scattered aj] through the rock body providing small proportion of the ore,

highty inclined position up and down the fissure veins,

10.5 PEGMATITIC PEPOSITS

irregular but generally they tend to be elongated bodies that extend in a vertical or

Igneous Processes include these deposits that have affinity in some way or other to
igneous activity. These are (a) magmatic concentration process (b) hydrothermal process (c)
contact metasomatic process, (d) pegmatitic deposits (e) sublimates '
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11.0 OBJECTIVES

In this unit we have discussed about secondary processes

After completion, you should be able to

*  explain sedimentation and evaporation processes

*  describe residual and mechanical concentration processes
~*  explain oxidation and 'supergene enrichment processes

11 1 INTRODUCTION

_ Mineral deposns arising out of the processes of weathering and activities of several
geological agents are called secondary mineral deposits and the processes associated with this
are called secondary processes. The important processes are sedimentation, evaporation, remdual
and mechanical concentration, oxidation and supergene enrichment

'11.2 SEDIMENTATION PROCESS

This class of deposits is formed by the process of sedimentation. When the pre-existing
rocks are subjected to the process of weathering, the rocks are mechanically disintegrated and
the mineral constituents are chemically decomposed. Broken and decomposed material will be
carried away from the place of weathering by transporting agents like rivers, glaciers and wind
to the site of deposition. Along with the rock materials some of the economic minerals found in
traces are also carried and deposited to sedimentary economic mineral deposits. This process
involving weathering, transportation and deposition of sediments and economic minerals into
layers is known as sedimentary process. Some of the most important and world famous economic
mineral deposits are formed by this process, such as iron, manganese, copper, phosphate, oil,
coal and limestones. The sedimentary deposits are composed of both organic and inorganic
materials. '

- Requirements for the formatmu of sedimentary deposits:
_ _ The requirements are as follows: i) source material ii) gathering of the materlals by
90 solution iii) transporting of the materia] to the site of deposition and its accumulation. '

-
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ﬁ ' Source Materials : The materia} forming the part of sedimentary deposits are derived
- from the pre-existing rocks after weathering. Some times weathering and oxidation of former
mineral deposits also form source material for the sedimentary deposits. Igneous and
metamorphic rocks may contain a number of mineral constitutents, These mineral constituents
may be iron, manganese, aluminium, barium, phosphorous bearing; such as pyroxenes,
1 : homblende, thodonite, celesian, apatite. Such igneous rocks, metamorphic rocks with these

minerals on weathering provide source material for sedimentary deposits of iron, manganese,
“ phosphorous and aluminium. : : o

Solution and Transportation: These mineral constituents which are source materials

_'Deposition of the solution containing the sedimentary material: Deposition of the
sedimentary substances carried by transporting agencies may be mechanical, chemical or
biochemical. The manner of deposition depends upon the nature of the solvents and place of

to bacterial action or it may be due to reaction with alkalies or it may be due to action of plants.

Bacterial action is considered to be of great iihportance in sedimentary deposits. Certain
types of bacteria are responsible for the deposition of iron, manganese and even phosphorous.
Bacteria are also effective in the deposition of sulphates and sulphurdioxide.

é It has also been found that: ordinary sea water electrolytes cause almost immediate
precipitation of ferric oxide from colloidal iron solutions; so also the deposition of manganese.

The sedimentary iron and manganese ores are deposited in both fresh and salt water in
bogs, swamps, marshes, lakes, lagoons and-in the oceans, Phosphates and sulphur form under
marine conditions. ' a ' : S

Important deposits of iron, copper, manganese, vanadium, phosphorous, sulphur,
limestone, clay are the products of sedimentary process. o

11.3 EVAPORATION PROCESS _

_ Evaporation is a common phenomena in nature. Many of the valuable non-metallic
mineral deposits are formed by the process of evaporation. It is the most simple and familiar
: among ali the processes involved in the formation of ore deposits. Evapbration process yields
i household materials used by the house holders, farmers, chemist, enginger, birds and plants. _
Salt mixed up in water, can be got by the process of evaporation.

Process of mineral 'formation by Evaporation:

This process of evaporation is very common in warm, dry, arid climate and also it is
"very active and effective in arid regions. The bodies of saline water have concentration of g¢




varions saits. The precipitation of salts occur when supersaturation of salt is reached. The
precipitation, therefore, depends upon the solubility. Least soluble salts precipitate, in the early
stage of evaporation jtself; highly soluble salts are last to precipitate. Temperature and presence
of other salts in solution also control the deposition by the process of evaporation.

1n the formation of complex salts, time factor is also very important. Important salt
deposits are formed by the process of evaporation. Theterm salts may mean chlorides, sulpbides,
carbonates, nitrates and borates of sodium and potassium; sulphates of calcium and magnesium.
Large and imponant'econt)mic deposits of chlorides and suiphates are formed by the evaporation
of water present in sca and salt lakes. The average salinity of the sea water is 35 parts per 1000

and the percentage composition of the salts is NaC1-77.76; MgCl,-1 0.88; MgS0,-4.74; CaSO,-

3.60; K,80,-2.64; CaC0,-0.34 and MgBr;-0.22

Before these salts are deposited, water must become saturated with them and as sea
water is not nearly saturated, special geological condition must play its part prior {0 their
deposition. For example, Earth movement may cut of the part of the sea or by the shallowing of
its concentration with the main body and if the climate is suitable deposition of salts occur by
the process of evaporation. The salts are precipitated in a sequence during the process of

" evaporation. Calcium salts are first, followed by sodium salts, magnesium salts and finally the

potassium salts. The salinity of sea water is due to salts brought by the rivers mainly; small *

amount of salts in sea is also contributed by volcanoes.

The salts are deposited mainly in marine and also in lacustrine environment. Caleium

~ sulphates, common salt (Malite) Potassium salts, borates and bromides are some of the salts

deposited in marine conditions by the process of evaporation. In lacustrine epvironment also
the deposition of salts of sal ine lakes are more diverse than those of the salts formed in ocean.
This is because; each lake is an individual unit with no outlet, collects into itself the soluble
salts of its own drainage basin. - With high rate of evaporation, characteristic of arid regions,
deposition of salts take place. Lakes with sodium and'potassium carbonates are called alkali
1akes and lakes with sodium sulphate far greater in proportion that sodium carbonate and chiorides
are called bitter lakes. Lakes with borates are known as borate lakes and lakes with nitrate are

called nitrate lakes. These different types.of lakes on gvaporation yield different salt deposits.

Evaporatiqn of underground water is universal but in humid regions these gvaporates
are mostly redissolved and carried away by rain water. The evaporation deposiis get accumulated

as long as the climate remains dry.

The ground water also contain salts in dissolved state like lakes and oceans. The
concentration of these salts is generally low, the proportions of the individuals salts vary with
the character of the soil, bed rock, topography and climate of the area. Calcium carbonate is
jnvariably present, magnesium, sodiu, potassium, iron compounds are common. Silica,

* phosphorous, nitrates.and borates are also found in very small proportion.
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Depositioﬁ of salts by the process of evap'oration occurs at or near the surface or in

‘caves. Bvaporation of ground water is very rapid when it is very close o the surface such as

valley bottom, slope of the hill.

“The deposits of economic importance formed by the evaporation of ground water are
nitrate salts with iodine, some boron, calcium carbonate, sodinm sulphate and sodium carbonate.
The origin of these deposits is controversial. It is generally agreed that nitrates were transported
by ground water and were deposited by this evaporation.

Natural brines result when sedimenis- saturated with sea water are buried beneath the
level of circulating ground water. These are called connate waters and become source of
commercial salts on evaporation. ' : -




Calcium carbonate in solution in the ground water is also deposited by the process of
. evaporation at or near the surface.

- The hot spring also contain salts in the dissolved state. These saits are deposited along
the orifices of the spring by the process of evaporation. A few deposits formed by the cvaporation
process from hot spring have become commercially important. Chief substances deposited in
this manner are calcium carbonate in the form of travertine; silica in the form of siliceous sinter
or geyserite; iron oxide in the form of ocher, manganese dioxide in the form of wad. All such
deposits around the orifices of hot springs arc known as spring deposns formed by the process
of evaporation. -

11.4 RESIDUAL AND MECHANICAL
CONCENTRATION PROCESSES

Rocks with economic mineral content in them after undergoing the process of
weathering, will be mechanically broken down and chemicals decomposed. These loose
fragments may be transported or stay at the site of weathering. If they stay at the place of
weathering without undergoing transportation, and economic mineral also get concentrated,
then such deposits are known as residual concentration deposits. If the weathered products
* undergo transportation by rivers or by wind, while getting transported there will be natural
gravity separation. Minerals having high specific gravity will be separated from minerals having
low specific gravity and get deposited at suitable site of deposition due to decrease in velocity
of the transporting agents. Such deposits of economic minerals are termed as mechanical
concentration deposits or placer deposits. By following the strearn or rivers upstream, it is
often possible to locate the original home of valuable economic minerals, Thus gold is traced

... to gold bearing quartz vein, platinum to ultrabasic igneous rocks and gems 1o metdmorphlc '

limestones.

Weathering is a slow, non stop destructive process whereby rocks get mechanically
distintegrated and chemically decomposed. The minerals which are unstable under Weathermg
conditions undergo chemical decay.

Check your progress
. Note : (a) Sp&ce is given below for writin 3 yOur answer.

(b) Compare your answer with the one given at the end of this umt _ _
1. If the mineral deposit formed on the site of weathering, then the deposit is k.noyvn as.....

Soluble parts may removed and insoluble parts remain and get accumulated to form

residual mineral deposits. Rocks contain, two types of minerals, stable minerals and unstab]e_

minerals. Stable minerals do not show any change chemically but they get freed from rocks by
mechanical disintegration. Such stable minerals like quartz, gold, platinum, garnet etc., after
getting freed from rocks accumulate in a place to form residual concentration deposits. If these

stable minerals after getting freed undergo transportation and on the way getting separated as _

per their specific gravity from other minerals: under transit to form mechanical concentration
deposits.
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Mechanical weathering or disintegration of parent rocks do not create new minerals
but only reduces the particle size thereby increasing the specific area for chemical attack whereas
chemical weathering or decomposition of rocks actually creates new minerals of which some
minerals remain stable under surface conditions. '

Thus the prbducts of weathering fall into two .gro'ups such as i) Products staying at the
place of weathering and ii) Products getting transported by water or air to the site of deposition
after weathering. '

. 11.4.1 Residual Co‘néent'ration Process

_ If there are rich c_:oncentration of economic minerals derived from the weathering of
rocks without getting transported, then such deposits are termed as residual concentration
deposits. :

Requirements for residual Concentraition Deposits - :
In order to get residual concentration deposits, following requirements are absolutely
needed. They are.as follows B

i) Desired substances must be insoluble and undesired substances must be soluble under
surface conditions. '
ii) - Suitable climatic 'conditions are necessary for chemical decay. A rock containing Al,

Fe and Si minerals may undergo weathering in different climatic conditions. Among
these three constituents, silica is considered to be undesirable where as Al and Fe are of
economic value.

If the rock containing Al, Fe and Si undergo weathering in temperate climate, silica is -

not completely removed but remains in the form of clay; whereas the same under tropical
climate completely removes silica and we get concentration of Al or Fe to form bauxite
and laterite deposits. :

- Therefore climate play Iéﬁ"impg_r_tant rolein Residual concentration deposits.

iif) Relief should not be too great it_mﬁé’f be moderate. Relief means the topography. of the

hill, which is undergoing the process of weathering. Ifthe hill has steep slope, then, the'

loose fragments derived after weathering slide down rapidly and do to allow the material
of economic importance to get concentrated at the site of weathering thereby, it becomes
difficult to have residual concentration deposits. '

iv)  Thematerials of economic importance should not get destroyed by the process of erosion.
. Te withstand the erosion, the minerals must have long crystal stability. '

v) . Ofallthe requirements mentioned above, the rocks undergoing the process of weathering
must have economic mineral content present in them.

If these conditions are present, then, a limestone rock having iron impurity in the form

of cementing material Ferrugeneous limestone on chemical decomposition dissolves

calcium carbonate leaving behind iron oxide as residue. This iron getting concentrated
 yield residual concentration of iron. '

Valuable deposits of iron, manganese, bauxite, laterite, tin, gold, kyanite, barite and
clays are formed by residual concentration process. o o

11.4.2 Mechanical C_onc'e'ntration Process

It is a natural gravity separation of heavy minerals with the help of running water
blowing wind, action of sea waves etc. When minerals of high specific gravity get concentrated
deposited mechanically, such, valuable economic mineral deposits are called Mechanically

94 concentrated deposits or Placer deposits.




concentration process, Hence, these minerals are known as placer minerals.

The operation of mechanical concentration depends of few basic principles chiefly the
specific gravity, size and shape of the particles. Mechanical concentration of placer minerals
can take place if the velocity is favorable. If the velocity is less, seperation of heavy minerals
from lighter minerals do not take place. Ifitisa high velocity, then everything will be swept .
away together. : ' :

- Regions of deep continued weathering of rocks containing economic minerals with - .
steep slope are important for contintous supply to get concentrated and to form placer deposits.

" Types of Placer Deposits : There are four types of Placer Deposits : they are (i) Eluvial
placer (ii) Aluvial placer or stream placer (iii) Beach placer (iv) Eolian placer,

In all these four types of placer, we find natural gravity seperation of heavy minerals
from lighter minerals but the agents involved in seperation are different.

1) Eluvial placer: When a hiil made up of rock material with €conomic mineral content,
on wéathering give loose particles of rock materials and economic mineral matter, these

- loose particles slide down the slope of the hill, in which heavy particles move down
greater distance towards the bottom of the hill, whereas the lighter particles move little

e

i)  Allavial placer: Among the four types of placer deposits, alluvial placer deposits are
considered to be one of the most important type. It is also known as stream placers
because the natural gravity seperation is done with the help of flowing water, Water is
considered to be natural vehicle of transportation and most effective sepctators. When
the velocity of the stream decreases, the deposition of heavy minerals take place. Stream
placer deposits are found along the banks of inland curves of meandering river or stream
or places where river or stream cross highly inclined alternate hard and soft rocks, the
harder rocks project in the form of ridge and soft rocks get eroded by stream action. So _
deposition of placer minerals can be found near the ridges so formed. Placer minerals
are also found on the banks of the master stream which has tributary supply heavy
ninerals. : '

iii)  Beach placer: It is a kind of placer deposits in which natural gravity seperation takes

- beach; subsequent concentration of economic minerals form beach placer deposits,

ilmenite, rutile, monazite are some of the typical beach placer deposits,

iv) Eolian .pla_cer:. The blowing wind is also considered to be one of the effective sorter of
' - heavy minerals from the lighter ones. The concentration of heavy economic minerals’ 95




by the action of wind is termed as Eolian placer deposits. Eolian placer deposits are
. found in the regions where wind is the sole geological agent; such regions are arid

regions like desert. A sandstone containing gold particles in desert regions, under the
action of wind get disintegrated into loose particles of sand and gold. Sand particles
which are very light get blow by the wind action feaving behind gold particles. Such
- gold deposits are termed as eolian gold placer.

Check your progress
Note ; (a) Space is given below for writing your answer.
' (b) Compare your answer with the one given at the end of this unit.
2. A placer deposits formed by the distruction of primary source by TiS€ 18 ooeernes

..............................................................................................................................................................................

3. A placer deposit in which the weathered and disintegmted material has shifted
by wind isknownas .. ' '

115 OXIDATION AND SUPERGENE SULPHIDE
ENRICHMENT PROCESS

Like other rocks, ore deposits undergo weathering and decorhposition at their outcrops,
this weathered upper part of the deposit is called oxidised outcrop or gossan. Down beneath
this gossan, the minerals have been altered into oxides. The process known as secondary

enrichment is of great importance in silver, copper and other metals. The oxides and oxy salts

©are carried deeper on the primary ore body. Chemical action take place making already existing
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primary. ore body into-richer ore body. By this chemical concentration _workablc ore-bodies
may result from rather low grade. Such process of enriching earlier or¢ body by down trickling
_solution in the form of sulphides is known as supergene sulphide enrichment. :

- Where ore deposit become expased by erosion, they are subjected to weathering along -
with enclosing rocks. The surface waters oxidised many ores and yields solvents which can
dissolve other minerals. Thus the ore body is oxidise and its valuable metal contents is leached
down by the solvents and carry it down towards the water table and deposit the metal content in

' the form of oxides. If these solvents carrying leached metals cross the water table then, the

deposits will be in the form of sulphides because below the water table, there is no available
oxygen. Thereby already existing sulphides get enriched by supergene solutions. Therefore
this phenomena is known as Supergene sulphide enrichment. The unaffected part of the ore
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body is called Hypogene ore body or Primary ore body. Thus, we have different zones formed

~ inthe earlierore body, such as i) Oxidised out CTop or gossan i) Leached zone iii) Oxidised ore

zone iv) Sulphide enriched ore zone v) Primary zone or unatfected part of the ore body, =

weathering, -

Requirements for Oxidation & S.upergene Sulphide enrichment Process
i) Long continued weathering is needed, - -
i) Geologically long time is required to yield desirable results,

i) Suitable climatic conditions are absolutely necessary.

iv)  Proper physiographic environment. . -
V) - Lastly the most important requirement for this process is presence of pyrite and amenable

ores.

il.S.-l Oxidation Process

Oxidation and Enrichment by supergene solutions always go hand in hand. Without
oxidation, there can be no supp]y of solvents. No solvents no down trick'ing of solutions and

no formation of sulphide enrichment. The effect of oxidation on the ore body is of great

mineral deposits contain pyrite. The 'powerﬁll oxidising a’geht attacks pyrite; which on chemical.

reaction yield powerful solvents capable of di_ssolv_in_g_ other matter in the ore body
- Fes,+70+ H,0 > FeSO, +H,80,
- -2ZFeSO, +H,80,+0 = Fe, (SO,)3 + H,0O
6FeSO, + 30+3H0->2 Fe, (SO, +2 Fe (OH),

The above equations explain the importance of the presence of pyrite in the ore body .

which gives rise to ferric sulphate, suphuric acid, ferric hydroxides which are powerful solvents,
If pyrite is absent in deposits undergoing oxidation only small quantity of solvents are
produced, thereby no or little enrichment of ferric sulphides can take place..

Factors which Control Oxidation

i) The portion of water table is a d_ecidjng factor of oxidation. Above the water table only

- oxidation can take place because oxygen is freely available. Hence water table is the
downward limit of oxidation. Since oxidation Tequire.oxygen, it stops where there is no

supply of oxygen.

ii)  Rate of erosion must not be too high or too low the oxidation may not keep pace with -

" grosion.

iv)  Oxidation is relatively slow process and it requires considerable time geolog_icglly '

speaking. Many of the oxidised zones are atleast few miillion years old.

v) The physicai and chemical properties of enclosing rock affect oxidation of the ore body

present in it. Oxidation is more effective in porous rocks, brittie rocks which can break
or develop fracture easily. Oxidation is less effective in unfractured rocks.

- vi) . Structural features greatly inﬂuenc_:e oxidation.

The zonal arrangément as described above is possible, bhly, when there is long continued
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11.5.2 Supergene Sulphide Enrichment

The metals in solution that escape the capture in the oxidised zone trickle down to

_ place of no available oxygen, that is below water table, déposit the metal content in the form of

sulphides. The metals which are removed above are added to those existing below- thereby
enriching. This zone is called secondary enrichment or Supergene ‘sulphide zone. By this

‘action of supergene solvent action rich ores are made richer, lean ores are made valuable, non
' commercial ore is converted into commercial ore body. There are certain requirements for

supergene enrichment. They are 1) Oxidation ii) Suitable Hypogene ore minerals iii) Permeability
iv) Zone of no available oxygen v) Precipitants. : ’

i) Oxidation is the most impdrtant_ r'e_quire'ment for sulphide enrichment. Oxidation of ore

deposits may take place without attendant sulphide enrichment but enrichment can not
take place without accompanying oxidation. )

i)  Suitable hypogene qre'ﬁ]jne_rais is absolutely needed otherwise it will not yield solvents.
fron sulphide i.e., pyrite is essential without which we can not expect supergene
enrichment. R -

iiiy  Permeability: The rocks must have the capacity to transmit solvent through them .
. otherwise, the down trickling solutions can not penetrate beneath the zone of oxidation.

iv): Zoneof no available Oxygen Supergene Sulphides can be deposited where there is no
supply of oxygen which is generally below the water table. ' ' :

v) Precipitants: If the.down trickling solutions do not encounter sulphides in zones lacking

~ available oxygen, the sulphate become dissipated and no supergene sulphide enrichment
occurs. . .

Supergene sulphide replacement is inva:iably volurpé for volume and is not molecular
interchange between replacing and replaced substance. :
PbS + CuSO, > CuS +PbSO,
~ ZoS+CuSO, > CuS +ZaSO,
AFeS, + TCuSO, + 4H,0 > 7CuS +4FeS0, + 4H,S0,
SCuS + 3CuSO, + 4H,0 > 4Cu 8 +4H,SO,.

_ Water level, pﬁmary ores, wall rocks, structure, topography, climate, erosion and time
are the influencing factors for Sulphide enrichment. L

Gossans: Oxidised out ctops found on the top of the ore body undergoing the proéess

- of weathering are called Gossans. They are also known as Iron hats. Gossans are absent in

glaciated regions. In all other areas the ore bodies are usually capped by gossans.
' " Gossans are censidered to be important guides for locating hidden wealth. Jtisa cornish

" term for oxidised outcrop. Gossans attract the attention of the geologist and create interest in

him, such that he makes a careful observation of the area. Locating a gossan means locating a

hidden wealth i.c. a gossan is a sign board for a mineral deposit.

- There are two types of gossans. a) True gossan b) False gossan. To distinguish between
the two, it needs wide experience, thorough knowledge and careful observations. '

3 Check your progress

Note : (a) Space is given below for writing your answer. .
(b) Compare your answer with the one given at the end of this unit.




4. In the Supergene sulphide ennchment the lower unAﬂ'écfed pan of the ore body is the

action under suitable physicochemical condiﬁons_ : I o

11.7 CHECK YOUR PROGRESS . MODEL ANSWERS
. ‘Residual concentration deposits I o ' |
2 Alluvial Plager - e .

3. EolianPlacer

4, 'Hypogene' Zone

5 Water table

+




11.8 MODEL EXAMINATION QUE'STIOINS'

ation

- 1] Answer the l'ollowmg questlons in about 30 iines each
lj - Write an account of the ore deposits formed asa result of mechanical concentr
‘ 2} What do you understand by the term ‘Oxidation’ and "Secondary enrichment™? Briefly
. explain.

- 3) Briefly explain the evoparation process
1L Answer the following questlons in about 10 lines each _
1)  Whatare requlrements_ for the formation of sedlmentary deposits? explain.
2)  Write an account of placer deposits. - |
3) Explain about fnetaroorphic process.
4)  Whatis oxidation process? |




L

1.

2
3.
4
3

Answer the following questions in aboyt 10 lines each,
Explain in detail about the late magmatic deposits.
Write notes on the nature of magmatic mineral deposits,

What are the essential requirements for hydfothermal deposits to form.
Briefly explain the Pegmatitic deposits. '
What is sublimation? -

10.10 GLOSSARY

'. Contact Metamorphism - Contact m’etainorphisrh 1s used-for changes which
take place in and surrounding intrusive rocks at lower
temperature.,

+_ Pre-existing rock _ © The parent rock present at the site
o ' of deposition.
Recrystallisation ; - "+ The process where by a mass of

. crystals passes through a soluticn phase in developing
a new set of crystals, ' '

Magma | ' - © . A molten rocky fluid formed within the curst or

upper mantle of the earth.

Dirrerentiation : The separation of an igneous megma into-

tow or more fraction, which on consolidate into
drfferent rock types. :

Li;’iixid Immiscibility - The development of two liquids which

do not mix, as oil and water behave.

Re:si'di:ial deposit | ¢ Deposits formed from the left out magma.




UNIT-11 SECONDARY PROCESSES
Contents E :
11.0  Objectives
111 Introduction
< 112 Sedimentation Process
113  Evaporation Process -
114  Residual and Mechanical-Concenti‘ation Processes
" 14.1 Residual concentration process
11.4.2  Mechanical concentration process
11.5  Oxidation and Supergene Enrichment Processes
11.5.1 Oxidation process
11.5.2 Supergene sulphide enrichment
11.6  Summary o
© 117  Check Your Progress - Model Answers ~
11.8 . Model Examination Questions '

11.0 OBJECTIVES

In this unit we have discussed about secpndary processes
After completion, you should be able to '

*  explain sedimentation and evaporation processcs

*  describe residual and mechanical concentration processes

*  explain oxidation and supergene enrichment processes

11.1. INTRODUCTION

Mineral deposits arising out of the processes of weathering and activities of several
geological agents are called secondary mineral deposits and the processes associated with this
are called secondary processes. The important processes are sedimentation, evaporation, residual
and mechanical concentration, oxidation and supergene enrichment

112 SEDIMENTATION PROCESS

This class of deposits is formed by the process of sedimentation. When the pre-existing .
rocks are subjected to the process of weathering, the rocks are mechanically disintegrated and
the mineral constituents are chemically decomposed. Broken and decomposed material will be
carried away from the place of weathering by transporting agents like rivers, glaciers and wind
to the site of deposition. Along with the rock materials some of the economic minerals found in
traces are also carried and deposited to sedimentary economic mineral deposits. This process
involving weathering, transportation and deposition of sediments and economic minerals into
layers is known as sedimentary process. Some of the most important and world famous economic
mineral deposits are formed by this process, such as iron, manganese, COpper, phosphate, oil,
coal and limestones. The sedimentary deposits are composed of both organic and inorganic
materials. : ' '

- Requirements for the formation of sedingenthr_'y deposits: : K
 The requirements are as follows: 1) source material 1i) gathering of the materials by
g0 solution iii) transporting of the material to the site of deposition and its accurmulation.

.




UNIT - 12 ORGANIC AND META MARPHIC PROCESSES

Contents

120 Objectives -
121 Introduction | N
122 Organic Processes . . - R

12.2.1- Calcarious deposits
12.2.2 Phosphatic deposits
12.2.3 Ferruaginous deposits
12.2.4 Silicious deposits
12.2.5 Carbonaceous deposits
123 Metamorphic Processes
124  Summary
12.5  Check Your Progress Model Answers
12.6  Model Examination Questions

12.0 OBJECTIVES

In this unit we have discussed about organic and Metarrtorphic process of ore formation -
After completion of this _.unit, you should be able to ' ' '
*  explain organic processes =

*  describe calcarious, phosphatic, ferruginous, silicious and carbonacious deposits

*° explain metamorphic processes '

12.1° INTRODUCTION

- In this earlier units the igneous and secondary processes of ore formation are discussed.
In this unit emphasis is laid on organic process and metamorphic processes. In the organic
processes there will be a direct or indirect activities of animals or plants are involved. Therole -
of Biochemical process in the precipitation of ore deposits is getting attention by many geologists.
Certain algae or Bacteria can cause the precipitation of oxide compounds by acting as catalyst
for oxidation reactions.. The anerabic Bacteria are able to reduce sulphates producing. H,S
whlch in tum may cause the precipitation of ore minerals.

The process of metamorphism by the action of pressure, temperature and solutlons on
pre-existing rocks also give rise to workable mmeral deposits.

12.2 ORGANIC PROCESSES

Sedimentary processes are of two types, namely « chemlcal preclpltatlon and chhemwal
precipitation. The Biochemical precipitation is the organic processes. The Organic processes
are also are of two categories i. Biochemical and ii. Bio-mechanical deposits. Bio Chemical
deposits are formed due to the vital activities of organisms which accelerate the reaction and
follow precipitation. These rocks are usually fine grained. Bio-mechanical deposits are formed
due to the fragmentation of organisms like skeletons, shells etc. and their accumulation. The
grain size depends upon the size of organism or fragments into which their hard parts break. To
differentiate between biochemical and bio-mechanical it is very difficult, because the line of

- demarcation is very lazy and they grade into each other. : 101




The effect of temperature, pressui‘c and solutions make the mineral maiter to change
and to form economic minerals with metamorphism. Several kinds of non metalliferrous deposits
are formed such as graphite, talc, gamet, kyanite, andalusite, silliminite etc.

12.5 CHECK YOUR PROGRESS - MODEL ANSWERS

1. Organic process is one in which organisms are involved dtrectly or indirectly for the
formation of ore deposits.

2. Coal, mainly lignite, Bituminous and Anthracite.

3. Kyanite, silliminite, andalusﬂe garnet etc. are the characteristic minerals of

’ metamorph1sm

12.6 MODEL EXAMiNATION QUESTIONS

I. - Answer the following questions in about 30 lines each

I. Write an €553y On Orgarnic processes.
2. Explain metamdfphjc processes.
IL Answer the following questions in about 10 lines each
1. Calcarious deposits.
2. Carbonacious deposits.
* % &
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BLOCK IV : DESCRIPTION OF MINERAL
DEPOSITS
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! .UNIT -13 FERROUS AND FERROALLOY
MINERALS .

Contents

13.0  Objectives
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ﬁ 13.2 - Iron

13.2.1 Chief ores
13.2.2 Process of formation
13.2.3 Indian dlstrlbutlon
133 - Manganése
13.3.1 Chief Ores _
13.3.2 Process of formatiorn
| 1333 Indian distribution
13.4  Chromium
-13.4.1 Chief Ores o
1342 Process of formation - . _ | | _ |
13.4.3 Indian distribution
13.5 . Summary
136 Check Your Progrcss ‘Model Answers
"~ 13.7-  Model Examination Questions

- 13.0 OBJECTIVES

In this unit, we have discussed about ferrous and ferroalloy mmerals after completion you

should be able to :

~*  explain the chief ores, formation process and distribution of iron.
*  describe the ores, formation and distribution of manganese. : :
*  explain the ores, formation processes and Indian distribution of chromium. ' [

13.1 INTRODUCTION

Amongst the various ore minerals, the iron ores and the ores of ferroalloy metal ores

 are of unique importance. They constitute the basic raw materials for the iron and steel industries.
Steel is synonymous with industrialisation and the per capital production / consumption of steel
of any country is an index of degree of its industrial development. You will therefore find a
ocean of difference between developed countries like U.S. A, and a developing country like our
India. It is not enough to have Iron ore deposits. They should be mined and iron and steel

~ should be produced. Here in this unit the important ores, formation process and Indian dlstrlbutlon
of Iron, Manganese and Chromlum are discussed, :

13.2 IRON

_ ‘Iron is most widely distributed and abundant metal round in rocks of the earth's crust. ' ' l
Tron constitutes about 45% of the earth's crust next to aluminium. - Iron is the back bone of - N |
modern industry. Steel, cast iron, wrought iron and iron alloys have their particular sphere pf

use. Iron is unaffected by dry air but oxides aré formed when it comes in contact with moist air. 108




Pig Iron, from which all the various grades of iron and steel are cbtained is produced in the blast

‘ fumace by the reduction of iron ore by coke Strongly magnetic m character.

13.2.1 Chief Ores -

. ORE 'COMPOSITION TENOR PERCENTAGE
Magnetite - Fe, O, 72.4%
Heamatite Fe, O, 70.0%
Limonite  2Fe0,.3H,0 60.0%
Siderite FeCO, . 48.2%

: Pyhte . - FeS, - 46.2%

13.—2.2 Process of formation

Verious types of commercial deposits of iron ore are formed by magmatic segregation,
by contact metasomatism, by sedimentary process, by residual conceniration process. Limonites

are found in the gossans of sulphide deposits. The sedimentary, magmatic and residual process

- give rise to the most important deposits. There are some iron deposits which are the products of

two or more processes. For example, iron deposited by sedimentation process followed by

 residual enrichment subsequently metamorphosed

13.2.3 Indian Distribution
- The biggest iron ore deposits of India are situated in the Singhbhum district of Bihar

and the adjoining districts of Keonjhar, Sundergarh and Mayurbhanj of Orissa. The important

mining centres in Orissa and Bihar are Guva, Bonai, Barbil, Kiriburu, Sulupet, Gorumahisani,
Noamundi, Barjamada etc. The other destribution is Bailadila hill ranges of Madhya Pradesh,
Ratnagiri of Maharastra, Bicholim - Pale in Goa, Bababudan hills and Kudremukh of Karnataka,
Salem district of Tamiinadu, Cuddapah, Kurnool, Chittoor, Nellore, Anantapur and Adllabad
districts of Andhra Pradesh, Iron ores are also occur in West Bengal and Assam.

Some Important Ores

Magnetite:- Chemical composmon is Feo Fe O -Iron Black colour, Black Streak
Metallic to sub metallic luster, cubic system, sub concmdal fracture, hardness 5.5 to 6.5, high
specific gravity. Some magnetite verities are using as natural magnets. Magnetlte is useful in
the manufacture of steels and in the heavy media coal washers. :

Heamatite :- Chemical composition is _FoZOS, steel grey or iron black in colour, cherry

red colour streak, metallic luster, Hexagonal crystal system, sub concoidal fracture, hardness:
5.5 to 6.5, high specific gravity. Useful in the manufacture of metallic iron and steel and soft .

vericty 1s using in pamt industry.

Pyrite: Chemical composmon is FeS,, brange yellow i in colour greenlsh black streak,
cubic crystal system, metallic luster, concoidal or uneven fracture, hardness 6 to 6 5 It is
useful in the manufacture of H 50,. :

‘Check your progres_s

Note : (a) Space is given below for writing your.answer. _
(b) Compare your answer with the one given at the end of this unit,

1. - List out the two chief ores of iron with Tenor Content and Composition
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13.3 MANGANESE

It is one of the most important ferro alloy metals. Manganese is alloyed with iron to
 produce special steels with specific properties. Not only manganese is used in making high
manganese steels but it is absolutely essential for making all carbon steel. Manganese ore of
high purity is used in glass industry, paints, pigments, dyes and in fertilisers. Manganese ore is
generally hand sorted. It is then heated in furnace with iron ore to make ferromanganese. A
little metallic manganese is made in electric furnace and by the thermal process.

13.3.1 Chief Ores

ORE = COMPOSITION ' . TENOR PERCENTAGE
Hausmanite Mn, O, = . . 724% '
Braunite Mn, O, 64.3%
Manganite - MnO (OH) 62.5%

‘Pyrolusite ~ MnO, - ' . 63.0%
Psilomelane Hydrate oxide of Mn with Ba and K
Dialogite MnCo, 478% &

- Rhodonite MnSio, : 41.86%

13.3.2 Process of formation

Manganese deposits are formed either by hydrothermal sol ution or by the process of
sedimentation or by residual concentration process. Some of the important deposits of manganese
are from sedimentary and residual concentration processes. Weathering of manganese bearing
minerals in schists, pegmatite, sedimentary. beds, fissure veins have yielded valuable deposits
of manganese. By metamorphism of sedimentary and residual deposits of manganese, we get
rich valuable manganese ore deposits. Manganese gets precipitated in beds during the
sedimentation process or layers of nodules along with iron in moderately deep water.

13.3.3. Indian Distribution

India is one of the largest producers of manganese in the world. The most important -
localities in India where manganese deposits are found in Balaghat, Chindwara, Jabalpur, Nagpur
which yield 60% of the Indian out put of high grade Mn ore all in Madhya Pradesh. Rich
manganese deposits are present in Bellary, Chitaldurg, Shimoga and Belgaum districts of
Karnataka, Srikakulam of Andhra Pradesh. Gondite and Kodusite are the chief sources of
manganese in India of Dharwarian age. Workable deposits of manganese are also found in

laterite like rocks in various parts of peninsular India. Dharwar rocks have been metasomatically
replaced by underground water containing manganese solutions.

- Psilomalene : Chemical composition is Mn,,2H, O, dark steel grey in colour, brownish
black streak, submetallic luster, hardness 5 to 6, specific gravity is medium to high. Itis one of .
the chief ores of manganese. High grade verities are used in the manufacture of batteries. It is
the chief raw material for the preparation of chemicals like KMnO ..

Check your progress _
Note : (a) Space is given below for writing your answer.

(b) Compare your answer with the one given at the end of this unit. 14




2. What are the uses of Manganese?

13.4 CHROMIUM

) Chromium like manganese is an 1mportant ferrous alloy metal. Chromite is the only
ore mineral of chromium. Previously chromite was used chiefly in refractories. After the
development of science and technology, chromium has become a prized ste¢l alloy. Chromium

- imparts great strength to alloys and it increases the toughness, hardness, resistance to oxidation,

-abrasion, chemical attack, electricity and high temperature breakdown. As a refractory, the

mineral chromite is widely used for furnace lining, and its chemical compoeunds are used in

- . dying, bleaching, tanning and as oxidising agent. Chromite is a mixture of oxides of iron and
- chromium with 68%Cr 0 and 32% FeQ. Chrome is marketed as lump chromite after hand

sorting. )
13.4.1 Chiefores

The important 6;& of chromium is chromite Cr ,0,, FeO
13.4.2 Process of formation |

Chromite deposits are mostly formed by magmatic concentration process belonging to
segregation and injection type. There has been considerable discussion as to the time of
crystallisation of the chromite, whether: early magmatic or late magmatic or even durmg
hydrothcrmal stage.

Chromite mostly occurs in basic and ultrabasic igneous rocks like dunite, pyroxenite,

~ peridotite. Small quantities of chromite are also found in detrital sedimentary deposits.

13.4.3 Indian Distribution

Chromite occurs in host rocks as masses, lenses and disseminations in various state of
India like Orissa, Karnataka, Tamilnadu and Andhra Pradesh. Important localities where we
get chromite deposits are Byrapur in Karnataka, Salem in Tamilnadu, Ratnagiri of Maharastra,
Krishna district of Andhra Pradesh, Dhenkanal, Cuttack and Keonjhar of Orissa. The Orissa

 deposits are considered to be the biggest in India. Next comes Kamataka Tamilnadu and
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Mabharastra. Tamllnadu and Slngbhum deposits produce relatively small quantity.

Chromite : Chemlcal composition is Cr, 0 FeO, iron black colour, brown streak, sub -
metallic luster, cubic crystal system, uneven fracture hardness 5.5, specific gravity medium to
high, moderately magnetic. It is the only ore of chromium metal, it is a ferroailoy metal, useful

" in the manufacture of structural steels and stainless steels. It is useful as refractory, useful for

the manufacture of paints, chrome nickel = is useful in electricity. -

.Check your progress

Note : (a) Space is given below for writing your answer.
' (b) Compare your answer with the one given at the end of this unit.




3. Chromite 0CCUrs i ........oovivvessoeeann.

135 SUMMARY  °

Ferrous and ferroalloy mmerals were explamed in thls anit, Tron, manganese and -

chromium are the important ferrous and ferroalloy mmerais Iron is moét widely distributed
~ and abundant metal in rocks of the earth crust. Iron is the back bone. of the modern industry.

‘The chief ores of iron are the magnente heamatite, hmomte 51der1te pynte etc. Iron ores are

formed with magmatic segregation, by contact metasomatism, by sedlmentary process, by :

residual concentration PToCEsses. Some ores are the products of two or more processes. The
biggest iron ore deposits are situated in the Singhbhum district of Pihar and the adjoining
districts of Orissa. Iron ore deposits are avallable in the states of Maharastra Madhya Pradesh,
Kamataka Goa, Tamil Nadu, Andhra Pradesh West Bengal Assam

Manganese is the important ferroalloy rnetal Manganese is. alloyed with iron to produce
speelal kinds of steel. It is also essential for makmg carbon steels It isuseful in glass industry,
paints, pigments, dyes, fertiliser 1ndustrles The chlef ores are hausmanlte braumte mangamte
pyrolusite, psilomalene, dlaloglte rhodonite, Manganese deposns are formed either by
hydrothermal solution or by the process of sedlmcmatlon or remdual concentratlon processes.
In india Manganese deposits are found at Balaghat, Chmdwara Jabaipur areas. Rich deposits
~ are also found in Karnataka, Andhra Pradesh

Chromite is the other important _fe_rrous alloy metal. Chromium is the chief alloy of
steel. Chromium imparts great strength to alloys and it inereases toﬁghness h'ardnesq resistance
to oxidation, abrasion, chemical attack, elecmclty and hl gh temperature breakdown Chromite
is the only important ore of chromium. Chromlte deposﬂs are formed by magmatlc concentration
process belonging to segregation, 1nJectlon type. In India, chromlte occurs at Sukmda (Orissa)
. Kondapalli (Andhra Pradesh) Byrapur (Kamataka) Salem (Tam;lnadu)

- 13.6 CHECK YOUR PROGRESS MODEL ANSWERS

1. Iron Ore ' Composmon - Tenor :
Magnetite -~ Fe,O, . 724%
Heamatite | Fe203 I : 700%
Limonite -_ 2Pe0,2H0 - 60.0%
Siderite © FeCO, . . 482%
Pyrite . FeS o ._ . - 46.2%

; .
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2. Manganese is chief ferroalloy metal. It is useful in steel industry, glass, paints, pigments,

fertiliser industries.
3. Chromite occurs in ultra basic rocks. _
13.7 MODEL EXAMINATION QUESTIONS .
L Answer the following questions in about 30 lines each
1. Write a short essay about iron ores, formation and distribution. i !

2. Give an-account of occurence and origin of chromite deposits of India.
|| 'Answe'r the following questions in about 10 lines each
I. - Uses of Manganesc
2. Distribution of iron ores in India. -
* Kk *
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14.0 OBJECTIVES

In this unit, we have discussed about non ferrous metallic minerals.
After completion of this unit, you should be able to
*  explain about gold ores, formation and distribution. _
*  describe the processes of formation of cepper, lead, zinc, manganese and
.aluminium ores. :
* dcsenbe the Indian distribution of copper, lead, zinc, manganese and alummlu:m ores.

141 INTRODUCTION

The utiliiy and applications of non-ferrous metals like copper, lead and zinc in industry
as well as defence are quite vast. They play crucial role in the manufacture of alloy metals. The
most important use of copper is in the elecirical industry both as a conductor and for electrical
machinery. All armatures of electric h‘_lotors reqﬁire copper wire. 1t is indispensable in
telecommunications and telephone excharige where several kilometers length of copper wire is
consumed. Copper extensively used in the manufacture of alloys, such as bronze, gun metal,
~ bell-metal {copper and tin), brass (copp'er nickel and zinc) and some others of technical
_ 1mportance such as phosphorous and manganese bronzes, silicon bronze and novel metal etc.
The use of copper for defence is still more u‘nportant About 400 Kg of copper is requlred to 115




build a tank, one ton for ala'rge bomber and 1000 tonns for a battle ship. Still larger amounts go
into the making of ammumtlon The most 1mp0rtant use of lead and zinc is in the protective
coating of steel sheets. Lead prevent gamma radlatlons and its painting on doors and windows
protects people from radiation hazards of atom bombs '

142 GOLD

Gold is one of the precious metals like platinum and silver. . Gold occurs in nature as
native gold with a purity of nearly 99.8% gold when it is pure, it is more soft, ductile and
malleable, The specific gravity is 19.3 and melts at 1060° C. Gold is known to man since
antiquity. Mostly used in the preparation of ornaments. For over 2000 years, its value is
generally increased and rarely decreased. Imternational market is controlled by gold. India

‘prodices 7% of the world output South Africa produces nearly 35% of the world dut put of the

gold. Gold's purity is _eXpressed in terms of carats. One carat means 1 part of gold in 24.

Gold forms natural amalgam with mercury and silver. Gold tellurides occur mainly in

: vems and replacement deposits in which they are assoc1ated with pyrlte and other sulphides.

14 2.1 Chief ores

ORE ~ _COMPOSITION TENOR PERCENTAGE
Native Gold _ CAu : o 99.8%
Elements with other Gold Amalgam (Au, Ag, Mg) 40.0%

metallic Elements

" . Gold Tellurides Sylvanite (Au, Ag) Te, .

Calaverite (Au, Ag) Te,
Petzite (Ag, Au), Te.

14.2.2 Process of formation

" Gold deposits are formed By various processes in nature such as niagmatiq concentration,
contact metasomatism, replacement and cavity filling types by hydrothermal solutions. Gold
deposits are also found as residual and mechanical concentration deposits or placer deposits.

14.2.3 Distribution in Indla )

Gold occurs in India both as native gold associated with quartz—vems orreefs. It occurs -
in alluvial sands of large number of rivers. The main source of gold in India is in Quartz reefs

 traversing Dharwar rocks.in Kolar district of Karnataka state: It is popularly known as Kolar

Gold Fields (K.G.F.). It is one _of the deepest mines. Presently the mining operation is taking
place at a depth of 4000 meters. Next to Kolar, we get gold in Hutti area of Raichur district of -

- Karnataka where gold occurs in Dharwar schist. Gold occurs in quartz reef traversing chloride -
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schist of Dharwarian age at Ramgiri in Ananthapur district of Andhra Pradesh. _

Check your progress _ _
Note : (a) Space is given below for wrltlng your answer.

(b) Compare your answer with the one given at the end of thls unit..
1. Kolar gold deposit is an example of '




' 14.3 COPPER

It is one of the most important non-ferrous metals. Copper is widely dlstrlbutcd and

: abundant element in combination and is also found in native state. Copper is compantlvely soft
but it is tough, malleable and ductile with specific gravity of 8.9 and melts at 1100° C. It is best

conductor of electricity. “Copper is used extensively for the manufacture of alloys such as

Bronze, Gun metal, Bell metal, Copper salts are used in various industries such as disinfectant,

in printing and dying of textiles, for preserving timber and as fungicide:

14.3.1 Chief ores

ORE : COMPOSITION TENOR PERCENTAGE
Native Copper ) Cu .

Cuprite Cu,0 co 88.8%
Chalcopyrite - CuFeS, L 845%
Chalcocite ' 'C'uES N _ . 79.8%

Covellite CuS | o 66.4%

Malachite CuCO, Cu(OH), 57.3%

Azurite 2CuCO, Cu(OH) : 55.1%
14.3.2 Process of formatlon '

- Copper deposits are formed by various processes such as by magmatic concentration,

by contact metasomatic process, by hydrothermal solution filling the cavities or by hydrothermal

solutions replacing minerals of rocks through which it is passing. Supergene sulphide enrichment
process has also yielded valuable copper deposits,

Most of the important and big deposits of copper have been formed by hydrothermal
solutions with replacement dominant over cavity filling type. In unglaciated regions most
copper deposits have undergone oxidation and supergene enrichment.

 14.3.3 Distribution in India | _
Copper deposits are found in Singhbum and Chota Nagpur in Bihar; Nellore and Krishna.

Districts of Andhra Pradesh; Ajmer, Khetri of Rajasthan. The Copper deposits of Sikkim are

found in association with Bismuth, Antimony, Zinc and Lead. Agnigundala of Guntur district -

in Andhra Pradesh, Mylaram of Khammanm district have yi¢lded good deposits of coppet. Rich

cooper deposits are being found in Malazkund, Bhandara Districts of Maharastra. In most of

the above deposits, the mode of origin of ore bodies is almost similar. They have resulted from

the metasomatic replacement of the country rock by copper bearing sotution derived from granitic -

and othcr intrusions in the Dharwarian rocks.

Chalcopyrite:- Chemical composition is CuFeSZ, brass yellow in colour, greemsh black

streak, trigonal (Hexagonal) crystal system, uneven fracture, hardness 3.5 to 4, occurs mainly

in hydrothermal deposits.

Malachite:- Chemical composition is CuCo ,Cu(OH),, bnght grcen in colour, light
green streak, Monoclinic crystal system, silky luster, cleavage present hardness 3.5 to 4, occurs

~ in the zone of weathenng of oxidation.

117




Azurite:- Chemical composition is 2 CuC()3Cu(OH)2, deep azure blue in colour; blue
. streak, monoclinic crystal system, vitreous iuster,'_concoidal-ﬁ-acture, hardness3.5 to 3.8; occurs
- on the surface of copper deposits in the zones of oxidation and weathering.

Check your progress
Note : (a) Space is given below for writing your answer.
(b) Compare your answer with the one given at the end of this unit.
2. - Name the three chief ores of Copper with tenor content

144 LEAD.AND ZINC

These two metals lead and zinc are usually considered together because of
~ their natural associations. Though they are not chemically similar yet geological conditions
favour their association. fhroughout the world we find the sulphides of lead, zinc and copper
occur forming one-common deposit. They are most important metals of modern industry.
- They are essential nonferrous metals next to copper. Lead is used in cable covering, storage
~ batteries, pipes, sheet lead and bearing metal, where as zinc finds its use in galvanizing, dle
casting, brass making, for precipitating gold, use in medicine and chcmlcals

14.4.1 Chief ores
. ORE COMPOSITION . - TENOR PERCENTAGE
-~ 'Galena- . PbS : . 86.6%

~ Cerrussite PbCO, . 77.5%

- Anglesite PbSO, 68.3%
Pyromorphite 3Pb, ' - P,O,. PbCl,"

- Zincite - InO 80.3%
Franklinite (Fe, Zn, Mn) (Fe, Mn),0,. 15-20%
Smithsonite ZnCO, - 52.0%
Sphalerite ZnsS ; ' 67.0%

144, 2 Process of formatlon

Most lead and zinc dcpos1ts occur as cav1ty fillings and replacement formed at low
temperatu_rc by hydrothermal solutins. Lead and zinc deposits by contact metasomatic process
and by oxidation in surface conditions.

14.4. 3 Dlstnbutlon in India. |

_ Considerable lead, zinc deposits occur in the metamorphosed limestones belongmg to
Aravalli system near Udaipur in Rajasthan are known as Zawar lead and zine deposits. This
‘mineralisation of lead and zinc at Zawaris believed to be due to intrusion of Granite body
beneath Aravalli Iimestones during post Delhi Orogeny. The Zawar lead-zmc deposits belong,
. geoloically to the class of metasomatic replacement. Lead-Zinc deposns associated with silver
are found in number of places such as Himalayas, Tamilnadu, Bihar, Andhra Pradesh enclosed

138 in crystalline schists or as veins or pockets in pre_cambnan and Vindhyan imestones.




Galena:- Chemical composition is PbS, lead grey colour, lead grey streak, cubic crystal
system ‘metallic luster, perfect cleavage hardness 2. 5, high specifi c gravity, occurs as
hydrothermal and metasomatic replacément deposits. '

Sphalerite:- Chemical composition is ZnS, black or brown in colour, white or reddish
; brown in streak, perfect cleavage, cubic crystal system, resinous luster, hardness 3.5 to 4.0
i Occurs in hydrothermal deposits in association with galena. _ -

Check your progress
Note : (a) Space is given below for writing your answer.
~ (b) Compare your answer with the one given at the end of this unit.
3 Lead and Zinc deposits of Rajasthan State are confined to the rocks of

14.5 ALUMINIUM

Aluminium (A1} is not found in a free state but in combination,

It consitutes nearly 8% of the earth's crust. Most abundant of all metals Chief industrial
sources of Aluminiwm is Bauxite. :

14.5. 1 Chief ores

* _The chief ore Of aluminium is the Baux1te w1th chermcal composmon ALO2H,0O

© Aluminium metal is produced by electrolysis of alumma obtained from bauxite (A1,0
2H ,0). low specific gravity of 2.58, i.e. It forms alloy with most metals and some non metals
' Chlef uses of aluminium is in causing indusiry, household utensils, for wrappmg material and
foil. Now-a-days aluminium metals widely used in electrical industries in place of copper. Itis
essential constituent of clay minera} and large number of silicates such as felspars micas,
sillimanite, kyanite, andalusite etc.

14.5.2_ Process of formation

Bauxite results from the decay and weathering of Aluminium bearing rocks. Bauxite
deposits are mostly due to residual concentration process, Bauxite is not mineral species but
collodial mixture of hydrated oxide of Al, Fe and water, Commercial bauxite is in three (3)
forfns pisolitic or oolitic, sponge ore and amorphous or clay ore.

All bauxite depos1ts result from residual concentration and occur as Blankets at or near -
surface or near surface or inter stratified deposits on unconformities or pocket deposits in
limestones or as transported deposits. Four tons of bauxite yield two tons of pure alumina and :

" one tone of metal. :

14.5.3 Dlstrlbutlon in Indla

|‘
N

. Rich depos1t of baux1te are found located in maharastra Kamataka Madhyapradesh
and Andhra pradesh East Coast bauxite deposits considered to be one of the bkggest and richest, 149




Bauxite :- Chemical composition ALO,2H,0, dn‘ty white, greyish or brown'in colour,
earthy streak hardness 2.5 to 3.5. Latentlc bauxite deposits are formed as resndual concentrations.

 Check your progress

Note : (a) Space is given below for writing your answer.
~ (b) Compare your answer with the one given at the end of this unit.
4, What is the chief ore of Aluminium?

14.6 SUMMARY

Nonferrous metallic minerals are useful to the socrety in many ways. They play very
important role i in the manufacture of alloy metals. Copper and aluminium are very essential in

 electrical industry, lead and zinc are useful as a protective coating of steel sheets.

Gold is the most precious metal. Gold occurs as native gold. In our _country', gold is
useful in the preparation of ornaments. Gold deposits are formed by magniatic concentration,

- contact metasomatism replacement and cavity filling processes of hydrothermal solutions. Gold

also found as placer deposits. InIndia Dharwar rocks in Kolar district of Kamataka and Anantapur
district of Andhra Pradesh are the major mining centres '

Copper is the most important non-ferrous metal and is the best conductors of electricity
Copper occurs as natwe copper, cuprite, chalcopynte chalcocite, covelhte malachlte azunte -

) Copper deposits are formed by magmatlc concentrat;on contact metasomatic process, by

hydrothermal solutions and supergene sulphide enrichment processes. Copper occurs in Bihar,
Rajahstan, Andhra Pradesh and Maharastra.

" Lead and zinc are usually considered together because of their natural association.
These are essential non ferrous next to copper. Lead is used in cable covering, storage batteries
pipes, sheets and bearing metal Zinc is useful in galvamsmg, dlecastmg brass makmg, in

. medicines etc. The chief ore of lead is galena and zinc is sphalerite. Most lead and zinc

_ deposits occurs as cavity ﬁllmg deposrfs Lead and zinc deposits occurs in Rajahstan, Tamilnadu
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Bihar and Andhra Pradesh

Aluminium is not found in free state. It is the most abundant metal. The chief source
of Aluminium is Bauxite. Bauxite deposits are mostly due to residual concentration process.
Rich bauxite deposits occurs in the Easternghats region of Andhra Pradesh




1
2)

147 CHECK YOUR PROGRESS - MODEL ANSWERS
L Fissure vein deposits
2. Cuprite, chalcopyrite, malachite
3. Aravalli group
4. ~ Bauxite
14.8 MODEL EXAMINATION QUESTIONS
L. Answer the following questions in about 30 lines each
1. What are the chief ores of copper? '
Writc about the formation processes and dlstnbutlon n india.
2. Write the chemical composition, processes of formation and distribution in India of
~ lead and zinc.
Il Answer the following questions in about 10 lines each

Aluminium ores
- Gold distribution in India.
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15.0 OBJECTIVES

In this unit the non metallic minerals used in the industries of Cement, Refracforics,_ Abra-
~ sives, Ceramics, Paints and Pigments are discussed. After completion, you should be able to .

*  describe non metallic minéljals and industrial needs

*  describe raw materials. needs for manufacturing

*

describe precious and semi precious minerals

*  explain the uses of non metallic minerals

15.1 INTRODUCTION

The non metallic minerals includes a wide variety of minerals and are useful for differ-
ent industries. These are also called as industrial minerals. These non metallic minerals are
classified on the basis of their utility and purpose for which the minerals are used. The applica-
tion is guite wide and all most all industries require these minerals. If some as basic raw
materials, others at some stage or other. There is no industry which does not use minerals. - -
In this unit, the minerals used in cement industry, abrasives, refractories, paints and pigments,
ceramics, precious and semi precious stones are discussed.

15.2 CEMENT

- The word cement is used both colloquially as well as technically. In engineering it is
referred to the product which has hydraulic property i.e., The property of hardening under
’ water. - C
- Romans made cement by mixing slacked lime with volcanic ash called it pozzuolane

cement. 1t was not until 1824 that portland cement was made. A brick layer by name Aspidin
mixed lime and clay with certain proportion and burned the mixer in a kiln. The resulting

422 product was pulverized and used in the manufacture of concrete. This concrete resembled in-




appearance the stone that was being quarried in the Isle of Portland as such Aspidin, gave this

 base material the name as Portland cement. The portland cement of today does not however
have the same composition as that pfepare by the Aspidin in 1824. The other types of cement
arc.a) White cement b) Alumina cement ¢) Natural cement d) Poz zoualane cement and e)
Slaged cement. lts more restricted sense the word cement practically always mean portland
cement which is by for the most important cement used for constructional purposes at the
present time. ' '

_ Portland cement is an active.combination of silicates, aluminates and ferro-aluminates
of lime. The most combination of silicates, aluminates in portalnd cement is tri-calcium sili-
cate, 3Ca0Si0, which is supposed to give hydraulic property. The white cement is made of
clay that burned to find white colour and used for decoration. Alumina cement is made up of
- lime, bauxite and coke. This has property of very quick setting and resistant to the action of sea
water. The natural cement is made by calcination at high temperature either clay limestone or
argitlaceous limestone. ' S '

Pozzoualane-cement is made from lime and volcanic ash, while for the manufacture of - -

salg cement blast furnace slag is being used. The chief raw materials for protland cement
should constitute three parts of limestone and one part of clay.

The following is the composition of the mix.
CaCo, 75%
$i0, + ALO, + Fe,0, 20%
MgQO + Alkalies 5%
Gypsum 3%
Gypsum is being added as retador. . :
Besides the above chemical constitution the limestone should be physically sound to
yield firm crushed kiln feed without fine i.e. it should be hard and fine grained. Most cement
requirement is that the limestone must not contain more than 3% MgO or 5% MgCO3. These
should niot be any free silica or sulphur occurrences. The chief raw material required for ce-

ment industry is limestone. Limestone is available in different parts of the country, particularly
from Vindhyan rocks and their equivalents. Such limestones are abundantly available in Andhra

Pradesh. The principal localities are in Palanad, Kareemnagar, Adilabad and Nalgonda dis- .- -

tricts. Elsewhere in Ratnagiri, Chanda in Maharastra, Raipur, Baster, Jabbalpur in Madhya
Pradesh. In all most the states of India, suitable deposits of limestone are available for manu-
facture of cement, ' ' '

Check your progress
Note : (a) Space is givcn below for writing your answer.
(b} Compare your answer with the one given at the end of this unit.

1. - What is the Composition of Portfand cement mix ?




15.3 REFRACTORIES

A group of minerals are commonly used metallurgical industry as refractory materials
for furnace lining to other metallurgical purpose must withstand hlgh temperatures i.e. above
1500°C

- The group includes Graphite, Kyanite, Chromite, Magnesite, Bauxite etc. The basic
requirements for refractories are :

a) - They should not react with materials being melted.

b) They should be strong enough to withstand the weight and wear of molten metals and
slag.

| ¢)  They should resist cooking and spalling under temperature changes.
C.d) They should be moulded in bricks or other forms.

The refractories used in large quantities are classified into:

(i) Acidic refractory minerals are fire clay, sandstone, Banxite (Siliceous material).
(i)  Neutral refractory minerals are graphite, chromite, sillimanite and kyanite
(i)  Basic refractories minerals are dolomite, magnesite, serpentine

15.3.1 Acid refractones

The bulk of the modem refractories are grouped under fire clays and silica refractories )
The fire clay refractories are used for furnace linings, boilers etc. The silica refractories com-
mon forms are quartzite and crushed quartz. They are used in many metallurgical processes
like smelting.

. The sand stone and quartzrte of suitable refractory grade are available in the different
parts of Indiz from Vindhyans and their equivalents, Cuddapah and their equivalents, A few
occurrences are also available from intrusive quartz veins and different river sand. -

15.3.2 Neutral refractories

i : Grap}mc required for the industry is of flaky or lumpy or amorphous variety. Usually
80-85% carbon content graphite is used as refractory.

The graphite deposits of India are confined to precambnan metamorphlc formation

“The principal source of supply of graphite is from Orissa-Bolangir, Kalhandi, Koraput, Dhenkanal

" and Sambalpur districts. In Andhra Pradesh, graphite occurs in the districts of Vrshakapamam
East Godavari, Khammam and West Godavari.

Chromite : Chromite required for refractory mdustry should have very low silica and
too high iron content. Usually hard lumps of chromite with Cr,0, ranging form 38-48% is
being preferred. Chromite is being mined at Chaibasa, Singhbhum districts of Bihar, Cuttack,

" Dhenkanal districts. of Orissa, Mysore, Hussan, Chikamngalur, Shimoga of Karnataka and
Ratnagiri of Maharashtra. Occurrences of Chromite has been reported from the districts. of
Khammam, Krishna and West Godavarl of Andhra Pradesh.

Silliminite & Kyanite : chhest and unique deposits of silliminite are available in.
Khasi hills at sonapahar of Assam.: These deposits supply 80% of world requirements. Simi-
larly India possesses world's richest deposit of kyanite occurring at Rajkharshwar, Sighbhum
 districts of Bihar. Minor occurrences at Nellore of Andhra Pradesh and Hassan and Chikmangalur
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- 15.3.3 Basic refractories

Magnesite occurs gt chalkhills in Salem district of Tamilnadu. This is being worked in
two lenses. Dolomite of refractory grade occurs in various states in Cuddaph formation and
their equivalents. Serpentine occurs as an aitered product at the contact of ultrabasic intrusives

and in the Cuddaph formations, particularly limestone formations.

~ Check your progress

Note : (a) Space is given below for writi.ng your answer, :
(b) Compare your answer with the one given at the end of this unit.

2. ‘What are the three groups of refractoties?

15.4 ABRASIVES

Many minerals and rocks of diverse composition by with one thing common, "hard-
ness” are employed as natural abrasives. Abrasives have wide application in all phases of
industries, The abrasive such as industrial diamonds. The Abrasive are used as either in natural
form like sand, pumice are after shaping like mill stones or after being ground and made up into

~wheels or paper. Natural material used as abrasives are divided into three groups as follows:

a) High grade b) Siliceous " ¢) Miscellancous
© Diamond | Sandstone ‘Bauxite
Corundum ' Sand Magnesite
- Emery |  _Quartz,Flint Chalk
Garnet ' Chert, Quartzife _ Oxides of Fe,Cr,Mn .

Diatomite, 'triploy Pumice

Diamond being the hardest mineral known to the world, finds widest application in
industry and is of immense value. Without it the defence programmes effect every country
producing its own arms. There could be not Jet engines, no arms piercing shells, no highly
intricate instruments requiring microscopic fine fire, that can be drawn only through diamond
made dies. Industrial diamond is known as bort and carbonado. The diamonds from Borenevo

- (Indonesia) Australia, Kimberlite are world famous for the supply of industrial diamonds.

Occurrence of diamonds in India predates the birth of Christ by several thousand years.
Till 17th century India has flourishing diamond trade. The discovery of Brazilian ficlds in
1725 dealt a death blow to the diamond fields of India. The diamond occurrence of India is of
three types 1) Pipe type panna Diamond fields Madhya Pradesh, Wajrakarur of Ananthapur
district, Andhra Pradesh. '

2) Conglomerates ; Banganapalle, Kurnool district and at certain parts of Madhya
Pradesh where Vindhayan conglomerates are available. :

3) Placers : River born sediments at certain places contain diamonds of not only pre- -
cious type, but also industrial varieties Ex:- In Paritala, Krishna district. Corundum is a natu- 428




rally occurring Al oxide. Corundum having a bright and glassy luster splentry and devoid of

_ cleavage planes grains in optical grinding, on paper and cloth, in the form of abrasive wheels -
and in for grinding different parts in automobile industry. Corundum is found as a product of
early crystal satin in rock containing a high percentage of alkalis, deficit in silica and excess of
alumina. Such rocks are nepheline syenite, anorthosite and peridotite. Corundum occurs as
either irregular massive bands or as bedded deposits or irregular lenses and pockets.

The best known corundum deposits are those of Tamilnadu-Salem and Coimbatore
_ districts. Madhya Pradesh-Sindhi district and Assam Khasi & Jaintia hills. Minor occurrences
- are reported from Karnataka, Andhra Pradesh (Khammanm) and Maharasthra.

Emery:- is a natural mixers of corundum, magnetite and some hematite. It is named
from cape emery, Greece. It is a very tough rock with hardness of 7.25. It is used extensively
as abrasive paper and grinding wheels. There are no known occurrences of Emery in India.

Garnet : Garnet comprises of orthosilicate minerals of divalent and trivalent elements
of general chemical formula 3R "OR2" O3 Si0,. There are six minerals commonly regarded
{o belong to this family. Thereare

1) Grossulorite
2)  Pyrope

3) Almandite
4) Spesartite

5) - Andradite

6)  Uvaravite

‘Only iron garnet, almandite, and to less extent grossularite are used in the manufacture
of abrasives. Gamet tending to break into small picces with sharp angular uneven faces is
considered as a good abrasives.- These are used in the manufacture of coated garnet paper cloth

& discs gluded with sodium silicate to polish wood and optical glass. Garnet occurs 2s a
common mineral of metamorphic rocks such as gneiss and schist, and pegmatites. It occurs as
a irregular massive bands or in lensoidal forms. Resources in India are mainly in Rajasthan - -
Ajmer, Bhilwara, Jaipur, Karnataka-Hassan, Kolar and Mysore. Minor occurrence are in Nellore

* and Khammam district of Andhra Pradesh. ' '

Siliceous : Thes_e varieties of abrasives are available in sedimentary formation of
Cuddapah, Vindhyans and their equivalents, either as quartzites or sandstone. Quartz vein
transversing precambraian crystalline formation also yield abrasive quartz. '

- 'Tripoli is a siliceous bed found near Tripoli, Libya and it is formed due to alternation of
siliceous limestone. ' -

Diatonite is micro amorphous silica formed from deposition of microscopic flowerless
plants called diatoms. ' ' .

Pumice is a volcanic rock. _
Tripoli, Diatonite and Pumice are not reported to occur in India.

Miscellaneous Abrasives : A variety of mineral and mineral p_oWder are also being
used as.abrasive. The occurrences of those minerals are presented in earlier chapters.

Glass :- The chief constituent in glass is silica. The composition and speciﬁcation._of _
silica required for glass sands are as follows. '
- 8i0,-95-99.8%
126 ALO, - Should be less than 4%




For optical glass less than 0.1%
Fe, O,, - Upto 1% or even less.
Ca0, MgO & Alkalies are desirable
Grain size - should be even and fine.
Much of the glass sand are available as consolidated deposits like sandstone beds and
unconsolidated deposits of river born sediments. ' '

Quartz veins traversing precambrian crystalline formation are also found to be useful
for manufacture of glass. Such vein quartz is mined in Ranga Reddy, Mahaboobnagar, Medak
and Nizamabad districts. Glass sands is extensively mined in Uttar Pradesh, Rajasthan and
Gujarat. The important sources of glass sand in the country are in Shankergarh Lohagarah in
Allahabad, Jabalpur district, Madhya Pradesh. quartz of special purity is mined from veins in
Sambalpur and Koraphut districts of Orissa. '

Check your progress _
Note : (a) Space is given below for writing your answer.

. (b) Compare your answer with the one given at the end of this unit.
3. Name any three abrasive minerals

155 CERAMICS

The chief raw material of ceramic indust:f"y is clay. The other substance that are re-
quired are feldspar & quartz for certain white porcelains andalusite & kyanite for certain highly
refractory substances. However the backbone for ceramic industries is clay.

- Clay 1s one of the most wide spread and earliest mineral sabstance uti lized by man as -

eiriden_t from inseriptions upon tablets, brick building monuments and pottery. The term "clay"
is applied to the substances consisting chiefly of hydrous aluminium silicates with colloidal
material and specks of tock fragments.

The clay becomes plastic when wet and hardens like a stone under fire. These proper-

ties make clays to be used in any from by moulding into desired shapes.' Clay is not a mineral,

as it contains as aggregate of minerals and colloidal substance. The different clay variates are
Ball clay, China clay, Fire clay, and Bleaching clays (Betonite & Fuller's earth). The first.
three varieties predominately contain kaolinite group and the last variety montmorillonite group

of hydrous alumina silicate.

Important clay deposits are available in Sambalpur, Puri, Cuttack, Saundargh, Dhenkanal
of Orissa and West Godavari, (Dwaraka Tirumala) East Godavari, Near Rajahmundry, Adilabad
(Asifabad). Ranga Reddy district (Vikarabad) and at few other places in Andhra Pradesh.

Clays are also available in 0fhe_r parts of India.
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15. 6 PAINTS AND PIGMENTS

Mmeral pigments are utilized directly as pamts or to give colour or opac1ty to pamts
plaster linoleum, rubber, plastics or other materials.

LY

There are three classes

a)  natural mineral pigments
b) Pigments made by buming natural minerals -
©oc) __ Manufacture pamts

The natural mineral plgments are ochres.’ Ochres are mixers of heamatite, llmomte and
clay These are formed mostly by residual weathenng

. The manufacture pigments are made from lead, zinc, titanium, barium, chromium and

*carbon. The correspondmg minerals galena, sphalerite, heamatite, barite, chromite-and graph--- -

ite and the corresponding chemical paints are white lead, and zinc oxide, lithopone, titanium

- white paints, chromium green or brown, black of carbon. Besides these there are several other

"minerals. Elements which are used as pigment mmerals Ex: -Cobalt Cobalt biue, Mercury-
. Vermilion Cadmmm—Calcmm red

India has sufficient reserves of ochres (coloured earth's) barytes, chrom1te eic., to meet
the domiestic requirements of paint industry.

| 15.7 PRECIOUS AND SEMIPRECIOUS MINERALS

: Gemstones or preolous stones are regarded as flowers of the mineral kingdom. Pre-

cious stones are known from ancient times, dating back 100,00000-75000. B.C. There are

*_many circumstances that point to India as their birth place. Gem mining is probably the oldest
- form of mining. .

. anmve man is said to have known 18 Gems and decorative stones before he knows
~ ofany metals They are minerals with few exoeption such as pearls, corals, and ivory which are
- ammal product, amber and jet are of vegetable orxgm

_ The.gem matetials are precious stones and are minerals distinguished by their hardness
w]:nch enable them to be worh as personal oraments without deviation, and by their colour and

‘lustere which render them attractive. These qualities might be had in several minerals, some of . ~

3 whlch could not be called precious, but may be called semiprecious. Precious stones are those |
. that are really rare and hard to get. This is only arbitrary definition Ruby and Emerald are now
difficult to obtain and hence regarded precious. If any large deposits of these minerals are -

" discovered they become semiprecious. If Amythyst become rare, it becomes, precious stone.
-But Diamond is always regarded as precious, because of its propemes 1rrespect1ve of its abun-
“dance. : _

" There are 1600 mineral species so far known and about 50 of them have been cut and

- polished as gemstones.. The rare gems are treated as precious stones and more common ones as
semiprecions. To qualify as a gemstone, the mmeral should satisfy to have the followmg

" a) Colour, Lusture, Play of colours and_bnlhance.
' b) Durability. ' '
«©) Rarity
.' "_-d) Fashlon

. A Gemstone may not posses all the qualities listed above, but the dlamond satlsﬁes all
125 the oondmons and is h1ghly esteemed as a gem
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The cor;lmon Gem stones that are available in India'arc Diamonds, Ruby, Zircon, To-
paz, Emerald, Sapphire, Amythyst etc. P : ' :

Check your progress _ _
Note : -(a) Space is given below for writing your answer. - - :

(b} Compare your answer with the one given at the cnd_'{ot_‘ this unit.
4, What are the common gem stones 7 v

...................................

.............................................................................................

5.8 SUMMARY

Different industies need, minerals ag essential raw materials. They are a) Cement b)
Refractories ¢) Abrasives d) Glass e) Ceramic and Paints & Pigm nts. Besides these some
minerals are also used as precious and semiprecious. i '

The essential raw material for mamufacture of cement is limestone, Some amount of
laterite or clay are also bein g used in the industry. Gypsum acts as retador.

_ The number of minerals are used as refractories. These minerals should wi.thstand,
high temperature and must be chemical ly inert. i
Many minerals or rocks of diverse compasition, but one thing in common namely
hardness are used as abrasives. : ' ’
Quartz and feldspar of speciﬁed physical and chemical charhcters are the princi_pal
source for the manufacture of different types of glass. . '

Since time in mewmorial di fferent types of ceramic prodlicts ranging form simple potto - -
glazed tiles are being manufactured, using natural clay as the chief raw material.

Naturally occurring rock and a variety of minerals are being the chief source for mak-
ing painfs. o ' '

Diamond, corundum, garnet, emerald, ruby are some ofthe minerals, which are used as -
precious and semiprecious stones.

159 CHECK YOUR PROGRESS - MODEL ANSWERS
1. CaCo, - 70% _
8i0, + ALO, + Fe,0, - 20%
MgO + Alkalis-5% | |
Gypsum - 3% are the major composition of portland cement mix

2. Acid refractories, neutral refractories and basic refractories are the there groups of re-
fractories ' :

3. Diamond, corundum, garnet _ _

4. Diafnond,_Ru'by, Zircon, Topaz, Emerald etc are the common gem stones. 120




159 MODEL EXAMINATION QUESTIONS

I. "

130

Answer the following questions in about 30 lines each.
Write essay on Refractories and Ceramics

Explain briefly the term "cement" and different types.

Answer the follm&ing_ questions in about 10 lines each
Minerals of paints industry

Abrasives

~ Precious stones or gemstones.




UNIT -16 FUELS AND RADIO - ACTIVE_ MINERALS
Contents . : '
16.0  Obijectives
16.1  Introduction-
162 Coal
' 16.2.1 Formation of coal
16.2.2 Characters and ranks of coal
-16.2.3 Origin, occurence and age of coal
16.2.4 Distribution of coal in India
16.3  Petroleum :
16.3.1 Geologic and Geographic distribution
'16.3.2 Origin :
16.3.3 Formation of oil pool
16.3.4 Important oil bearing rocks in India
16:4  Radio - Active minerals _
16.4.1 Some radio active minerals
16.4.2 Formation processes |
16.4.3 Distribution in India
16.5  Summary
16.6 " Check Your Progress - Model Answers
16.7 ~ ‘Model Examination Questions

16.0 OBJECTIVES'

In this unit we have discussed about fuels and radio-active minerals.. After compl.etion, you
should be able to ' '

*  explain the formation, ori gin, occurence and distribution of coal.

*  describe the origin, formation of oil pools, important oil bearing formations in [ndia

*  define radio-active minerals

16.1 INTRODUCTION

Energy is derived predominantly from fossil fuels that include coal, petroleum, natural
gas etc. The natural fuels are coal and petroleum. Coal is widely distributed, and reserves are

sufficient to last hundred of years. it has long been the back bone of industrial life. Petroleum .

has been known to the ancients, for its has been used for a very long time for emblaming bodies,
and for medical purposes. Petroleum is essentiaj compound of carbon and hydrogen or rather

- mixture of such compounds in a bewildening variety. Radio-active minerals have been utilised -

for multifareous purposes. Radium is using for curing diseases, uranium is using for the
production of electricity and in the preparation war amunition.

16.2 COAL

Among the different kinds of utilizable energy like coal, petroleum, atomic energy,
- solar energy, natural gas etc., Coal is most important source of energy. Coal is the backbone of
Jindustrial life. Countries having vast reserves of coal have grown in importance commercially
and politically, '

13




Petroleum is composed of many hydrocarbons i.e., compounds of carbon and hydrogen with
minor oxygen, nitrogen and sulphur.

E ,, ' - 16.3.1 Geologic and Geographic distribution of petroleum

Petroleum occurs in sedimentary rocks, very rarely it moves into adjacent rocks of

~ igneous and metamorphic rock types. Igneous and metamorphic terrains can be easily eliminated

for prospecting of petroleum. The most common rock types in which we get petroleum are

sands; sand stone, conglomerates, porous limestones, dolomites etc. Petroleum rocks range in

age cambrian to pliocene. Of all rocks, rocks belonging to sedimentary group of tertiary age are
prolific petroleum yielding rocks. -

- 16.3.2. Origin of petroleum

There are two theories regarding the origin of petyoleum. Some believe that petroleum
is of inorganic origin, which involve, the reaction of carbides within the earth to form acetylene
and subsequently changing over to hydrocarbons. Itis now accepted that origin of petroleum is
of organic nature. Organic material buried in marine sediments underwent changes to produce
natural hydrocarbons, such hydrocarbons subsequently moved into porous sedimentary rocks
known as reservoir rocks and got accumulated-to’ form commercial oil pools. Oil pools are
nothing else but mere accumulation of oil in large guantities in porous sedimentary rocks.
Stow oxygen fire decomposition of remains of plants and animals of microscopic ‘nature is

- considered to be the original source of petroleum. Higher forms of life which grow and live on
land surface are unimportant, but the lower forms of life such as planktonic organisms, such as
algae are considered to be the most probable and important source materials. Conversion of

* organic matter into petroleum hydrocarbons is mainly due to bacteria which thrive in the upper
mud of the sea floor. ' - a

'16.3.3 Formation of oil pool

Qil pools as explained earlier is nothing but mere accumulation of drops of oil scattered
in the reservoir rock. When these oil drops acumulate in a place, then it forms a oil pool. For
the formation of oil pool certain conditions are necessary. They are as follows. :

(1) Migration and Accumulation
(ii) Suitable reservoir rocks
(iii) - Suitable traps
(iv)  Retention . _
Migration and accumulation of drops of oil formed in the source mud by the bacterial

action slowly gets migrated into the adjacent sands. There are forces which help in migration
of oil drop. Such as compaction of muds, capillary action, gravity, currents and buoyancy.

Accumulation take place only in porous and permeable rocks. A rock like clay has
high porosity but low permeability and hence it is not a reservoir rock but only a cap rock. The
mast suitable reservoir rocks are loose, unconsolidated sands and porous sand stones.

There are two types of traps which hald the oil accumulation from getting away from

- the place of accumulation. They are (i) Structural traps (ii) Stratigraphic traps. Some of the,

most important structural traps are anticline, dome, monocline, faults, fissures and salt domes,

whereas some of the important stratigraphical traps are, unconformities, sandstones lenses,
burried coral reefs; over laps etc.

16.3.4 Important oil bearing rocks in India _
: In India important oil occuring places are in Assam, Punjab, Gujarat, Andhra Pradesh.
434 The petroleum bearing rocks are confined to narrow belt of tertiary strata. There are only three
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alfeas within this belt which have so far been found to bear petroleum on a.commercial scale.
There are _ . '

(1) Punjab Sind Gujarat Gulf (Cutch cambay area

(i} Assam Gulf (Digboi, Naharkatiya)

(iii) © Bombay high

Apart from these prominent areas Oil and Natural Gag Commission has carried out
exploration work in Godavari, Krishna and Covery basin. Results are encouraging. Bombay

- Check your progress _
Note : (a) Space is given-below for writing your answer, -

(b) Compare your answer with the one given at the end of this unit.
o3 The major oil production centres of India ore confined to formation.-

164 RADIO - ACTIVE MINERALS

Radio - active minerals usually decay and emit a, B, X rays. The a ray particles are the
nuclue of helium atoms, B-rays are high speed electrons and the x-tays are the high frequency
radiations, similar to x-rays. All the uranium and thorium minerals usually contain certain
percentage of their decay products. The decay of radio - active minerals results in its
transformation into another element, The radio - active chain ultimately produces a stable non-
radio-active element. The radio - active 1sotope of radium is the most useful radio, isotope used
for therapeutical purpose, Tt is also used as a tracer in bio-chemical reactions and in the study
of hydro'iogy. Uranium, Plutenium are the sources ofen ergy. About halfa kilogram of uranium
is.equivalent to 1,300 tons of good coal for the purpose of generating thermal energy.

16.4.1 Some Radio-active minerals

Pitch blend - UG, and Uo,
Uraninite -UO, _
Monozite -(ce, y, La, Th) Po4 -

16.4_.2 Formation processes

Radio active minerals mainly the uranium and thorium minerals are deposited under
three categories pegmatitic, hydrothermal, secondary. Some divided these deposits areformed -
in three distinct phaSes which grade into one another. The first phase is the igneous processes
and metamorphic processes, schists etc. Those forward by secondary sedi mentary processes
such as shale, phosphorites, sand stones etc. The third is deposits formed by weathering as
- tracers. ' :
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UNIT-17 PRINCIPLES OF STRATIGRAPHY
AND CORRELATION |

Cbnfents '
17.0  Objectives
17.1  Introduction
17.2. Principles of Stratigraphy
-~ 17.2.1 Order of Super position
17.2.2. Lithological Character
17.2.3 Structure and Tectonics
17.2.4 Fossil Records
17.2.5 Geophysical Methods .
. 17.2.6 Correlation
17.3  Standard Stratigraphic Units -
174 .- Geological Time Scale
175 Absolute Age of Rocks .
17.6 = Summary _
177 Check Your Progress - Model Answers
17.8 'M_od_cl Examination Questions

'17.0 OBJECTIVES

After Studying this unit you should be able to

*  describe the principle of Stratigraphy
* - correlate the rock formations -

*  explain the stratigraphic units

*

define the geological time scale

17.1 INTRODUCTION

- The Earth crust is mainly occupied by three types of rocks namely Igneous, Sedimentary
and Metamorphic. The surface of Earth crust has undergone continuous geological changes
producing enormous quantities of sediments resulting in formation of sédimentary rocks
occupying more than three fourth of earth surface. These sedimentary rocks are characterized

~ by the presence of bedding or stratification which result from the deposition of sediments in _
essential horizontal layers. The igneous and metamorphic rocks seldom show bedding. The °

study of layered or stratified rocks (sedimentary and volcanic), E_:speciaiiy their sequence in
time, character and correlation in different regions is known as Stratigraphy or Historical Geology.

'_17.2 PRINCIPLES OF STRATIGRAPHY

- The main aim of the Stratigraphy is the sequential arrangement of layer of rocks
according to the time of their formation on the surface of the earth. The chronological sequence
- of rock formations established in terms of their relative ages is graphically represented in vertical
‘columns. The older formations are shown below the younger ones. The rocks that deposited
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forms of oi:gaﬁisms'. The study of these organisms or. fossils helps in determining the relative
ages of the fossiliferous rock formations. However, many rock formations especially those
deposited more than 570 million years ago, are general devoid of any fossil record. For
determining the relative age of fossiliferous as wc]_l as unfossiliferous rocks, certain set of
principles are used. These principles are known as Principles of Stratigraphy.

17.2.1 Order of Super Position

Every geological formation rests on another and is superposed by a third. The formation
at the bottom is naturally older than the one at the top. Each overlying bed is younger than the
underlying bed under the normal conditions of stratification. This principle or ordering is
known as Law of Superposition. Based on this principle, we can determine the relative ages of
sedimentary and volcanic rocks having simple structures (Fig. 17.1). In the case of disturbed
rocks, the top and bottom of beds at the time of their deposition are determined with the help of
sedimentary structures like current bedding, graded bedding and ripple marks (Fig. 17.2). -
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Fig. 17.1 Geological cross section of Fig. 17.2 Geological cross section of

- horizontally bedded formation . disturbed formation.,

17.2.2 Lithological Character

The study of lithological characters of rocks help in dividing the rock sequences into
formations.  Each lithological unit may consists a number of individual beds having more or
less the same characters when it is called as a Formation and given a local or specific name of =
“distinguish it from a similar formation of different age or belonging to another area. We have
thus the Barakar Sandstone, Kamthi Sandstone, Cumbum Slate, Vempalle Limestone ete.

" Correlation of rock formations of two areas is often carried out by comparing the lithological
characters of their formations. The correlation is done by.tracing the distinct characters of the
beds in the formations. ‘Such beds are called as marker beds. The rock formation that occur
between two marker beds in the neighbouring areas are considered to be of the same age. The
baraker sandstone of lower Gondwana which mainly exposed in Jharia Coal fields consists of
weathered feldspar bearing sandstone, grits and occasionally associated with conglomerates
and shales. The same type of rock formation occurs in Raniganj, Darjling, Assam, Sikkim and

449 Bhutan areas considered to be of the same age and called as Barakar sandstone. -




Rock formations of the same age but deposited in different sedimentary basins may
differ from one another in their lithological characters. For example, the Permian rock formation
of the Salt Range (Productus Limestone) is lithologically different from that of Spiti area
(Productus Shale). : - : '

'17.2.3 Struéture and tectonics

The sediments deposited in various sedimentary basins are uplifted above the surface
of water at different times in the earth's history. Such movements are cailed tectonic movements
‘which deform resulting in various structures in the rocks. Then there will be gap in the deposition.
Such gap is known as period of non-deposition. The later deposited sediments in the basin are -
not conformable with earlier developed sediments. The surface separating these two successions
~ of the rock formations is known as surface of unconformity (Fig. 17.3). Itis cither a surface of
erosion or non-deposition. A sequence of rock formation of an area can be divided into major
rock groups separated from one another by such surface of unconformity. In the field, an .
unconformity is commonly evidenced by the presence of a conglomerate. 1f there is no visible
break and the formation show complete parallelism in spite of a gap in sedimentation is called
as disconformity. Formations lying between the two successive surfaces of unconformity in
neighbouring area are considered to be of the same age. Tectonic movements are aiso recorded
_ within a single group of rock succession in the form of rhythmicity of different lithological

types.
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Fig. 17.3 Surface of Unbonfonn_ity separating of the rock formations

The basin of deposition may undergo successive phases of de¢pening or shallowing
" which are reflected from deposition of sediments alternatively in the basin. - The presence of
sandstone indicates shaliow water deposition and that of shale the déep-water deposition.

17.2.4 Fossil Records

Organic remains preserved in rocks, has been most widely used for determining the
relative age of rock formations deposited during the last 570 million years. The types of organic’
remains preserved in rocks indicate the kind of life that existed on the earth at the time of
formation of these rocks. Such fossil records are more reliable for determining the relative age
of rock formations and their correlation over large areas. This method is based on that the given -
faunal or floral assemblage is never repeated again in the geological time and the organisms
l _ continuously undergo changes in their morphology. The biological evolution reveals that the

organisms cannot evolve to a preceding form even if they find themselves in exactly similar 143




17.3 STANDARD STRATIGRAPHIC UNITS

The earth scientists Opmed that the earth was born before 4.6 billion years ago, since
then expenenced several geological events. These events are recorded in rock formations as
the papes of the Earth's history. The rock sequence which were deposited during the certain
duration of geological and which contain characteristic fossils constitute duration of geological

- time and which contain characteristic fossils constitute chronostrati graphic or time stratigraphic
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units. Thus, the chronostratlgraphlc unit represents a certain course in earth's history and for
each chronostratlgraphzc unit there is a comesponding geologlcal time unit or time unit.

The chronostratlgraphlc unit is divided into systems, systems into series, series into
stages and stage into zones. Likewise the geological time unit is divided into periods, period
into epochs, epoch into ages and age into phases. The standard chronostragraphlc scale is not
suitable for stratigraphic divisions of unfossiliferous strata. In view of these limitations, a new
scheme of classification of rock succession proposed known as Lithostratigraphic unit or rock -
stratigraphic unit. This type of classification also follows the same bagic principles of stratigraphic
classification and correlation. In this classification group is the broadest unit and consists of
thick succession of rock formation spread over a large area. A group is divided into more than
one formation, formation into member and member into bed. An association of mutually related
groups is known as supergroup is-divided into more than one formation, formation into member
and member mto bed. An association of mutually related groups is known as supergroup.

The chronostrati graphic units, time units and hthostrangraphw units have separate sets
aof terminology as gwen in table 1731

- TABLE 17.1 TERMINOLOGY OF STRATIGRAPHIC UNITS

- Geological Time Units Chronostratigraphic Units| Lithostratigraphic Unit

Unit Example Unit Example Unit | - Example

|Bra Cenozoic Era Erathem| —~—-riemueeeeen

Period| Tertiary period | System Tertiary System Group | Semri group

(Vindyan System)
|Epoch| Miocene epoch | Series Mocene series Formation Rohtas IfOI‘m’ation.
Age Panonian Age Stage | Panonian sfage ‘Member | Suket shales
1Phase | Globorotalia. | Zone | Globorotalia Bed | Obotellas shate bed
Tuﬁlida | Tumida Fflexuosa |
flsuxu'osa phase | - Zone, )




~ Check your progress
Note : (a) Space is glven below for writing your answer..-
(b) Compare your answer with the one given at the end of this umt

3. Name the llthostratlgraphlc units

; .........
' 17.4 GEOLOGICAL TIME SCALE
Sut:cessive arrangement of standard stratigraphic and time unit as standard reference
- for world wide correlation is known as Standard Stratigraphic Scale and Geological Time Scale.
J : The wider stratigraphic unit i.c., Erathems, Systems and and series are readily recognised in

most parts of the world and hence a smgle set of nomenclature for those units is used by the
stratigraphers-all over the world.

An Erathem represented bya succession of rock formation deposited during an Era is
arecord of the broadest division in the Earth's history. An earthem is generally made up. three -
“ormore systems. A system constitutes a part of an erathem and it is represented by a succession
of rocks which were deposited during a beriod. In Phanerozoic rock formation, a éy'stem is
characterised by a typical fossil assemblage. The successive systems are demarcated on the ]
basis of substantial renewal of feuna and flora. The boundaries of the system are also
democracated by sudden chehge'in sedimentary facies or the presence of unconformity. System
is made up of two or three series of rock formation. Thus all the rock successions of the earth
were divided into five broad chronostratigraphic units with reference to the type of life that -
existed on the surface of the earth. The palaezoic, mesozoic and cainozoic succession contain
. fossils of past-life because the organism living during those eras developed hard parts. The
~ group of these three eras is referred to as Phanerozoic indicate the presence of forms of life with
preservable hard parts. The primitive life of Archeozic and Proterozoic Eras did not. contain

hard parts and therefore the rocks deposited during this time are generally unfossiliferous.
These two eras combined into one unit and named as Precambnan Era. The Precambrian erais
divided into three units, the lower unit corresponds to the Archeans or Archeaozonc and middle

and upper to the Proterozic. These rocks were earller referred to.as Azoic.means absence of .

life. Sub divisions in Phanerozoic have been gl_ven suitable names for international correlation.

Subdivisions of Archean successions have been_given based on local or regional significance.
The rames of five erathems have been derived from Greek words. Thits 'Archeoes" means
oldest, "Proter's' older, 'Paleo early, ‘Meso' mtermcdlate, 'Catnos' new and the ending of each

name zoicos means life. 1 47'
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Table 17.2 : Major divisions of Geological Time Scale and Chief Fossils / Events

: o Foache . | APProx.
Era/ Period/ | Epochs] Series | APPT0: X
Erathem | Systems - . Time in Chief F_oss:ls { Events
. . | 10° years
Quaternary Holocene (Recent) ' Living animals
: ol . ' 1.6 | Man appears, Many mammals die off
% lestoceine during glacial periods
8 . [Pligcene 6 Large Carnivores
Z Z Neocene [niocene _ 2. Mammals, Molluscas
5 ‘g Palaeoc- | Oligeocene Flowering plants domlant
= ene Eocene 64 - 65 | Whales, Apes
Palacocene First Placental Mammals
Cretaceous | Late (senonian) 136 Last of Dinosaurs, Last of Amm- onites,
Early (neocomian) .| Rise of flowering plants
v Jurassic Late N _ First Birds, Flowering plants, F lying'
3 Middle |, 190-195" | reptiles, Rise of Dinosaurs
o . : :
%] _ Early -
= Triassic | Late Ammonites, Reptlles aitld Amphibians| -
Middle | abundant
Barly . 230 '
Permian Late Primitive reptlies, Last of Trilobites
Middle : S
_ | Eady L0 | |
Carboniferous | Late {Pennsylvanian) 320 | Many non-flowering plants
o Early (Mismsmpllan) 345 | Glossopteris flora dominant
B Devonian Late . : Abundant of corals, brachiopods,
S Middie - | appearance of land plants,
: Ijt-l Early 395 | Earliest known amphibians
| g Silurian 430-440 | Graptolites disappear, first fish
Ordovician' [ Late | Abundance of Trilobites, Grapto-
_ Early 500 | lites, Rise of Cephalopods
-| Cambrian Late . | Many kins of shelled inverte !:n'atesx
' Middle Abundance of mlobltes
Early 570
Upper 1000 | First microscopic algae, marine zlgae |
Middle 1600y - _ '
O 2000 | Oxygen Atmosphere
- 2500
z g | |
=5 g Lower First Stromatolites
aE:\ ~ ' 3200 | Anerobic bacteria
3. First Sedimetary rocks
E =@ 3500 | Formatio of the Occeans and
) 8 :é Continents
S : .
53]
pr .
< 3 : . .
5 5 Formation of the Crust 4000
% % : 'Fgmﬁon of the Earth 4600




175 ABSOLUTE AGE OF ROCKS

.Absolute age of the earth and its rock formations are determined by various methods,
such as the rate of sedimentation, rate of increse in the salinity of the sea and rate of biological
evolution. The above methods do not give satisfactory resulis as the natural processes are not

. constant and work different rates throughout the earth's history. Recently, a reliable and widely
used method has been developed on the basis of radioactive decay., The science which measure
the age of rocks, minerals water and biological materials based primarily on the radioactive
decay is called as geochronology. The radioactive elements constantly undergo a process of
decay to the formation of stable isotopes is known as daughter element and original element
called mother element. The process of radicactive decay is spontancous and not affected by
any physical parameters like temperature and pressure. The each radioactive element reduce

- half of the quantity by decay at a period of time is known as half-life period of the element. The

half-life period of each radioactive element can be measured in the laboratory with sophlstlcated

' 1nstruments

Radioactive elements with long perlod ofhalf-life (mllllon years)used in geochronology
of precambrian rocks. The most commonly used elements for dating of precambrain rocks are

Urnium (U), Thorium (Th), Rubidium (Rb) and Potassium (K). Uranium and Thorium decay to

form stable isotope lead and alpha particles. Minerals having more than 1% U and Th, such as
Uranite, Monazite, Zircon and Allanite are used in dating. The Potassium-Argon isotope method
is a very significant one which can be used to many igneous, metamorphic and sedimentary
rocks. Sedimentary rocks containing glauconite, illite etc. and igneous rocks havmg Potash
feldspar and mica are suitable minerals for dating of rocks. Rubldlum-Strontlum méthod is

also widely used because rubidium occurs as trace element in alkali feld spars and mica. Carbon’

dating is very important method applicable to younger rock formations. Its ratlos are calculated
from the plant remains enclosed in younger sedimentary deposits. :

The Radiometric methods of dating the rocks have become essential tool in precambram
stratigraphy. The Precambrain rocks are generally affected by repeated cycle of tectonism and

metamorphism. Such rocks containing radioactive elements may disperse or migrate into distant.
areas. In view of that the Samarium (Sm) and its daughter elemnt Niodynium (N d) isotopes are.

used for determing the absolute ages of very old rocks. The Sm and Nd elements are not
affected by the metamorphic process. :

Check your progress
Note : (a) Space is given below for writing your answer.

" (b) Compare your answer with the one given at the end of this unit.
4. The geological time scale is divided into ............ +een €TAS

'17.6 SUMMARY

The earth crust is occupu-:d by three types of rocks namcly igneous, sedxmentary and
: metamorphic. The igneous and metamorphic rocks rarely show beddmg but sedlmcntary rocks
are characterized by bcddlng or stratification.

149 '




Stratigraphy - main aim is sequential arrangement of layered rocks as pér their relative

“age. While representing the sequence in vertical column the older rocks are always shown
below the younger ones. Determining the relative ages of rock formation, fossiliferous as well
as unfossiliferous strata are based on certain principles of stratigraphy. . Suq:h as order of
superposition, lithological character, structure and tectonics. and fossil records; The precise.

absolute age of the rocks are determined by the radiometric methods. The lithological characters -

of rocks, help in dmdmg rock sequences into formations. Correlation of rock formation of two
areas is often carried out by comparing lithological characters of their formation. Rock formations
of the same age but deposited in different sedimentary basins many differ from one another in
their lithological character. In sedimentary formations, any break or gap in the deposition is

marked by a surface known as unconformity. Unconformities are structural features, which
separate the older formations from younger ones. Geophysical methods such as electrical and
- gamina logging, seismic wave reflections and palacomagnetism can be used in determining the .
order of superposition of rock formations. Study of fossil record (index fossils, fossil assemblages -
and micro organisms) help in determining the relative ages of rocks and for correlation of -

- different regions. Correlation is an important principle of stratigraphy. Itaims at matching the
rock formations of different regions. For world wide correlation of rock formations, a standard
stratigraphic scale is devised and known as geological time scale. This is developed based on
standard stratigraphic units. Absolute age of the Earth and its rock formations are determined
by various methods. But a reliable method recently developed is radiometric dating. The
usuatly adopted methods are Uranium {U) - Lead (Pb) method, Rubidium (Rb) - Strentium (Sr)

- method, Potassmm (K} - Argen (Ar) method, Samarium (Sm) - Neodymium (Nd) method etc.

17, 7 CI-IECK YOUR PROGRESS MODEL ANSWERS

1. ~ Lithological characters, ‘Order of Superposition, Structure and Tectomcs Fossil record,
Geophysical methods

2. Unconformity. _
3. - Group, Formation, Merﬁber, Bed.
4, Precambrian, Palaeozoic, Mesozoic and Cainozoic.

17.8 . MODEL EXAMINATION QUESTIONS

- 1. . Answer the following questions in_.about 30 lines each
1. Describe the Principles of Stx'atigraphy and Cbrrc‘lation.
2. Describe in detail the Geological Time Scale

3. Explain the Stratigraphic Units.

L Answer the following questions in about 10 lines each.
1. Describe in detail the Correlation _of rocks
2. Write Brieﬂy about the O_rdcr of Sup‘erpdsit_ion.
3. What are ihdex_ 'fossils?_ Discuss thei_r use 1n Stratigraph)?.

EIENY
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aided by dynamic metamorphism. Formation of talc inay be due alteration of any Mg amphibole
or Mg Pyroxene in presence of CO, and HOZ. '

4 MgSi0, + €O, + H,0 > H,Mg Si,0,, + MgCO,

_ Kyanite, sillimanite, andalusite and garnets are ail characteristic minerals found in
metamorphic rocks, which are due to the effect of dynamothernal and regional metamorphism

- of aluminjum silicate rocks. -

Check your progress

Note : (a) Space is given below for writing your answer. . - ; .
. (b) Compare your answer with the one given at the end of this unit. _

3. What are the charecteristic minerals of metamorphic rocks?

124 SUMMARY

* Organic processes will occur with direct or indirect activities of animals. Biochemical -

process of precipitation plays important role. Certain algae or Bacteria can cause the precipitation

- of oxide compounds by acting as catalyst for oxidation reactions. The organic processes are the

two types, Biochemical and Biomechanical The ores produced with biochemical process are
having fine grained texture. Bio-mechanical deposits are formed due to the fragmentation of
organisms like shells,, skeletons, crinoids. ete. To differentiate these two it is very difficult
because the line of demarcation is hazy, on the basis of chemical composition organic deposits
were classified as calcarious, phosphatic,_ferruginoils, siliceous and carbonaceous deposits.

The calcarious deposits are méinly limestones and dolomites. The bio-mechanical
limestone are frequently heterogeneous consists of cheefly calcite and hard parts of animals,

. These are also known as fossiliferrous limestones. _'Shelly limestone, coral limestones, algae

limestones, crinoidal limestones, chalk are s_uch'dcpbs'its. Phosphate is known to be cxtracted
from sea water by living organisms arid concentrated with in their hard parts. Such hard parts
may produce phosphatic rich beds. Guene is another phosphatic deposit formed due to the
accumulation of excrement of fish cating sea birds, ' o :

Some types of Bacteria are known to precipitate iron. Bog iron ore and some iron

sulphides are the products of sulphate re,di;cing Bacteria. Clay iron stone is also produced due

fo organisms.

The remains of radiolarians, diatoms and siliceous sponge spicules are common in .

silicious deposits. Th'e siliceous frame work of shells. can sink to grater depths where they
mingle with red clay and produce silicious deposits. ' :

Carbonacious deposits are rich in carbon content, and are formed by the burrial of
arcient plants. The lignite, bituminous and anthracite are such deposits. o
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and to form economic minerals with metamorphism.
are formed such as graphite, talc, gamet, kyamte,

The eﬁ‘ect of temperature, pressure and solutions make the mineral matter to change

Several kinds of non metalliferrous deposits
‘andalusite, silliminite etc. "

12.5 CHECK YOUR PROGRESS - MODEL ANSWERS

106

1. Organic process is one in which organisms are involved dn'ectly o1 mdlrectly for the
formation of ore deposits.
2. Coal, mainly lignite, Bituminous and Anthracite.
3. Kyanite, silliminite, andalusite, garnét etc. are the characteristic minerals of
’ - metamorphism '
12.6 MODEL EXAMINATION QUESTIONS
Answer the following questions in about 30 lines each
1. Write an.essay On Organic processes.
2. Explain metamorphic processes.
II. Answer thé foilowing questions in about 10 lines each
L. Calcarious deposits.
2. Carbonacious deposits.




16.6 CHECK YOUR PROGRESS - MODEL ANSWERS

1. Khammam, Karimnagar, Adilabad and Warangal districts of Andhra Pradesh
2 Ortginal plant, degree of its decay, heét, pressure and degree of alteratjon.
3 Tertiary formation |

4 Pitch blend, monozite

16.7 MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each
L. Write briefly, the mode of formation, tybes and distribution of coal in India.
2. Discuss, in brief the mode of fdrmation of oil pool, origin of petroleum and important

oil bearing rocks in India.

IL. Answer the following questions in about 10 lines each

] " 1. Radio - active minerals.
2. Origin of petroleum.
* k *
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ihe changes in the physwal propertles of the rocks. Using recorded data, logging dlagrams are
prepared showing the sequential change of phymcal properties observed along depth of rock -
formahon Thcrefore, these logging diagrams can be used for cotrelation of neighbouting
areas. Seismic geophysical method known as seismic stratigraphy is used widely in stratigraphy
and exploration of hidden mineral deposits. In this method the data of seismic waves recorded
using sensitive instrument called geophones. The seismic waves, while traversing through the
subsurface rocks, are reflected and refracted from different interfaces of rock sequences. The
changes in rock types produce changes in their reflectivity which observed in the seismic data.
~ Thus rock type change indicates the strangraph:c changes. The most commonly used data in

seismic method is p-wave reflections.

Paleomagnetism is an important tool for stratigraphic correlation of Cenozoic rock - -

formations. It is known that the position of the earth's magnetism has been changing its polarity
over a period of geological time. Magnetlc minerals in both igneous and sedxmentary rocks
vetain a record of the magnetic field prevaﬁmg at the time and place of their formatlon “Such
rock samples polarity is recorded in terms of normal or - reversal with respect to the present pole
onentatlon of the earth magnctlsm For cxample in 2 succession of Deccin volcamc rocks four '

successwe magnetic normals and reversals have been recordcd
17 2.6 Correlation

_ Correlation is an 1mportant aspect in Stratlgraphy It aims at matching the rock
formations of different areas deposited at the same stage of the earth's evolutionary hlstory -
Such two formations deposited at the same time are referred as homotaxial. 1f two formations
" are not formed at same time, indicated that they may not synchronous in their origin. A standard
strat:graphlc scale (geo]ogical time scale) has been estabhshed for correlation of rock successions
of different reglons

Check your progress

~Note : (a) Space is given below for writing your answer. _
(b) Compare your answer with the one given at the end of this umt.

I. _ The Chief Principles of Stratigraphy are




17.3 STANDARD STRATIGRAPHIC UNITS

The earth scientists opined that the earth was born before 4.6 billion years ago, since
then echrienc'ed several geological events. These events are recorded in rock formations as
the pages of the Earth's history. The rock sequence which were deposited during the certain
duration of geological and which contain characteristic fossils constitute duration of geological
time and which contain characteristic fossils constitute chronostratigraphic or time stratigraphic
units. Thus, the chronostratigraphic unit represents a certain course in earth's history and for
each chronoé.tratigraphic unit there is a corresponding geological time unit or time unit,

The ch}onostratigraphi-c unit is divided into systems, systems into series, series into

 stages and stage into zones. Likewise the geological time unit is divided into periods, period

into epochs, epoch into ages and age into phases. The standard chronostragraphic scale is not
suitable for stratigraphic divisions of unfossiliferous strata. In view of these limitations, a new
scheme of classification of rock succession proposed known as Lithostratigraphic unit or rock -
stratigraphic unit. This type of classification also follows the same basic principles of stratigraphic
classification and correlation. In this classification group is the broadest unit and consists of
thick succession of rock formation spread over a large arca. A group is divided into more than
one formation, formation into member and member into bed. An association of mutually related

~ groups is known as supergroup is divided into more than one formation, formation into member

and member into bed. An association of mutually related groups is known as supergroup.

" The chronostratigraphic units, time units and lithostrati graphic units have separate sets
of terminology as given in table 173 :

TABLE 17.1 TERMINOLOGY OF STRATIGRAPH_IC UNITS

Geological Time Units _ Chronostratig‘raphic Uhits Lithostratigraphic Unit

Unit Example Unit | Example Unit Example

Era Cenozoic Fra Erathem) —eeeeioee

Period| Tertiary period System | Tertiary System | Group | Semri group

(Vindyan System).
Epoch | Miocene epoch Series Mocenc_seriés Formation| Rohtas formatio_n.
Age Panonian Age Stage | Panonian stage Member | . Suket shales
Phase _ GIoborotélia Zone | Globorotalia ~~ |Bed | Obotellas shate bed |
Tumida | Tumida Fflexuosa
fluxuosa phése o - Zone,
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17.5 ABSOLUTE AGE OF ROCKS

evolution. The above methods do not give satisfactory results as the natural processes are not
+ constant and work different rates throughout the earth's history. Recently, a reliable and widely

- Radioactive elements with long period of half-life (million years)-used in geochronology
of precambrian rocks, The most commonly used elements for dating of precambrain rocks are
Urnium (U), Thorium (Th), Rubidium (Rb) and Potassium (K). Uranium and Thorium decay to
form stable isotope lead and alpha particies. Minerals having more than 1% U and Th, such as
Uranite, Monazite, Zircon and Allanite are used in dating. The Potassium-Argon isotope method

is a very significant one which can be vsed to many igneous, metamorphic and sedimentary

metamorphism. Such rocks containing radioactivé elements may disperse or migrate into distant
areas. In view of'that the Samarium (Sm) and its daughter elemnt Niodynium (Nd) isotopes are
used for determing the absolute ages of very old rocks. The Sm and Nd. elements are not
affected by the metamorphic process. ' : :
Check your progress '

Note : (2) Space is given below for writing your answer.

4. The geological time scale is divided into ... eras

(b} Compare your answer with the one given at the end of this unit.

...........................................................

176 SUMMARY |

The earth crust is occupied by three types of rocks namely igneous, sedimentary and

- metamorphic. The igneous and metamorphic rocks rarety _
are characterized by bedding or stratification. o ' 148




_ Stratigraphy - main aim is sequential arrangement of layered rocks as per their relative
ks age. While representing the sequence in vertical column the older rocks are always shown .
' below the younger ones. Determining the relative ages of rock formation, fossil‘ri‘ferous as well
as unfossiliferous strata are based on certain principles of stratigraphy. -Such as order of
superposition, lithological character, structure and tectonics. and fossil records; The precise
absolute age of the rocks are determined by the radiometric methods. The lithological characters -
of rocks, help in dividing rock sequences into formations. Correlation of rock formation of two
areas is often carried out by compating lithological characters of their formation. Rock formations
of the same age but deposited in different sedimentary basins many Jiffer from one another in
their lithological character. In sedimentary formations, any break or gap in the deposition 18
‘marked by a surface known as unconformity. Unconformities are structural features, which
separate the older formations from younger Ones. Geophysical methods such as electrical and :
~gamma logging, qeismic wave reflections and palacomagnetism can be used in determining the -
order of superposition of rock formations. Study of fossil record (index fossils, fossil assemblages '
and micro organisms) help in determining the relative ages of rocks and for correlation of -

 different regions. Correlation is an important principle of stratigraphy. Itaims at matching the

rock formations of different regions. For world wide correlation of rock formations, a standard
_ stratigraphic scale is devised and known as geological time scale. This is developed based on
standard stratigraphic units. Absolute age of the Earth and its rock formations are determined
by various methods. But a reliable method recently developed is radiometric dating. The
usually adopted methods are Uranium (U) - Lead (Pb) method, Rubidium (Rb) - Strontium (Sr)
method, Potassium (K) - Argen (‘{kr) method, Samarium (Sm) - Neodymium (Nd) method etc.

777 CHECK YOUR PROGRESS - MODEL ANSWERS

1. Litholpgical characters,'Order of Superposition, Structure and Tectonics, Fossil record,
Geophysical methods. ' '
| 2. Unconformity. -

3 Group, Formation, Member, Bed.
4. Precambrian, Palaeozoic, Mesozoic and Cainozoic.

178 MODEL EXAMINATION QUESTIONS

- L Answer the following questions in..'a_b'out 30 lines each
L Describe the Princip'les of Stratigraphy and Correlation.
2. Describe in detail the Geological Time Scale '
3. Explain the Stratigraphic .U_ﬁits.
IL Answer t'he-following' questions in about 10 lines each.
\_ Describe in detail the Correlation of rocks
2. Wit priefly about the Order of Superposition.
3.  What are index _fossils? .Di.scus‘s théir use in Stratigraphy.
- . | ) £ & %
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UNIT-18 PHYSICAL AND STRATIGRAPHIC
DIVISIONS OF INDIA

Conténts
18.0 Objectives
18.1 . Introduction
182 Peninsular India
18.2.1 The Western Ghats
18.2.2 The Eastern Ghats ,
18.2.3 The Vindyan Mountains
183 _ Ektra-peninsular India-The Himalayas
184 Indo-Gangetic Plain | _
185 Stratigraphic Divisions of India
186 Summary S
187 Ch_eck Your Progress - Model Answers

18.8  Model Examination Questions

18.0 OBJECTIVES

After st'udying this unit you should be able to :
*  describe the mountains of Peninsular India - Western ghats, Eastern ghats and Vindhyan -
mountains. ' : T

* “explain the Hirnélayan mountains,
¥ define the stratigraphic divisions of India.

18.1 INTRODUCTION |

PhySiography of India is almost an expression of its geological structure and lithology.
The Indian sub-continent is broadly divided into three well defined regions. They are

1. The triangular plateau of the peninsular India.

2. The mountajnous regions of the Himalayas, known as the Extra-peninsular India:

3. The Indo-Gangetic alluvial plains.

The Peninsular India has rocks covering the older to the younger. It is an ancient

plateau exposed for a long time to denudation resulting in peneplana_tion-.' Its mountains are of

the relict type. Its rivers traverse for the most part, a comparatively flat country with low

gradients and have built of shaliow broad valleys. The Extra-Peninsular India constitute part of

the Alpine Hiﬁnalyan Tertiary mountain belt. It is a region of folded and over thrusted moun-

tain 'chz_iins, of geologically recent origin. Its rivers are youthful and are activcly eroding the

beds in their courses and causing out deep and steep sided gorges. The Indo-Gangetic plains

are broad, monotonous, level €xpanses b_tiild up of recent alluvium through which the rivers

- flow sl'uggishly towards'the seas. The plains were originally a great trough between peninsular
and extra-peninsular i‘egiqns'. Its origin and structure are closely related to the raise of Himalayas. 151
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18.2 THE PENINSULAR INDIA

The Peninsular Shield is characterized by varied physiography-complex association of
plateau mountains with widely distributed drainage, peneplained ancient folded mountains,
batholiths, graben like valleys and coastal plains. The Peninsula exposed in four regions have
distinctly different structural-geomorphological trends-the southern part of Western Ghats with
NNW-SSE trend, Eastern Ghats with NE-SW, Satpura and Mahadeva ranges in Central India"
with E-W trend and Aravalli ranges of northwestern Peninsula with NE-SW trend. The chief
moutitains of peninsular India are the Bastern and the Western ghats, Vindyans, Satpuras,
Aravalllis, (Fig.18.1). Flongated graben like valleys in Peninsula-Narmada-Sone-Damodar
valleys trending E-W and Mahanandi and Godavari valleys with NW-SE trend.

18.2.1 The Eastern Ghats

The Eastern Ghats forms a series of rather detached hill ranges of heterogeneous com-
position and extend from the border of Orissa through the coastal regions of Andhra Pradesh to
join the Nilgiris in Tamil Nadu. The average elevation is about 800 meters but at places like
Mahendragiri, Shevaroy in Salem and Nimaygiri in Koraput it rises to 1500 meters, 1650 meters
and 1550 meters respectively. The Eastern Ghaths meet Western Ghats at Dodabetta in Nilgiri
hilis. The Eastern Ghats are mainly consists of Khondalites, Chamockites and Migmatised
. gneisses. : : :

_ 18.2.2 The Western Ghats

The Western Ghats constitute the ranges of mountains called the Sahyadri, extending
almost north-south and parallel to the west coast of India. These mouniains, running from the
Tapti valley in the north down south to Cape-Camorian. They are about 1600 km in length and
the average elevation ranges between 1000 and 1300 meters. The Nilgiri hills (2336 m), Makurthi
(2554 m) and Annaimudi in Anna Malai (2693 m) are the highest peaks in the Western Ghats.
The western slopes are steeper and often precipitous and the water of Konkan rivers flow into
the Arabian sea. The northern part, down to Dharwar in Karnataka and Ratnagiti in Mumbai is
composed of Deccan traps, while the southern part consists of Archean _gneis'ses, schists and
charnockites. The western ghats form the real watershed of the Peninsula. All the important
peninsular rivers-- the Godavari, the Krishna, the Kaveri and their important tributaries origi-
nated in the Western Ghats and flow eastwards into the Bay of Bengal. Some of the hills like
Trimbakeshwar and Mahabaleswar in Maharastra are well known as places of Pilgrimage and
hill stations are also situated in Westemn Ghats. '

18.2.3 The Vindyan Mountains

The Vindyan mountains separate southern India from northern India and form continu-
ous group of hill ranges extending from Jobat in Gujarath to Sasaram in Bihar. The mountains
have a general elevation of 450 to 600 meters. The Majority of ranges are composed of sand-
stones and quartzites. The Vindyan mountains form the watershed of Central India from which
" rige the Narmada, Chambal, Betwa, Ton, Ken and Sone streams. Some of streams flow into the
Ganga and other into the Godavari and the Mahanandi..

The Satpura mountains separate the Narmada and Tapti rivers. The Aravalli moun-
‘tains cross the Rajastan from northeast to southwest which separate the arid and semi-desert of- '
the Bikanar, Jodhpur and Jaiselmer area on west from the more fertile region of Udaipur and
452 Jaipur on east. They are composed of rocks of the Aravallies, Delhi and Vindyan Supergroups.
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Check your progress o
- Note : (a) Space is given below for wr:tmg YOUr answer.

(b) Compare your answer with th_c_' one given at the end of _this unit.
1. ‘What are the rock types of Eastern ghats?

18.3 EXTRA-PENINSULAR INDIA - THE HIMALAYAS

The Extra-Peninsular India is composed of the Himalayan Mountain ranges in the north
and the Arakan-Yoma ranges in the East and exiend up to Andaman Nicobar Islands. The
Himalaya, stretching 2400 km from Nanga Parbat (8126 m) in the west to the Namche Barwa
(7756 m) in the east forms a arcuate mountain belt and a rampart for the Indian subcontinent
along its northern margin. Its southern margin its demarcated by the Sindhu (Indus) - Gaoga
alluvial belt and the northern margin by the Indus Suture zone. The width of the belt varies
from 230 to 320 km, average being 275 km.. The average beight of the southern margin of the
belt is 100 m and northern margin 4500 m. This orogenic edifice is young in age also though
the rocks composing it have a long history ranging from the Proterozoic to the quatemary.

" Geographically the Himalaya covers the states of Jammu-Kashmir, Himachal Pradesh, Garhwal-
Kumaun of Uttar Pradesh, Sikkim-Darjeeling and Arunachal Pradesh in India, the Hazare and
Northwest Frontier Province in Pakistan, Nepal, Bhutan and South Tibet.

The Himalayas are broadly classified into three parallel or longitudinal zones differing
_ from one another into well marked geographical features. The Great Himalayas are Central
. Himalayas comprising the zone of high snow-capped peaks which are about 140 km from the
edge of the plains. This zone shows both sedimentary and older metamorphic rocks which
have been intruded by large masses of granite. ' ’

The Lesser Himalayas form an intricate system and have an average width of 80 km

This consists of parallel ranges in Nepal and Punjab but of scattered mountains in Kumaon.
' The Outer Himalayas intervene between the Lesser Himalayas and the Pl_aihs. The
width varies from 8 to 50 km. They form a system of foot hills, often referred as Siwalik.

~ ranges. _
 The Great Himalayan zone is composed of a continuous series of highly fossiliferous

“marine sedimentary rocks. The Central Himalayan zone comprising the Lesser or Middle
Himalaya together with the Great Himalayas which is composed of metamorphic rocks - gneisses
and schists with unfossiliferous sedimentary Purana and Mesozoic deposits. The outer or sub

Himalayan zone is mainly composed of upper tertiary sedimentary river deposits.

184 INDO-GANGETIC PLAIN | .

' The Indo-Gangetic Plain is a deep crustal trough filled with quaternary sediments and covering
an area of 8,50,000 sq. km. Tt encompasses the states of Assam, West Bengal, Bihar, Uttar
Pradesh, Haryana and Punjab, Its origin and structure are closely related with the rise of the

. Himalayans and give rise to occasiona} earthquakes in northern India. ‘The Plain is divided into
*  four shelf-areas separated from one another by three transverse 'high’ - The Highs, from west to
454 cast as Dethi-Haridwar Ridge, Faizabad Ridge and Monghyr-Saharsa Ridge. The four shelves




mus and elephas etc.
- Check your progress ST )
Note : (a) Space is given below for writing yb_uf'gﬁéwer.. -
(b) Compare your answer with the one given at the.end of this unit.
2. Term Peninsula stands for ... _

3. The chief mountains of'Pe_ninsula_r-It’l_d.ia-are_;..'........ ......... rreneeeens




" predominate, trough parts

In the extra-peninsula, marine sedimentary systems of mesozoic and tertiary groups

of the sub-Himalayas and the main axis of the Himalayas are occu-~

pied by ancient metamorphic rocks and intrusive igneous rocks.

" TABLE 18.1

Recent

Pliestocene .

Mio-Pliocene

Oligo-Miocene
Eocene '
Upper Cretaceous 10
Lower Eocene
Cretaceous

Turassic

Triassic

~ Permian

‘Carboniferous

Devonian
Silurian
Ordovician

Cambrian

Middie to Upper Proterozoic

Middle Proterozoic

Late Archean to Early Proterozoic

Majo‘r Stratigraphical divisions of India
 Recent alluvium, Sand dunes, Soils

Older Alluvial, Karewas of Kashmir,
River Terraces eic.

Siwalik Group, Cuddalore, Warkalli and
'Rajahmundry Formation :

Murree Group, Nari and Gaj Formations .
" Murree Group, Nari and Gaj Formations

Deccan traps and Inter trappeans

Lameta, Bagh, Umnia Beds, Trichihopdly Formations
Kioto Limestone and Spiti Shaleé,. Jufrasic of Kutch
Mahadeva and Panchet Groups |

Zewan Formation and Lower Gondwanés _

Lipak and Po Formétio‘ns, Talchir Group

Moth Quartzite - |

Silurian of Himalayas.

Ordovician of Himalayas'

Haimanta Grdlm _

Upper Vindyans, Kumools, Bhimas, 'Chat_tis.gar
Cuddapahs, Delhi Supergroup, Lower Vind-yans _:

‘ Eastern Ghats

Late Arche'an Dharwars, Singhbhum .group, Aravallis
Middle Archean Older Supra Crustals (Sarguru Group)
18. 6 SUMMARY
Physiographically India is divided into three distinct regions -- Peninsular, Extra-Pen-

insular and Indo-Gangetic plain.

The chief mountains of peninsular India are the Eastern and

~ Western Ghats, Vindhyans, Satpuras and the Aravallis. These are of relict type. The Extra-
Peninsular is characterised by the tectonic mountains of the Himalayas and is composed of a
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series of highly fossiliferous marine

sedimentary rocks. The Indo-Gangetic plains are broad,

monotonous level expanses build up of quaternary alluvium sediments in between the Peninsu-
lar and Extra-Peninsular regions. ' ' . '




18.7 CHECK YOUR PROGRESS - MODEL ANSWERS

I The rock types of Eastern ghats are Khondaiites, Charpockites and Migmatised gneisses,

2 Tectonically stable area, covered mbst_ly by metamorphic and Igneous rocks and area js -
. Surrounded on its three sides by sea, -

3 Eastern Ghats, Western Ghats, V-indhyén, Satpuras and Aravallis.

 18.8 MODEL EXAMINATION QUESTIONS

I Answers the. foilowing questions in about 30 lines each’

p——
.

~ Describe the Physiographic divisions of India,

2. Indicate the imp_ortaht mouhtains and rivers of Peninsular India.
. 3. Write in brief about the Himalayan mountains,
4. ' Give an account of the major stratigraphical divisions of India.
11 An_swer_ the following (juestions in about 10 lines each.
1. Writer briefly about the mountains of Peninsular India, _
2 What is the physiographic and stratigraphic set up of Peninsulan_' India.
3 Describe the Indo-Gangetic plains. '
; * ok % ’
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UNIT-19 ARCHEAN GROUP
C(_m!_;e\nts -
19.0  Objectives
191 Introduction | .
19.2  Dharwar Pr_ovin_ce _ '

19.3  Eastern Ghat Province
19.4  Central India Province
195 Singhbhum-Orissa Province
19.6 Aravalli Province
19.7  Mineral Wealth of Archean
19.8  Summary
199  Check Your Progress - Modei Answers
19.10 Model Examination Questions
1911 Glossary

19.0 OBJECTIVES

After studying this unit you should be able to

*  explain the five Archean Provinces - Dharwars, Eastern Ghats, Central India, Aravallis
~ and Singhbhum-Orissa ' : .

explain the Dharwar succession in Karnatzka -
*  describe the Mineral Wealth of Archeans

19.1 INTRODUCTION

*

_ The term archean was introduced by J .D.Dana, for the ancient rock succession of the
Canadian Shield. This succession is divided into two units based on geological and geochrono-
logical data. The lower unit consisting of highly deformed and metamorphosed rocks is termed
as the Archean Group and the upper unit of less deformed and metamorphosed rocks as the
Proterozoic Group. Recent studies indicated that during the early archean, the land surface was
presumably covered by shallow seas. Sediments were deposited in these shallow volcanically
active basins in an evaporate environment. So far the oldest rocks dated by isotopic method is
a sediment from Greenland which gave the age of 3800 million years, and orthogneis from
Slave Province of Canada gave the age of about 3960 million years. As per the above data the

_ Archean Era extends from 4000-2500 million years ago spamii_ng very large interval of time. .

" The upper unit of Protérqg_oié comprises relatively less metamorphosed sandstones, shales and

~ limestones with intercalations of volcanic rocks and were deposited in distinct sedimentary
 basins of large aerial extent in a time span of 2500-900 million years.

. The earliest phase of carth history representing the Archean era is preserved in the

form of rock sequence at the surface of the earth over a inferred or unrecognizable basement. -
" The Archean rocks show various proportions of volcanic and sedimentary assemblages. These
assemblages occurs as linear belts of various dimensions, d as inclusions, enclaves etc. in
188 vastigneissic tetrain. These s'chist belts are variously referred as the “Suprécrustals“, "supracrusta




associations', 'schist belts’, 'gmenstone belts', 'older metamorphosed'

obtained from petrological, geochemical, structura) ap
Indian Peninsula is recognised having fi

etc. Based on the data
d geochronological investigations the
ve Archean provinces (Fig. 19.1). ' :
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19.2 DHARWAR PROVINCE

Robert Bruce Foote introduced the term Dharwar System for the Archean rocks - '
 granites and schists of this Dharwar Province in Karnataka. Later Pichamuthu named the
entire Dharwar province as Dharwar Craton (Small Shield). It extends ovet an area of over
3,50,000 sq.km. in Southern Indian Shield. The Dharwar rocks occur in several NNW-SSE
trending belts. The granitic gneisses contain enclaves of amphibolites and schists which are
regarded as relict of the host rocks in a large granitic intrusion. Recent observations indicate
that the schist inclusions or enclaves within the gneisses- represent ‘basic igneous rocks and
‘primitive sedimentary rocks older than the Dharwars in age. The older schists show a relatively
high degree of deformation and mcmmorphjsm'known as "Ancient supracrustal enclaves” (Saigur
type) or Sargur schist complex or Sargur Group. The Sargur equivalent rocks occur at Sargur,
Krishnarajpet, Nugglihalli, Kalyadi, Nagamangala, Ghattihosa halli, Atadahalli, Holchérsipur
in Karnataka.. : '

The schist belts of Kolar and Hutti in Karnataka containing gold belong to the older
greenstone belts and occur in the eastern part of Dharwar Craton. The high grade schists were
intruded further by the Peninsular gneissic complex and together they form the basement for
the deposition of volcanosedimentary assemblages belonging to young‘ér greenstone bélts known
as Dharwar Supergroup (Table 19.1). Angular unconformity is recognised between Sargurs
and Dharwars. The Dharwar type schist belts are Shimoga, Bababudan, Kudremukh, Chitradurg,
Sandur etc. Sargur schist belts can be correlated with the Keewatins of Canada and other

- similar greenstone belts elsewhere. Granitic rocks are extensively developed in the eastern
part of Dharwar Craton in a time span of 2700-2500 million years. Recently a name prbpose’d
for this group of rocks as "Dharwar Batholith”, : : '

Check your progress '
Note : (a) Space is given below for writing your answer. '

(b) Compare your answer with the one given at the end of this unit.

1. The Dharwarian rocks have a regional SUAKE OF 1oveervrrresrnseesssssisanes rerraseres

19.3 EASTERN GHATS I’ROVINCE

_ The Eastern Ghat Province is characteristic of high grade metamorphism and is mainly
- composed of Khondalites, Chamockites and Migmatitic gneisses. These are distributed mainly -
in two distinct belts. The first belt align the east coast of Andhra Pradesh and Orissa over a
distance of 900 k.m. They extend from south of Ongole to Brahmani river in Orissa. The
~ second belt extends from Chennai to the southern part of Cape Comorin and also western part
" of Tamil Nadu up to adjoining Kerala and Karnataka., The Bastern Ghats and the Western
460 Ghats ranges coalesce i the Nilgiri hills. ' . ' '
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 Table 19.1 Precambrians of Karnataka

| Approximate o i .
Age u oup - S s ¥ —_—
in million Super group (.'}r.oup. Formatzpl_: / Lithounits
years A ' S _ . o
2500 o | Closepet Graniite . [ 1sotaseq Stock like plutons of pink granites, prophyritic
R : Clnn‘adurgg_ranitc_ type - o :
' Gmnuhte N Chaﬁockifés_,- Pyroxene granulites, .pink migmatites,
.. |fenitised charnockites, . -
2600 - 2500 . Yl'oun'gcr.gncissic' 'Kamba gneiss, patna gneiss; Dod gneiss, Dosagneiss of
- . Compl;:x' .7+ | Kolarschist belt - _ : B
: 3 ) o "5‘ &0
isg |d03 8 | . o
0% - &5 g_._.;a _'§- | Volcano clastic sediments, acidic volcanics,
_2700 "-.2600 | 8 };’2 .g Too &"_;q £ 'po_lymi_ct conglomerate, banded iron formations,
' E‘.E g |z g 5 f_'n é-B cherts, banded quartzites, schistose amphibolites
vg |§F§%E and metabasalts. .
- | Hariyur 'Graywackm«ginite suite with volcanics,
y o Pyroclastic schists, polymict conglomerate,
) %‘ . [Ingaldhal _ Basicvolcanics and pyroclastic acid volcanic
: g . o cherts and sulphide iron formation '
. U ] Vamvﬂas Tron dnd Mahgaﬁesé formations, Limest
n_.. L " dolomites, phyllites and quartzites,
B -
2, - .
- 5 o Mullaingiri * Voleanic and clastic sediments mainly iron |
2900 - 2600 B o ~ - formations and graphite schists '
Qo 5 ‘Santveri  Basic to interinediate volcanics, acid
e - 'g voléanicsandcrossbeddedquaﬁzibes.
:g R Alampur.  Cross bedded quartzites, meta pyroxenites
e Kalsapura Métabasicmck_s,quhrtzpebblewnglomemte
S " quartz, quartzite, i_ron bedded volcanics,
- 3000 o "(')__'I_d'e_;_r”ghei'ssic Complex -
_ 238 . :g.g,._.ﬁ-._ Fopo o
More than %E- - O E.:: % . - ] High grade schists comprising garnet, staurolite,
0 286 | 2%Z55 | kyanie, sillimnite, schists. Cale-silicate rocks,
3_ 00 _5.3 ?n - QE g_g crystalline limestone, banded iron formations,
5 ag ) E;-gnﬁ g fuchsite quartzite, amphibolite, ultra mafic flows
E Z - £ E ~and chromitiferous anorthosites -
L AL 161




The EgiStsm Ghats is considered tobe a classic example of a}Precambﬁa{n Mgbile Belt

_ in the Peninsular Indian Shield. Recently it is also named as the Eastern Ghats Mobile Belts o
Middle Proterzoic Mobile Belt. Structuraily the rocks of Eastern Ghats are marked by i‘n{cn’se
folding and accompanying shearing and faulting, The regional trend of banding and foliation is
generally NE-SW _direction which in the western part of Tamil Nadu and adjoining Kerala,
swerved to NNW-SSE to NW-SE. - ' S

Thg castern ghat mobile belt is divided into three tongitudinal zones-the western
Charnockite zone, the central Khondalite zone and eastern Migmatite zone. Thieir proportions
in the belt are 30%, 25% and 45% respectively. The Western zone consists of charnockite and

‘basic granulite with minor banded iron formations.” The Central zone is essential of gamet-
sillimnite-graphite gneiss (khondalite), quartzite, calc-Silicaie rocks, crystalline limestone,

- manganese silicate-carbonate rocks and cordierite-sapphirm-granulitic rocks. The Eastern
Migmatite zone is composed of garnet bearing granitic rocks, migmatites of various types in-
cluding leptynites and porphyritic-hypersthene gneiss. o

* Khondalites : Khondalites are named after the khonds of Andhra Pradesh-and Orissa.
These are essentially. . gamet-sillimanite schists and gneisses containg quartz, feldspar and
graphite. Graphite is of economic importance. Khondalites have altered into bauxite deposits
at places. Other varieties of rocks associated with the Knondalite Group include quartzites,
garnet-biotite gneisses, cordietite gneisses, crystalline limestones, cale-granulites and sapphir- -

ine bearing sillimnite gneisses. The Khondalite are derived from rather high alumina clays
which were also fairly rich in iron. Kodurites are manganese rich gneisses often associated

’ with fhe Khondalite Group. They are composed of potash feldspar, apatite, manganese pyrox-
enc and spessartite and ahdraditE' rich gamet. - - o

_ Chsarnockites : The name 'Charnockite’ was. suggested by Holland for the Hyper-
sthene granite, in honour of Job Charnock, the founder of Kolkata, whose Tombstone was.
made up of this rock. Charnockites range in_composition from ultra basic, basic to acidic
varietiés. The acidic charnockite are of two types, the granuulitic (tonalitic composition) and:
granitic (granodiorite composition). The granulitic type is considered to have formed from

" acid, volcanic and igneous rocks by high grade metamorphism and structurally empalced fur-
ther into the Khondalites. The granitic type is formed much later due to palingenitic fusion and
metasomatism. The granite gneiss transforms into chamockite is know as 'charmockite-making'

* and the charnockite is changed into granite gneiss is called rchamockite-breaking'. These fea-
" tures are recently observed at Kabaldurga in Karnataka. . ; '

'19.4 CENTRAL INDIA PROVINCE

The Precambrian rocks cxpps_éd in triangular belt of Nagpur, Bhandara, Chandrapilr_
- and Gad Chiroli districts in Central India are referred as Sakoli Group. The Sakoli schist belt is
‘bordered on the north and northwest by ENE trending Sausar Group and the southeast by NNE -

trending Dongargarh belt comprising a syccession of Amagaon, Nandagaon and Khairagath
- Groups: S e . o A
Sakoli Group

The Sakoli Group is considered as Proterozoic Supfacrustal_belt, covering and area of

over 3500 sq.km in the eastern Maharastra State. The group comprises predom'inanﬁy of meta
. pelitic rocks with minor quartzites, conglomerates banded iron formations and metavolcanics
including meta basalt, meta rhyolite, tuffs and epiclastic rocks. The phyllites in the belt show
i "~ different colours - green, brown and gray. The presence of the minerals like chlorite, biotite,
" almandine and staurolite indicate the Sakoli Group rocks which have undergone progressive
# 162 regional metamorphism. This Group exhibits three different tectonic trends - NNE-SSW to




........ . 3

NE-SW, ENE-WSW and NNW-SSE To NW-SE. The Group has uridergone three phases of
folding and regional metamorphism and referred as Sakoli fold bélt. (refer Table 19.2)

Sausar Group :

The Sausar Group rocks are e’xpos:ed in Chindwaral and Balghat districts of Madya.
Pradesh and Nagpur and Bhandara districts of Maharastra, The rocks were first studied by

' Fermqr__ix_l. 1909. The Group consists of granulites, clac-silicate rocks, mica schists, marbies,
- gondites, quartizites and conglomerates. In Sausar group the most prominent formations are

belt of recumbent folds and nappes. Recent studms based on l'itholog'y_, structure and geochro-
nology indicate that Sakoli Group is older than the Sausar Gieup (iabel 19.3).

Check your progress

Note : (a) Space is given below 'for_' v'vr.iting' -yti_ulf_ali'swer: '

(b) Compare yqu"f ‘aniswer with the one giveg at the end of this unit.

2. The trend ofSahSa;SGroup

3. The Mansar formation consists richest bttt esnenes, €CONOMIC Metallic mineral,

195 SINGHBHUM - ORISSA PROVINCE

- - The Singhbhum region _o"f_tﬁe' 'sbu_thenj : marand adjolnmg Orissa (parts of Mayufbanj,

- Dhenkanal, Bonai and Keonjhar di's_t;*icfs)__ are knowu forthclrnch depqsits of iron and copper.

It is also designated as the 'Archean Cratonic Core R gion". The Singhbhum shear zone sepa-

Chota Nagpur granite gneissic complex are now recognised as the "North Singhbhum Mobife
Belt' and also called an' '0'1_'jogcgj" which e.\«'_blved in the P_l'ot_e';ozoic. The Shear zone _hos_ts'la_rge
deposits of copper and uranium with associated gold, malybdenum, nickel, selenium and apa-
tite-magnetite bodies. The oldest rocks so far dated form Bihar and Orissa are the 'Older Meta-
morphic Group' found as enclaves to several hundred sq.kms. in size in a vast mass of granitic
rocks, named as the Singhbhum Granite. This granite varies in composition from tonalite to

- granodiorite / granite-and emplaced in three major phases, The youngest Precambrian basic 163
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Table 19.2 Classification of Sakoli Group _

Formation P_rin_t:ii.;él Liihu_)ﬁ),_gy_' o
| Pawni Slate; phylite;;conglomerate, quartzite . ' .
_hhiwapur Metapelitic rocks.{¢hloritoid+ andalusit Staﬁrgéli;e)_.wi_th interbands of Metavolcanic
' ' mainly thyolite, dacite, toffs, brecgia, epiclasti¢-rocks and minor basic rocks. ‘Meta
exhalites-Cu-Zn minetaiisation and also goldhand tungsten mineralisation.
‘| Dhabetekri Metabasalis with minof: Tty pelites, chert bands and meta ulira mafic recks. _
Gaikhuri Conglomerates, gfitty quartzite, fnéta arkose, minor cabonaceous phytites, ferruginous
quartzites and banded iron formations - ' S
' "~ Tectonised uniconformity '
_ "Amgaon gneissic complex
Table 19.3 Litho-stratigraphic succession of Sausar Group
~ Formation o © 7 Principal Lithology
‘Bichua - Dolomitic marble, Calc-gnisses and schists:
Junewani Mica schist and quartzites, granitlites and biotite gneisses
Chorbaoli Quartzite, feldspathig schists, gneisses, aqtcjt_ilastic conglomerates _
Mansar Mica schist and gneisses, graphite schist, phyllites and quartzites, manganese
ore deposits and gondites -+ - ' _
Lohangi _ Thee calcareous membets showing gradational contacts with one another
L.ohangi member ‘Pink and white calcite and dolemitic marble ' : _
Utekata member Calc-siticate granulite and gneisses, epidote quartzites and manganese deposits

Kadbikhere member | - Quartz-biotite schist, granulite, sohists and gneisses, . :

Sitasaongi Quartz-mica schists, feldspathic schists, mica gneisses, quartzites and
' conglomerates . : :
. L Disconformity . B '
Tiredi gneiss Biotite goeiss with amphibolites, calc-silicate gneiss, granulites, and feldspthic
mica schist " S o
' “Unconformity - B

Older metamorphics l _ Chamockite,. orthogneiss, hornblende gneiss, amphibolites and calc-gramilites

19.4 Precambrian formations of Singhbhum - Orissa |

Approximate age in Group . Formation

million years - - . X ' '
1600-950 Newer Dolerites
2100 Mayurbhanj Granite
. | Gabbro-anorthosite-ultramafics
2200-2100 Kolhan | Jetia Shale

' . Jhikpani Limestone
Mungra Sandstone
- Unconformity- .
300 Dhanjori : agannathapur Lava
' Dhanjori-Simlipal Lava
: _ -Mungra Sandstone
2400-2300 Singhbhum "1 Dhalbhum
| 5 - Chaibasa
3100 Singhbhum granite (phase II) & "Maffic lava, tuff, acid volcanics, .
, T ' Banded hematites, Jasper and banded
. | quartzites, with ironore
fron Ore Group - | Ferrugionous cherts, local dolomite
. o - ]| Quartzitic sandstone
| 3300 Singbhum granite (Phase 1 & m o -
3500 - 3400 | Folding and metamorphism of older metamorphic group-Older metamorphic
T tonalite gneiss ' : '

3800 Older Metamorphic Tanalite Group
4000 i

Older Metamophic Group




19.6 ARAVALLI PROVINCE

The Aravalli hilj ranges from as 'st'retch from north Gujarat to South Haryana across
Rajasthan. It is also known as 'Aravalii Fold Belt' or Proterozoic Fold Belt', The Precambrian -
formation of this region is made of banded gneissic complex and a volcano-sedimentary syc-

nantly consists of argillaceous rocks and impure calcareous rocks with subordinate amount of
conglomerates, meta volcanics and quartzites. Aravalli succession intruded by granites and
ultra mafic rocks, The Aravalli sequence of Rajasthan along with the Champaners of Gujarat

Archeans are the repos‘it;jry of a number of economically valuable mineral deposits of

iron, manganese, chromium, goId_, copper, lead and zinc, tungsten, uratium, nickel etc, -Most
of the deposits are associated with schistose and granitic rocks, - - .

Table 19.5 Precambrain Sequence of Rajasthan

Geologi ial time Supergroup - Group ' Formation / Lithounit
. scale ] _ . :
Delhi Supergroup
Dharwar / Anjana granite .
Tharol - | Rakhabdev-Serpentinite, tale-tremolite schist
o Jharol-Phylite with thin bands of quartzites
Iswal-Conglomcrate,'Quanzites _
§ 3 . Unconformity _
g s _ ? : Leucogranite Intmswq N
? 5 & Debari Zawar / Jahazpor Lead and Zinc bearing dolomites
= g - . Sawar Rampura- :
g 8 ] Agucha, PurBaner :
58 = -Udaipur Graywacke, phyllite
e s Umra i Carbon phyllite '
=4 5 Jamarkotra - Phosphorite bearing dokmite
ESQ Debari/Jaisalmand Conglomerate, quartzite, arkose.
-J - L] ‘l'--: : - -
Unconﬁjmlity' -
: - Pink Grariite Intrusfon
Delwara ' Negaria  Basic volcanics, quartzites, dolomites
Unconformity . ' '
Bereach granite (2500 million years)
Untala, Gingla granite (2800 million years) _
- o KE e N : ——
g EELEE| Bivan .| Hindol;
E . g (g“ gg & Super - Mangalwar Complex _
1 FCRO| Growp Sandmata Complex *
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Iron Ore: Archean sediments contain some of the richest and lai'rge'st iron ore deposits

in the world. Rich accumulation of fron ore are found forming the Baba budan, Kudremukh, -

* Kodachadri and Sandur hill ranges in Kamataka, Singhbhum of Bihar, Keonjhar and Bonai
districts of Orissa,'Bas_'taI, Chanda and Drug districts of Madya Pradesh, Chandrapur, Bandra
and Sindhburg districts of Maharastra. There are Some iron ores containing of titanium and

~ vanadium minerals in economical vjable concentration.

Manganese Ore: Mangangse Ore OCCUrs as metamorphosed manganiferous sediments
like Gondites and Kodurities. '1_"1.1;3 Gondite type of manganese deposit is found in Chindwara
and Balghat districts-of Madya Pradesh and Nagpur and Bhandara districts of Maharastra. The
Kodurite type manganese deposits occur in the Fastern Ghats associated with Khondalites.
The Laterite type of manganese deposit occur in Karnataka, Bihar, Goa and Orissa.

~ Chromite Ore: Chromite ore occurs in ultra basic rocks like dunites, saxonites, py-
' _roxenifcs arid norites. The production comes from Keonjhar, Cuttack and Dhenkanal districts
* of Orissa, Singhbhum district of Bihar, Sittampundi complex in Tamil Nadu. Hussan ultra
mafic complex in Kamataka etc. ' ' '

Gold . Gold is mainly confmed to Archean older greenstone belt like Kolar, Hutti in
'Kamatak and Ramgiri and Chigurugunta in Andhra Pradesh. Gold is also a by product in
copper ores, iron ores and uranium minerals. o .

_ - Copper : The main copper deposits are found in Singhbhum and Manbhum districts of
Bihar,-.Malanjkhand in Madya Pradesh and Chitradurg district in Kamataka.

_  Lead and Zinc: Zawar lead and zinc bélt in Udaipur district of Rajasthan is the main
significant deposit in India. There are also several small occurrences in Bihar, Orissa and
Madya Pradesh. ' '

_Tungsten : Tungsten ore mi_nera-ls m;e Schéelite and_-Wdlffamite associat_ed w;th
Ca‘ssiretitc deposits. Small deposits occur in Degana in Rajasthan, Bankura in ' West Bengal,
Agargaon in Nagpur district of Maharastra and Kolar and Hutti gold field in Kamataka.

Uranium:: The only uranium mine is situated in Jaduguda in Singhbbum district of

Bihar. Disseminations of uraninite, torbernite and other uranium minerals have been found in

the goppcr belt of Singhbhum. Other uranium bearing minerals like allanite, columbite-tanta-
 lite, samarskite are oc’CaSiqnélly found in pegmatites in _\?arious parts of India. |

. Nickel : Econoniically important océifrreng:e of Nickel have not come to light so far.

- Theultra mafic lenses in the older greenstone belt show Jittle concentration of nickel sulphide.

The valuable non-metallic deposits like apatite, asbestos, magnesite, beryl, graphite, corundum

- and omamental stongs also ocour-in Archean group of rocks.

19.8 SUMMARY

_ _ " Five _Archeaﬁ provinces: Dharwérs; Eastern Ghats, Central India, Singhbhum-Orissa,
166 and Aravallisare recognised in Indian Peninsula. Dharwars of Karnataka consists of volcano-




finally coalesce wifh Western Ghats at Dodabetta 1in Nilgiri hills. Th.ey mainly-comprise
Khondalite, Charnockite and Migmatite which are highly deformed and metamorphosed.

. The Central Indian province is characterised by Sakoli and Sausar group of rocks, the
later rocks rich in manganese deposits. The Singhbhum-Orissa province is know1‘1 for Iron and
Copper deposits. The Singhbhum shear zone separates the northern terrain and southern ter-
rain. 'The northern part of the shear zone and south of Chota Nagpur gneissic complex are

. referred to as.North Singhbhmn Mobile Belit. The shear zone hosts large deposits of copper,
uranium, molybdenum, h_ickel and apatite, magnetite bodies, The Aravalli province fonns as -
hill ranges from north Gujarat to south'HaIyana- across Rajasthan. It contains banded gneissic

schistose rocks. -

195 CHECK YOUR PROGRESS - MODEL ANSWERS

I NNW-SSE.
2. NNE-SSW.

CO Manganese.

N

1910 MODEL EXAMINATION QUESTIONS

I _Answer the followiﬁg questions in;bo'ut 30 lines each

1. Describe the Dharwar Superg'r(')ﬁp of rocks in Karnataka

2. What are Archeans and how many archean Ipl"civinces are recognised in India.- ..
3. Ex_plain the rock types in the Eastern Gﬁats._ | -.

4. Give and.accoun't of geblogy o'.:f;:Iron and Manganese rich provinces in India.

i Answer the following questions in about 1 lines each

‘1. 'Write and e_sséy on mineral wealth of Archeans. '

2 Whatare Sausars.

3. Discuss Singhbum Shear Zone.. |

4. Write aboi;t Precambrian rocks of Réjasthan.. )
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S heild 1t is a stable part of earth’s crust which group. has not been dlsturbed since

‘"~"'Precambnan times. Ex: Peninsular Indian Shieid, Canadlan Shigld (North America) etc.

Craton It is part of the earth's continental crust whmh has attamed stability and was
least aﬁ'ected by deformations during later penods

Mobile Belt : Itisa hnear belt oharactensed by intense defonnatlon and metamorphism,
surroundmg a stable craton.

Teirane : [t is a tefm usgd to describe a distinct htho-tectonio unit of regional extent |
usually fault bounded juxtappsed and sutured together with another dlscrete litho-tectonic umt

Schist : A reglonally metamorphosed rock oharactensed by fohatlon and at time by
lmea‘uon, which is coarser than slate and phylhte

_ Gneiss : A coarse grained banded quartzo- feldspathlc rocks with dlscontmuous folia-
tion.
Green stone belt : The term first ongmated in Canada and later spread other parts of

the world. The belt consists of lower ultra-mafic group comprising cyclic ultra mafic and mafic
volcanics and pyroclastic rocks with minor sedimentary. components.

Ancient Supracrustals : Highty deformed and metamorphosed volcano—sedlmentary
assemblages occurs as enclaves in older gneissic rocks.

#* % &
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UNTI-20 CUDDAPAH AND VINDHYAN GROUPS
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:2’0.5_ ' Check Your Pro.gre.ss - Model Answers_

206 Model Exaxhinatio_n'.Questions o

20.0 OBJECTIVES

~ After ét_ﬁd_ying this unit you should be able to ~ +
- * explain the Cuddapah Supergroup L _
~*  describe the e'conomic_minerals of Cuddapah - -

S

* dcscﬁbé the Vindhyan Supergroup _
* - explain the economic minerals of Vindhyans -

20.1 INTRODUCTION

After a prolonged period of denudation parts of the Archean Craton sank below shal-

iow basins (called as Purana basins) and were covered by the Cuddapah deposits. They are

dominatly composed of argillaceous and arenaceous rocks with subordinate calcareous rocks.

- There is a sharp contrast between the Archeans and the Cuddapahs, and Cuddapahs overlie the

Archeans with a profound unconformity known as the "Epgiarchean. Unconformity". This
unconformity is well exposed on Tirumala Hills near Tirapati between the Archean granitic

rocks and the Bairenkonda (Nagari) quartzites of Cuddapah’Supergroup. It is marked by a .

conglomerate bed which is preserved as a National Geological Monument by the Geological
Survey of India. Maffic igneous intrusions are plentiful in some of the Cuddapah formations

(Fig. 20.1).

" The Cuddapahs were followed by the dehyans after a time interval marked by earth

mountains developed in the Central India. Oldham (1895) designated great sandstone forma-

- tions of the Bundelkhand and the Malwa as the Vindhyam System'. It covers a large part of

movements and erosion, . The Vindhyan Supcrgrqup'deﬁvcs:i_t_s name from the great vindhyam
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- Peninsular India spreading over more.tha:i 1,00',0'00 8q.km in parts 6f Madhya Pradesh, Bihar,

Uttar Pradesh and Rajasthan. An Area of about 78,000 sq.km of Vindhya Basin concealed
under the Deccan Traps and alluvium of the Indo-Gangetic:pla:_ins. Vindhyan Supergroup is
comprised of vast stratified formations of sandstones shales and limestones attaining an aver-
age thickness of 4200 m. It occupies a large}-bésin:exteﬁding from Agra to Chattisgarh'_in west
Harda t6 Houshangabad in south and up to' Sasaram in thé.\-'éa_s_t_. ' '

20.2 CUDDAPAHS

* The rocks of Cuddapah Sup_e'rgi';iﬁp fermed in crescent shaped Cuddapak Basin in

south central part of Andhra Pradesh occupying and area of 44,500 sq.km. and distributed in
parts of Chittoor, Anantapur, C;Uddapah,’_Kix___rijQél,? Mahaboobnagar, Nalgonda, Guntur, Nellore,
Prakasam and Krishna districts. It consists.of 12 km thick sediments with minor volcarics

-formed as several discrete basins, The’_"Cuddap_ah. Supergroup and Delhi Supergroup-are be-

‘Purana age, L
20.2.1 Stratigraphic Succession - S N |

' - W.King (1 872) first t'ime._deséribed._me._mpk=f0nnatipns of the Cuddapah Basin more
 than a century ago. The rock s'eqiien_ces aredmded into lower and upper Cuddapahs compris-

Table 20.1 Classification of Cuddapah Supergroup

Group- | quiﬁat'ion_. e Y Lithology T chmess .
- . Unconformity - '
|_ Srisailam quartzite | ____ Quartze and Shale [ 300
Ll — Unconformity o ' :
C I |Cumnbum (Pullampet)| Phyllite, slate, quartzite, dolomite| 2000
] U Nallamalai -~ {{Kimbetlite), Lamprophyre, syenite,
D : . ... | pullampet shale (volcanic tuffs),
et s | dolgp ite, quartzite. Bairenkonda quartzite, '
f: Bairenkoda (Nagari) shale, Nagari conglomerate, quartzite and| 2000
P Quartzite | ghafk'y ith intrusives .
A ' . AngularQ conformity : R
H Gandﬂt;_)'ta_ Quartzite quartzite; shale, (sills) o 300
< Chitravati P N sﬁa}é; _‘{olc;aﬁi_c_fuﬁ‘s,- quartzite, dolomite -
-ISJ S o Tadpatl?___ o with ih_t_mssives {flows,; sills, tuff) ' - 4600
] E -Puli\_;enqla qua.rtzne __Cbngioiher&fe o N e 7
R I .. Disconformity .~ B .
_ -'Ve'mpallc R Stl_i'(_m_l‘ali_tic'lilnestone, dolomte, rpy_dstone, 1900
G S S chen, breccia, quartzite with basic flows
| R{  Papaghni S | and intrusives. S
1 ON - L ) ‘Conal merate, sandstone, quartzite and | ..
v Gulchens Quartite | e o oo ione: duartzite and | g
P. : : o __Eaparachean Unconformity '
" Archean gneisses / schist belts.

17




The cuddapahs are essentially a succession of an alternate sequences of ‘quartzites or
~ quartzite sandstones and shales or slates with associated bands of limestonesl with conglomer-
" ates at the base of the quartzitic beds at places. The actual extent of the Papaghni, Chitravati

and Nallamalai Groups is variable, probably because of the shape and depth of the basin changed
from time to time. It is remarkable that each alternate sequence in the cuddapah succession
begins with quartzites and ends with a shale unit representing cychc repetition of quartzite-
shale sequence reflecting successive transgressions in the basin indicating that the basin be-
~ comes shallow and gradually became deeper. The scarce occurrence of discoid tabular or
column forms known as Stromatolites, marine algae remains in limestones belonging to vari-
ous horizons support the gradual deepening of the basin. - '
20.2.2 Structure and Igneous Activity _
Structure . According to King (1872) the Cuddapah Basin was 2 broad trough on the
Archean basement, of which the westem side has remained comparati_vel.y:_ stationery while the
" middle and nrothern parts of the eastern half had been crushed and folded, and also faulted .
along the eastern margini. The main structural element of the Cuddapah basin is a north plung-
ing, low amplitude, asymmetrical, synclinorium made up of gentle dipping western limb, and
an intensely folded, over folded and thrusted eastern limb. Recently Geological Survey of
India recoghised the four morphological divisions in Cuddapah Basin. They are Western sub-
basin, Nallamalai sub-basin, Srisailam sub-basin and the Kurnool/Palnad sub-basin. The
Papaghni and Chitravati Groups are exposed in the Western sub-basin, while all other forma-
tions are restricted to their respective sub-basins. The rock in the Wetemn sub-basin and Srisailam
sub-basin display minimal deformation with sub-horizontal or gentle dips of beds. The rocks
in the Nallamalai sub-basin are intensely folded, and the intensity of folding increases from
~ west to east. This easterly more deformed sub-basin is also calted the Nallamali fold belt. A
qumber of doubly plunging folds and domal structures are associated with Nallamalai Group.
The N-8 elongated Iswarakuppam dome is an important structural feature in the Nallamalai
sub-basin. The Ramallokota-Gani-Kalva fault trending ENE-WSW cuts accross the Cuddapah
~ and Kurnool formations. A similar trending Karkambadi fault near Tirupati cuts across the
Cuddapah rocks in southern most part of basin. The eastern margin of the Cuddapah Basin is
intensely faulted and affected by thrusts. _ _ . :

Igneous Activity : The igneous activity in the southern part of the western margin,
mainly with Vempalle and Tadipatri formation occurs in the form of volcanic flows, sills and
dykes. Ttis marked by the occurrence of dolerite, picrite and gabbro sills, basaltic flows, igmim-
brites and ash fall tuffs. Nagari quartzites, | puliampet and cumbum formations are traversed by
dolerite sills. Kimberlite and syentie intrusives are found in the cumbum formations at Chelima
_Giddalur area. Large domal structures of granitic rocks are also found in cumbum formations.
The basic flows and sills in the Vempalle and Tadipatri formation have arcuate shape, and

* revealed a fault along the Cuddapah-Kurnool contacts, which obviously might have been re- *
sulted into the discontinuity of the original ring structure. - The overall shape and revival of -
basic.igneous activity in the form of flows and intrusions suggest the presence of cone sheet

"+ gtructure within the basin and having their counterparts represented by radial dykes outside the -

“ basin. The sills and flows show flow-banding and are at places porphyritic. The basic rocks are
~ mainly consists of plagioclase, clinopyroxenc and olivine. Geochemically they are quartz as
~ well as olivine normative and rarely nepheline normative with a tholel itic trend, and differen-
tiation of primary picrite magma ‘having mantle source. '
20.2.3 Cuddapah Equivalents : _ : o
e ' Sedimentary basins of the Cuddapah age (Purna age) are found in parts,of Maharastra
.- (Kaladgi basin) Andhra Pradesh (Pakhal basin), Orissa and Madhya Pradesh. (Chattisgarh ba-

* truncation in the western margin is remarkable or striking. The recent geophysical studieshave - -




The Delhi Supergroup of Rajasthan differs from the Puranas of other parts of Peninsula
- \ in its more intense foldirig and in the amount of igneous activity. The Delhi Supergroup of
rocks occupy a large extent of Rajasthan, from Delhi to Idar and full development being found
in the main Rajasthan geosyncline of Ajmer, Merwar and Mewar area. The extent in space and
time entitled the Delhi system of rocks to be considered as a major Supergroup.

“Delhi éupergroup : The Delhi Supergroup of rocks buried more decply along the

 : main axis offolding of synclinorim. Shear zones and faults are common in Delhi Super group
of rocks. It is\'a!so referred as Delhi fold belt. The Delhi Supergroup rocks occur in‘two belts-
(i) the north Delhi fold belt in northeast of Rajasthan and developed in three sub-basins -
Alwar, Bayana and Khetri and (i) the south Delhi fold belt along the Aravalli hill ranges in
Central Rajastnan. The two belts are separated by migmatitic gneisses around Ajmer in the
-south and up to Khetri in the north. The Delhi Supergroup of rocks are considered to be middle
to upper Proterozoic or Purana age.” There is a profound unconformity between the Delhi and _
Aravalli Supergroups. The north Delhi fold beit rocks are divided into Alwar and Ajabgarh
Groups and the south Delhi fold belt rocks are divided jnto Gogunda, Barotiya, Sendra, Rajagarh
and Bhim Groups. '

S ___ Tabel 20.2 The Succession of the Delhi Super group
' | Group Formation - - Lithounit
Siroli / Ras / Punagarh / Sendra granite, Newania Carbonatite, Kisanéﬁrﬁ syemite
'| D | Bhim Dungarkhera Pelitic schist, Calc-gneiss and marble -
E : Todgarh” o
L — : -
"H | Rajgath . - : Pelitic schist with quartzite _
! Sendra - Meta-volcanics, impure marble, pelitic schist
D | S | Barotiya . Barotiya - Meta-volcanics, impure marble, pelitic schist
E ol o Nanana | Marble o
'L g _ Barr. - : Mica-schist conglomerate
H! H | Gongunda | Quartzite - .
I Ajithgarh, Dadikar; Bairat, Harsora, Saladipura, Udaipur and seoli granites
J
o Ajabgarh Arauli-Mandhan Quartz, staurolite schist, phyltite
S| ' Bharkel - - | Quartzite with carben phyllite
U Thana Gazi Carbon phylite and schist
P ‘Kankwari ' Schist and quartzite
E ]E::' Rajgarh _ Conglomerate and quartzite
RIL Unconformity '
G I | Alwar - ' Weir-Sariska Ferruginous quartzite
Ri | Kushalgarh Limestone and phyttite
Ol N Damdama . | Conglomerate, quartzite
uvl® Bayana Quartzite, Schist
P R ‘Badalgarh - | Feldspathic quartzite and shale
o ;_I"I ' Jogipura_ Quartzite
5 - o : | Tetha / Sahaj-Govindapura | Meta-volcanics with ‘quartzite schist
: _ C { Nithar/ Serrate Conglomerate, quartzite :
Railo (Delwara group)| Dogeta _ Silicious dolomitic marble? phyilite
’ ' ' Unconformity '
Aravallis
173
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Kaladgi Group : The rocks of Kaladgi Group are named after the Kaladgi town in Bijapur
district of Karnataka. The Kaladgis developed in an ovoid shaped Kaladgi basin covering an
area of 8000 sq.km, and the west and the north of the basin is concealed by the Deccan Traps.
Kaladgi Group consists of undeformed sediments, mostly, unfossiliferous, deposited over the
eroded edges of the Archean gneisses and schists and was designated by the name '‘Purana’ by
Holland in 1907." The Kaladgi rocks are earlier classified into two groups -- the lower and the
upper groups on the basis of unconformity. The lower Kaladgis comprises conglomerates,
sandstones, quartzites, silicious limestones, clays and shales. The silicious limestone has' -
lithological similarities with Vempalle limestone of Cuddpah Supergroup. The upper Kaladgis
has a revised position in its stratigraphy, and given a Supergroup status. The lower group is
named as Bagalkot Group while the upper sequence is designated as the Badami Group.

Pakhal Group : Rock of the Pakhal Group occur in the Proterozoic Pakhal basin, situated in

the south-central part of the Pen insular shield, extending through the states of Andhra Pradesh,
Madhya Pradesh and Maharastra. Rocks of Pakhal bordering the Gondwanas in NW-SE direc-

_tion along the Pranita-Godavari valley form into two belts - the westem and eastem belts.

. King (1881) carried out the pioneering geological work on the sediments of the Godavari

valley and divided them into fower. Pakhal series and an uper Suilavai seriés and correlated
them with the Cuddapah and lower Vindhyans respectively. Recently the sequence in this

' basin is broadly divided into the Pakhal Supergroup, Penganga Group and Sullavai Group. The -

Pakhal Supergroup is further divided into Mallampalli and Mulug Groups. The Pakhal Super-
group unconformably overlain the rocks of Penganga Group and Sullavai sandstone. The Albaka

‘Sandstone bed is exposed in between Mulug and Penganga Groups. The Pakhal sediments

mainly comprise conglomerates sandstones, limestones and ubiquitous occurrence of glauco-
nite, overgrowths of feldspar indicating the sediments deposition under marine environment.
The sedimentary structures like ripple marks, cross bedding indicate shallow water origin. The
Pakhals was assigned middle Proterozoic age on the basis of Stromatolites.-

Check your progress -
Note : (a) Space is giveﬁ 'b'clow for writing your answer.

(b) Compare your answer with the one given at the end of this unit.
I.  Cuddpah rocks are first studied 53/ RPTROORNS MM _




- 20.2.4 Economic Importance of Cuddapahs

. Andhra Pradesh.

. Asbestos, Barytes and Steatite : Chrysotile asbestos is cross fibre variety and formed -

- due to serpentinisation along the junction zones of trap sills and the host vemapalli dolomitic

limestones. The Cuddapah traps are also responsible for the formation of Barytes and Steatite .
in the Vempalli limestones. B

- Barytes in sedimentary sequences ai iviangampet in Cuddapzh district is of volcanic

sedimentary type and has reserve of 72 millith tonnes. This is the world's largest single bed-
ded-type deposit ever reported. : _ -

20.3 VINDHYANS

The Upper Vindhyans are mostly developed over the greater part of the Vindhyan
“exposures, while the lower Vindhyans are only developed in the Son valley, The Vindhyan
" rocks usually rest on the cuddapahs or older rocks with a very pronc_)un/c"cd unconformity, and

within the Vindhyans itself there are distinct unconformities. R :

The Vindhyan Super group comprise two distinct facies of dcposits, one marine, cal-

careous and argillaceous characteristically developed in the lower part, and the other almost

20.3.1 Classification

- The Vindhyan Super group is divided into four froups -- Semri, Kaimur, Rewa, Bhandar
in the order of succession (Table 20.3). Theé lower division represented by Semri Group, is well
.- €xposed in the Son Valley, Dhar forest in Madhya Pradesh, Chittaurgarh-Mondsaur and
Sapotrakarauli arez in Rajasthan. The name Semri Group comes from Semri river in Bijawar
area in Madhya Pradesh. The Group dominantly ¢onsists of limestone with subordinate amount
of shale, sandstone; cbnglomerate and Porcellanoid beds. The Porcellinite formation contain
. volcanic products, which are contemporaneous ‘with the Malanj volcanics of the Western
Rajasthan. The Fawn limestone and Kheinjua formation contains well preserved stromatolites.
The Suket shales of Rohtas Formation exposed mainly in Rajasthan show disc-shaped remains
of doubtful organic origin. The Semri Group is often intruded by dykes of dolerite and basalt in
the Son vaIley. o . _ ' o ' o

The Upper Vindhyaﬁs are exposed in the great Vindhyan basin and consist of sand-
. Stone dominanly, and shales with minor amount of limestone. The Upper Vindhyans
unconformibly rest over the Seniri Group and where the Lower Vindhyans are missin_g the "5




- .Upper Vindhyan rest over the Bundelkhand gneisse‘s,'Gwalior Group and Bijwar Group. The

Rewa Group of rocks as separatéd from the underlying Kaimur Group by a diamendiferous

conglomerate bed. The famous Panna diamond field is situated in Rewa rocks. The rocks of
Bhandar Group well exposed in the central part of Vindhyan Basin. - :

20.3.2. Life in Vindhyans

In the Vindhyan Supergroup, a few obscure traces of animal and plant iife are re-
corded. The only fossils that have been reported in Semri and Kaimur Groups are small
carbonised homy discs, which belong to the genus of similar nature, named Krishnania, has
been described by Sahni (1954). Stromatolites of algal origin have been reported in various
Vindhyan formations. Coaly matier, spores, algal thallus, fungal spores etc. ar¢ described in
them by many investigators. Recently jeily fish impression has been reported from Nimbahera -

limestone from Gayaripur area. The marked lithoiqgibal similarity of the Upper Vindhyans

with the purple sandstone of the salt range in Portwar Plateau may be in support of Cambrian

- age. Fossil records and radiome_ti:ii: data (1400 - 400 million years) indicate the age of Vindhyans

as Middle to Upper Pro_terozoic;
20.3.3 Vindhyan Equivalents

The Vindhyans probably extended in the north under Indo-Gangetic alluvium to from
the basement of the Himalayn fore deep. 1t is not cstabﬁshcd whether they have equivaients in
some of the unfossiliferous cocks of the Sub-Himalayn region in Uttar Pradesh and Nepal,
which are now found broken up and thrust southward over the Pérmo-Carboniferous and Ter-
tiary rocks. Rocks resembling the Vindhyans occur as 2 scatiered outcrops in Western Rajasthan.
Typical Vindhyan equivalents are well exposed in the Cuddapah Basin, resting unconformably

. over Cuddapah Supergroup rocks known as Kurnool Group. The rocks in the Chattishgarh and

‘Bastar basins are now correlated with the Kurnools, because of the lithological similarities.

Check your progress _ )
Note : (a) Space js given below for writing your answer. :
(b) Compare your answer with the one given at the end of this unit.

3. The Vindhyan succession consists Of ....ummrermiarmerireeee Groups -




o Table 20.3 Classification of the Vindhyan Supergroup

. Group Formation . . Litheunit -

Bhandar Upper Bhandar sandstone
- _ Sirbu Shale _ '
1 Lower Bhandar sandstone | 580-630
Bhandar limestone .
Ganurgarh shales

Diamend bearing conglomerate

Rewa Upper Rewa sandstone .
Jturi shales -1 360 - 3000
Lower Rewa sandgtone

Pannashale =~ -

" Diamond bearing conglomerate

Kaimur Dhandraul sandstone
. Mangesar Formatton
Bijaigarh shale .
-Gharghar sandstone 8- 400
Sushai brecia and shale

Sasaram sandstone

Unconformity

Zp <D 2 -

i !

Semri 1 Rohtas Formation
' Khemjuna sandstone and shale
Fawn limestone . :
. | Porcelanite & silicified shale 760 - 3055
{ Kajrahat limestone -~
Basal sandstone & conglomeratg |-

............................

TOORQARm Y~ ®

Kurnool Group . |

The Kurnool Group m.amly consists of quartzites, sandstones, shales and limestones,
and unconformably overlies t’hc Cuddapah Supergroup rocks in two sub basins-Kurnool and
Palnad. The Kumool sub-basin in Kundair valley exposed in the ‘west-central part of the
Cuddapah Basin while the Palnad sub-basin in Kundair valley exposed in the west-central part
of the Cuddapah Basin. The limestones of Kurnool and Palnad sub-basins in cuddapah Basin
are the most important sources for cement industry. The lithostratigraphy of the Kumoo} Group

is given Table 20.4

_ Table 20._4' Classificationof Kurnool Group

| Formation o _ Lithology .| ‘Thickness (in m) .I
| Nandyal Shale . Shale . | s0-100 '
| Koilkuntla limestone - Limestone = | - "_15._'-:50
| Ponium quartzite | Quartzite - | 10-35
Owkshale * Shale (ocherous) S w0-15
Narji limestone _ Limestone 100 - 200
Baﬁ’ganpa.lle qua;tzite | Conglomerate and quartz::te . 10-- 50
Unconformity
Cuddaph Supergroup )




Check your progress
Note : (a) Space is given below for writing your answer.
(b) Compare your answer with the one given at the end of this unit.

5 Name the basins, which are sources of Cement INQUSITY <.c.vvwnieummrissussccrsssienrensmersess

s

- Bhima Group : Rocks of Bhima Group are exposed on either side of Bhima river in
the districts of Guibarga and Bijapur of Karnataka. A small eastern part of the basin extends
into Ranga Reddy district of Andhra Pradesh and occupying an area of 5200 sq.km. This is the
smallest of all Proterozoic basins ifl India. The earlier classification by Bruce Foote divided-
the strata into lower and upper series. As per the revised classification, bulk of the Shahabad
formation -and the Katamdevarhalli formation of the earljer classification have been grouped

" under Shahabad formation resting over the Rabanpalli formation. Archean gneissic complex
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forms the base of the Bhima Group and the northern part of the basin is concealed by Deccan
Trap flows and inter trappean beds. Recently specks of gold was found in basal coriglomerate
and sandstone of Rabanpalli Formaion.  This indicate the possibility of placer gold in coarse
grained sandy rocks of the group. The features such as lithology, horizontal deposition and

unmetamorphosed nature of the Bhima Group made them as equivalent of the Kurnool Group.

Table 20.5_Clﬁgéiﬁcation of the Bhima Group

Formation ' Lithology

Grey micritic impure limestone -

Dark blue grey massive limestone

Shahabad Formation | Variegated silicious and cherty limestone
| | Blue grey blacky micritic limestone

| Flaggy impure (cherty argillaceous) limestone

Unconformity (Gradational contact)

Ekjmai purple shale member -
Kasthurpalli Glauconite member
Rabanpalli Formation ‘Kendrapalli quartz - arenate member

Adki hill cohglomcrate member -

Unconformity

Archean gneisses .




2034 Ecbnomic Importance of Vindhyans

The Cuddapah Sup’ergroﬁp rocks first described and classified by W.King (1872) and later

classified by Geological Survey of India into Papaghni, Chitravati, Nallamala; Groﬁpsl'and_ R

that these formations are source for diamonds.-

20.5 CHECK YOUR PROGRESS-MODEL ANSWERS

W .King (1872) |
Epderchean Unconformity

 Semri, Kaimur, Rewa and Bhandar Groups

-

Sone valley

Ll o SN

Kurnool and Painad Sub-basins
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217 Summary ' -t
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219 Model Examination Questions

21.0 OBJECTIVES

Afier studying this unit you should be ablé to-
*  expalin the Go_ndwa_ma Supergroup of rocks

* _"describe_the coal bearing horizons
* . define the igneons activity, climate and sedimention
*  desgibe flora and fauna of Gondwanas

. 21.1 INTRODUCTION

After the foramtion of Puranas (Cuddpahs, Vindhyans, Bhimas, Pakhals etc.} in south-
ern part of Peninsular India, there was 4 long period of gap in sedimentation. It is evident from
the absence of Ordovician, Silurian and Devonian sediments. During this period the Penninsular
India, formed a part of a Super Continent called the "Gondwana Land", This continental mass,
which included South America, Africa, India, Australia and Antarctica was covered by exten-
sive ice sheet. In the Carboniferous period the climate warmed up, melting the ice sheet and
forming the fluvio-glacial deposits, in the form of tillite or boulder bed (Talchir boulder bed).
This bed forms the base of huge thickness of sedimentary strata comprising conglomerate,
sandstone, shale and coal bearing strata wich were deposited in narrow, linear, gradually sink-
ing graben like troughs from upper Carboniferous to the end of Jurassic. These sediments were
first studied by Medlicott (1872) and named them as Gondwana succession, now which is
desigriated as the Gondwana Supergroup. = - ' :

' 212 DISTRIBUTION OF GONDWANAS

. Rocks belonging to the Gondwana Supergroup are well developed in the triangular
area bounded by Domodar-Narmada-Sone valtgys in the north, Godavari valley along NW-SE

~and the northem part of the east coast peninsﬂ_lail_f India (Figure 21.1). In this triangular area, the
L majoi basins present are NW-SE trending Sone-Mahanadi and Pranhita-Godavari basin, the E-

1 ~ Woriented Koel-Damodar and Satpura basins and N-S oriented Rajmahal basin. The Lower -
Gondawana rocks occur extensively in all the basins whereas the Upper Gondwana rocks are
-developed and preserved only in parts of Narmada, Mahanadi and Godavari basins. The Basal
‘strata of the Upper Gondwana occur in all the major basins, whereas the upper strata have a
= . - restricted distribution. . The Gondwanas encompasses parts of Bihar, West Bengal, Madhya
* Pradesh, Maharastra, Orissa, Andhra Pradesh and Tamilnadu. Apart from these the Gondwana

: rocks are found in foot Hills of Himalaya, Assam, Kashmir, Saurashtra and Kutch, _ 483

i—I—-—-—-——————-.____-l : —



The Mahadeva Group consists of red and bufi colourcd sandstones with some red clays
near the base and also on top. Fishes, Amphibians and Reptiles are found in the clay beds. -

The Rajmahal Group consists of 450-650 m of basaltic lava flows with intercalated
carbonaceous shales and clays. The inter-trappean sediments contain plant remains, fossit wood

and flora. Ptilophyllum acutifolium have gained importance.

The Jabalpur Group is divided into lower J abalpur and upper Umia formations. Théy -

 consist of white and light coloured clays and massive soft sandstones. Ptilophyllum acutifolium,

Otozamites sp. Williamsonia indica are important fossils found in Jabalpur Group.

The Upper Gondwanas of Godavari district in Andhra Pradesh are familiar and.rest

" unconformably upon the Chintalapudi (Kamthi) sandstoncs. The Chintalapudi sandstone lie

directly over the Archean gneisses and high grade metamorphic\‘rocks of the Eastern Ghats
Mobile Belt. Gollapalli sandstones, Raghavapuram shales and Tirupati sandstones overlying
the Chintalpudi sandstong contain Ptillophyllum acutifolium and Talniopterisensis, assigning
them to Upper Gondawanas. - '

These form the main coastal, Upper Gondawana sequence of the Godavari basin. Re-
cently this succession was revised on the basis of lithology and fossil assemblage into the lower -
Raghavapuram Formation and the upper Tirupati Foramtion. Theseare overlied by Rajahmundry
sandstone of Tertiary age. The well known ball clays of Dwaraka-Tirumala are hosted by the
Raghavapuram Formation. The coastal Gondwana of Krishna basin comprises the Budavada
sandstones, Vemavaram shales, Pavalur sandstones, in the Guntur (Chebrolu area) and Prakasam
(Uppuguduru area) districts. They are referred to as the Upper Gondwanas and correlated with
the Godvari basin. Satyavedu and Sriperumbadur Formations of Upper Gondwanas in Chittor
district are considedred homotaxial with Vemavaram (Krishna basin) and Raghavapuram
(Godavari basin) formations. - ' '

Check yom" pi‘ogress

" Note : (a) Space is given below for writing your answer.
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(b) Compare your answer with the one given at the end of this unit.
1. The name Gondwana was introduced by ..o

2 Lower Godwanas are characterised by the flora ..........ocecovvrn.n... and Upper Gondwanas
are characterised by the flora. ........coeronrireeeenns : '




- 21.4 STRUCTURE AND IGNEOUS ACTIVITY IN GONDWANA__-S'

. Structuré

The Gondwana rocks are confined to thc(_tectonic trough with faulted boundaries as
~_grabens of haifgraben structures arranged along linear zones, The faults run E-W and the strata
“dip generally towards the more faulted southern boundary in the Koel-Damodar and Satpura

. basins. In Pranhita Godavari and Sone-Mahanadi basins the tredid of the faults is NW-SE and

N-§ in Rajmahal basin. Most of Gondwana basins in the Peninsula are free from folding and
‘where present they are-confined to the more pronounced faulted margins of the troughs. In the
Himalayas the Gondwanas were highly affected by the Tertiary mountain building movements
and coal seams subjected to crushing and devolatlisation. ' '

.

Igneous Activity

Igneous éctivity is observed in some parts of Gondwana basins in the form volcanjc
glows, sills and dykes and mainly comprising mica-peridotite, lamprophyres and basalts, Ba-

saltic flows, dolerite sills and dykes occur in Rajmahal hills, Garo hills of Assam, some parts of '

Domodar basin and in Satpura and Chattishgarjh regions of Madhya Pradesh. Mica-peridotites:
“and lamprophyres are confined to eastern part of Domadar basin and Darjeeling areas. The
igneous activity is absent in Mahanadi basin, South Chattishgarh regions, Wardha-Godavari
basin and coastal regions. Among these dykes, some are affected by subsequent faulting indi-
cating that they are prior to faulting and some are passed through the fault zones indicating that,
-they are later to the faulting. The siils and dykes are related to Deccan volcanism.

1215 CLIMATE AND SEDIMENTATION

The Gondwana period was initiated by the glacial ¢climate durihg which a vast conti-
nental ice sheet covered a large part of the Gondwang land. Glaciers appear to have flowed out
- from Rajasthan and Madhya Pradesh as well as the'Eastern Ghat areas. The most prominent

in north and northwesterly directions,

centre of glaciation was the southeastern flank of present Godavari valley from where ice moved _

The climate gradually warmed during the period when fluvio-glacial sediments and

- varved clays were deposited. This is evidenced from the presence of the Talchir boulder bed of
tillite at the base of the Gondwana sequence. In Damodar period the climate was definitely
warmer and more humid and permitted the growth of luxuriant vegetation.- An enormous amount

vegetaton was carried by streams into the swamps and lake basifis to form the coal beds. The

nature of the flora as welkas the presence of undecomposed féldspars‘in the sediments indicate:
~that the climate was cold temperate. The upper part of Damodar period has experienced a
somewhat drier climate as evidenced by the presence of reddish ferruginous sandstones. The
presence of Labrinthodonts in the Panchet formation indicates a period of gradual drying up of
the sedimentary basins. The Mahadeva Group consists of ferruginous sandstones of Triassic
age and definitely sediments of-an arid climate. During the Rajmahal time the climate has
changed to humid temperature conditions and jaermi_ttec_l the growth of vegetaton. The ‘Earth
crust seems to have experienced tension in Gondwana land and resulted in the out pouring of
lavas and volcanic material during the Rajmahal times. Recently, Casshyap (1977) divided the
Gondawana strata into three disticnt assemblages -- glacial at the base (Permo-Carboniferous)

overlain by prolonged sequence of continental fluvial deposits (Permian to Jurassic) and peralic

to marine deposits of Lower Cretaccous age. Gondwana rocks are predominatly sandstones
with bands of conglomerate and intercalated shales, and the frequent presence of current bed-
ding indicates to a fluvial (fresh water) origin. ' ' : '
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223 INTRUSIVES IN THE DECCAN TRAPS '

Sills and dykes of dolerite are nuinerous in the traps but they are not evenly distributed.
In Saurashtra they show a more or less radial disposition around Amrali and Jardan and also
around the plutonic mass of Girnar. Dykes are very common in eastern Saurashtra in Gujarat,
in the Narmada valley, in the Satpura region of Madhy_a Pradesh and also in Western Andhra
Pradcsh. : C o

224 PETROLOGY, PETROGRAPHY AND CHEMICAL
~ COMPOSITION .

Petrologically the Deccan traps show general similarity from one area to another and
uniform in comoposition and correspond to dolerite or basalt with an average specific gravity
of 2.9. In Western India including Mumbai, Kathiawar and Kutch, the traps are associated with
acid, intermediate and ultrabasic rock types derived through differentiation of the original magma.

Besides the usual dolerite and basalt, lamprophyre, limburgite, olivine gabbro, porphy;
ritic basalt, porphyry andesite, monzonile, nepheline syenite, rhyolite, obsidian and pitchstonce
are recorded. - : :

The bulk of the trap is composed of labradorite and clinopyroxene.: Ophitic texture is
common. The rocks often show phenocrysts of feldspar in doleritic types and interstital glassy
matter in the basaltic types. The-common pyroxene in the lower and middle traps is augite to -
subcalcic augite with occasional pigeonite and is associated with olivine and ore mincrals.
Secondary minerals such as zeolites, calc ite and chalcedony are often developed in the traps,
either as fillings in the amygdoloial cavities or as products of alteration. : :

The plateau basalts of the fissure eruption type when compared with the normal core -

basalts of the central cruption type show a higher iron and titanium content. The most of the '
" flows in Deccan Plateau are middle stage basalts and are characteristically tholeiitic and repre-
sent the original magma of the province. Last stage basalts are restrictegl to only a few areas in
western Mhaharastra. '

Chemically, majority of the basalts are high-alumina basalts and with relatively bigh 4
Fc and Ti. The trace elemetns Cr, Ni, Co, Sc, Y, Sr, Pb, and Ba, seem to have bechaved ina
much more systematic and orderly manner when compared to the major elements.

The geochemical studies of the Deccan traps have led to the recognition of distinct and - i
different magma types. Itis believed that the origin of all magmas is from a common parentage '
by the partial fusion of the upper mantle. Primary mantle material is presumed to be of the
composition of garnet peridotite with varyipg amounts of garnet or omphacite on partial melt-
ing, yield tholeiite and alkalibasalt types. "The alkali basalt type would be generated at a greated
at a greater depth than the teholeiitic type. Differentiation of either type of magma may take
- palce during and/or after emplacement ‘due to oxidation and reduction, gas fluxing, crystal =
" gettling and contamination. - S i

' 22.5 THE BAGH BEDS

_ The Bagh beds occur below the traps near Bagh town, situated in the western part of ;
Narmada valley, about 145 km west of Indore in Madhya pradésh. The Bagh beds are also ]
exposed in isolated outcrops around Kewadi-Chapdi, Arithi-Sipanpalia, Jangthi-Jampani and
Mangeli-Wani villages in Dhule districts of Maharastra, Bagh beds comprise marine sedi-
. ments like conglomerate, sandstone and shale of Cretaceous age (Table 22.2). They contain
several species of Anthozoa, Poryozoa, Echinodermata, Brachiopoda, Gastropoda, Lamelli-
{94 branchs and Fishes indicate mainly Turonian in age (Upper Crretaceous). '




Tabel 22.2 The Succession of Bagh beds

‘Deccan Traps

' Unconformity
!- | | BaghBeds Upper - Coralline leéswné I

3 Nod_ular argillaceous limestone

]' - | | Lower Nunar sandstono
: Ur_:c.on.formity | - _ L
Metamorphics_
22 6 THE LAMETA BEDS

The Lameta beds are . found below thé Traps near Lameta ghat on the Narmada river, a
few kilometers south west of Jabalpur, Sagar, Bhopal, Indore, Thanbua and Gwalior districts of
- Madhya Pradesh, along the western border of Andhra Pradesh, north boder of Karnataka and
‘western part of the Narmada- valley in Gujarat. I‘h& Lameta sequence in the type locallty,
Lameta Ghat is as follows (Table 22.3). o o

[
1

: Tabel 22.3 Lameta sequence at Lameta Ghat

- Deccan Trap

1 1 . _ Unconformity _ oL
¥ o Lameta Beds o |
_! - Uppersand - - ' 5-6m
i Upper limestone ) . R T Y

Mottle nodular"l_imestone ' e 10-15m

Lower limestone ' _ | 1-4m

_ Green sand " 1 215m

The Lameta beds containing fossils of Mollusca {Physa, Paludina and Corbicula), Fishes
(chldosteus indicus, Titanosaurus and Jabaluria tentris) indicate Upper Cretaceous age. -

22.7 'INFRA-TRAPPEAN BEDS

Infra—trappeans oceur in isolated outcrops and exposed in hill s,lOpes at Nagpur, Bandara,
Chandrapur and Amaravati districts of Maharastra, Chindwara district of Madhya Pradesh,
Ranga Reddy, Adilabad, Nizamabad, East and West Godavari dlStI‘lCtS of Andhara Pradesh,
 Infra-trappean beds comprising sandstone, conglomerate limestone and marl occur in between

the basement granite gneiss and the traps. At Duddukuru near Rajahmundry, on either side of

. Godavari river, Infra-trappean sandstone and limestone overlie the Upper Gondwanas, its ma-

rine fossils such as Turritella, Card1ta baumontl Rostellana, Ostrea etc indicate Upper Creta-
‘ceous age. : 195




22.8 INTER-TRAPPEAN BEDS

- Between successive eruptions of lava, there-is considerable intervals of time which -
allowed fluviatile and lacustrine deposits to form thin bands in the depressions which are known

as Inter-trappeans. From the animal and plant remains in the sedimentary rocks, the age of
associated traps are inferred. They comprise cherty limestones, shale and in some palces con-
glomerates and sands in the order flows at the bottom and the younger flows at the top. . They
are exposed in Godavari district in Andhra Pradesh, Nagpur, Amaravathi and Chandrapur dis-
tricts in Maharstra and Chindwara and Jabalpur in Madhya Pradesh. The Inter-trappean beds

‘near Mumbai containing fresh water frogs (Oxyglossus), tortoise (Hydragpis) and arthropods

(Cylindrica) indicate early Eocene age. Two Inter-trappean beds are noticed in Deccan traps on
cither side of Godavari river near Rajahmundry. they extend over 50km from Pangidi in west
Godavari district to*Kateru in the east Godavari district. The foraminifera assemblage, algal
remains and charophyta indicate Lower Tertiary age (Early Eocene).

22.9 AGE OF THE DECCAN TRAPS

The age of the Deccan Trps is controversial. They érc either assigned to Uppcr Creta-

ceous or Lower Tertiary based on different lines of field evidence. S o

1. ' The Bagh beds, Lameta beds and lnfra-trapp’ean beds are older to the Deccan traps as
they underlie the trap rocks. : ' '

The Bagh beds contain se'\réral species of 'Anthozoa, Poryozoa, Echinodermeta,
Brachiopoda and Fishes indicate the Turomian (Upper Cretaceous) age.-

=

3. The Lameta beds containing Mollusca, Fishes and Dinosaurs indicate Upper Creta-
' cecous age. _ ' N _ c
4. The Infra-trappean beds containing main fossils such as Turitella, Cardita baumonti,

Ostréa etc. indicate Upper Cretaceous age.

5. The Inter-tfappean beds near Mumbai containing fresh w_iate‘r Frog, Torfoisc and .

Arthropods indicate early Eocene age. o _ .
6. The Inter-trappean beds at Kateru near Rajahmundry have Foraminifera, Algal remains
- and Charophyta giving Lower Tertiary.(Earlyu Eocene) age to them. o

7. Earlier Radiometric investigations gave age of 60-65 million years for Mumbai flows-
corresponding to Upper Cretaceous-Eocene boundary ages. .

8. Recent Radiometric dating (K-Ar method and 40Ar/39Ar isotope method) of Deccan
basalts has yielded the ages between 65-68 million years. The traps age at 65 million
years placing them at the Cretaceous-Tertiary (K-T) boundary that make it globally
significant. - . : : . '

Check your progress _
Note : (a) Spaée is given below for writing y@gr- answer. '

3

(b) Compare your answer with the one"-giveﬁ at the end of this unit.

2 reverremnrsnreessannens-: DS 2TE generally underlying the Deccan Traps

196 -
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22.10 ECONOMIC IMPORTANCE

] - The Deccan traps are used as bulldmg stones, road metal and for cement concrete..
. Quartz, amethyst, agate and varieties of chalcedony which occur as gecdes 1n basalts are used
- as gem stones. The traps-are often capped by ferruginous and aluminous laterite, rich enough in

i alumina to give high grade bauxite. The black soil or regur formed from the Deccan Traps is

. suitable for rising cotton. The basalt js also used in manufacturc of réck-wool.

22.11 SUMMARY

The Deccan traps have a very wide geogrphical distribution and are mainly fissure
_eruptions. The Traps are classified into three sub-groups--Kalsubai, Lonavala and Wai which -
~ consists of twelve formations. Sill and dykes of dolerites are very common in Deccan traps.

" Lamprophyres, nepheline syenite, ryolite are also found in Deccan traps. Pctrolog1cally Deccan
Traps show general similarity from one area to another in having ophitic texture and the min-
eral assemblagc--labradomc clinopyroxene and pigeonite.

The Deccan basalts are of tholeiitic and alkali basalt types and maj orlty of the basalts
are high alumina rich basalts showing Fe and Ti enrichement. The Bagh beds, Lameta beds,
infra-trappeans and inter-trappean beds are the improtant stratigraphic horizons.The age of

~ Deccan traps is of either Upper Cretaceous or of Lower Tertiary based on the filed and radio-
metric evidence. Recent radiometric dating {K:Ar method and “Ar/®Ar isotopic method) of
Deccan traps has yiclded the ages between 65 and 68 miltion years. The traps at 65 million
years corresponding to K-T boundary The traps have altered into high gradc bauxite and balck
cotton soil. :

22 12 CHECK YOUR PROGRESS - MODEL ANSWERS

1 Kalsubai, Lonavala and Wai
2. . Baghbeds, Lameta beds and mfra-trappeans
3 Upper Cretacccus to Lower Eocene. - ~

22,13 MODEL EXAMINATION QUESTIONS

- Answer the following questions in about 30 lines each
Give an account of the Deccan traps
Discuss about the age | cf Deccan traps

b = e

IR _ Answer the followmg questions in about 10 lme each
~~ Baghbeds

Lametas

Inter-trappeans

Infra-trappeans .

Cassifi catlon of Dcccan tmps

SR e N =
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23.0 OBJECTIVES

T

- . After studying this unit you, should beableto |
¥ explain the Cenozoﬁs era- Temary and Quatémary periods.
*  describe the Siwalik Group.
* explain the Economlc importance of Tertlary
*  describe the Karewa Formations

23.1 INTRODUCTION -

The Cenozoic era followed the Mesozoic era is the recent phase of the earth's history.

The Era is generally divided into Tertiafy and Quaternary periods. The tertiary system further
divided into Palacogene (Palacocene, Eocene and Oligocene) and Neogene (Miocene and

" Pliocene). The Quaternary system comprises the Pleistocene and the Holocene (Recent) ep-
ochs. The rock formations in the Cenozoic era generally considered as "Younger Formations".
The Cretaceous-Tertiary boundry is marked by the profuse basaltic Volcanism {Deccan Traps)
and by the disappearance of great reptiles (Dinosaurs). During the Tertiary and Quaternary
periods several changes in physiography, environment, fauna and flora occurred on a global
scale. The Tethys ocean basin was the scene of an enormuous accumulation of sediments. The
mighty Himalayan range in the north was upheaved to its present position. The collision and
coalescing of the India and Eurasian plates resulted in the triangular shape of the Indian penin-
sula. In the Himalayn belt, Teﬁ;lafy rocks are characterized by an early marine facles and a later
fluviatile facies. :

The Quaternary system is important as the development of human specws ‘and their

cluture took place. ‘The boundary between Tertiary (Neogene)- -Quaternary is fixed at 1.6 mil-

' lion years. The characteristic feature of Plelstucene the lower division of the Quaternary is the

198 glaciation and intergiacial periods. In Kashmlr five periods of Glacial advances and four inter-
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glacial periods have been recognised and many maﬁ:malian fauna which were flourished, in the
upper Tertiary period suddenly disappered. The Kashmir and Narmada valley deposits re-
corded the first appearance of man by the second Inter-glacial penod v

'23.2 DISTRIBUTION OF YOUNGER FORM,_ATIO_N S

The Tertiary Formations although covering large parts of the Extra-Peninyslar region,
are very poorly represented in the Peninsula. They are mainly found in the Baluchistan, Sind,
Kashmir, Himachal Pradesh and along the Hlmalayan foot hill, Shillong-Mikir plateau in Assam
and the shelf basins of Kutch-Saurashtra an(l‘ Western Raj asthan. Small patches of Tertiary
sediments occur in the coastal regions of Kerala Tamil Nadu, Andhra Pradesh and Orissa. The

“Quaternary deposits are well developed along the coast of Peninsular Tndia, espemally near the
E mouths of large TIVers.

In Hlmalayan belt, the Tertiary rocks are expused in two parallel belts a northern belt
of the Palacogene rocks and a southern belt of Neogene rocks The two belts are separated by
the main boundary thrust.

23.3 HIMALAYAN PALAEOGENE SUCCESSION

The Palacogene rocks of the Lesser Hlmalayas of Himachal Pradesh are referred to as

' _S1rmu:r Group. They are exposed in a NW-SE trending belt bounded in the north by the Krol

thrust and in the south by the main Boundary Fault. The succession comprising Subathu,
Dagshai and Kasauli formations rest unconformably over the Simal Group of Late Precambrian
age (Table 23.1). The Subathu formations have yielded definite marine fossils whereas, the
overlying Dagshai and Kasauli formations contain and admixture of estuatine and fresh water
sediments. The rock foramation of the northwestern Himalaya that was correlated with the -
Dagshai and Kasauli formations has been grouped into the Daharmshala and Murree Groups.

Table 23.1 Classification of the Sirmur Group

Formation ‘| Member/Lithology | Thickaess (in m)
Kasauli Massive Sandstone, subdrdinate shale 1250
(Upper Oligocene | - ' ‘
to Lower Miocene
Dagshai = | Pabo : alternation of sandstone and clay : 1200
(Late Eocene - | Chimnum : red and purple clay stone with subordinate ' 700
to Oligocene) 1 sﬂtstone R '
Subathu - |B: -r'ed, green and indigo blue colour mudstone, , '_ 12-90
: (Early to | shale, quartz, arenite :
Middle Eocene) '
A green sll;_ale, foraminferal limestone and oyster marls, 160
quartz"arcni_te, carbonaceous shale, calcareous sandstone '
.'Unconformity o
Simlov Group




23.4 HIMALAYN NEOGENE SUCCSSION

_ The Neogene rocks of the Himalaya are developed in a long narrow depression in fronit

- of the rising mountains. This depression is a repository of thick sequence of molassic sedi-

ments of the Siwalik. The succession was named after the Siwalik hills near Haridwar in Uttar

. Pradesh. The rocks of this group is best exposed in the Tawi Valley of Jammu and Harthalyanagar
" area in Himachal Pradesh. The Siwalik sediments occur-as an independent structural belt to

overlie the Murree in Jammu sector of the Kashmir Himalaya and the Kasauli Group in the’
Himachal Himalaya. v : :

The Siwalik Group is divisible into three sub-groups—lower, middle and upper(Table

23.2). The Siwalik Group consists essentially of sandstone, grits, conglomerates, claystone
having the characters of fluviotile deposits of torrential streams and floods in shallow fresh

- water basins. The lower part of Siwaliks contain fine to medium grained relatively matured
~ sediments indicating a low relief for the Provinance. Graywackes indicating marine influence

have also been reported from the Tower part of the succession—The Siwalik deposits give
evidence of warm humid climate throughout the greater part of the sedi ation. The upper
Siwaliks again show the return of wet conditions. Towards the end of Tatrof times another
uplift took place and the climate became distinctly colder, which caused maximum extinction
of Siwalik fauna. The Siwalik formations have yielded a rich assemblage of Vertebrate fauna,
Mollusca, Ostrocodes, Charophytes, Spores, Pollens and plant remains.
Fauna of Siwaliks : | ) | |

 The fanna of Siwaliks 15 rei)resented by Amphikyon, Dinotherium, Trilophodon,
Dicratherium, Teleoceras, Balachitherium, Sivapithecus, Brahmapithecus, Surgivapithecus,

Triphodon, Stegolophodon. The elephants are represented by Stegodon p’gntalpphodon. A ture

one-toed horse, Eouns sivalinfis and the pigs and hippophus are also fq};ﬁid.;.‘
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Sub-Group ' Formation I Lithology : i-T_hiclmess
" Qlder Alluvium
Gradational (Unconformity)
Upper (Upper Pliocene | Bouider conglomerate | Coarse boulder conglomerate : 2300m
to Lower Pliestocene . - { clays, sands grits :
| Pinjor . - Conglomerates, sandstones, clays
Tatrot . Sandstones, clays, conglomerates
_ Unconformity -
{Middle (Upper Miocene | Dhokpathan Sa'nds_tones, shales, clays, pebbly 1400 to
to Lower Pliocene) : |atthetop _ 2000 m
' : Nagri _ Massive sandstone, shales, red clays

‘Table 23.2 Classification of Siwalik Group *

Unconformity

Lower (Middle | Chinji Co R Nodular shale, clays, 's'andstones. 1600m
Miocene) ' o B ; . T
Kamlial - ‘| Dark hard sandstones, red and
: ' purple shales
Unconformity
- Kasauli / Upper Murrees

[P PN




-- Check your progress _
Note: (a) Space is gwem below for wntmg your answer.

(b) Compare your answer with the one given at the end of this unit. =
1.~ Theboundary between Tertiary and Quaternary is fixed at ........................ millon years. .

i

2. . The Paleogene rocks of the Lessér Himalaya of Himachal Pradesh are referred as

235 TERTIARY SUCCESSION OF ASSAM - ARKAN BASIN

- The excellent. developement of Tertiary rocks is found in eastern and southeastem :

Assam and Arakan mountain belt and is given in Table 23.3. The thickness of individual _ ¥

stratigraphic units varies in different areas of the reglon The formations w1th greater thlckness
“are genemlly observed in Arakan basin.

Tableﬁ_23.3 ’I‘ertlary Succession of Assam-Arkan basin

“Age. Gronp . [ Formation | Lithology

‘Recentto | Sands, silts, clays and boulder beds of the alluvium
Pliestocene | .- . o
' - Unconformity : _
 Plio- . Dihing Dupitila (Upper | Mottled sandstones and clays
Pleistoncene Dhekiajuli Soft sands and clays
‘Unconformity

Mio-Pliocene | Dupitila (Lower) Lower Dupitila sandstones, conglomerates and Namsang
- - . beds with variegated sandstones and clays

_ : Unconformity B X

Tipam (1200 to Girujan clays . Mottled clays and sandstones

3000m) : . | Massive sandstones with some clay
o o | bands and shales -

Tipam sandstones | Upper:sandstones with shales

Miocene . : * | Middle ; Primary Shales with -
! o : sandstones '
Surma (4000 m) © | Bhuban Lower: sandstone with some shale;
Lt -k conglomerate .
o : f Unconformity I
Oligocene ‘| Barait -~ * - | Sandstone and shales
- R Unconformity -
.| Upper = | Renjis . Primarily. massive sandstone
Eocene Jenams Shales with some sandstones, carbonaceous matter -
- Laisangs =~ - Bedded hard sandstones with shales
' ' ) Umqnforrmty

Palacocene | Kbpilsfdisangs_ SERCET ) T . ' 204
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23 6 TERTIARY ROCKS IN PENINbULA | ’f‘»ﬁ AU i%!'?fs.ii"f?i

R TETERE SA LN _A__”._z;, kL FZBEY R AT = R RS R

23 6.1 Tertiaries of; Sau;:as.htra

The: Tetiary: formations.of Gujaritarg mam}y devéloped in the Ktttoh and the Gambagi basins.}
: They arc mainly marine and ﬂuvm—manne deposus The clasmﬁcatlon of Tortlanes in Saurashtra :
region 1§ given i Table 234 ' ‘

Table 23.4 Tertiaries. of Saurashtra

Upper Mincene:to. Pliogerie &.Dwardka Formation: .. [laminated sofi:silt, limestdne,
o - | laterites '

| Pitambeds = 77 Conglomea’te,'Ri‘c_’h'r’fi’a'm’ﬁ-jél'i'ah" b
| fossil Bones, sandstones, clays . |.

_ ~Un condormity .

Bhumbli conglomerate member |
VSV & e s o8 135 S I - 1
AiZ48 FEAHAL W ARSI RO Ra Ifutcfafﬁﬁnb‘& e

Unconformm . .. e s 2 vt

Lowor Eocenc - Latente rocks .

23 6 2 Qullon Warakalll Formatmn
King (1882) divided th6 Terfiafy rocks i the lemW@;‘akalli areid ini Kerala into

~ Quilon and Warakalli beds. Later Paulose and Narayana swami have suggested classification

mi——

as Quilon and Warakalli Fom&att@xﬂgf “The Quilon Formation consists of fosgiliferaus limetsones, -
sands and clays. The Quilon Formatiotis um:onfonnablyoyeﬂam by thie rocks ofthe Warakalli ;
Fomlatlon which occur as patches along the coast (Table 23.5).. fLs

Tahlo 23.5 Tﬁ'tlane& orf leonfand Warakglh

Formatlon , . —

. Recent fo sub recent !

B Th1ckness in mm-

Warakalli fﬂrmatmn _Ctlrren't bedded: vanegated sandstone interbedded 80 '
(Mio-Pliocene)  {with plastic: elays, Carbonaceous and alum clays N '
: T T with gravei and pebble beds hgmte seams S S

Quilon Formation
(Middle Miocene) -




23 6 3 Rﬂj itlmmndry i‘ormtiﬁﬂ_ A
ahm:';if;drylsand'stone is known as Rajah

sisfs of sandstone, clay and lignité of Mio “Pliocsne. age. If cavers 100sg.k
east and the west Godavari dlstxmp 'Ihcé total thlfkq,ess of B.ajahmundry format:on is about

. 600m. The lignite of this’ fo:m.aitlomhm - Cristics Sitifar-to. that,of Neyveli.. .Z{he strati-
graphlc succession of Rajainﬂwhys formaﬁon 1s given in Table 23.6 ! k

et L st e e e, ez e uhi P

T Tnble zaﬂkaj:hmunﬂry Eormatim: ;Sucwsslén

Geological Age Formatien . Member !/ thhology
Recent to Quaternary Sandy Clay . '

Plelstgpgne

'ﬁﬁ‘ctm ST

M_mcene ' Rajahmundry Formalwn Uppcr Vanegated w1th 1nterbands of whlte
R clay, samistone carbqnaceﬁus clay mfd Tigmte

ety e I e ET

J“ Ity s ln

«:The Tcrtlary Toek formatmrr :ocear. i Sourth Arcot, 'Ehanjavur and: Ramanathpuram
dlsm«:ts of Tamil nadu, and-they:are;termed: as Cuddalore Sandstone of Mia-Pliocene. The
formgugn &ssmltlally consists, of coarse to fine. grained | bx:own sandstones, associated with fer-
rugmqus and pebbly sandstones clays and thin beds of | llmestone In the Neyveli l'gmte
~“oce mhg in'T roc céonom t. Near"'l"lriiyakkarél (Vlllupuram dis-
Hicty- peh*iﬁeﬂ tred trunks ard embiédded in ¢oatse. trisored dnd "pebbly andstones of M:o—
Phéeeﬁe age ‘I'he Kara{kal beds {Eocene age) o‘cfeuif hldng thc Pondlcherry Goast.” '

ORI

The Lower Tertiary rocks known as Paleogene rocks of India:constinite the chief soirce
of Lignite and Oil and Natural gas.. . The Testiary goal lignite oceur in Kutch-Sanrashtra areas
in Gujarat, Neyveli in_Tamil Nadu Makum, Mlkll’ hllls gnd Dllll Jalpur area 1n Assam
" ‘Maharasira, Jamimi & Kashmnr Kerala and Me gﬁalaya o .

" The Oil and Natiiral gas mamly occur m 'the Tem$'y'rocks of Cambay basm (mamly
Mzddle Eocene) Bombay high along the West coast of Maharastra (Miocene limestone) and
Nahorkatlya (Eocene), Digbot (Ohgoccnc), the Bmhmaputm Valley in Assam. The maximum
.concentration of Qil in Assam is confined tothe ¢ontact between Barail and Surma. formatjons.
Strips of Tertiary rocks fringe the eastern ccast and parts of western coast of lndla The more
promising of these scem to be Kaveri, Godavaﬂ, Krishpa and Mahanandi ﬂnlta,s '

23.83 THE. KAREWAS

... The term 'Karewa' means terraces in the language of Kas]nmr . The formation consists
of lacusmne and flyviatile sediments ntercalated with glacial sedunents and have spread over 53




many parts of Kashrmr thhologlcally the Karewas consists of blue, grey and buff coloured
silts, sand, partly compacted conglomerates and varved clays of Plio-Pleistocene age. The
Karewas have a maximum thickness of sediments of about 2000 meters The succession of
Karewas is given in Table 23.7.

_ Table 23.7 The Succession of Karewas
Member ' o ' Lithology -
Upper Erratics, sands, clays and varved clays containing remains
of molluscs and some plants

Second Glacial

Sands gravel buff and blue ¢lays and varved clays with leaf
1mpressmns of mamly subtropical plants and also shells ﬁrst glacial

Unconformity - -

Lower " Conglomerates and carbonaceous. shales with lignite (Elephas,
: | “Rhinoceras etc.) Pre-glacnal beds (Birds, fish, plants etc.)

The Indo—Gangetlc Aluvium : The great alluvial track of the Ganges, Brahmaputra
_and the Indus are of the three main physiogrpahic division separating the Peninsualr region.
The Pleistocene and Recent deposits covering the Indo-Gangetic basin are up to 1000 m thick.
They are composed of gravels, sands and clays with remains of animals and plants. The Indo-
Gangetic depression is believed to have been formed i in thie later stages of Himalayan orogeny
when the Indian shield under thrust the Asian continent. '
_ Laterites : It is most wide spread Pleistocenc formation of the Penmsular ]ndla formed
~ due to sub-aerial alteration. Laterite is a porous, pitted, clay-like rock w1ﬂ1 i'ed yellow, brown,grey
and mottled colours. Laterite is often pisolitic, the pirolitic having a concentric structure and
being cemented together by fen-ugmous or aluminous material. Laterite may be derived from a
variety of rocks--basalts, gneissic rocks and sidimentary rokes including shale and impure lime-
stones. The laterites are of high level and low level types. The high level laterites are found as
caping hills and low level laterites are of secondary origin, derived from the hxgh level laterite
and recemented after deposition in the valleys or piams

" Check your progress _
Note : (a) Space is given below for writing your answer.

| (b) Compare your answer with the one given at the end of thls umt
3 The Neyveli lignite occurring in Tertiary rocks of ...

4. . The Plio-Pleistocene formation of Kashmir .......... .




23 9 SUMMARY

The Cenozoic Era is divided into Tertiary and Quaternary periods. The Tertiary system -
further divided into Palaeogene (Paleocene, Focene and Oligocene) dnd Neogene (Miocene
and Pliocene) formatoins. The Quaternary system comprises the Pleistocene and Holocene
(Recent) ephocs. The boundary between Tertiary and Quaternary is fixed at 1.6 million years.
The forations in Cenozoic era generally considered as Younger formations. During the Tertiary
and Quaternary, several changes in physiography, environment, fauna and flora occurred on
global scale. The Tertiary rocks are well preserved in Himalayan mountain belt, Assam and as’
patches in coastal regions of Peninsula. The Temary Palacogene sediments of the Himalaya of
Himachal Pradesh are referred to as Sirmur Group and the Neogene sediments as Siwalik Group.
The Mammalian remains are the most important fossils in Siwalik strata. The age of Siwalik
_ Group is considered to extend from Middle Miocene to Lower Pleistocene. :

The Tertiary rocks occyr as Patches in Coastal regions of Pemnsula--Qullon-Warakallr
Formations of Kerala, Rajahmundry formation of Andhra Pradesh, Cuddalore formations of
Tamil Nadu and Karaikal beds of Pondicherry. Glacial or cold climate, developement of human
species, human culture are the distinguishing criteria indicating the beginning of Pleistocene.

In Kashmir, five periods of glacial advances and four inter-glacial periods are recognised.
Economically the Lower Tertiary rocks of India constitute the chief source of Lignite, Oil and
Natural gas. The Quaternary formations are main sources of placer deposits. The Karewa
formation occur in many parts of Kashmir and consists of blue-grey and buff colours sand,
“conglomerate and moraines of Plio-Pleistocene age. The Indo-Gangetic alluvium has formed
during the later stages of Himalayan Orogeney Laterite is formed due to sub-aerial alteratlon
during the Plelstocene period. : "

23.10 CHECK YOUR PROGRESS-MODEL ANSWERS

1.6 million years

1. .
2. Sirmur Group

3. Cuddalore Sandstone S A
4, Karewas: ' ' ' '

23.11 MODEL EXAMINATION QUESTIONS

I. - Answer the following questions in abont 30 lines each
1 Give an account of Palacogene Sediments of Himachal Pradesh. :
2 Write an essay on Siwalik Group _ : _
3. - Give the stratigraphic sequence of the Tertiaries of Assam,
1L Answer the following questions in about’ 10 lines of Assam.

1.  TheKarewas.
-2 Quilon-Warakalli formation.
3 Rajahmundry formation.
4 Cuddalore Sandstone.
5 Ecc_momic' importance of Tertiaries.




© 24.4 GEOLOGY

- Andhra Pradesh forms an improtant segment of the Peninsular Shield of Indian Sub-
continent. Geological formations from Archeans to Recent are present in the state and generahsed_
Geologlcal Successnon for the state is gwen in Table 24 L.

24.4.1 Archeans

In Andhra Pradesh Archean rocks covered more than 65 per cent of the area. Archeans
occur as linear schist belts of various sizes in gneissic terrain. The Archean rocks are Volcano-
Sedimentary assemblages usually represented by high grade schists comprising gamet, stauro-
lite, kyanite, sillimanite (rarely cordiertie, sapphirine granulite enclaves in Karimnagar), mica

: schists, calc-silicate rocks, crystalline limestone, fuchsite-quartzite, banded heamatite quartz-
.—- ites, metabesalts, amphibolites, mica-chlorite schists etc. The main schsit belts in Andhra Pradesh..-
- are Kanmangar belt (in parts of Karimngar, Adilabad, Warangal and Khammam districts),

' Vehgallu Schist Belt (in parts of Anantpur, Chittor and Cuddapabh districts), Gadwal Schist Belt
(in parts of Mahabubnagar and Kurnool districts), Kadiri Schist Belt (in parts of Anantapur and
Chittor district), Ramgiri-Penakacherla Schsit Belt (mainly in Anantapur district), Jonnagiri
Schist Belt (in parts of Anatapur and Kumool districts), Peddavuru Sehiist Belt (in parts of
Nalgonda and Guntur districts), Nellore-Khammam Schist Belt (in parts of Nellore and
Khammam districts), Nellore Schist Belt (in parts of Nellore and Prakasam districts).

Table 24.1 Generalised Geologlcal Successmn : Andhra Pradesh

Geological Time - S Group/Formatlon

" Recent to Mio- ' Sml Beach Sands, Alluvium
Pliestocene Cave deposits, Laterites, River terraces,
Older Alluvium, Placers, Ash beds
Mi-Pliocene - | Rajahmundry formation
Lower Eocene to Deccan Traps and Infra & Inter-trappeans -
Upper Cretaceous
Lower Cretaceous - Gondwana Fluviatile 4 IUVIO-varin
. S U Chikiala F ] Tirupati Formation ,
o ppé_r gy ;a ormation Raghavapuram Formation
Lo angal?(;lr.taoFrmatu:;l.l : Satyavedu Formation
o ower Kota Formation . ' . . .
. . : Kamthi Formation :
Upper Carboniferous ' ; T -
pper. Maleri Formation - Baraker Formation
Upper Proterozoic | Kumool Group . | Bhima Group '
. o :
Middle Proterozoic Cuddaph Supergroup _ _ Phakhals o
| ' Eparchiacan Unconformity
Middle Proterozoic | Eastern Ghats : Chamockletcs
. to late Archean e . Khondatites -
_ | ph g - 1 Pyroclastic rocks, Metabasalts, _
. Dharwar Supérgroup -} amphibelities, intrusive granites
Late Archean . (Ramagiri, Kadiri, Gadwal,
Older supracrustals (Sargur Nellore Schist Belts)
_ "Group (7) _ High grade Schists, Migmatites,
fy _ s L _ Kyanite, Silimanite, Cordierite, - |-
Middle Archean - Mica Schists, Amphibolite, Anorthite{
_ _ Ultramafic Complex - '
208 Banded gneissic Complex
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" The Eastern Ghats occur align the east coast of Andhra Pradesh and Orissa over a
distance £ 900 Kms. They are extending from south of Ongole to Brahmani river in Orissa. It
is considered to be a classic example of a Precambrian Mobile Belt in the Peninsular Indian
Shield. Recently it is also named as the Eastern Ghats Mobile Belt or Middle Proterozoic
Mobile Belt. The Eastern Ghats encompass parts of Prakasam, Guntur, Krishna, East and West
Godavari, Visakhapatnam, Vijayanagarm, Srikakulam and Khammam districts. The important
rocks types in Eastern Gats are¢ Khondalites, Charnockites, Calc-silicate rocks and Leptynites.

24.4.2 Cuddapah Supergroup

The Nallamalail, the Palkonda or Seshachalam hill ranges together with the plains in

" between are constituted mainly of Quartzites, Shales and Limestone belonging to Cuddapah

Supergroup and Kurnool group of Middle Proterozoic age. They formed in the crescent shaped
Cuddapah Basin in the south ceniral part of the state, occupying an area of 44,500 sq.kms and

are distributed in parts of Chittor, Anantapur, Cuddapah, ‘Kurnool, Mahabubnagar, Nalgonda,

Guntur, Nellore, Prakasam, and Krishna _;jj;tricts_. The Cuddapah formations are classified into

four unit--Papaghani, Chitravati, Nallamalai and Srisailam quartzites. Cuddapah Basin is a

potential source for valuable non-metallic deposits like Asbestos, Barytes, Steatite and Lime

stone. : :

Y

24.4.3 Kurnool Group

The Kunioql Group mainly consists of quartzites, saﬁdStones, shales énd_lim_eStones
unconformably-overlies the Cuddapah sedimetns in two sub-basins--Kurnool and Palnad. The
Kurnool sub-basin in the Kundair valley encompasses parts of Kurnool, Cuddapah Basin cov-

' ers the parts of Nalgonda, Krishna and Guntur districts. The Lime stones of Kumool and

Palnad sub-basins in Cuddapah Basin are the most important seiitces for cement industry.
24.4.3 Pakhals '

_ ‘Rocks exposed in NW-SE direction aloﬁg-the Pr_anhita-Godévari Valley in Andhra
Pradesh are referred as Pakhals. The Pakhals are unconformably overlain by the rocks of the

- Penganga Group and Sullavai Sandstone. They form a part of the western belt of the Pakhal
- with the impact of the Eastern Ghats orogeny. The Putnur limestone formation in Pakhal Basin
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exposed in Adilabad district is a good source for the cement grade limestone and manganese.

24.4.5 Bhima Group

" The main Bhima Group is exposed in Gulbarga and Bijapur districts of Karnataka
while only the small eastern part of the basin extends into Ranga Reddy district of Andhra
Pradesh. The lower Rabanapalli formation of the Bhima Group consists of basal conglomerate
followed by purple shale and sandstone unconformably on the Archean basement exposed over
a small area in the state. The Rabanapalli formation is transitionally overlying by the Sahabad
formation. It mainly consists-of dark gray to biuish gray massive limestone, flaggy limestone
and silicious cherty limestone. -Some of the limestone is of cement grade while the rest is used
for flooring purose. The Bhima Group sediments are mostly horizontal beds, occasionally
having gentle dips due to faults. The features such. as lithology, horizontal deposition and
unmetamorphosed nature of the Bhima Group are made to consider equivalent to the Kurnool
Group. C '

24.4.6 Kimberlites, Alkaline Rocks and Carbonatites

~ The diamond bearing Kimberlite pipes oceur in V\;ajrakarur area of Anantapui' district,
Jonnagiri in Kurnool district and Maddur in Mahabubnagar district. o




Alkaline rocks, Anothosites occur from Kanigiri to Eichuru in Prakasam district. Other
minor occurrences are at G1ddalu1ru, Idamakallu, Racherla in Prakasam district and Gundlapalle

. in Krunool district.

Carbonatites are reported near ijamuru in Nellore district, Elchuru in Prakasam dis-

trict, Nandipadu and Budamadugu in Khammam district.

24.4. 7 Gondwanas

‘The Lower Gondwana éonstituting thick sequence of sandstones and shales associated

with coal beds occur along the western margin of the Pranhita-Godavari basin. The basin

extends into parts of Adilabad, Karimnagar, Warangal and West-Godavan districts.

The Upper Gondwana constituting thick sequence of sandstones and shales associated
with coal beds occur along the western margin of the Pranhita-Godavari basin. The basin
extends into parts-of Adxiabad Karimnagar, Warangal and West-Godavari districts.

The Upper Gondwana marine and fluvio-marine facies rocks occur along the east coast

of the state. ‘the oldest fossil bird comparable to Archaeopteryx was reported from the Kota

- formation at-Mukalpet o v
24.4.8 Deccan Traps

The northern and northwerstem part of the state covered by the Deccan Traps. They
spread over. 10,000 sq.km. in parts of Adllabad Nizamabad, Medak, Mahabubnagar and

‘Rangareddy districts. Infraand Inger-trappean beds are noticed in the East and West Godavari
* districts and also i in Adilabad, Nizamabad and Rangareddy districts. Marine fossils such as
" Turitella, Cardlta baumontl Rostellana etc are recovered from the mﬁ'a-trappean of the state

24 4.9 Ra;ahmundry Formatlon

The once-called Ra_]ahmundry Sandstone is now known as Ra]ahmundry Formatlon It
consists of sandstones, clay and lignite of Mio- pllocene age and covers an area of.1100sq.km.

in the East and West Godavari districts. The Rajahmundty Formation is divided into two -
“members. The lower member consisting of sandstones, sand and clay/clayey sand rests on

Deccan traps the upper most member consists of sandstones, white clay, carbonaceous clay and
lignite, The Lignite of this formatlon has charactensﬂcs 51m11ar to that of Neyvell

24.4.10 Quatemary Depos1ts

‘The quaternary deposits are well-developed along the east-coast of Andhra Pradesh

especially near the mouth of rivers. The sediments are mainly black sands with ilmenite, mag-/"" 2

netite, garhet, tourmaline, rutile, zircon and monazite as heavy mineral concentration along the
beach and in river beds of Srikakulam, Vishakapatnam; Godavari and Krishna districts.
Palaeochannels of Chitravathi and Pennar rivers in Cuddapah, Kurnool and Anantapur districts
are found to be a source for alluvial diamond and gold. Recently the Geological Survey of
India has brought to light the volcanic ash beds along river valleys in Srikakulam, Vlshakapatnam
East Godavari, Kurnool and Nellore dlstrzcts

24.5 MINERAL RESOURCES

Andhra Pradesh is endowed with rich mineral deposits, important of which are asbes-
¢ tos, barytes, mica, copper, lead ores and magnese and less important ones are apatite, clays,
coal, corundum, diamond, feldspar, ochres, quartz, steatite, bauxite, etc. These deposits can
broadly classified into as Nonnmctalllc Metallic and Fuel deposifs. -
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© 24.5.1 Non-Metallic Depoists

Asht_estos ; _ _ _
. In Andbra Pradesh commercially valuable Crysotile variety of asbestos occur in -
Cuddapah district. It is noticed between Vempalle dolomitic limestone and sill. Asbestos

* mineralisation is generally confined to a serpentinsed zone noticed along the upper contactofa
. dolerite sill. Tt is a 20 km long belt between Brahmanapalli and Parnapalle through Ippatia,

Cinnakudala Ramanutalapalle, Lingala, Velidndla. Ahdhra Pradésh has an in-situ reserve of
0.2 million tonnes. Crysotile asbestos recoverable reserve is nearly 0.1 million tonnes.
Barytes S ,

Andhra Pradesh accounts for 96_ pér cent of Baryte deposits of the country while the smaller
deposits are found in Rajasthap,-Himachal Pradesh, Madhya Pradesh and Bihar. Barytes occur

. as veins in different litholdgies, mainly in Cuddapah, Kurnool, Anantapur, Khammam,

Mahabubnagar and Prakasam districts of the state. The in-situ reserve of Barytes, in A.P. is
estimated at 78.8 million tonnes. Bulk of this reserve is present in the Mangampeta, Kodur
Mandalam of Cuddapah district. It is the single largest depoist in the world with an estimated
in-situ reserve of 74 million tonnes. ' : ' '
Mieca _

~ The Nellore Mica Belt is the most iinpo_r_tant mica producing area in Andhra Pradesh.
The belt covering the Gudur, Bapur, Atmakur and Kavali area is about 90 kms long and 16 km
wide. The country rocks in mica belt are garnetiferous mica schists, garnetiferous homblende
schists, chlorite schists of Dharvjtgar Supergroup intruded by pegmatites and quartz veins. The
mica occurs as books ranging in size from 15 to 90 cm across. The common Nellore mica is

* muscovite with occasionally presence of ruby-mica and phlogopite.

Steatite

Steatite is a massive rock of Talc: It is mined in Pendekal and Bethamcherla area of
Kumnool district, Muchukota area of Anantapur district and Pulivendla area of Cuddapah dis-
trict. The total reserve in Andhra Pradesh is about 2.1 million tones the main contributuion -
being from Anantapur, Chittoor, Cuddapah, Kurnool, Nellore and Khammam districts.

Clays Deposits of clay are fouhd in many localities of the Andhra Pradesh in forma-
tions of diverse geological ages. Clays are esseentially of two types.. They are (i) Sedimentary
and (ii) Residula deposits. The-Sedimg(hry clay deposits associated with shalés and sandstones
of Gondwana Supergroup are present in Adilabad, Srikakulam, East and West Godavari dis-
tricts. -High grade China clay (Kaolihe) occurs near Chintrala in Nalgonda district and
Prabhagiripatnam of Nellore district. The Residual type clay deposits occur in the altered

Kurnool/Cuddapah formations. The Owk shale is altered to give rise to clays in Kurnool

district and granites to clays in Mahabubnagar district. Clay also occurs in Deccan traps and is -
noticed in several localities of Rangareddy district. B

Limestones

Andhra Pradesh has an estimated reserve of 18,580 million tonnes of lijnestoné, .of

. which 14,295 miltion tonnes is taken as a recoverable reserve. Bulk-of the State's limestone

i

resources are associated with the Cuddapah, Kurnool, Pakhal, Sullavai and Bhima group of .
rocks, and only minor occurrences are found in the Dharwars and Gondwanas. Massive of
flaggy limestone mostly of cement grade belong to the Narji formation of Kurnool-Group in

2 Cuddapah; Kurnool, Guntur and Krishna districts.




- .Ochr_es

: Ochres are naturally occurring mineral pigments of various colours like yellow, red,
- brown etc. In Andhra Pradesh red ochre occurs associated with ferruginous shales of Dharwar
Supergroup in Anantapur district and in Vempalle and Pulivendla formations of Cuddapah
Supergroup in Cuddapah district. Yellow ochre occurs in the East Godavari, Guntur, Kurnool

Rangareddy and Vishkapatnam districts.

24.5.2 Metallic _Deposnts
Bauxite ‘

-The Bauxite dcposxts occur as caps on Khondalites and Charnockite group of rocks of
the Eastern Ghats in Andhra Pradesh. ‘Bauxite is mainly confined to the East Godavari

Visakhapatnam and Vizainagaram districts. The total reserve available in Andhra Pradesh is -

657 million tonnes, and this accounts for 19.5 per cent of the country's bauxite reserves.

Copper

Copper and lead deposits occur at Angnigundala in Guntur district and at Mailaram in -

-Khammam district of the state. Copper mineralisation in Mal]aram area is associated with the
- quartz-chlorite schist of Archean age. In Agplg_undala copper and leaid deposits are associated
with phyllites and shales of Nalimalai group of Cuddapah Supergroup. There are three deposits
around Bandlamottu, Nallakonda and Dhukonda. The Copper deposits are confined to clacareous
quartizites while the Lead deposits to dolomites. Other occurrences in the state are Gani-Kalva
area of Kumool district and Gariminipenta of Nellore district.

: _IG.Ol‘.d

In Andhra Pradesh the Ur(ly working mine for gold is the Ramagm Gold Fleld located
within the Penukonda- Padel schist belt in Anantapur district. The host rocks are massive
amphibolites, Sericite-chlorite, phyllite quartz-sericite schist and ferrugionus quartzites. In
Chigargunta area of Chittoor district, which isa part of south Kolar schist belt, some economi-

cally significant deposits are found along a strike length of 3 km. The host rocks are metamor- .

. phosed basalt and acid tuffs. Recently the newly located schist belts for gold are Jonnagiri -
schist belt in Kurnool district, Gadwal schist belt in Mahabubnagar and Kurnool district, -
Avulathippanapalle area in Chittor district and Vchgallu schist belt in Ananntapur Chittoor

~and Cuddapah districts.
Manganese : ',.

_ In Andhra Pradesh the Magnese ore deposits are associated with Khondalite group in
Vizaynagaram and Srikakulam districts. . Kodur Devada, Garividi and Garbam areas are the
- chief produing centres. The 1mp0rtant other occurrrences are Pcnganga formation in Adllabad
district and Cumbiim shales in Prakasam district. : :

'2_4.5.3 Fuel Deposits
Coal |

In Andhra Pradesh, coal bearing Gondwana rocks occurpy parts of the Adilabad,
Karimnagar, Khammam, Warangal and West Godavari districts. The Coal neasures from a prt
of the Pranhita-Godavari Gondwana belt. The coal mining is confiend to Singareni, Kothagudem,
Tanduru in Adilabad district (North Godavarl area) and Karimnagar district (South Godavari
~ area). In Andhra Pradesh the insitu éstimated reserve of coal is 10,771 mllhoon tonnes and this
'_ accounts for 5.5% of the country's coal reeserves.’

213




Oil and Natural -ga§

Krishna-Godavari basin is a significant for oil and narural gas in Andhra Pradesh. The -
basin about 15000sq.kms. of on-land and about 25000 sq.kms of adjoining off-shore. The
West and Northwest side of the basin is covered by the Eastém Ghats and the east side by Bay
of Bengal. The thickness of sediments varies from 3 km (in Krishna basin) to 7 km (in Godavari
basin). Seismic survey followed by exploratory drilling carried-out by ONGC in both on shore
and off shore areas in the basin has shown encouraging results for further follow-up. A number
of hydrocarbonas have’been identified in the basin in the sedinietns of Eocene and Mio-pliocene
age. On shore exploratory wells have been tested for oil and gas at Lingaboyinapalli, Cherla,
Ravva and Yenuguvarilanka near Narasapuram, West Godavari district and Kunavarm,
Bhimanapalli near Amalapuram and Razole in East Godavari district with encouraging resutls.

Uranium depostis

Uranium is used in the nuclear ‘power generation as an atomic fuel. Uranium
mineralisation has been reported from Vempalle dolomite and Pulivendal conglomerate/quartzite
of Cuddapah basin. It is reported in Tummalapalle, Rachakuntapalle and Gadankipalle in
Cuddaph district. : ' - o
Check your progress . ; - : L

v Y

"Note : (a) Space is given b_elow for writing your answer.
(b) Compare your answer with_thc one given at the end of this unit.

3. Enlist the different geological foramtions of Andhra Pradesb.
. ) //4’—‘ )

4 What is the source rock for Diamonds?

24.6 SUMMARY

" Andhra Pradesh state is a part of the Peninsular India and physiographically divided
into Coastal plains, Eastern Ghats, Interior Uplands and Nroth-Westem Platcau, The important
" hill ranges in the state are Eastern Ghats,Nailamala, Lankamalia and Palkonda or Seshachalam.
The important rivers are Godavari, Krishna, Pennar and Thuganbadra covering most of the -
state. Geological formations from Archeans to Recent are present in the state. Archean rocks
coveting more than 65% of the state occur as linear schist belts consisting of volcano-sedimen-
 tary assemblages. the Eastern Ghats are confined to the East Coast of the state and mostly

214 constituted by Khondalite and Charnockite group of rocks. '




The crescent shaped cuddapah basin in the south-central part of the state, covers an
area of 44,500 sq. kms. in. parts of Chittoor; Anantapur, Cuddapah, Kurnool, Mahabubnagar,
Nalgonda, Guntur, Prakasam, Neliore and Krishna districts. The Kurnool Group sediments
uncoformably overlie the cuddaph sediments in two sub-basins--Kurnool and Palnad. The
Pakhals and Bhima group rocks are mainly exposed along NW-SE direction of Pranhita-Godsvari
valley and in Rangareddy districts reespectively. The diamond-bearing kimberlites are found
in the westem part of the Cuddaph Basin at Wajrakarur in Anantapur district. Alkaline rocks
- and carbonatites mainly noticed in Prakasam district. The Lower Gondawana sediments with
coal beds occur along the western margin of the Godavari basin whilé thé upper Gondwana

facies rocks occur along the east coast of the state. Deccan traps and inter-and infra-trappeans

are exposed in the northern and northwestern part of the state. The Quaternary deosits are well
developed along the east coast especial ly near the fﬁpu;h ofrivers. Andhra Pradesh is endowed

with a rich mineral deposits, important of which ard asbestos, bary €s, mica, copper, Iead ores,
ep P d pp

bauxite, clays, petroleum etc.

‘247 CHECK YOUR PROGRESS-MODEL ANSWERS

) Eastern Ghats, Nallamalai, Seshachalam, and Palkonda.
2. Godavari, Krishna, Pe.nn_a:r, Tungabadra. . .
3. Archeans, Cuddapahs, Kurnools, Pakhals, Bhimas, Godawanas; Deccan traps and Qua-
ternary. : B '
4. Kimberlite. |

1248 MODEL EXAMINATION QUEASTIONS

I.  Answer the following questions in about 30 Ines each
1. Describe the geological formations of Andhra Pradesh
2. Explain the mineral resources of Andhra Pradesh-

3. Give an acoount of physiography of Andhra Pradesh

II Answer the following questions in about 10 lines each

Mension the important mountain ranges and rivers of the Andhra Pradesh
2. Describe the distribution of Archean rocks in Andhra prade_sh _ .
Describe in detail the Baryte deposits of Andhra Pradesh.

* ¥ k-
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: STRUC'I‘URAL GEOLOGY FUNDAMENTALS

. Structural Geology - An Introduction
- Mechanical Principles

- Field Procedures

- Primary Structures

: STRUCTURES
- Unconformities
: Joints
: Folds
:'Faults

: ECONOMIC GEOLOGY ORE FORMATIONS
: Scope of Economic geology
: Igneous Processes
. Secondary ‘Processes
: Organic and Metamorphic processes . -

' DESCRIPTION OF MINERAL DEPOSITS
: Ferrous and Ferroalloy minerals '

" : Non-Ferrous Minerals
: Non-Metallic minerals .
: Fuels and Radio active mmerals :

: INDIAN GEOLOGY -1

: Principles of Stratigraphy and Correlation

: Physical And Stratigraphic divisions of India
: Archean group’

: Cuddapah and dehyan groups .

: INDIAN GEOLOGY -1
. The Gondwana group

= The Deccan Traps.

- The Younger Formations

. Geology of Andhra Pradesh
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'FACULTY OF SCIENCE
THIRD YEAR (3 YEAR DEGREE COURSE) EXAMINATION
ASSIGNMENT - 1 |
GEOLOGY COURSE -1l _
Structural Geology, Economic Geology And Indian Geology

Answer the folowing questions in about 30 Lines each
What is a Fault. Explain various types of faults.

- What is unconformity. How do you reéognisc these in the field.
- What are the three stages of deformation? Explain

Answer the following questions.in aboat 10 lines each.
Explain the terms Strike and Dip '
What are Joints?

What are anticline and syncline?
7
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FACULTY OF SCIENCE

THIRD YEAR (3 YEAR DEGREE COURSE) EXAMINATION

- ASSIGNMENT -2
GEOLOGY COURSE - Il
Structural Geology, Economic Geology And Indian Geology

- Answer the folowing questions in about 30 lines each.
What is economlc Geology? How thls knowledge is useful to the soclety‘?

Explam the 1 processes of magmatlc concentration.

Explain the ores used in the refroctories and ceramics.

Answer the followmg questions in about 10 lines each.

What are ore minerals?
Explain Pegmatitic deposits.
What are the various types of coal?
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1)

6)

7

8)

9)

10)

"

12)
13)
14)

15) -
16) .

FACULTY OF SCIENCE
THIRD YEAR (3 YEAR DEGREE COURSE) EXAMINATION
| MODEL QUESTION PAPER |
GEOLOGY
COURSE - Il

Structural Geology, Economic Geology And Indian Geology

Time:3 Hours | o Max. Marks : 70

ion : A
Note: A) Answer any three questiol_ls in about 30 lines each.
B) Each question carries 15 marks. '

What 1s structural gcology‘? Explain the scope and uses.

What i is Fold? Explain various types.

Describe in detail about hydrotht:rmal processes of ore formation.
Dlscuss about Iron Ores Processes of formation and dlsmbutlon in India.
Discuss about geological time scale.

Explam the gondwana system.

Note:  A) Answer any five questions in about 10 lines each.
B) Each question carries § marks.

Describe the primary structures,

What is Uﬁt:onformity?

Explain-about Faults,

What is ore? Explain.

Explain the processes of sublimation.

Discuss about placer deposits.

Explain the distribution of chromite deposits in India.
Describe the Himalaya Mountains. -

Explain the_: economic importance of Cuddapah system.

Describe the Archaean rocks of Andhra Pradesh.







TABLE 21.1 CLASSIFICATION OF GON])WANAS

Geological Time : N
Period Division Group Formatlon _ East Coast Formations
Cretaceous | Lower Jabalpur Umia . . . -
. ' . ti-P -
| Jurassic | Upper __ Jabalpur Tirupati-Pavalur Satyavodu |
- Jurassic | Middle ~ {Rajmahal |Kota | Raghavapuram - Vemavaram-
: Lower -~ - | Rajmahal Sriperambadur
Triassic Rahetic Mahadeva | Maleri B R
- Keuper Pachmarhi. Gollapalli - Budavada
ooy : Muschelkalk | Disconformity - _ Disconformity
N ] Bunter Panchet. Panchet Chmtalapudl Sandstones
_ [Permian | Upper . [Raniganj
. Middle ~ [Damodar fp,rey measures
' Lower . Barakar; karharbari
l - | Corbonifcous | Upper Talchir Rikba.
Talchir
-. B(mlder bed

- The Talchir beds are found in most of the Lower Gondwana areas.of the Peninsula in

the faulted troughts or grabens. The Lower most member is a tillite or boulder bed, which

- succeeded by shales and sandstones. The boulder bed consists of an unsorted mixture of boul-

ders, pebbles, rock fragments and clay, the boulders often showmg facets and striae of glacial

origin. Glossopteris Indica, ‘Gangamopteris and Noeggerathmpsns are important fossﬁs found
in Talchlr shales. :

Marine Intercalations : Umaria marine bed in Madhya Pradesh is characterstic of
; - highly fossiliferrous marine shelly limestone bed containing fossils of Products, Spiriferina,
Reticularia and others. It occurs in between Talchir and Barakar Formations. The marine bed
within the lower Gondwana sediments indicates that the phase of the Tethys sea had truns-
gressed over the Peninsula. The fossils are remnants of marine fauna, whose habitat was gradu-
ally becoming the fresh water by mundatlon from the rivers flowing into this arm of the sea
from the surrounding land. : :

The Damuda Group comprises Karharbari, Barakar, Barren measures and Ramganj
formarions. Karharbari consists of pebbly grits and sandstones and has the fossils Gangamopteris
buriadica, Schizoneura octtocaria, Glossopteris mdlca Gangamoptens cyclopterolds
Noeggaerathlopsmhlslopl "

Barakar are mostly white to fawn coloured sandstones and grits with ocoas1ona1 con-
glomerates and beds of shale associated with coal seams. The sandstones contain more or less
b o decomposed feldspars. The flora include Glossopteris, Vertebraria and Schizoneura. Barren

measures are entirly devoid of coal seams and consists mostly of sandstones charactersed by
~ clay, ironstone nodules having 35-40% iron. Raniganj foramtion consist of fine sandstones,
| shales and coal seams. The typical fossils are Schizoneura, Gondwanensis, Phyllotheca indica,
{ ‘Glassopteris india, Gangamopteris wittiana and Vertebraria mdlca Fossil wood (Dodoxylon)
is found in the upper part of the formations. :

The Panchet Group consists of _Panchot Formation named after Panchet hill in the
Raniganj Coal Field. The formation comprises a succession of coarse grained feldspathic sand-
stones, thin beds of green shales and variegated clay beds. The Panchet Foramation comprises
red bed facies of fluviotile origin. The formation has yielded a rich assemblages of flora,
vertebrates and fresh water invertebrates, The flora includes Glossopteris pecopteris, Thinnfeldia,
Cyclopteris, Pachyhacis etc. The Panchet F_orm_ation is often overlain by the Mahadeva Group. 185
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The Mahadeva Group consists of red and bufy coloured sandstones with some red clays

- near the base and also on top. F ishes, Amphlbians and Reptiles are found in the clay beds. -

The Rajymahal Group consists of 450-650 m of basaltic lava flows with intercalated
carbonaceous shales and clays. The inter-trappean sediments contain plant remains, fossil wood
and flora. Ptilophyllum acutifolium have gained importance.

The Jabalpur Group is divided into tower J abalpur and upper Umia formations. They

consist of white and light coloured clays and massive soft sandstones. Ptilophyllum acutifolium,

Otozamltes sp. Williamsonia indica are important fossils found in Jabalpur Group.

The Upper Gondwanas of Godavari district in Andhra Pradesh are familiar and rest _.

Junconformably upon the Chintalapudi (Kamthi) sandstones. The Chintalapudi sandstone lic

directly over the Archean gneisses and high grade metamorphictrocks of the Eastern Ghats
Mobile Belt. Gollapalli sandstones, Raghavapuram shales and Tirupati sandstones overlying
the Chintalpudi sandstone contain Ptillophyllum acutlfohum and Talniopterisensis, assigning
them to Upper Gondawanas.

These form the main coastat Upper Gondawana sequence of the Godavari basin. Re-
cently this succession was revised on the basis of lithology and fossil assemblage into the lower
Raghavapuram Formation and the upper Tirupati Foramtion. These are overlied by Rajahmundry
sandstone of Tertiary age. The well known ball ¢lays of Dwaraka-Tirumala are hosted by the
Raghavapuram Formation. The coastal Gondwana of Krishna basin comprises the Budavada
sandstones, Vemavaram shales, Pavalur sandstones, in the Guntur (Chebrolu area) and Prakasam
(Uppuguduru area) districts. They are referred to as the Upper Gondwanas and correlated with
the Godvari basin. Satyavedu and Sriperumbadur Formations of Upper Gondwanas in Chittor
district are considedred homotaxial with Vemavaram (Krishna basm) and Raghavapuram
(Godavart basin) formations. :

Check your progress

- Note : (a) Space is given below for writing your answer.
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(b} Compare your answer with the one given at the end of this unit.
1. The name Gondwana was introduced 1)

2. Lower Godwanas are characterised by the ﬂora cereereansanerenn.. and Upper Gondwanas
arc charactensed by the flora. . -




214 STRUCTURE AND IGNEOUS ACTIVITY IN GO'NDWANA.S _
: Structire ' ' '

The Gondwana rocks are confined to the tectonic trough with faulted boundaries as
grabens of halfgraben structures arranged along linear zones. The faults run E-W and the strata
" dip generally towards the more faulted southern boundary in the Koel-Damodar and Satpura
basins. Tn Pranhita Godavari and Sone-Mahanadi basins the tredd of the faults is NW-SE and
N-S in Rajmahal basin. Most of Gondwana basins in the Peninsula are free from folding and
where present they are confined to the more pronounced faulted margins of the troughs. In the
Himalayas the Gondwanas were highly affected by the Tertiary mountain building movements
and coal seams subjected to crushing and devolatlisation.

Igneous Activity .

" Igneous activity is observed in some parts of Gondwana basins in the form volcanic
glows, sills and dykes and mainly comprising mica-peridotite, lamprophyres and basalts, Ba-
saltic flows, dolerite sills and dykes occur in Rajmahal hills, Garo hills of Assam, some parts of
Domodar basin and in Satpura and Chattishgarjh regions of Madhya Pradesh. Mica-peridotites
and lamprophyres are confined to-eastern part of Domadar basin and Darjeeling areas. The

igneous activity is absent in Mahanadi basin, South Chattishgarh regions, Wardha-Godavani -

basin and coastal regions. Among these dykes, some are affected by subsequent fauiting indi-
cating that they are prior to faulting and some are passed through the fault zones indicating that,
they are later to the faulting. The sills and dykes are related to Deccan volcanism.

21.5 CLIMATE AND SEDIMENTATION

The Gondwaria period was initiated by the glacial climate during which a vast conti-.
" nental ice sheet covered a large part of the Gondwang land. Glaciers appear to have flowed out
from Rajasthan and Madhya Pradesh as well as tlig__:“'Eastem Ghat areas. The most prominent
centre of glaciation was the southeastern flank of présent Godavari valley from where ice moved
‘in north and northwesterly directions. - -

The climate gradually warmed during the period when fluvio-glacial sediments and
varved clays were deposited. This is evidenced from the presence of the Talchir boulder bed of
tillite at the base of the Gondwana sequence. In Damodar period the climate was definitely
warmer and more humid and permitted the growth of luxuriant vegetation. . An enormous amount
vegetaton was carried by streams into the swamps and lake basifs to form the coal beds. The

nature of the flora as well‘as the presence of undecomposed t&1dspars in the sediments indicate

- that the climate was cold temperate. The upper part of Damodar period has experienced a
somewhat drier climate as evidenced by the presence of reddish ferruginous sandstones. The
presence of Labrinthodonts in the Panchet formation indicates a period of gradual drying up of
the sedimentary basins. The Mahadeva Group consists of ferruginous sandstones of Triassic
age and definitely sediments of an arid climate. During the Rajmahal time the climate has
changed to humid temperature conditions and permitted the growth of vegetaton. The Earth
crust seems to have experienced tension in Gondwana land and resulted in the out pouring of
lavas and volcanic material during the Rajmahal times. Recently, Casshyap (1977) divided the
Gondawana strata into three disticnt assemblages -- glacial at the base {Permo-Carboniferous)
overlain by prolonged sequence of continental fluvial deposits (Permian to Jurassic) and peralic
to marine deposits of Lower Cretaceous age. Gondwana rocks are predominatly sandstones
‘with bands of conglomerate and intercalated shales, and the frequent presence of current bed-
ding indicates to a fluvial (fresh water) origin. - '
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'Check your progress

Note : (a) Space is given below for writing your answer.
(b) Compare your answer with the one given at the end of this unit.

3. The Gondwane Super group is classifed into................ groups

21.6 E_CO_NOMIC'IMPORTANCE

' The clay depostts associated with coa! sea:ms are worked for the' manufacture of refrac-

- tory bricks. The Barakar, Raniganj, Kamthi and Pachman sandstones are used locally as build-

ing stones. The beds of sideritic i 1won are in ironstone shales of Ranigunj are used o extract

iron. Most of the coals in the Gondwanas are found in the Damodar Group except in Barren

- measures. The coal reserves in India are estlmated to be about two lakh million tonnes

_ and Raj amahal times, the climate was wafﬁier and more humid permitting the growth of luxu- .

21. 7 SUMMARY

. e‘\\l\

The Gondwanas were first studied and thus named by Madlicott (1872) WhICh are later ;

.de31gnated as the Gondwana Supergroup The Gondwana sediments from huge th1ckne<;‘; of

sedimentary strata comprising conglomerates, sandstones, shales and coal bearing strata, and
are deposited in narow, linear, gradually sinking garben like troughs. The Gondawana Super- -

group mainly confined to river basins -- Sone-Mahanadi, Pfanhita-Godavari, Koel-Damodar,

Satpura and Rajmahal. The Gondwana Supergroup is divided into two major di\}isi('ms, Lower

and Upper, based on the evidence of flora Glosstpteris and Ptilgphyllum. The Gondwana

Supergroup dmded into Talchir, Damodar, Panchet, Mahddeva Ra_]amahal and Jabalpur Groups. ™ -

The Damodar Group is 1mportant for the coal beanng horizous.

lgneous. act1v1ty is observed in some parts of Gondwana basins represented by mica-
penod,otlte lamprophyres and basaltic ﬂows The Gondwana period was initiated by glacial
climate, which s evidenced from the pr_esenee of Talchir boulder bed or tillite. During Damodar

riant vegetation. The Upper Gondwanas of Godavari basin comprises Gollapalli sandstone,

Raghavapuram shale and Tirupati sandstone. Its equivalents Budavada sandstones, Vemavaram

) _shale and Pavaluru sandstones are developed in Krishna basin.
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217 CHECK YOUR PROGRESS - MODEL ANSWERS

L Medlicott (1872)

2. Glossopteris and Ptilophyllum
1 3. Talchir, Damodar, Pnachet, Mahadeva, Rajamahal and Jabalpur
| " 21.8 MODEL EXAMINATIONS QUESTIONS

| B Answer the followmg questmns in about 30 lines each

J ' ' ' Lo Descrlbe the hthology, dastrlbu’qon and classification of Gondwana Supergroup.,
. , .2 Explam the 51gn1ﬁcance of structures climate and sedimentation in Gondwanas.

3. Give an account of Gondwana rocks of India.
¥ __ - H Answer the following questions in about 10 lines each -
l h | Igneous activity in Gondwana basins. .

2 Gondwanas of Andhra' Pradesh. |

3. : Gondwana Flora. R
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22.0 OBJECTIVES

After studying this unit you should be able to
*  describe the mode of formation.

*  explain the classificaion of Deccan Traps.
¥ difine the infra and intra trappeans.
*  describe the age of Deccan traps.

22.1 THE DECCAN VOLCANISM

As a result of active compressive movements in the tethyan region during the Creta-
ccous, tension ’frac‘tﬁfes_ were developed in the peninsular India resulting in the eruption of an
Enormous qua‘ntity_féﬁ" lava that flowed over hundreds of kilometers to from a large magma
basin and are Herce termed as fissure cruptions and are spared out far and wide as nearly
horizontal sheets. The term Deccan Traps was first coined by W.H. sykes in 1833 and derived
the name from the vernacular "Dakhkan® meaning South and "Trap” from the swedish word
meaning stair to describe the step like, flat topped or terrace-kike topography peculiar to the
Deccan trap terrain. The flat topped plateay like features of basaltic composition have allowed

~ them to be called as plateau basalts. The Deccan traps have very wide geographical destribution
and occupy large tracts between Kutch in the northwest, Mumbai in the west, Belgaum in the
south, Sarguja and Joshpur in the east and as far as Rajahmundry in the southeast, covering

 parts of the states of Gujarat, Maharastra, Madhya Pradesh, Andhra Pradesh and Karnataka,

22.2 THE CLASSIFICAION OF DECCAN TRAPS

The Deccan traps are classifed earlier into three groups, upper, middle and lower based
on the infra - and inter-trappean beds and ash beds. According to this classificaion the lower
. traps occupied Central India and Malwa and upper traps occured at western margin in parts
Mumbai and Kathiawar. The above calssificaion has been discarded as their positions are"
192 reversed, the older becoming younger and vice versa. _ ' :




Recently a detailed classification is attempted in western Maharastra where thick suc-

cession of lava flows are exposed. The Deccan Trap is divided into three sub-groups which

~ consist of twelve formations based on petrological, mineralogical, geochemical and isotopic
" data. The three subgroups are the Kalsubai, the Lonavala and the Wai. The youngestis wai sub

- group exposed in the northwestern part of Andhra Pradesh.

Check your progress
Note : (a) Space is given below for writing your answer.
_ ' (b) Compare your answer with the one given at the end of this unit.
- 1.~ What are three sub-groups of Deccan traps?

“Table 22.1 Stratigraphic Succession Of Deccgn Basalt Group of the Western Ghats

-Sub-Group | Formation Member / Flow
R  Panhalg "
Wai | Mahabaleswar
: : " Ambenali
Poladpur
_ Lonavala Bushe
o ' _ Khandala _ , . _
l_ " | Bhimashankar MonkeyhillGPB
. = Giravalli GPFB _
‘Thakurvadi . | Thakurvadi Chemical type
' ! Water pipe member * -~ \ _
Thakurvadi Chemical type _ o i
‘High TiO2, Thankurvadi basalt
- : : - Thankurvadi chemical type -
Kalsubai - _ - _Jamimu Patti member
- Neral - = Tuner Five Basalt _ -
' Neral Chemical type i
Terambre Chemical type - .
_ Ambivili picrite Basalt
Igatpuri - Kashele GPB*
o | Nilamati =
Jawhar Thalghat GPB *
Juni Jawhar
Val River
Golbhan phyric
Devbandh
Khardi phyric
—_— 193




22.3 INTRUSIVES IN THE DECCAN TRAPS

Sills and dykes of dolerite are numerous in the traps but they are not evenly distributed.
In Saurashtra they show a mere or less radial disposition around Amrali and Jardan and also
around the plutonic mass of Gimar. Dykes are very common in eastern Saurashtra in Gujarat,
in the Narmada valley, in the Satpura region of Madhya Pradesh and also in Western Andhra
Pradesh. . -

224 PETROLOGY, PETROGRAPHY AND CHEMICAL
~ COMPOSITION o |

Petrol’ogi'célly the Deccan traps show general similarity from one area to another and
uniferm in comoposition and correspond to dolerite or basalt with an average specific gravity
of 2.9. In Western India incl uding Mumbai, Kathiavar and Kutch, the traps are associated with
acid, intermediate and ultrabasic rock types derived through differentiation of the original magma.

Besidcs the usual dolerite and basalt, lamprophyre, limburgite, olivine gabbro, porphy-
ritic basalt, porphyry andesite, monzonite, nepheline syenite, rhyolite, obsidian and pitchstonc
arc recorded. : : .- : :

~ The bulk of the trap is composed of labradorite and clinopyroxene.- Ophitic texture is
common. The rocks often show phenocrysts of feldspar in doleritic types and interstital glassy
‘matier in the basaltic types. The-common pyroxene in the lower and middle traps is augitc to
subcalcic augite with occasional pigeonite and is associated with olivine and ore minerals.
Secondary minerals such as zeolites, calcite and chalcedony are often developed in the traps,
either as fillings in the amygdoloial cavities or as products of alteration.

The plateau basalts of the fissure eruption type when compared with the normal core

basalts of the central eruption type show a higher iron and titanium content. The most of the

* flows in Deccan Plateau are middle stage basalts and are characteristically tholeiitic and repre-

sent the original magma of the province.- Last stage basalts are restricted to only a few areas in
western Mhaharastra. =~ . - L o : AR .

Chemically, majority of the basalts are high-alumina basalts and with relatively high

Fe and Ti. The trace clemetns Cr, Ni, Co, Sc, Y, St, Pb, and Ba, seem to have behaved in a -

much more systematic and orderly manner when compared to the major elements.

- The geochemical studies of the Deccan traps have led to the rccognition of distinct and
different magma types. Itis believed that the origin of alt magmas is from a common parentage
by the partial fusion of the upper mantle. Primary mantle material is presumed to be of the
composition of garnet peridotite with varyipg amounts of garnet or omphacite on partial melt-
ing, yield tholeiite and alkalibasalt types. The alkali basalt type would be generated at a greated
at a greater depth than the teholeiitic type. Differentiation of either type of magma may take

palce during and/or after emplacement due to oxidation and reduction; gas fluxing, crystal

settling and contamination.

~ 22.5 THE BAGH BEDS

The Bagh beds occur below the traps near Bagh town, situated in the western part of

Narmada valley, about 145 km west of Indore in Madhya pradesh. The Bagh beds are also

exposed in isolated outcrops around Kewadi-Chapdi, Arithi-Sipanpalia, Jangthi-Jampani and
Mangeli-Wani villages in Dhule districts of Maharastra. Bagh beds comprise marine sedi-
ments like conglomerate, sandstone and shale of Cretaceous age (Table 22.2). They contain

- several species of Anthozoa, Poryezoa, Echinodermata, Brachiopoda, Gastropoda, Lamelli-
- 494 branchs and F i_shes indicate mainly Turonian in age (Upper Clretaceous).- o
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24.4 GEOLOGY

- Andhra Pradesh forms an improtant segment of the Peninsular Shield of Indian. Sub-
continent. Geological formations from Archeans to Recent are present in the state and generalised
Geological Succession for the state is given in Table 241, '

24.4.1 Archeans

- In Andhra Pradesh Archean rocks covered more than 65 per cent of the area. Archeans

_occur as linear schist belts of various sizes in gneissic terrain. The Archean rocks are Volcano-

Sedimentary assemblages usually represented by high grade schists comprising garnet, stauro-

lite, kyanite, sillimanite (rarely cordiertie, sapphirine granulite enclaves in Karimnagar), mica

: schists, calc-silicate rocks, crystalline limestone, fuchsite-quartzite, banded heamatite quartz-

- ~—- - {tes, metabesalts, amphibolites, mica-chlorite schists etc. The main schsit belts in Andhra Pradesh. -
are Karithangar belt (in parts of Karimngar, Adilabad, Warangal and Khammam districts),
Veligallu Schist Belt (in parts of Anantpur, Chittor and Cuddapah districts), Gadwal Schist Belt
(in parts of Mahabubnagar and Kumool districts), Kadiri Schist Belt (in parts of Anantapur and

~ Chittor district), Ramgiri-Penakacherla Schsit Belt (mainly in Anantapur district), Jonnagiri
_ Schist Belt (in parts of Anatapur and Kurnool districts), Peddavuru S¢hist Belt (in parts of
Nalgonda and Guntur districts), Nellore-Khammam Schist Belt (in parts of Nellore and

Khammam districts), Nellore Schist Belt (in parts of Nellore and Prakasam districts).

Table 24.1 Generalised Geﬁlogical Sug_ceséio'n : Andhra Pradesh

Geological Time | Group / Formation
Soil, Beach Sands, Alluvium '
Cave deposits, Laterites, River terraces,
Older Alluvium, Placers, Ashbeds

Recent to Mio-
Pliestocene

: Mi-PIioccﬁe

208

" Lower Eocene to

‘Rajahmundry formation
Deccan Traps and Infra & Inter-trappeans

to late Archean

Late .Archean

Middle Archean

£

Dharwar .Su.f;ergroup

Older supracrﬁstalé (Sargur

Group (7).

Upper Cretaceous o
Lower Cretaceous Gondwana Fluyjatile Coastal Fluvio-Marine
' hiki al E _ Tirupati Formation ,
to Upper _C ! lFa orglanon Raghavapuram Formation
1 L.Ganga%urt (;;‘lﬂ&tl(:l} Satyavedu Formation
. Lower Kota Formation - -
. Kamthi Formation
Upper Carboniferous ‘ i ' : .
| PP . | Maleri Formation Baraker Formation
Upper Proterozoic | Kumool Group . Bhima Group '
to
Middle Proterozoic - Cuddaph Supergroup Phakhgls .
o Eparchaean Unconformity
Middle Proterozoic | Eastern Ghats Charnockietes
Khondalites

Pyroclastic rocks, Metabasalts,’
amphibolities, intrusive granites
(Ramagiri, Kadiri, Gadwal,
Nellore Schist Belts)

High grade Schists, Migmatites,
‘Kyanite, Silimanite, Cordierite,

‘I Mica Schists, Amphibolite, Anorthite

Ultramafic Complex -
Banded gneissic Complex
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Answer the folowing questions in about 30 lines each h
Explain the Dharwar rocks of Kamataka.

Describe in detail about Cuddapah system.

Write an eassy about Andhra Pradesh stratigraphy.

Answer the following questions in about 10 lines each.

- ‘Write about Kurnools.

What are the fossils of Gondwana system? -

Discuss about the age of Deccan traps.
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. PREFACE

This book dcals with the topics in Geology included in the syllabus for the Third Year of the
B.Sc.. coursc offered by the Dr. B.R. Ambedkar Open University. These topics generally
cover the core arca of the subject to be studied in the Third Ycar of the three-year Degree
Coursc in Science (B.Sc.). The syllabus for the sake of convenience is divided into Blocks,
cach of which comprises of number of units. Each Block generally covers a specified area of
the subject. The units are prepared by specialists in accordance with a format so designed as
to cnable the student to rcad and understand them without much difficulty. Each unit begins
with a statement of its contents, objective followed by introduction and has at its end
assignments intended to test the student’s comprehension of its subject matter. Technical
terms with which the student may not gencrally familiar are given at the end of each unit
under the head ‘Glossary .

The objective of this book is to give exposure to the students about mineral exploration,
mincral economics and advanced aspects of Geology. There are 24 units grouped under 6
blocks. The first and second blocks deal with Mineral Exploration. Third and fourth blocks
deal with Mincral Economics. The fifth and sixth blocks are specially designed for the
advanced aspects of Geology. -

The advanced aspects from uaits 17 to 24 are explained in order to give the students the
exposurc and knowledge in these topics to help them to study post graduation courses in
Earth Scicnces. ' - e

The University hopes that this course material will help the students to get acquainted with
the concepts and principles of mincral exploration, mineral economics and advanced aspects
of Geology. '
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UNIT:1 EXPLORATION PRINCIPLES AND
STRATEGIES

Contents
1.0 Objectives
L1 Introduction
1.2 - Basic Exploration Principles
1.3 Reconnaissance - Direct Field Evidence
14 - Methods of Prospecting and Exploration
1.4.1  Airbornc Methods
t.4.2  Ground Exploration Mcthods
143 Three Dimensional Sampling
L5 Exploration Stratcgics
1.5.1  Ficld Guides
1.5.2  Choice of Exploration Mcthod
1.6 Summary :
1.7 Check Your Progress - Mode! Answers
1.8 Modcl Examination Questions
1.9 Gilossary

1.0  OBJECTIVES

In this unit, various mineral prospecting and exploration principles and exploration strategies
are described. . : .

After completion of this unit, vou wilt be able to :
* describe the basic principics of prospecting and exploration
& cxplain the methods of prospecting and exploration :
¢ describe the exploration method depending upon the information obtained from
preliminary studics of ore deposits. ' _ '

1.1 _INTRODUCTION

A systematic scarch for mincral deposits by geological, geophysical and - geochemical
investigations constitutes the subject matter for mincral exploration. Basic understanding of
the geological principles is necessary for carrying out mineral exploration programme. But

when we do not have direct field evidences of the ore bodies, we have to seck indirect
evidences by way-of pursuing geophysical, geochemical and geobotanical investigations.  For

locating target areas, the geologist may choose the casier and less costly ground methods like

reconnaissance, tracking of boulders, outcrops etc. for evaluating direct field criteria leading

to mincral discoveries.  Airborne methods, ground methods and three dimensional methods
arc available for exploration. In formulating an exploration strategy some basic geologic

knowiedge and other data of cach deposit arc necessary.. Various factors influence the choice

of exploration methods and also the quantum of cxploration in many cascs. :

1.2 BASIC EXPLORATION PRINCIPLES

Scarch for mincral deposits may be compared to the pastime of shooting at a target. But for

3
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the geological marksman, his bull’s eye (the ore body) is concealed and betrayed only by the -
rings (like an alteration halo) that surround it. A systematic search for such targets
constitutes the subject matter for mineral exploration. But when we do not have direct field
evidence by way of these targets, we have to seek indirect evidences by way of pursuing
geochemical and geophysical investigations.

Mineral exploration consists of two activities. One is prospecting, which in essence is the
choosing of suitable mineral targets for exploration. The other is exploration, which is
proving of targets located during prospecting. The methods employed during cither of the
activities, cannot be rigidly isolated. However, certain types of activities are typical of both
and can be broadly recogaised. But prior to starting prospecting or exploration, it is
necessary to choose the target areas, which can yield mineral deposits. The selection of target
areas should be done by a process of sequential elimination of areas of poor potential. Such
climination is possible by reference to available literature in many cases. However, the
whole process of target selection invoives much more than a mere study of literature.
Literature pertaining to prospecting areas, may be in the form of published geological reports
with maps, unpublished geological reports, memoirs, records etc., available with the
Geological Survey of India (GSI) or the Directorate of Mines and Geology in the State
capitals and sometimes with private organisations.

For locating target areas, the geologist may choose the easier and less costly ground methods,
. when the areas are small or the more sophisticated and also expensive aerial methods, which
are ideally suited for coverage of very large-areas. The ground methods include
reconnaissance, tracking of boulders, outcrops etc. for evaluating direct field criteria leading
to mineral discoveries. '

1.3 RECONNAISSANCE - DIRECT FIELD EVIDENCE

The Geologist should undertake a rapid reconnaissance of the various target areas, as a first
step, to see all the rock exposures. Natural or manmade cuttings generally expose rocks for
easy examination. The beds of river course, nalas and streams are best available natural -
openings. If any source of float ore is found in such stream beds, efforts should be made to
locate the original sources. The rail, road, canals, and well cuttings expose rocks and mineral

~ deposits. The presence of mineralisation may be indicated by direct field evidence in several
cases. Such features include 1) Float ore, 2) Topography, 3) Stratigraphy 4) Lithology, 3)
Contact surfaces, 6) Structure, 7) Alteration haloes and 8) Old workings, tailing dumps and
evidence of smelting activity of metallic ores etc. The presence of float ore on the
escarpment side of Sandur Iron Ores, Karnataka; old workirigs and slag heaps at Agnigundala
Copper-Lead Mines of Andhra Pradesh; scheelite in the tailing dumps of Kolar Gold Fields,
Karnataka are some of the classical examples where these field evidences were fruitful. The
other field evidence criteria constitute the so-called physiographic, mineralogical,
stratigraphic, lithological and structural guides in mineral exploration, which are detailed in
the following units.

1.4 METHODS OF PROSPECTING AND EXPLORATION

A variety of methods are available for exploration. Each has specific. use, value and some
inherent limitations. Choosing the techniques for specific field conditions cails for a broad
knowledge of the methods and their limitations. These exploration methods are broadly

divided into i) airborne methods, ii) Ground methods and iii) Three-dimensional.
4




1.4.1 Airbome Methods

Remote sensing, Photogeological and Aerial geophysical exploration studies constitute the
airborne methods. ' o

a) Remote sensing: The principles of remote sensing centres around the capacity of all
objects to reflect electro-magnetic energy. Theoretically, all objects display a characteristic
(spectrum of emitted, absorbed and reflected radiation. In practice, however, this spectral -
reflectance is influenced by the reflectivity characteristics of the object as well as atmospheric
transmissivity. The former characteristic is made use of in most remote sensing operations,
The spectrum contains many bands and wave lengths of which visible and infra-red spectra
are used for conventional photographic reproduction in aerial and space photographs, This
technique has certain advantages like comprehensive, instantaneous synoptic view of large
areas; repetitive observations; uniform data with wide choice of scales, over others. '

b) Photogeological study: Photogeology is an ideal tool for exploration, where
geomorphologic features have an influence on mineral occurrence and concentration. It was

used in locating several bauxite bearing laterite cappings in the East Coast, Maps made by
photogeological methods are not complete without selective or detailed field checks. Aerial

Photos are made by Cameras mounted on aeroplanes. The terrain is photographed in
confinuous and lateral overlaps, so that stereo-photo models of the area can be seen, when a :
set of overlapping photographs are piaced under a stereoscope. '

¢) Airborne geophysicsl methods: The principle is same as for ground geophysical
methods, which are described separately. : -

1.4.2  Ground Exploration Methods

Ground exploration methods are the most important in defineating the physical boundaries -
and chemical nature of the individual deposits and consist of two operations viz. Detailed
ground definition of targets and three-dimensional sampling. These are listed below.

By aerial or other methods, target areas are selected for ground exploration. During ground |
exploration, the deposits are broadly delincated. Such delineation can be achieved by
regional geological mapping, scout drilling followed by three dimensional sampling,

a) Detailed ground definition or targets: Regional geological mapping is carried out for

delineating potential mineral bearing areas on I: 250,000 to 1: 25,000 scale. These are usually

available with Geological Survey of India. Ifitisa totally virgin area, the exploration agency

has to prepare the geological map. The geological map constitutes the most important
~ ingredient for exploration. '

-b) Geochemical sampling and mapping: The quantitative determination of the anomalous -
distribution of certain elements in the surface soil and subsurface overburden and comparison
with a known background value give an idea of the rock and mineral deposits hidden below
the ground. This is the essential principle of geochemical prospecting. The common practice
followed in geochemical method is the collection of soil, stream-sediment, water, rock
samples at regular intervals, the grid lines being transverse to the strike of the suspected zone
of mineralisation. The metal content is determined by rapid geochemical analysis of samples.
Geochemical methods are very effective in locating targets of base metal mineralisation.

Soil Sampling: Residual soils jn temperate and tropical regions carry mineral particles of
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parent rocks. Soil geochemical sampling aims recognising such values, anomalously high
value concentrations indicating of soil capping target.

Stream sediment sampling: This is the most widely used technique in geochemical surveys.
Fine stream sediments collected from active stream channels or fiood plains carry mineral
matter in fine form derived from their original source rock.

Water'sampling: Water sampling is of relatively little value except in the case of uranium
and in rare cases, Zinc and Copper. Water samples -are collected from lakes, rivers from
- underground sources. ' '

Rock sampling: Rock samples are collected from visible rock outcrops by cutting out chips
of rocks from predetermined grid points. - '

Indicator and pathfinder elements: In a geochemical survey an clement measured in order
to detect an ore body is termed an indicator element. In a majority of cases, the indicator
element is an economically valuable component of the ore being sought for example Cu for
copper ores or U for uranium ores. However, if the valuable component is difficult to
analyse, immobile or yields data, which are difficult to interpret, another element associated
with the ore mav be more useful. ‘Such an element is calied a pathfinder element. Before
deciding to use a pathfinder element, the reason for its association with ore and the range of
geoctiemical environments in which the association occurs should be examined.

Geochenical prospecting data can be more effectively interpreted by computer methods. The
methodology in brief is based on the following concepts. Any area under investigation will
have three types of geochemical values. One is the background value, which describes the
average metal value of the area in the un-mineralised zone. The other is the threshold value
which describes the zone separating the average values formed the anomalous values. Lastly
there are the anomalous values, which are above the threshold values, which zone constitutes
the best target area for exploration. - ' '

¢) Geobotanical sampling and mapping: The presence and variety of a particular plant
species in the area of mineralisation have been recognised as a guide to locating ore, since
many years, however, it is only in recent times that it has started becoming an organised
science and a method of exploration. -

The growth and distribution of a particular plant in a given area are known to be influenced
by subsurface geology. Geobotanical survey involves a visual study of the nature and
distribution of ‘the vegetative cover, plant distribution, the presence of indicator plants, -
mutational or morphological changes in species introduced by mineral enrichment etc.

d) Geophysical methods: Geophysical prospecting is the search for hidden mineral deposits
by measurement of certain physical properties of the earth surface. Properties like gravity,
magnetism, seismisity, electrical conductivity and radioactivity of rocks are measured in the
field and interpreted with available geological data. Five major methods are available 1)
Gravity, 2) Magnetic, 3) Electrical, 4) Seismic and 5) Radiometric methods.

Gravity method: The principle here is to locate the anomalies of gravity from place to place
‘in area of search. The heavy mass may be a massive sulphide ore, iron ore, bodies of
chromite etc. all of which cause deflections indicating gravitational influence. Instruments
used to measure these deflections are pendulum, torsion balance and gravimeter.
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Magnetic method: Certain rocks have magnetic properties. - They exert their magnetic
influence above the normal magnetic field of the arth, Minerals like magnetite, pyrrhotite
exert magnetic influence causing deflection on the magnetic needle. Sensitive instruments
like magnetometers are used to detect these minerals. ' '

Electrical methods: These methods are relevant in survey for metallic mineral deposits.
Some make use of conductivity and self potential, while others make use of the inductive
response properties of rocks. Some others are based on measurement of the resistivity of

rocks. '

Seismic method: In this method the capacity of rocks to transmit earthquake waves is
studied.  Artificial earthquakes are produced by explosion and sensitive seismographs
measure the waves. Reflection and refraction of waves are studied in this method.

All these methods, except seismic, ar¢ capable of being executed by airborne instruments to
cover large areas rapidly. Electrical methods offer the best scope for application in small,

areas. '

Radiometric method: Radioactive minerals like uranium and thorium can be éasiiy detected

-and estimated by the help of this method. Portable Geiger-Muller counters, radiation survey

meters are used for this type of exploration. This is applicable only for radicactive mineral
deposits.

&) Scout drilling and rapid éampling: Scout drilling is done exclusively for confirming the
presences of deposits discovered on the basis of expioration conducted by geochemical,
geobotanical and geophysical methods. Scout drilling can be done by coring or non-coring
drills. The drilled samples are analysed by rapid methods. '

1.4.4 Three Dimensional Sampling

Three dimensional sampling constitutes the final stage of exploration, which aims at
establishing the dimensions and grade of the deposit in all its details. This operation involves
detailed geological mapping, trenching and pitting, drilling and exploratory mining and
sampling pertaining to each operation. :

Of the several methods mentioned above, three-dimensional sémpling (detailed ground
exploration) is the most important in the final evaluation of a deposit: All other techniques
are rarely used together and some of them like remote sensing are still in a developmental
stage. '

The major criterion for making a choice should be the discriminating capacity of the method
considered. Some of them like geochemical sampling, geobotanical sampling, remote
sensing, aerial photography etc. have a low discriminating capacity. These techniques do not
lead to a direct discovery of mineral deposits but are tools required for rather general
investigations. They are best utilised when combined with methods of high discriminating
capacity. :

Another criterion considered in choosing the technique is the status of the terrain. In virgin
areas, one might have to choose large target areas and it is important, that the first stage of
elimination be done rapidly. Here, choice may be made in favour of rapid techniques even if
they have poor discriminating capacities. . Expense and ready availability of equipment and
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skills also may influence the choice of techniques.

Check Your Progress
Note: a) - Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.
1. Name the different methods of prospecting and exploration.
2 What is an indicator element?

1.5 EXPLORATION STRATEGIES

It has been mentioned, that no two deposits, even though of the same mineral or ore,
generally bear absolute comparison with each other. Naturally, an exploration strategy,
which has proved successful in one deposit, may not meet with the same success in another.
In formulating an exploration strategy therefore, some basic geologic knowledge and other
data of each deposit are necessary. In order to collect data systematically, the following
check list of observations to be made and recorded is recommended.

Check List of Preliminary Observations

i Status of the Area:
(a)  Developed area with good communications or
(b) - Undeveloped area '
2. Topography of the terrain
' {a) plainfwooded/barren
(b) hilly/wooded/barren
(<) mountainous/wooded/barren
3.. - Regional geology and structure of the terrain
(a) Igneous

(b) Sedimentary
{c) Metamorphic .




12.

13.

(d - Residual
{e) Alluvial terrain

{H Structure and tectonics - simple or com plicated.
Size of the ore body;

(a) Length

{b) Width and

{c) Depth.

Outline of the ore body:

(a) Simple

{b) Irregular or
{c) Complex.

Types of ore bodies:
(a) Capping
(b) Reef

{c) Veins (various types of veins)
(d) Disseminations

(e) Lenses and pockets and other irregular bodies or

(") Stratified sedimentary beds,
Nature of the enclosing rock:

{a) . Lithology

(b) Hard, medium, soft, friable etc.
Wallrock alternation:

(@  Pronounced

(b) Prominent

(c) Not prominent or

(d) Totally absent

Mineralogy:

(a) Monomineralic

(b) Poly mineralic and

{cy Nature of gangue minerals

 Structure:
(a) Simple
. (b) Fairly complex
{c) Complex or
(dy . Very complex.
Disposition:
(a) Extent of ore burden:
) no overburden
1) Partially covered by overburden or

5 Fuily covered by overburden.
(b) Depth extension: .
) confined to the syrface
I Partially confined to the surface or
1)) Fully extending underground
Ground/Surface Water:
(a) Present, but not likely to cause any troubie

(b)  Present and likely to interfere with drilling, pitting, branching, aditing etc.; or

(c) Not present at all
Field evidence about ore genesis;
(a) Clear or

(b) Not clear

M




14 Climate of the area with records of rainfall and temperature variations:
(@) Desert ' '
(b). Arid
() Semi-and
(@ = Humidetc.

1.5.1 Field Guides

" Each mineral deposit will have typical characteristics of its own and even deposits of the
same mineral occurring close together exhibit semi diverse characteristics. However, broad
similarities of certain characteristics are also noticeable, which make it possible to draw
general inferences. Tn the case of Indian mineral deposits also vast diversitics between any
two deposits of the same mineral in a particular type arc noticeable. Based on these, it is
necessary 1o recognise certain field guides, which help in the search for a given mineral
deposit. Many of such guides may be required to recognise a particular mineral deposit.

1.5.2 Choice of Exploration Method

The various factors mentioned above influence the choice of exploration method and also the
~ quantum of exploration in many cases. The latter is also dependent on the required degree of
precision of the exploration data. R ;

After a pr_omis’ing mineral dcposit has been located, and its broad characiéristics are studied, '

the next step is to choose a particular scheme¢ for detailed exploration based on other guiding
factors like cost, time etc, : ' S '

There are many factors which go a long way in helping the exploration geologist in his choice
of an exploration method.  The factors mentioned below can be made use of either
_ individually or in varying combinations. = ' :

Capacity of exploration method to give reliable type of samples in sufficient quantity:
~The primary objective of any exploration programme is 1o collect samples of desired quantum
and type and to prove the quality and extent of the deposit. Hence, it is important to choose
such a method, which yields such samples laterally and in depth. Samples should be
available continuously at regular intervals. In the surfacial deposits (also shallow), pitting
yields most reliable samples. But, as mineralisation extends down-wards; most of the
observations have to come from dimnond—cOrc drilling, which later be substantiated by

samples obtained from exploratory mining.

Efficiency of the Method in Operation: This aspect depends on a host of conditions like the
organisation of the team, nature of the country rock; stratigraphic' sequence, nature of
‘mineralisation, structural features ctc. Pitting in hard rocks like quartzite is time-consuming
and costly and it can be resorted to only under compelling circumstances. In such cases, core
drilling will yield equally reliable data. S '

Cost Bearability: The total cost of operations should not become unbearably high. The
geologist should remember that the raoney sunk in exploration cannot be recovered in any
form except in the sale value of the ore to be proved. The amount spent on this account
shouid be casily absorbed by the sale price later. -
Maintenance of required speed of operation: The exploration programmes are mostly time
bound, Sometimes, either due to break down of machinery or any other reason, the
10




programme may get staled. Hence, the method chosen should be quite flexible with either

spare machinery or manpower or by opting for substitution of the programme with another
suitable method.

Conformity with shape, size and pattern of mineralisation: This factor almost totally -
controls any exploration operation. For deposits of large acrial extent and surfacial nature,
pitting and trenching are adopted. Asbestos, bauxite, magnesite and diamond are explored by
these methods.  However, spacing of the pits or trenches. is of vital consideration as it
influences the total cost of operation.  Care should, however, be exercised in exploring some
finerals like mica cither by pitting or by drilling. For deep-seated deposits such as chromite,
copper, lead and zinc ores, drilling has to be undertaken. The structure and stratigraphic
sequence often control drilling in such deposits. '

Topography of the area: Some areas remain inaccessible due to their altitude, thick
vegetation, poor ground condition like marshy terrain and lack of communication. - Though
man can reach these areas, it would be very difficult to take materials and machinery. This
particular situation has been faced in the case of bauxite deposits. Even many iron ore
deposits had been inaccessible in India until recently. The exploration geologist will have to
choose such a method which entails easy transportation of men and material, availability of
firm ground for setting up camps and drilling machines, availability of other facilities etc.

Marketability of ore at the exploratory Stage: In some exploration programmes, it may be
necessary to sell the ore raised during the operation. In such cases the choice may be in
favour of a method, whick may yield large quantities of ore. This is generally the case in the
exploration of copper ore, which is sent to smelters cven far removed from the deposit.
Similar is the situation with mica, ashestos etc. '

Check Your Progress
Note: a) Space.is given below for Writing your answer.
b} - Compare your answer with the one given at the end of this unit.
3 Na.mg the factors which help the exploration geologist in the choice of an exploration
method
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16 SUMMARY

In this unit, various mineral prospecting and exploration principles and exploration strategies
are described. The geological approach in search for mineral deposits have been deal in light
of ground surveys and airbome inventories. | The identification of direct field evidence may
lead to locate a valuable occurrence. The airborne surveys are to be carried over a wide
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terrain and information obtained has to be checked by ground surveys to hit the target of
mineralisation. Ground exploration methods are important in delineating the physical
boundaries and chemical nature of the individual deposits

The goochemical exploration techniques involve sampling of rocks, soils, and water and plant
species, which may show presence of ore.

Geophysical prospecting helps in the search of hidden mineral deposits by measurement of
certain physical properties of the carth surface. Properties like gravity, magnetism,
seismisity, electrical conductivity and radioactivity of rocks are measured in the field and
interpreted with available geological data. '

Three-dimensional .sampling constitutes the final stage of exploration, which aims at
gstablishing the dimensions and grade of the deposit in all its details. This operation involves
detailed geological mapping, trenching and pitting, drilling and exploratory mining and
sampling pertaining to each operation. . - S :

The Exploration strategy will have to be laid out taking cognisance of geological,
geomorphologic, and geographical conditions, The technique of cxploration differs from
deposit to deposit even in the same mineralised district.

1.7 CHECK YOUR PROGRESS - MODEL ANSWERS

1. {i) Air borne methods
(ii) Ground Methods
(iiiy  Three dimensional sampling

2. In a geochemical survey an element measured in order to detect an ore body is
termed an indicator elerment. :

3. (1) Capacity of exploration method to give reliable type of samples in sufficient
quantity. '
(ii) Efficiency of the method in operation.
(i)  Cost bearability. '
(iv)  Maintenance of required speed of operation.
v) Conformity with shape, sizes and pattern of mineralization.
(vi)  Topography of the area. '
(viii)  Marketability of ore at the exploratory stage.

18  MODEL EXAMINATION QUESTIONS

L Answer the following questions in 30 lines each.

1. Give an account of role of remote sensing and photogeological methods in mineral
exploration, :

2. Describe the role of indicator and pathfinder elements in geochemical prospecting.

3. Describe how field guides could be useful in respect of the following mineral
deposits:
(a) Chromite (b) diamond (c) copper.
(d) Lead-zinc {¢) gold (f) bauxite

What are the various factors that influence the choice of an exploration method?




IL. Answer the following questions in 10 lines each

1. Reconnaissance

2. Geobotanical guides
3. Geophysical anomal
4. Field guides

L9  GLOSSARY

Aditing

Geochemistry

Geop_hysiéa] Anomaly
Mineral prospecting -

Mutational effect

Pitting -

Remote sensing - -

Seismograph

An adit is a horizontal or near horizontal opening driven
into the ore body from some surface so that a cross section
of the ore body is available for study and sample
collection. In large ore bodies, a number of adits may be
required to study several cross- sections. In mining also
adits find place for ventilations, transportation etc,

A branch of geological science, which comprises the study
of the composition of the earth and the chemical processes
responsibie for its formation

;A geophysical observaiio:i _indicatinig ~departure or

deviation from the usual pattern. E.g. Magnetic high.

Mineral prospecting is the preliminary stage in and
cxploration mineral search to identify suitable targets.
Proving of such identified targets constitutes the mineral
exploration. :

Mutation is a sudden, heritable change, The change
appears all of a sudden, and is passed from generation to
generation.

Pitting is the process of digging openings to ‘penctrate soil
cover and other loose material to reach mineral ore bodies
concealed underneath. Pitting can be done manuaily or

- with-the help of machines, Pitting is a very widely used

exploration method and Many are very effective in proving -
deposits, which are widely exposed on the surface and are
relatively thin. They arc least effoctive when the outcrop
is linear and narrow and the ore body is steeply dipping.

A preliminary survey in mineral prospecting conducied to

- ascertain the feasibility of occurrence of a mineral deposit

Detailed investigation is not cartied out in this. )

It it an airbome exploration method, based on . the

- reflestive characteristics of objects - for electro-magnetic
energy, used to study surface features of the earth.

An instrument used to detect and mea'sufe the intensity of
' : 13




i Trenching

14

earthquake waves.

A trench is a narrow linear excavation, which is generally
done to expose concealed outcrops. Where the soil or
other secondary cover is not too deep (say less than one
metre). A trench may be very desp and very long in
certain specific cases where the distribution, size and
shape of the mineral concentration is to be studied.
Normally, however, trenches are put to €xpose the
outcrops preferably - from the football contact to the
hanging wall contact, The actual excavation may be done
by manual methods or by excavating machines.

Trenches are most valuable when the outcrop 1S narrow
and linear. Trenching has been adopted as a major
exploration method in many iron ore and bauxite deposits.
Trenches can give detailed information about the nature of
the hanging wall and footwall rocks, the lithological and

- grade variation of the ore body, structural details of the ore

body cte.
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2.0 OBJECTIVES

In this unit, the concepts of geophysical methods of mineral exploration like gravity methods,
magnetic methods, elcctrical methods, seismic methods and radicactive methods “are
described. ' ' :

After completion of this unit vou will be able to
* describe the geophysical methods of mineral exploration
* cxplain the geological setting in order to 1dentify the mineral resources
* explain the specific application and limitation. '

2.1 INTRODUCTION

Geophysical prospecting involves specialised techniques and gives consistent results only m
the hands of a scientist, who has a thorough understanding of the geophysical principles and
the ability of interpreting the results. A geologist, if he has made a special study of
geophysical prospectihg, can carry out the surveys himself. Otherwise, it is better for him to
know enough about their possibilities and limitations to exercise judgement as to the
conditions under which they are applicable, to distinguish truly scientific methods, and
correlate the geophysicist's results with geological conditions. '

22 GEOPHYSICAL METHODS

m

Geophysical prospecting in the search for hidden mineral deposits by the measurement of
certain physical properties of thc earth’s surface. This involves the field measurement of
certain properties like gravity, magnetism, seismosity and electrical conductivity of rocks by -
sensitive instruments and the interpretation of such data. Knowledge of the potential of this
method is essential for exploration geologists.

Five major geophysical methods are available: these are gravity, magnetic, clectrical, seismic
and radicactive methods, which are useful in the mineral exploration 1o locate, sub surface
mineral deposits. '

15




Check Your Progress

Note: - a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.
! 1. What are the major geophysical methods? Name them.

________-,______,_,_____________-____‘____-_..______.___.__._...__...___._____-—_-_.,.._--—_-__.,_-_-.

2.2.1 Gravity Methods

Gravity methods are based on local variations - in the direction and intensity of earth's
gravitation field. The principle involved here is to locate the anomalies of gravity from place
to place in an area search. If 2 plumb bob is suspended frecly, it will point towards the centre
of the earth, If a heavy mass is nearby, it will exert a gravitational pull on the plumb bob
with the result that the bob will show a deflection. The heavy mass may be a body of
massive sulphide ore, iron ore, bodies of chromite etc., all of which are known to cause such
deflections. Instruments measure these deflections. Three such instruments are in common
use. They are pendulum, torsion balance and gravimeter. Of these, gravimeter is the most-
useful. : :

GRAVITY ANOMALY

~QULPHIDE ORE BOLY

DEFLECTION

Rt A DL B B L

¢ 100 200 300 &0 500 BB
HORIZONTAL DISTANCE

. Fig. 2.1 Gravity Anomaly Graph
 (Reproduced from Elements of Mineral Exploration by IBM)

In the filed, traverses are laid at intervals, varying with the scale of operations, as int the case
of geological traverses. Measurements of gravity are made at pre-determined points and the
readings are replotted on a graph with distances on the X- axis and deflections on the Y- axis.
‘The resufting graph will show an anomaly if the traverse is over a body, which exerts
gravitational pull of its own, Fig 2.1 illustrates the concept and the peaked portion of the
graph represents the anomaty. Anomalies can be interpreted by contouring also, where the-
‘peaked values will be better reflected in the areas of anomaly. :

Gravity methods are used widely in petroleum exploration. Apﬁli_ca_bility of this method for

i areas complicates the interpretations. However, it has been quite successful in locating
16 ' ' ' '

ore search has been rather limited, because the topography characteristic of many mining -




mineral deposits like chromite. Strong contrast in the specific gravity between the Pprospecting
mineral and its associated muneral or. rock facilitates the ‘application of gravity methods
profoundly. . ' -

2.2.2 Magnetic Methods

Certain minerals and rocks have magnetic properties.  They exert their magnetic ifluence
above the normal magnetic field of the earth. Ores, which consist of magnetic minerals, exert
a direct effect on sujtable instruments. Iron ores in which the principal mineral is magnetite
have been sought and found by the use of a magnetised needle since the }7% century; but

methods in the search for them, because magnetic minerals occur as accessories in some ores

of the on-ferrous metals. Minerals, which contain magnetite in subordinate form such as

magnetite in asbestos, and pyrrhotite associated with base metals also, may exert magnetic -
influence. To cite an example, application of this method in the Sudbury Nickel deposits

were' quite  successful, becanse pyrrhotite, which Cxerts a -notable 'mainetic effect,

accompanies the nickel and copper minerals in this area. The magnetic influence causes

deflections of a needle, which are measured by sensitive instruments like magnetometer on

traverses just as in the case of gravity measurements, The data can be interpreted in the same

way as gravity data.

flows, a process which is made possible by the concentration of magnetic material in certain
horizons in the flows.

2.2.3 Electrical Methods

Electrical methods depend for their success on the contrast in electrical propertics between an
ore body and the rocks that surround it. If they are used in deciphering structure, instead of
an ore body itself, they depend on contrast in electrical properties between different rock
formations. The principal electrical property involved is conductivity, which may express
itself in determining the paths that the current follows In flowing through a rock mass (more
accurately described as the field of flux) or in the drop of potential from point within the
field.  Some of the other properties that may be measured are electrostatic capacity,
inductance, and magnetic permeability. ' '

Massive sulphide bodies are highly conductive and the most spectacular successes have been
achieved with ores of this sort. 'The conductivity of most rocks is much lower than that of
massive sulphides, yet there is a wide variation as between one tvpe of rock and another.
Graphitic beds are strongly conductive, whereas massive quartz veins are highly resistant.
Water, if it contains dissolved salts as most groundwater does, is a much better conductor
than rock itself, hence the: conductivity of rocks is determined largely by the watcr held in
pores and fractures and, therefore, by the porosity and the texture of the rock. Faults and

17 -
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__ shear zongs, since they are likely to be water- COUTSCS, are usually zones of good
3 conductivity.

The following electrical methods are generally recognised: resistivity, self-potential, induced
polarisation and down the hole clectrical methods.

J Electrical methods are particularly relevant in surveys for metallic mineral deposits. Within

these, there are various techniques. Some make use of conduc.ivity and self-potential, while
_ others make use of inductive responsive propertics of rocks. In the self-potential method, the
{ clectrical encrgy in the rock is directly measured. In the resistivity methods, measurements
are made to find out the differcnt resistivities of rocks. In the inductive responsive method
high frequency alternating current 1§ introduced into the earth and the length and phase
differences of the induced potential are measurcd on the surface. These phase and length
differences are influenced by the electrical properties of rocks and are used in recognising
A ' specific formations.

Check Your Progress

Note: a) Space is given below for writing your answer.
b) Comparc your answer with the one given at the end of this unit.
2. List out the different electrical methods.

Choice of Methods: The large number of methods and combinations of methods offers a
wide choice or means of surveying. No one method is 'best, the method selected should be
the onc best suited to the particular problem in hand. In general self-potential methods work
best, where the rock conductivity 1§ relatively high, whereas induction methods are
advantageous in rocks of low conductivity, that arc covered by thick overburden.

Of the methods of surveying, the sclf-potential measurements arc well adapted to the
detcction of broad conductive ore bodies and to determining the strike of concealed
formations, whose dip 1s steep.

Resistivity mcthods are widely used for structural studies of beds having greatly differing
resistance, particularly for determining the depths of flat dipping formations. :

lllducc:d-;ﬁolarisation (potential-drop) methods give sharp indications at the contacts of steep
formation boundaries. They have been ased extensively in locating quartz veins in the course
of exploration for gold.

Electromagnctié methods have been successful in locating bodies of heavy sulphide, but can
also be applied to disseminated sulphides. They are useful for determining the depth of beds
or other sheet like bodies of gentle beds.
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2.2.4 Seismic Metheods

In seismic methods, the capacity of rocks to transmit carthquake waves is studied. In dense
rocks, the waves travel very fast. Explosions produce artificial carthquakes and the waves are
measured by sensitive seismographs. There are two types of measurements in this method.
One measures the property of reflection and the other the property of refraction. In the

In connection with mining, seismic methods are used to determine the depth of bedrock,
preparatory to diamond drilling. In oif prospecting these methods are used very widely and
successfully to determine the depth to key stratigraphic horizons, their use in problems
relating to mining geology are comparatively limited, because of the complex structural
conditions usually involved. :

All the above geophysical methods, except the seismic, are capable of bc;ing executed by
airbome instruments for covering large areas rapidly. Electrical methods offer the best scope
for application in small areas, The exploration geologist's function is essentially to decide at

Ores of uranium and radium may be detected by measuring the effects of their radioactivity.
Modern methods of greater sensitivity employ ionization chambers, or the Geiger -Muller
counter, a device equipped with meters, ear-phone or count registers, which make it possible
to sec or hear the gamma rays. Portabie radiation survey meters are also availabie now with
Electronics Corporation: of India Limited, to make rapid radiomctric surveys in the field by
detection of beta and gamma radiations. - The tests can be applied cither in the field,
underwater or in drill holes, or on specimens of soil and rock in the laboratory.

B Radioactivity can be detected in extremely minute amounts, but its use for detecting hidden
ore is limited by the blanketing effect of rock Cover, as even the most penetrating natural
radiation is absorbed by a few yards of soil. Gamma rays are of penctrative type while beta

Tays are easily absorbed.

only where relatively radicactive material is known to exist below. For instanc_e,
investigations for monazite and uranium potentialities have become quite easier today with
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the help of portable radiation survey meters in the field.

2.3 SUMMARY

Geophysical methods like gravity, magnetic, clectric, seismic and radicactive methods are

useful in the mineral exploration programme to locate sub surface mineral deposits. Gravity

methods are used widely in petroleum exploration and locating mineral deposits like

chromite. Certain minerals and rocks have magnetic properties. They exert their magnetic

influence above the normal magnetic field of the earth. Apart from the direct effect of the ore

minerals, magnetic methods may afford structural information that leads to the discovery of
- ore. :

Electrical miethods are particularly relevant in surveys for metallic mineral deposits. Within
these, some make use of conductivity and self-potential, while others make use of inductive
responsive properties of rocks. Seismic methods are used to determine the depth of bedrock
in mining, In oil prospecting these methods are used very widely and successfully to
determine the depth to key stratigraphic horizons, their use in problems relating to mining
geology are comparatively limited, because of the complex structural conditions usually
involved. .Ores of uranium and radium may be detected by measuring the effects of their
radioactivity. Radioactivity can be detected in extremely minute amounts, but its usc for
detecting hidden ore is limited by the blanketing effect of rock cover.

The geophysical methods, except scismic and radioactive methods, are capable of being
executed by airbomne instruments for covering large areas rapidly. Electrical methods offer
the best scope for application in small arcas. The exploration geologist's function is
essentially to decide at what stage and in which terrain geophysical surveys are most useful
and then to carry out the follow up action on the basis of geophysical findings.

74 CHECK YOUR PROGRESS - MODEL ANSWERS

1) - The five major geophysical_méthods are :
- a) Gravity, b) Magnetic, ¢) Flectrical, d) Seismic and ¢} Radioactive methods.

2) The different electrical methods are _ S
a) Resistivity, b) Self-potential c) Induced polarisation and d) Down the hole.

2.5 MODEL EXAMINATION QUESTIONS

L. Answer the following questions in 30 lines each.

1. Describe the basis for geophysical prospecting and outline the scope of methods
briefly.

2. Describe the role of electrical methods in mineral prospecting.

3. Outline the importance of radioactive methods in mincral exploration.

IL. ~ Answer the following questions in 10 lines each.

I. Geophysical study for knowing structure




2. Geophysical methods employed for location of Sulphidc‘ deposits
Geophysical methods empldyed for location of petroleum deposits
4, Which Geophysical method is usefiy] for location of chromite deposits?

)

2.6  GLOSSARY

Geophysics o Geophysics is a branch of earth science, where the

physical principles are applied to understand the physics of
the earth. : '
Radioactivity : Radioactivity is the projacrty of certain atomic nuclej

(radioactive nuclei) which . emit spontaneously particles
(Alphas, Gammas etc.) or X-rays accompanied by the
capture of an orbital electron by the nucleus, or to divide
into two lighter nuclei.

Radioactivity Measurements :  The interaction  between radiation and matter is

~ accompanied by effect such as formation of ions and

 liberation of heat. These effects can be used to detect
radiations._ The operation of many measuring devices L_

namely detectors is based on the ability -of radiations to

ionise molecules. The detectors commonly used are

ionisation chambers and Geiger-Muiler counters, whose

operation and design are similar. ‘They essentially consist

of a container with two electrodes to which an electric

voltage is applied. The space between the electrodes is

.. filled with a dry gas, which is a good insulator.
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3.0 OBJECTIVES

In this unit, geochemical surveys, biogeochemical and geobotanical exploration methods are
descnbed, .

After completing this unit, you will be able to:
e explain the geochemical cnvironment
o cxplain the association of clements and patten of geochemical distribution
e describc sampling media in geochemical exploration
e describe the biogeochemical and geobotanical exploration

3.1 INTRODUCTION

Geochemical prospecting for minerals includes any mecthod of mineral exploration based on
systematic measurement of one or more chemical properties of a naturally occurring material. *
The chemical property measured is most commonly the trace content of some element or
group of elements. The naturally occurring material may be rock, soil, gossan, glacial debris,
vegetation, stream Of lake sediment, water, or vapour. The purpose of the measurements 1s
the discovery of abnormal chemical patterns, or geochemical anomalies, rtelated to
mincralisation. Geochemical methods of exploration should be viewed as integral component.
of any mineral cxploration programme. The goal of every exploration method is to find clues
that will help in locating hidden ore deposits. The presence of a particular plant species in the
arca of mincralisation has been recognised as a guide to locating ore, since many years.
However, in recent times, it has devcloped as an organised science and as a method of
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exploration. The growth and distribution of a particular plant in a given area is known 1o be
influenced by the subsurface geology. .

Geabotanical survey involves a visual study of the nature and distribution of the vegetative
cover, plant distribution, the presence of indicator plants, mutational or morphological
changes in species introduced by mineral enrichment etc, Tracking of indicator plants is
more useful in this exploration, Visual obscrvation of plants, when used as a guide to buried
or¢ is known as geobotanical prospecting.  Whereas biogeochemical methods require
chemical analysis of plant organs, the geobotanical methods depend on direct observations of
plant morphology and the distribution of plant species.

3.2 SCALESIN GEOCHEMICAL, EXPLORATION

Geochemical surveys are usually classified as reconnaissance surveys or detailed surveys,
according to their purpose and scale. They can also be classified according to the material
sampled in the survey viz., soil, vegetation, sediment, water, rock, or vapour. Some of these
sampling media are more ¢ffective in reconnaissance surveys; others are suitable in detailed
surveys.

3.2.1 Reconnaissance surveys

In a reconnmaissance survey, the purpose is to search a relatively large area for indications of
ore. The spacing and type of samples are chosen to detect the favourable provinces or ore
bodies with few samples or at as low a cost as possible. The aim in a reconnaissance survey is
to determine the mineral possibilities of a relatively large area, eliminate the barren area, and
draw attention to local areas of interest. Areas of tens of thousands of square kilometers are
evaluated during reconnaissance surveys, often with no more than one sample per 1 sq km to
100 sq km.

In more detailed reconnaissance surveys, samples of sediment from streams and lakes, and
water from streams, lakes, springs, seepages, and wells are the most effective and widely
used media. '

3.2.2 Detailed surveys.

The purpose of detaited Surveys is to outline mineralised area and to pinpoint the mineralised
source with the greatest possible precision, preparatory to physical exploration by trenching,
drilling, or underground work. - In order to localise the bedrock source, relatively close
sample spacing, normaily between 1 m and 100 m, is required. The application of detailed
surveys is mostly restricted to limited areas of particular interest, selected on the basis of
other geochemical, geological, or geophysical information. The anomalies should be well
defined and should occur in close proximity to the ore.

3.3  GEOCHEMICAL ENVIRONMENT

The earth is a dynamic System in which materials are moved from place to place and changed
in form and composition by a variety of processes. The geochemical environment is defined
by pressure, temperature, and availability of the most abundant chemical components. On the
basis of differences in pressure, temperature, and chemistry, the geochemical environment of
the earth is classified into two major groups. deep-seated environment. and surficial
environment, R '

m
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3.3.1 Deep-seated environment

The deep-seated environment extends downward from the lowest levels reached by
circulating surface water to the decpest level at which normal rocks can be formed. It is an
environment of high temperature and pressure, restricted circulation of fluids, and relatively
low free-oxygen content. Magmatic and metamorphic processes predominate in this zone.
The terms hypogene, primary, and endogenic are used to refer to phenomena in this
environment. ' ' '

3.4.2 Surficial envirenment

The surficial environment is the cnvironment of weathering, erosion, and sedimentation at the
surface of the carth. "It is characteriscd by low temperatures, low pressure, free movement of
solutions, and abundant free oxygen, water, and carbon-di-oxide. The terms supergene,
- sccondary, and cxogenic are used to refer to processes in this eftvironment.

Check Your Progress ‘

Note:  a) - Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

1. What is the purposec of a reconnaissance survey?

.-.___._-__--_-.---.----_.---.----_._...__._______.____-_.___._.____._-----.-_--..---..—--..---._—_-..-.

3.4 GEOCHEMICAL DISPERSION

In geochemical prospecting, the primary object is to detect the differences in the distribution
of the elements. - he material in the earth tends to be redistributed, fractionated, and mixed
with other material. The process, in which atoms and particles move to new locations and
geochemical environments, is called geochemical dispersion. The dispersion occurs in
dynamic systems in which earth materials are undergoing changes in chemical environment,
temperature, pressure, mechanical strain, or-other physical conditions. The response of an
element to dispersion processes is governed by its mobility, that is, the ease with which an
element may be dispersed relative to the matrix of other materials surrounding it. In some
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cnvironments, mobility depends on the mechanical propertics of the mobile phase. The
relationship between mobility and _chemic_z;l_di fferentiation is more involved,

In searching for traces of material that have been dispersed away from the orc body, lowcr
sample density is required for discovery since these dispersion patterns may form a
considerably larger target area than the ore body.

3.5 ASSOCIATION OF ELEMENTS - INDICATOR AND
PATHFINDER ELEMENTS o

In geochemical survey an element measured in order to detect an ore body is known as
mdicator clement or pathfinder element. In majority of situations, the indicator element is
an economically valuable component of the ore being sought, for cxample, Cu for Cu ores or-
U for U ores. '

However, if the valuable component 1s difficult to analyse, immobile, or vields data, which
are difficult to interpret, another element associated with the ore may be more use*itl. Such an
clement is called a pathfinder element. Before deciding to use a pathfinder element, the
reason for ‘association of the pathfinder clement with ore and the range of geochemical
cnvironments in which the association occurs should be examined.

ambiguous patterns of high values than more abundant elements of the ore, as m the case of
Cu as pathfinder for Ni-Cu ores, which typically occur in nickel rich rocks that furnish high
Ni values, whether mineralised or not. The pathfinder element may be more easily detected
than the clement being sought, as in the case of As a pathfinder for Gold (Au) deposits. The
essential characteristic is that the pathfinder element should have a consistent relationship to
mineralisation. The pathfinders  are normally usable only for certain types of ore or
geochemical environments, for instance Mo is not a pathfinder for all Cu deposits, only for
porphyry-copper deposits, the most widely used pathfinders are given below.,

Table 1: PATHF INDERS

Pathfinder ' Material sampled Ore type
Element
As Wallrock, residual soil, stream sediment Veni-type Au ore
Hg Wallrock and soil complex . Pb-Zn-Agores
Se - Gossan, residual soil - Epigenetic sulphides
Ag ~ Residual soil Ag bearing Au ore
Mo Water, steam sediment, soil ' Porphyry-copper

: - deposits .
50, Water - _ - ~Sulphide deposits . -

25

“——*




Check Your Progress

 Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

3. Explain the geochemical dispersion.

.__________‘_____________________.______________‘_..__,_____________,___,.________,_.___.____-_._.
--—-.-——-—-—-————-—-——--——-——-————--.—--...-.-..---—-_----—--—---_--________-__.____.__.___ ________

___-___...___.__________...__,_.__..----.--_--.—--_-a-_..--...-_..-_—-_.-—___-__-__...__—__—__-.__-_.___

-_...--.--_—--..-.--—--..--_4-.--...-..._.,__-.._____..___..___.___-__.___-__....._-..-_._-_—--_-_-----_-_-.

______.._____________..___-___,_---.--—--_--.---_—-_-.-_—--__--———.——_——————-———-———- ————————

3.6. 'PATTERNS OF GEOCHEMICAL DISTRIBUTION

In any given area, the geographic distribution of a given element in rocks, soils, and other
‘materials is a response to the sum total of all the processes concerned in the movement of
earth materials. Other processes of the deep-seated environment, such as hydrothermal
alteration, may modify the basic relation to rock types. Weathering, erosion, and a variety of
other processes in the surface environment will further blur and modify the pattems of the
deep-seated environment. -

The recognition of patterns related to ore is the aim and function of geochemical exploration.
If the offects related to ore arc intense: and relatively local, the distinction from normal
processes is simple; on the other hand, if the effects are weak and related to ore are in 2
complex manner, the interpretation of geochemical data is correspondingly more difficult and
complex. For effective recognition of patterns related to ore, it is neccssary first to determine
the background of the indicator elements in unmineralised materials,

3.6.1 Normal Background values

The normal abundance of an element in unmineralised earth materials is commonly referred
to as background. For any particular element, the normal abundance is likely to differ
considerably from ong type of carth material to another. The distribution of an ¢lement in
any particular earth material is rarely uniform. Thus it is usually more realistic to view
backzround as a range rather than as an absolute value, even in a relatively uniform
environment. The nature of the environment itself can also have a marked influence on
distribution. Whatever type of sample is involved, the range of background values should be
determined or reconsidered whenever a new area is studied. ‘ :
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3.6.2 Geochemical anomaly

An anomaly is a deviation from the norm. A geochemical anomaly, more specifically, is a
departure from the geochemical ‘patterns that are normal for’a given area of geochemical
environment. An ore deposit, being a relatively rare or abnormal phenomenon, is itself a
geochemical anomaly. In addition, the recognisable patiens of geochemical dispersion
related either to the genesis or to the erosion of the ore déposit are anomalies,

Significant anomaly: Anomalies that are related to ore and can be used as guides to ore are
termed as significant anomalies. Such anomalies usually consist of values that are higher than
background. Negative anomalies are rarely useful in searching for ore.

Non-significant anomaly: High contents of indicator clements can arise from non-economic
mincralisation or by geological or geochemical processes unrelated to ore. Such superficially
similar anomalics unrelated to ore are termed as non-significant anomalies.

Threshold: The threshold is the concentration of an indicator element above which a sample
is considered anomalous. In the simplest case, the threshold is the upper limit of normal
background fluctuations. The higher values above the threshold are anomalies, and lower
values are considered background. In more complex cases, two are more types of threshold
values may be recognized. Recognition of regional and local threshold can be extremely
important in prospecting as it may then be possible to limit the detailed search for peak
anomalies to the plateaus of high values defined by preliminary wide-spaced regional
sampling. Data from orientation Surveys at several known deposits may lead to setting a
threshold well above the level. of normal background fluctuations in order to separate
significant anomalies from those related to weak mineralisation or unusual geochemical
features. In any case, the threshold is sct at a level that 15 ' most convenient and efficient in
detecting and delimiting ore. ' '

3.7 SAMPLING MEDIA IN GEOCHEMICAL EXPLORATION

The quantitative determination of the anomalous distribution . of certain elements in the

surface soit and subsurfacc overburden and comparison with a known background value give

an idea of the mineral deposits hidden below the ground. This is the essential principie of
geochemical prospecting. The common practice followed in geochemical method is the

collection of soil, strcam-sediment, water, rock samples at regular intervals, the grid lines

being transverse to the ‘strike of the suspected 2one of mineralisation. The metal content is

determined by rapid geochemical analysis. Geochemical methods are very effective in

locating targets of base metal mineralisation. o o

3.7.1 Soil sampling

Residual soils in temperate and tropical regions carry mineral particles of parent rocks. Soil
geochemical sampling aims recognising such values, anomalously high value concentrations
indicating of soil capping target. .

3.7.2 Stream sediment sampling

This is the most widely used technique in geochemica!.sur\?eys. Fine stream sediments |
collected from' active stream channels or flood plains carry mineral matter in fine form
derived from their original source rock. : '

3.7.3  Water sampling
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_ Water sampling is of relatively little valuc except in the case of ufanium and in rare cases,
i Zinc and Copper. Water samples are collected from lakes, rivers, and underground sources.
&

3.7.4 Rock sampling

Rock samples are collected from visible rock outcrops by cutting out chips of rocks from
predetermined grid points.

3.7.5 Volatiles and Airborne Particulates

The gases emanating from ore deposits or oil fields have recently attracted the attention as

possible exploration guides. The characteristic smell of a mine dump containing sulphides is
] a good example. The gases contained in the pore spaces of rocks and soils represent mixtures
of atmospheric gases, gases of deep-seated origin, and gases of shallow origin,

Check Your Progress
Note:  a) Space is given below for writing your answer.
b} Compare vour answer with the onc given at the cnd of this unit.

5. Explain the geochemical anomaly. -

__.-..__--___--__..-.—__--_..-.-,._______...__.__._____-—___.-.__._-——-._'_-.-.._‘.--__ ----------------

___________,_____,________‘______-,____________.._-____,_______,___-________.__,.,...__.,_._.___ ————————

3.8 BIOGEOCHEMICAL AND GEOBOTANICAL
EXPLORATION '

Chemical analysis of systematicaily sampled trees and shrubs for traces of ore metals was one
of the first geochemical methods to be investigated. In the early 1930s, V.M.Goldschmidt,
pioncer in geochemistry, made the observation that the humus of forest soils was very much
cnriched in most of the minor elements. He deduced that the same trace clements must be
correspondingly enriched in the plants from which the humus was derived. He also made the
first suggestion that analysis of plant matcrial might be an cffective method of prospecting.
In later vears this method of exploration camc to be known as the biogeochemical method.
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Visual observation of plants, when used as a guide to buried ore is known as geobotanical
prospecting.  Whereas biogeochemical methods require chemical analysis of plant organs, the
geobotanical methods depend on direct observations of plant morphology and the distribution
of plant species. Therefore, geobotanical methods have very great advantages over
geochemical methods of prospecting in that the resuits of the survey are immediately

available without further treatment of the samples.

The growth and distribution of a particular plant in a given area are known to be influenced
by subsurface geology. Geobotanical survey involves a visual study of the nature and
distribution of the vegetative cover, plant distribution, the presence of indicator plants,
mutational or morphological changes in species introduced by mincral enrichment etc.

3.8.1 Biogeochemical anomalies

Biogeochemical anomalics are areas where the vegetation contains an .abnormally high
concentration of metals. If the meta] content of a sample of plant material is to be useful in

species sampled, plant organ sampled, age of plant or organ, depth of root system, health_ of
plant, amount and direction of sun light. The factors of soil pH, Eh, temperature, soil
moisture and inferences created by other elements in the soil also affect the background and
contrast. '

Different species of plants take up different amounts of inorganic material from the soil. The
part of the plant selected for analysis is a critical factor. The differences in trace element
level from one organ to another, and the stability of clement concentration with in one organ
and location on 3 single plant are the important considerations. The concentration of trace
clements is found to decrease in the order; leaves, twigs, cones, wood, roots, and bark.

Biogeochemicat prospecting methods have advantages over other geochemical techniques,
The potential for accumulation of elements from considerable depths below the surface, and
casy access of vegetation for sampling are the important advantages.

3.8.2  Geobotanical Indicators
Geobotanical survey involves a visual study of the nature and distribution of the vegetative

cover, plant distribution, the presence of indicator plants, mutationa! or morphological
changes in species introduced by mineral enrichment etc. '

Geobotanical indicators have been used in locating and mapping groundwater, saline
deposits, hydrocarbons, and rock types, as well as ores.

Check Your Progress
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Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

7. What is biogeochemical anomaly?

o

.____.________,,..___.____._,_...__.,.._._-__..-__-__..-__--_.-.__..-_--_--—_-——--———————-———-———————-

_.--_.-__---_.-__..._-__-._--__._...,_______.,___..___,___‘-________.---‘--_---.---..-_‘-_—_ ________

--_--...——-—---..-------—--..-‘--._____,______,..____.__.._._-____-_‘__.___----_.___--—--.—--..‘-——--_

3.9 SUMMARY

Geochemical prospecting for minerals includes any method of mineral exploration based on
systematic measurement of one or more chemical propertiés of a naturally occurring material.
The chemical property measured is most commonly the trace content of some clement or
group of clements.

Geochemical surveys are usually classified as reconnaissance surveys or detailed surveys,
according to their purpose and scale. “They can also be classified according to the material
sampled in the survey viz., soil, vegetation, sediment, water, rock, or vapour.

On the basis of differences in pressure, temperature, and chemistry, the geochemical
environment of the earth can be classified into two major groups; deep-seated and surficial.
The process, in which atoms and particles move to new locations and geochemical
environments, is called geochemical dispersion. The dispersion occurs in dynamic systems in
which earth materials are undergoing changes in chemical environment, temperature,
pressure, mechanical strain, or other physical conditions.

In geochemical survey an element measured in order to detect an ore body is known as
. indicator element or pathfinder element. In majority of situations, the indicator element is an
economically valuable component of the ore being sought. However, if the valuable
component is difficult to analyse, immobile, or yields data, which are difficult to interpret,
another element associated with the ore may be more useful. Such an clement is called 2
pathfinder element. :

A geochemical anomaly is a departure from the geochemical patterns that are normal for a
given area of geochemical environment. Anomalies that are related to ore and can be used as
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guides to ore are termed significant anomalics. Such anomalies usually consist of values that
are higher than background. The threshold is the concentration of an indicator element above
which a sample is consideréd anomalous. In the simplest casc, the threshold is the upper limit
of normal background fluctuations. The higher values above the threshold are anomalies, and
lower values arc considered background. '

Visual observation of plants, when used as a guide to buried ore is known as geobotanical
prospecting.  Whereas biogeochemical methods require chemical analysis of plant organs, the
geobotanical methods depend on direct observations of plant morphology and the distribution
of plant species. :

Therefore, geobotanical methods have very great advantages over geochemical methods of
prospecting in that the results of th survey are immediately available without further
treatment of the sampies, B :

3.10 CHECK YOUR PROGRESS — MODEL ANSWERS

I. In a reconnaissance survey, the purpose is to search a relatively large area for indications
of ore. The spacing and type of samples are chosen to detect the favourable provinces or
ore bodics with few samples or at as low a cost as possible. '

2. The geochemical environment is defined by pressure, temperature, and availability of the
most abundant chemical components. '

3. The process, in which atoms and particles move to new locations and geochemical -
environments, is called geochemical dispersion.

4. If the valuable component is difficult to analyse, immobile, or yields data, which are
difficult to interpret, another element associated with the ore may be more useful. Such
an element is called a pathfinder element.

5. A geochemical anomaly, more specifically, is a departure from the geochemical patterns
that are normal for a given area of geochemical environment.

6. The threshold is the concentration of an indicator element above which a sample is
considered anomalous.

7. Biogeochemical anomalics are areas where the ﬁcgetation contains an abnormally high
concentration of metals. '

8. Universal indicator plants grow only in a mincralised terrain and are seen in the world
over in similar set-ups. They are rare in their occurrence and distribution.

3.11 MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each,

1. Explain the reconnaissance and detailed surveys in geochemical exploration. |
2. Explain the geochemical dispersion. . :
3. Define the geochemical anomaly and explain the different types of anomalies.
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4. Describe the sampling media employed in geochemical surveys.

! 1 | Answer the following guestions in about 10 lines each.
1. What is deep-seated geochemical environment?
2. Explain the Threshold value.
3. What is biogeochemical anomaly?
4. Explain the pathfinder element.
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4.0 OBJECTIVES

In this unit, the methods of drilling and types .of drills used in mineral exploration are
explained. : : '

At the end of this unit, you will be able to
- & explain the applications of drilling
* explain the different types of drilling
* explain the methods of analysing the average assay.

4.1 INTRODUCTION

Driil holes make it possibie o wvestigate blocks of ground that by any other means would be
accessible only at much greater expense, if at all possible. In some investigations, drill holes
-are intended merely to secure geological information -the position of a comtact, the attitude of
a formation, or the sequence in a stratigraphic coluran. In others they are designed to
determine the presence or absence of veins/ or other guides to ore. Drill holes are also used to
take samples of the ore and to provide all the information that is required for an estimate of
tonnage and grade. At many mines, the resident geologist is in complete charge of drilling,
from designing the exploration activity to logging the cuttings and core samples, analysis and
interpretation of the data. The geologist usually has the responsibility for recommending the
location of drill holes, and of recording the results of the work. He should therefore be
familiar with the possibility and limitations of the types of drills most commonly used. It is
for this reason that clementary knowledge of exploratory drills is essential, -

4.2 DRILLING

Drilling or boring is the process of driving holes into rocks. The material which is cut during
the process of drilling may be used for purposes of tests, chemical analysis etc., ‘which is the
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prime purpose of drilling in mineral exploration. Simple wash boring can be used if the
drilling is for shallow depths. In the case of mineral exploration, sophisticated equipment is
required to collect the samples from deeper levels. :

'Any drilling programme should aim at cstablishing the strike wisc and dip wisc continuity or
discontinuity. For this purpose, the interval of drilling has to be chosen on the basis of
availablc geological information. This should be kept in view for cstablishing the confinuity
of the orc at depth and also for intersecting the ore body at various future mining levels.
Drilling also should aim at establishing the various structural projections.

4.3  Drilling Methods -Types of Drills

Five methods of drilling are generally recognized. They are: percussive, attritive, rotative
cutting, rotative shearing and rotative crushing.

In percussive drilling, the rock is broken by repetitive impaction, In this group five types of
drills can be recognised. They are pncumatic rock drills, down-the-hole drills, independent
rotation drills, motor drills, and cable churn drills.

In attritive drilling the rock is ground away by abrasive action. Two types of drills are
recognised in this group. They are diamond drills and shot calyx drills.

- In rotative cutting drilling, the rock is cut or plancd away. All auger drills fall within this
group. In the rotative shearing method, rocks are fermented by wedge action. This group
includes drag -bit holes-a rotary percussive drills.

in rotative crushing mcthod also, rocks are broken by wedge action, but the wedge action is
" used in combination with a thrust. All heavy rotary drills fall within this group.

of all the drilling methods and types of drills detailed above, diamond drilling is the most
versatile and maximum use, in mincral exploration. Chum drilling and rotary drilling also
find use in mineral exploration, although their use is rather limited. ' '

4.3.1 Diamond Drilling

Diamond drills can be used for surface as well as sub-surface drilling. In diamond drilling, a
cvlindrical bit (cutting tool) impregnated with diamonds is connected to a string of hollow
jointed tubes and rotated by a mechanical device, which may be a diesel engine or a
pncumatic compressor device, Water, drilling mud, and in some cases air are circulated
through the hollow tubes to keep the bit cool and wash out the cuttings.

The diamond cutting edge cuts a cylindrical core as it penetrates the various rock strata. Such
a core is collected in a core barrel, which is fitted immediately above the bit. From the core
barrel the core is collected either by withdrawing the tool string (conventional method) or by
removing only the barre! and bit (wire line core barrel). In drilling shallow or moderately
deep holes, the time consumed in lowering the drill bit, core barrel etc. into the hole and
hoistins them up repeatedly for -coliecting the core may be less significant than other
consideration. : ' S

Where time is an important factor, wire line drilling may be resorted to. Wire line drilling
diffors from conventional drilling in that the inner tube that contains the core can be lifted to
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the surface without hoisting the entire drill string, by releasing it from the outer tube of core
barrel.

The core so collected forms the sample, which may be subjected to tests or analysis. The core
barrel is constructed in such a way that core is retained during rotation. To ensure complete
recovery, the core barrel may have an inner stationary tube which retains the core with an
outer rotating tube, which transmits the rotation to the bits. Such a core barrel is called double
tube core barrel. In a double tube core barrel, water is circulated between the outer and inner
walls and the core is not washed by water and, because of this, better core recovery is
ensured, particularly in weak and fractured zones. Drilling can also be done without the
circolation of water, in which case it is called dry drilling. In dry drilling the core recovery is
very high, but the bit losses are also correspondingly high.

Calyx drilling which is of fairly wide application is done on the principle of diamond drilling,
but instead of diamond bits, it uses chilled steel shots as a cutting tool.

These days, however, as a substitute 1o diamond drilling, dry drilling by tungsten carbide bits
is resorted to quite extensively by many exploration agencies.

4.3.2 Churn Drilling

In churn drilling, a holiow tube suspended on a cable and attached with a cutting tool

is driven into the ground by rectilinear motion. The motion js imported to the bit by

Check Your Progress
~Note:  a) Space is given below for writing your answer.

b) Compare your answer with the one given at the end of this unit.

1. Name the three types of dn'llilig.




A pfofb’nna suggested for kecping dritt core records is given in Table -1.
Table- 1 Presentation of Drill Hole Data : Suggested Proforma

" Name of the Investigation : Date of commencement :
Borehole No. : Date of completion
Angle of inclination : R L. at the coller of
Bearing : of the Borehole :
Location in co-ordinates _ Total depth of borehole :

1. - Sample No.
2. Length of run
- From
To .
Total width
Recovered length/weight of core/studge recovery %
Core size _ : :
Sampled section (m)
'Rock type and lithological description
Length of Sampled section
- Extrapolated Length of Sampled section
10. - Specific gravity
11 Assay %
12. Width x Assay
13. - Sampled width

0 5 N e

14, Average of Ore zones
- True width
Average Assay
15 Nomenclature of zones

16. ~ Remarks

a4 Collection and Preservation of Drill Samples

" Three types of samples come out of drilling.

(1) Core samples '_from diamond drills or vatious other coring and calyx drills (2) Wet cutting
or sludge from chumn drill, diamond drill or wet rotary or percussive drilling and (3) dry

cutting from air flushed diamond, rotary, auger or percussion drilling.

Amdng. all these, the diamond drill core and the calyi drill core can be considered almost

identical with the host rock from which they have been removed. When the core recovery is

- 100%, the core reflects the strata faithfully. However 100% core recovery is seldom
achieved. When core losses occur, the sludge {cuttings), coming out with circulating water,
mud or air must be given duc weightage In other forms of drilling, only sludge is obtained.
Core to sludge ratios in. drill hole samples are computed for a proper understanding of the -
data. ' o ' ' : - S

1n corc drilling‘,' the coré is the principal sample and is collected from the barrel at intervals of
3or6m. (10 to 20 ft). Shorter drill runs and shorter core lengths are preferred in some cases.
After recovery from the barrel, the core is dried to remove only the superficial moisture and
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kept in 2 core box. For preserving and indexing the drill cores, the Indian Standards
- Institution has evolved standard procedure (1-4078: 1967) which may be referred to for
proper up keep of drill cores. : : L

Portions of core which are needed for -analysis are first split into two by a core splitter. One
portion is kept in the box. The other portion is again split into two. One portions sent for
assaving. The other is sent for physical and mineralogical studies. When the Core recovery is
poor, the sludge representing the core loss will have to be assayed and computed with the
core portion,

Check your Progress

Note: a) Space is given below for writing your answer. _
b) Compare your answer with the one given at the end of this unit.

2. Name the three types of samples coming from drilling,

__.,__.._.._..____.._.._...__-_..____..-..._.._-..-..-..-_-_.._....-.._-_.._...__.__-__.._;._..__..._..__.._....__..__-

_—-—4-—_-----..-—--_'-..._-_-q._-.__—_.__...____.._...____;...__.._-.__4..__-—-_-------—n---—--;-------‘

.,_L___._..____.__..._-.__.._..._..____...-q.------q.----_--.--q-—-.-—«.---_-..—..___._..____...__-._..,__..._-.__.

4.5 Collection of Sludge

In collecting sludge during core sampling, a Thompson sludge cutter can be used. In this -
there is cast aluminum box with an overshot waterwheel type of impeller, in which one or
more compartments are open. This impeller has several open compartments and allows the
passage of 10% of the sludge to a special paper bag where it is collected. The cutter is
directly fitted to the return water house, so that the motion of the water moves the impeller.

most representing the deepest stratum.

4.6 Sampling of Drili Core, Sludge and Cuttings

It was mentioned earlier that the corc sample is split and one is taken for ana]ysmand another
for reference. That half selected for sampling is again split into two, long_it@dinally and is
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taken for sampling. Samples may be made from 50 cm, | m, 2 m or even 3 m section length of
core, or even the whole mineralized band can be taken as one sample, if the mineralization is
visibly of uniform quality and distribution. When mincralization is irregular, shorter length of
samples are better. However, less than 50 cm length samples are impracticable in most cases.
The selected core fengths are sized down to the appropriate sample size and sent for analysis.

47 Average Assay Computation

In core drilling, as mentioned earkier, the recoveries are rarely 100%. There is always a loss
of core with varying in amount. From the relative proportions of core and cutting, the
percentage of core recover has to be worked out. The analysis of such core and the cuttings
separately has to be made and a weighted average of the two can be obtained. But if we want
to compensate the core loss, analysis of sludge has to be performed, in order to have a .
representative assay value of the minera! prospect. But the core and sludge assays cannot be
combined by mere weighted averages. One casy mcthod, suggested and published by the
indian Bureau is presented here. '

2
a=ExDL (A1-A2) x A2
L D%
where A = Average Assay, C = Recovered Core; L = Length of hole (relevant to the
calculated portion);

D, = Diameter of the hole;
D, = Diameter of the core; Al = Core Assay; A2 = Sludge Assay.

In the case of non-coring drilling, sludge or cutting is sampled. Here also, analysis may be of
sample 50 cm, 1m or 3 m lengths depending on the type of mineralisation.

23 SUMMARY

Driiling or boring is the process of driving holes into rocks. The material which is cut during
the-process of drilling may be used for purposes of tests, chemical analysis etc., which is the
prime purpose of drilling in mineral exploration. Simple wash boring can be used if the
drilling is for shallow depths. In the case of minéral exploration, sophisticated equipment is
required to collect the samples from deeper levels.

Any drilling programme should aim at establishing the strike wise and dip wise continuity or
discontinuity. For this purpose, the interval of drilling has to be chosen on the basis of
available geological information. This should be kept in view for establishing the continuity
of the ore at depth and also for intersecting the ore body at various future mining levels.
Drilling also should aim at establishing the various structural projections. Diamond drilling,
chum drilling, rotary dnlling etc. are employed to achieve the above objectives in the mineral
exploration programmes. The samples obtained from drilling constitute core/sludge or both.
They are analyzed and averages arc computed as to the values of mineral.

49 CHECK YOUR PROGRESS-MODEL ANSWERS

1. Percussive, attritive, rotative cutting, rotative shearing, and rotative crushing.
2. . (i) Core samples from diamond drilling & calyx drilling
(i) West cutting from churn drill, diamond drill
(i) Dry cutting from diamond, rotary, auger drilling.
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4.10 MODEL EXAMINATION QUESTIONS

1 Answer the following questions in 30 lines each’

1. Describe briefly the importance of drilling in mineral exploration, mention various
methods and types of drills. .

2. Give a detailed account of diamond drilling, mentioning its importance in
exploration, '

3. How are drilled samples collected and preserved?

1. Answer the following question in 10 lines each

1. How are core cuttings obtained from drilling?
2. How is sludge collected?

3. How the average cssay is computed?

4. Describe the importance of Chum drilling?

4.11 GLOSSARY

Assay : Assaying means chemical analysis of the sample
for finding out Percentage of the metal element.
Assay means the percentage of the metal or
element.

Sampling : Drilling samples also require sampling for
obtaining a representative sample. This
procedure of deciding and picking up of the
required sample from drilled material js
referred to as sampling.

| Tungsten carbide _ . Tungsten carbide has almost replaced
diamond universally due to Exhorbitary cost
of industrial diamond and their non- availability
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5.0. OBJECTIVES

In this unit, physiographic and mineralogical guides are described.

After completmg this unit, you will be able to
e describe the physiographic guides depending on the geomorphic cxpressmns of ore
bodies.
describe the physiographic environment of ore deposits.
explain the mineralogical guides.
o cxplain the oxidation products,

5.1 INTRODUCTION

Different geological parameters indicating the presence of mineral deposits at surface are !
called geological guides. The important among them are physiographic and mmeraloglcal
guides, stratlgraphlc and lithological guides, and structural guides.

The physiographic guides serve in locating ore deposits. These constitute either direct or
indirect evidences, based on geomorphic features, as to the presence of ore deposits in an
arca. The Mineralogical guides are manifested in primary as well as in secondary ore
deposits.  They are characterised by the presence of zoning, rock alteration and box works.
Limonites provide a variety of clues to the presence of mineratised zones at depth.

52 PHYSIOGRAPHIC GUIDES

Physiographic features may serve as direct or as indirect evidences of the presence of ore.
Direct indications, such as the surface expression of an ore body, are useful immediately. But
indirect evidence also may be of value. . Such features as fault scarps, hog backs and cuestas
serve as clues to the geological structure. Evidence bearing on the physiographic history of
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the region may indicate the conditions under which ore was ‘accumulated or enriched and so
point to the placcs on which it may now exist. These historical considerations find their
widest use in guiding the sclection of broad regions for exploration, but even in problems of
ore-scarch within a restricted arca, they contributc to the background for constructive
geological thinking, ' :

S.2.1 Topography as a Gﬁide

Eminences and depressions: Topographic features like eminences and depressions serve as

guides for ore search. Ridge like out crops result directly due to the presence of ore bodies

and ar¢ undoubtedly valuable guides in ore search. Topographical maps often show

peculiarities of relief eg. clongated narrow depressions, cone shaped or terraced elevations.

Thesc are worth investigating by the prospector; Acrial photographs may indicate additional
topographic criteria.

Topographic expressions are quite helpful in prospecting for many metals and in particular
for Iron ores. In India, all the important hematite iron deposits form hills or chains of hills,
In Salem district, Tamil Nadu, the magnetite ore bodies form continuous resistant bands on
hilltops which are casily recognised from a distance. Surface topography depends upon the
naturc ‘of mincral ingredients present in the crustal rocks and their relative resistance to
physical disintcgration and chemical solution. So the presence of quartz veins or iron rich
gossans in a terrain lead to emincnces, while calcite veins or carbonate gangue may result in
- depressions because of solution. The erosion or solution may contribute to depressions.

Oxidational Subsidence: The depressions could also result in yet another way, i.c. by
oxidational subsidence. Removal of support through shrinkage of ore bodies during
oxidation causes subsidence. This aspect has received careful attention at Bisbee, in Arizona,
where the eoffects are somewhat similar to those of mine subsidence. This oxidational
subsidence gave rise to numerous marginal cracks, which reached, to the surface level
covered by the limestones. The cracks in the limestone were cemented by calcite. According
to Mc Kinstry, the significance of these cracks and oxidation subsidence at Bisbee copper
deposits, recognised much later in the Bisbee history, should educate mineral prospectors to
 take note of such important criteria in mineral prospecting,

5.2.2 Physiographic Environment of Ore Deposits

The important physiographic aspects for identification of ore deposits are geomorphological

features, canyons, pediments, placers, pay streaks, residual ores and supergene ¢nrichment
Zones.

Geomorphological Criteria: Physiographic conditions vary so widely, depending on the
type of deposit and its associated rocks. They express themselves in such a variety of land
forms, depending on the climate and geomorphic history, that is impossible to formulate any
general proposition to the effect, that hills, valleys, peneplanes, monadnocks, or any other
geomorphic features are either favourable or unfavourable. But a given region, a study on the
relation of specific deposits to their geomorphic setting can often lead to the recognition of
- uscful guides. '

Canyons: Where ores are associated with rocks which have thick cover of resistant material,
the ores can only be found in deep canyons, in highly dissected region, which cut through the
top resistant rock and expose the productive rock in the canyons. Thus, in the Sierra Madre
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of Western Maxico, where young volcanic rocks cap the high plateaus, the silver ores are
found chiefly if not solely in the canyons, which cut through the siliceous lavas and expose
the productive rock bencath them, '

Pediments: Podiments arc especially favourable situations for vein deposits. A mountain
pediment, é.ccording to Bryan, is a rock floored plain of combined erosion and transportation
at the foot of a descrt mountain range. The normal pediment has a smooth slapping surface
more or less covered by alluvium and broken only by scattered hills, which rise abruptly from
its surfacc. Whereas the mountains represent in general the more massive and resistant rocks,
the pediments develop on those parts of the rock mass where faulting, fracturing and
chemical decay have rendered vulnerabie to erosion. Hydrothermal ore deposits are expected
in these places since the zones of structural disturbances are hospitable to localise ores and
the hydrothermal soloutions also promote weathering. Most of the gold placers throughout
Anzona, USA are related to pediments.

Physiography In Relation To Placer Deposits: Physiographic ¢cvents play a critical role in
the accumulation of placer deposits of gold and other durable heavy minerals. The most
favourable conditions are those in which the sequence of events has been conducive to (1)
preparation (2) concentration and (3) preservation. The best preparation is a long period of
deep weathering on a surface of mature or sub-mature topography. This liberates the
individual particles of metal or heavy mineral from their enclosing material and prepares a
“decp layer of residual soil for concentration by the action of sorting agents. Upliftment and
vigorous erosion causcs streams to cut channels into the old surfaces transporting debris and
depositing the heavy minerals in favourable places. Placers formed in this stage are valuable,
but they may be short-lived because of continued or accelerated crosicn which will destroy
them. Destruction is prevented, however, if the placers are covered by younger deposits, as
by aggradations of the stream channels or by outpouring of lava which fills the valleys either
partly or completely. If a second rejuvenation takes place and new streams exhume the old
placer deposits can be extremely rich due to resorting and reconcenlratlon

In the case of burnied placers, a detailed study of geology and geomorphology, particularly F
with the aid of aerial photographs, may serve to locate these deposits with success. A few -
pits or drill holes in the selected areas will reveal their true nature. Alternatively, as all
placers contain certain magnetite, the shape of buried channel may easily be determined with ' E
the magnctic method of prospecting. - ' '

Location of Pay Streaks: In placcer deposits the major ore-locus is the stream channel, but
subsidiary loci determine the position of pay streaks within the channel. As gold tends to
accumulate in place of slackencd stream velocity, the portions of the profile in which the
gradient flattens arc more favourable than those where it is steep.

Places in which the stream emerged from rapids into quite water are favourable because of
rgduced velocity and increased opportunity for deposition. A broader valley below a narrow
gorge presents an opportunity for shifting of channels with consequent resorting of earlier
gravels. The resulting muitiplicity of channels affords more potential sites for pay streaks.
The broader valiey permits meandering with development of curving channels and ox-bow
loops, and it is well known that the inner sides of the curves are especially favourable.

The efficiency of bedrock in mtchiﬁg heavy minerals is an important determining factor.
Some of the richest California stream placers are on limestone who’s pitted and pinacled
surface has provided ideal setting places. In contrast, diorite, which wears to a smooth
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strcambed, is inferior to cither limestone or schist, although rich local accumulations have
been found in potholes and among nests of boulders and dioritc. Where streams cross highly
inclined or vertically layered rocks, such as quartzites, slates, schists or alternating hard and
soft beds, the harder layers tend to project upward and softer ones to be cut away. This forms
natural riffles, which are excellent traps for placer minerals and may give rise to bonanzas or
exceptionally rich streaks. According to Mc Kinstry, bedrock riffles parallel to the dircction
of stream flow surprisingly seem to be more effective than riffles crossing it at a large angle,
Therefore, portions of channels which are roughly parallel to the strike of schistose rocks are
favoured. : '

Thus, it may be seen that physiographic events exert a dominant control in the formation of
placer deposits.  In interpreting the previous history, the nature of the alluvial material may be
of assistance. The sizc and shape of the gold particles, whether coarse or fine and whether
fought or water worn, is an index to the distance of travel: the shape, arrangement, petrologic
nature of the accompanying pebbles give a clue to the course, ir some cases to the age of
gravel in respective channels..  Thus, reconstruction of the history of erosion and deposition,
using principles of geomorphology and sedimentation gives an insight into the arrangement
of channels and the probable position of pay streaks. ' ' '

- Physiography In Relation To Oxidation and Enrichment Residual Ores: Since rock
weathering is controlled partly by topography, those types of ore, which owe their value to,
the removal or undesirable elements through processes of weathering occupy definite
positions with respect to erosion surfaces, past and present. This is true of nickel sulphates,
bauxite, some manganese ores and lateritic iron ores, which are formed through weathering
processes under tropical conditions. It is also true of gossans, such as those minable for their
content in gold, silver, lead or iron, although lateritic weathering or tropical chmates arc not
cssential in these cases. ' - :

~ The processes of weathering which produce ores. of thesc tvpes proceed slowly and reach
compliction to worth while depths only- where the water table is relatively decp and where
time has been available for a long period of weathering. This, in general, calls for
topographic surface in a state of maturity or old age. Raised pencplains and plateau surfaces,
which have not yet been seriously dissected, offer the appropriate combination of condition.

Deep and long continued weathering under tropical condition of certain rock. types like
basaltic traps (Madhya Pradesh, Maharashtra and Bihar), feldspathic gneisses and granulites
(Andhra Pradesh, Orissa and Tamil Nadu), "Clay_s and clayey limestones (Jammu and
Kashmir), produce bauxite deposits. Source rocks must be subjected to continued erosion,
and bauxite deposits characteristically lic on gently undulating erosion surfaces, and most
deposits mark unconformities.  The pocket deposits are restricted to limestone and dolomite
on karst topography, erosion surfaces and unconformities. Many bauxite deposits are
associated with pencplains and old: base level surfaces. Residual manganese orcs are also
related to peneplains. Nickel siticate deposits form on erosion surface. _ .

The above examples make it amply clear the influence of physiography and the importance of
geomorphological criteria in the location of residual ore deposits. The reconstruction of the
history of erosion facilitates prediction of productive areas.

Supergene Sulphides:  Physiographic conditions favourable to supergene sulphide

~enrichment of copper and silver ores are¢ rather similar to those, which produce the residual .
deposits described earlier. Under warm and humid climatic conditional sulphide ores oxidise
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on the surface and copper or silver is leached below in solution to be redeposited below the
water table to form supcrgene sulphides. The more the watcer table sinks below, the thicker is
the zone of secondary enrichment, but it should neither, sink too slow nor too fast as in that
case no cnrichment is possible. When continued erosion takes place at a slow rate, a slow and
gradual lowering of water table takes place and a balance between erosion and enrichment is
possible with a physiographic surface in the state of mature or old age. Thus, enriched ores
are likely to be related to former erosion cycles. As such in the search for supergene sulphide
ores, a study of the physiographic history of the region, serves as a useful guide.

Check Your Progress

Note: a).  Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.
1. List out the physiographic guides used in locating new deposits.

__a______,__________-_______-w—_—---------------_------——-—-—————-———-—————————-wﬂ-
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53 MINERALOGICAL GUIDES

The minerals that are present and. their relative abundance serve as practical guides in ore
search. Variations in the proportions of minerals, whether in the wall rock or in vein matter,
and apparent in plan or in vertical sections, may constitute target rings.” Oxidised minerals at
the surface serve as an indication of what lies bencath. '

Mineralogical variations in wall rock, unless inhcrent in the original rock-mass, are usually
the result of alteration of rock by mineral-bringing solutions; variations within the vein matter
may reflect local variations in conditions of ore deposition and subsequent influence of
descending solutions.

5.3.1 Roc_k Alteration .

The mineralogical changes that are so common in rocks surrounding epigenetic ore deposits
usually involve the introduction of ‘certain chemical elements and the removal of others.
Occasionally the chemical change is negligible and the clements that were present originally
merely rearrange themselves into new assemblages of minerals in monomineralic rocks, such
as pure limestones and sandstones. '

Few. clements- pfés_cnt ‘do not provide the making of new minerals, in the absence of
' introduced material, alteration is recognisable only by diffcrence in colour or texture. Inn most
rocks, however, both chemical and mineralogical changes take place. E

' . Common altcration minerals characteristic of various types of hydrothennal mineralisation
are. - - _ ,
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. With hypothermal mineralization - Gamet, amphiboles, pyroxenes,

. tourmaline, biotite.
With Mesothermal minerlisation :  Serictie, Chlorite, Carbonates and
(and also in many deposits classed silica.
as hypothermal or ¢pithcrmal) _
With Epithcrmal mincralisation : Some sericite, often much
' - ' chlorite and carbonate, adularia or
alunite

Replacement of rock minerals by any of these alteration products jointly or severally ana
cspecially by pyrite, as one the commoncst minerals of hydrothermal alteration, may produce
and altered rock so conspicuous that the minerals themselves recognise it as a guide to ore.
Alternatively, the altered rock may be scarely distinguishable by naked eye from its fresh
equivalent although it can always be recognised readily in thin section under the microscope.

Like other guides to ore, rock alteration is most scrviceable if it is neither too restricted nor
too wide-spread. The outer limits of a zone of alteration form the outer rings of a target for
‘exploration. Within the outer ring, intemal rings may be drawn by outlining different types
of altered rock or by plotting successive degrees of intensity.

Let us examine some of the typical hypothermal and mesothermal mineral deposits of India
in this context. In the Kolar Gold Ficlds, gold occurs in the native form generally as fine and
mvisible disscminations within the quartz, sulphides and silicates and rarcly as thin streaks,
films and granular lenscs. The glassy vitreous naturc of quartz, presence of mincrals like
pyrrhotite, scheelite, magnetite, diopside and cummingtonite and the diopside horbiendic-
biotitc wall rock alteration are not only indications of highest temperature hypothermal ore
mincrslisation known in the world but serve as practical mineralogical guides for search of
gold. :

Regarding the mesothermal deposits, typical mineralogy of veins constitute native gold and
pyrite (with minor pyrrhotite, arsenopyrite and chalcopyrite) in the case of gold-quartz veins,
and chalcopyrite and bornite with minor pyrite and galena and subordinate sphalerite in the
case of copper-deposits. The quartz is partly milky white and less vitreous. The common
wall rock alteration is chloritisation, sericitisation, silicification, carbonatisation etc. '

The above examples illustrate how the nature of ‘mineralisation, relative proportions of
mingrals present and the typical associated mincrals along with characteristic wallrock
altcration will be useful as practical guides for ore search.. ' '

5.3.2 Mineral Zoning As a Guide

The mincralogical variations might be regarded as aspects of hypogene zoning, but zoning in
the stricter sensc is the progressive change in mincrlisaton along channel ways from source to
surface or outward from a central axis is serviceable in a somewhat different way. It finds its
chicf utility in the epithermal and the shallower of mesothermal deposits, where noticcable
changes may take place either laterally within the limits of a single company's holding or in
depth within the limits accessible to mining.

Zonal arrangement of hypogene minerals around the intensive masses is an important form of
ore control. High temperature minerals lie close to the magmatic source and the low
temperature minerals lie in zones away from the intrusives. Zoning may be horizontal,

438




vertical or both, ore of same metal. or. different metals may form the different zones. The
zoning, based upon size, may be (i) regional large scale zoning or (ii) restricted zoning shown
by closcly grouped mines, or (jil) local orc zoning with changes in the character of
mineralisation within a single ore body or a single ore shoot.

Based on observation, Emmons suggested an ideal sequence from the parent intrusive
outward (1) barren zone with quartz (2) tin (3) tungsten (4) bismuth and molybdenum (3)
gold (6) copper (7) zinc (and some lead) and lead (with some zinc, copper, silver and
manganese) (8) silver (9) barren zone (10) gold and silver (11) antimony (12) mercury (13)
upper barren zone.

" Mincral zoning can be recognised by geological and geochemical study. Even if non-

" commercial ores occur at the surface or away from the intrusive, search for other minerals
should be made deeper or near to the intrusive. Even where regional zoning is present,
carcful and more closer search may lead to the discovery of economic deposits.

Where supergene sulphide ores are formed, wing is distinct, primary mineralisation may
serve as a guide to richer supergene ore. If primary copper or silver mineralisation is first
discovered at depth, there is a possibility that higher working may find a zone of enrichment
especially under the remnant of an old erosion surface. '

The supergene ore may be richest where predipitating minerals were present in the primary
ore. :

_5._3.3 Oxidation Products

The oxidation products of an orc body constitute a type of guide that has been used
effectively by miners and prospectors since times immemorial, but modem thinking of
chemistry and geology of oxidation have made it even more effective.

Whether or not the oxidised material is of commercial intcrest for its own sake, it always
prompts the question. What is underneath? What primary (or secondary) minerals were the
parents, the oxidised gossan or capping? Will the unoxidised material in depth be richer or
icaner? What minerals will it contain? These questions apply to oxidised ores of all sorts but
particutarly to those derived from sulphides. ' '

In the oxidised zone, sulphides are decomposed, their sulphur is converted to sulphate and
their metal content carried away in solution or else fixed, wholly or in part, as stable
compounds, chiefly oxides, carbonates, and silicates. The relative stability of metal
compounds in the zone of oxidation is a decisive factor here. Most of the gangue mingerals
succumb to weathering, carbonates dissolve readily and ultimately the silicates break down.
Of the original gangue minerals quartz is the sole survivor, others are represented by the
decomposition products of iron and manganese oxides, clay minerals, and some of the most
stable minerals of the other metallic compounds. The chemical changes reach completion in
'some cases and hence, varyving amounts of original minerals and transition mineral products
may remain. The nature of such material and the textures preserved in silica and limonite are
the chief clues to the composition of the original ore. - '

Gossans as a Guide to Ore Deposits: Gossan is a Comish word used to designate oxidised
out cropping ceilular mass of limonitc and gangue overlying aggregated sulphide deposits.
Gossans are welcoming sigh boards for a prospector to point out what lies beneath. However,
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it requires caution, since therc are true gossans and false gossans. True gossans containing
indigenous limonite; uswally indicate the site of former iron bearing sulphide minerals, which
carry the possibility-and hepe that an economic deposit may be present undemeath. The size
of the gossan, colour and structure of limonite, voids etc. give clues for ore search. A false
gossan containing transported limonite is formed by iron or copper transported by a strong
neutraliser. Tron of sulphide derivation, if it is insoluble ferric stage gets fixed as indigenous
limonitc at the site of former sulphide forming true gossans, or if present in the soluble
fcrrous state gets trasported and precipitated as trasported linonite forming false gossans.
Therefore, false gossans do not indicate sulphides beneath the surface; however depending on
the degree of transportation the possibility of finding them at a distance beneath, may not be
ruled out. False gossans can be distinguished by the absence of indigenous limonite, lack. of
sulphide voids and the nature of transported limonite. Transported limonite pomts to the
_ preponderance of pyrite or an absence of copper mmcrals

- Check Your Progress
Noic:  a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

2. Define the term "Gossan”,
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Limonite in Gossans As a Guide: In outcrop derived from the leaching of semi massive and
massive sulphides, as contrasted with the disseminated porphyry type, a greater variety of
limonite products usually is in evidence; particular varieties, such as cellular pseudomorphs,
are developed on a large scale and generally stand out more conspicuously to the unaided
cve. There is also greater tendency for the merging of one variety with another, owing to the
mtcrplay of solutions of different origin during the oxidation.

The cellular pseudomorphs find their most extensive and persistent development in outcrops
of this type. Where the structure is guided in its formation by cleavage of fracture plancs,
cellular boxwork, of sharply angular pattern and with cell walls intious in a straight line past
several cells, is the usual development. Where the structure is guided in its formation by the
boundaries of coarse and irregularly shaped grains, cellular sponge is the usual development,
~with the cell walls more rounded, more irregular and hcterogcneous in pattern and \mth no

. defined cell orientation of formal structure.

Thus the colour, texture and structure of cellular boxwork, size and arrangement of limonite
grains etc. serve as useful guides for mineral prospecting. -

Colours of Limonite: Familiar colours of limonite are yellow, brown mushroom and red.
Many investigators have established a correlation between limonite and the sulphide from
which it is derived. According to Bateman (1960), the following colours of limonite indicate
the presence of the mineral sbown against each.
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Ochreous - Chalcopyrite;

Light brown and brownish - sphalerite;
yellow and orange — bornite, chalcopyrite;
maroon - chalcocite, covellité, bornite;
dark brown to black - chalcocite;
ochreous orange — galena,

maroon - molybdenite.

~ It must be stressed that the colours of limonite do not always indicate the presence of specific

mincrals. But when this criterion is used along with the structure of the limonite (box work),

it helps locating economic mineral deposits.

Boxwork Structure of Limonite: As outlined carlier, during the oxidation of a grain of
sulphide mineral, rcsidual limonite remains in the cavity, assuracs a honeycomb celiular
pattern called boxwork and persists in the limonite caprock with its original patten. Like

" colour, boxwork pattern indicates the presence of specific sulphide mmcral The following

boxwork patterns aid diagnosis of mineral shown against each.

Coarse cellular - chalcopyrite, sphalerite;
fine cellular - bornite, chalcopyrite, sphalerite;
cellular - sphalente;
triangular — bornite;
contour — tetrahedrite; :
columnar and botrvoidel — pyrite;
* diamond mesh pyramidal - galena, molybdenite;
honey-comb - chromite.

Voids in_Leached Qutcrops: Leached outcrops of lodes containing voids may serve as
useful guides in ore search. Such voids created by the leaching of predecessor mmerals may
be of sulphide or non-sulphide derivation.  Abundance of voids of sulphide derivation
indicates the abundance of preexisting sulphides. Shape of such sulphide voids may indicate
the characteristic predecessor miner; ¢g. terraced cubic outlines indicate galena, spear shapes
-arsenopyrite blades -enargite; plates -molybdenite, rhombs -rhodocrosite; plates -covellite

‘etc. The identification of these moulds of the prospector may aid location of the above

sulphide minerals.

5.4 SUMMARY

The Physiographic guides serve in locating ore deposits. These constitute either direct or
indircet evidences, based on geomorphic features, as to the presence of ore deposits in an
arca. Such featurcs as fault scarps, hog backs and cuestas serve as clues to the geological
structure. Evidence bearing on the physiographic history of the region may indicate the
conditions under which ore was accumulated or enriched and so point to the places on which
it may now exist. These historical considerations find their widest use in guiding the.
selection of broad regions for cxploration, but even in problems of ore-search within a
restricted area, they contribute to the background for constructive geological thinking. The
Mincralogical guides are manifested in primary as well as in secondary ore deposits, They -
are characterised by presence of zoning, rock alteration and boxworks. Limonites provide a
variety of clues to the presence of mincralised zones at depth. The minerals that are present
and their relative abundance serve as practical guides in ore search. Vanatlons in the
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proportions of minerals, whether in the walt rock or in vein matter, and apparent in plan or in

vertical

sections, may constitute target rings. Oxidised minerals at the surface serve as afi.

indication of what lies beneath. Mineralogical variations in wall rock, unless inherent in the
- original rock-mass, are usually the result of alteration of rock by mineral-bringing solutions;
variations within the vein matter may reflect local variations in condltlons of ore dcposxtlon
and subsequmt influence of descending solutlons

CHECK YOUR PRO._GRESS - MODEL ANSWERS
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5.5
1. (i) Geomorphological criteria, canyons pediments.
(i1) Physiography in relation to placer deposnts
(in)  Location of pay streaks. :
(iv)  Physiography in relation to oxidation and ennchment residual ores.
(v} - Supergene sulphides.
2. Gossan is a Conish word used to designate the oxidized out cropping cellular mass of
limonitc and gangue overlying aggregated sulphide deposits. Gossan not limited to
~ the surface but may extend some distance below the surface Gossans are sign boards
that point to what lics beneath the surfaccs. :
56 MODEL EXAMINATION QUESTIONS
I Answer the following questidn’ in 30 lines each.
| 1. “Physiographic features may serve as dxrect evidence of the presence of ore™ -
: Discuss. :
2. Describe the role of Physuography as a guide in respect of the followmg
(a) Placer deposits
(b) Residual ores
(c) Supergene sulphides.
3. Mincrals that are present, and thcnr relatwe proportions serve as practical guldes.
: in ore search. DISCUSS
4. What are gossans? How are they useful in min_eral exploration?
H, -Answer the following questiona in 10 lines each.
1. How Rock alteration characteristic of hydrothermal mineralisation is manifested.
2. What is mineral zoning?
3. What is Limonite Boxwork?.
4. 'Explain the Voids in Leached outcrops.
5.7 - GLOSSARY
Adularia ©© A variety of orthoclase, pure or nearly pure potassium
' : aluminium  silicate, often ‘with a pearly lustre (when called as
moon stonc).  Original name derived fsom Adular rcgion in
. -Sw:tzerland
Alunite Basic hydrous sulphate of alumlmurn and potassium, most

commonly associated with acid volcanic rocks.




Boxwork . When a grain of sulphide is oxidised and residual limonite
: remains in cavity, the limonite assumes a honey comb pattem

called boxwork.
Canyon : A large gorge, formed due to rapid down cutting of streams, Eg-
_ _ Grand Canyon of Colorado.
Geomorphology © A branch of geology relating to the study of land forms including

their history and processes of formation.

Hogbacks and Cuestas : A hogback is an erosional surface with a long, relatively gentle
' slope on one side and a sharp, stesp or precipitous slope on the
other side. Such a ridge develops when rock formations are

moderately titled with a hard layer lying between two soft layers.

A cuesta is a sort of a ridge of resistant rock formation with a -

slope on one side being very steep forming an escarpment and on

the other side with a very long and gentle slope called dip slope, .

Hence cuesta is a feature combining an escarpment and its dlp
* slope.
ﬂ _ Karst topography . In certain regions the sink holes and caverns are so numerous

: that they combine to form a peculiar topography, characterised

by the presence of small basins. In such topography the drainage
“pattern is quite, irregular, with streams abruptly disappearing
into the ground and then reappearing elsewhere as large springs.
It 1s named after the Karst rcglon in Yugoslavia, where it is
strikingly developed.

" Monadnock . Monadnock is a special kind of erosional landform ‘which
' represents a residual mass of a country rock of any shape, which
has not been reduced to the general level of the peneplain during
the late stage in the erosional history of a region.

Potholes : - Highly turbulent streams excavate potholes and rocky channels.
' ' These are cylindrical holes drilled in bed rock by abrasion, where
an eddy swirls pebbles and sand grains in spiral paths.

* Scheclite : Tungsten ore, a fluorescent mineral.
Scricite . ¢ Fine Scaly muscovite, united in fibrous aggregates and
_ characterised by silky lustre.
Zoning of mincl_'als . Spatial distribution (both honzontal and vcmcal) of mmerals

around a primary source.
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6.0 OBJECTIVES

In this Unit, the stratigraphic and Iithologiéal_ guides in mineral exploration are described.

After completmg this unit, you will able to
-¢  explain the stratigraphic and lithological guides
e describe the techniques to search for ore deposits by thhologlcal and
Stratigraphic guides.
» explain the differences between the syngenetic and epigenetlc criteria.

6.1 INTRODUCTION

If ore occurs exclusively in a given sedimentary bed, the bed constitutes an ideal stratigraphic
guide. If the host rock is not a scdimentary formation but an intrusive body or a volcanic
. flow, the same principles are applicable so far as ore search is concerned, but, since in such

cascs the guide cannot properly be called stratigraphic, the term lithologic is more
appropriate. : '

Therefore if ore occurs in a sedimentary bed or alternatively in an igneous intrusive at a
place, they serve as excellent stratigraphic or lithologic guides for ore search. The
stratigraphic sequence of the sedimenmtary bed can be easily determined either from the
geological map or by actual field work and the presence of the bed elsewhere can be
predicted and search may be made for the ore. For instance, in India, economic deposits of
hematite iron ores are found in rocks of Iron ore series in different parts of the country. Iron
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ore series, therefore, serves as a good stratigraphic guide. Stratiform igneous rocks like
pyroxenite intrusive body of Jojohatu, Singbhum, Bihar contain chromite seams of varying
size. Such layered ultrabasic inttsives serve as valuabl lithological guides in ore scarch.

62 SYNGENETIC AND EPIGENETIC CRITERIA

The ore may be syngenetic (an integral part of the body of rock) or epigenetic (introduced
into the rocks subsequently). This distinction is not only of academic interest, but also
important from the practical point. of view of a prospector, because of its economic
implications. Often the prospector is obliged to judge the degree of confidence, that a given
stratigraphic gu:de inspired and (still more important) to predict what places within the
favourable formation are most likely to be ore bearing. Economic considerations require -
answers to such questions, which depend on the mode of emplacement of the ore and the
factors that have determined its present position. In this respect the syngenetic and epigenetic
casses are in sharp contrast with each other and consequently require separate consideration

Check Your Progress
Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.
1. Bring out the differences between syngenetic and epigenetic dcposits.

T T T o o . o o o o o o o o e - e L

6.2.1 Syngenetic Deposits

Exploration in syngenetic deposits is relatively less complicated, compared to- epigenctic
deposits. If the ore is an integral part of a body of rock, the rock itself serves as a guide, that-

" is, the ore search is limited or confined to that particular rock formation. The localisation is

most precise in layered rocks, cspccnally in sediments, but it is useful cven in homogenous,
igneous rocks. -If the ore consists of a bed in sedimentary formation, one need only to know -
the stratigraphic sequence and the structure of the beds in order to predict where the outcrop
will be found or at what depth will the ore will be at a given place.

For this purposc, a structure contour map is the most convenient device for depicting the
shape of the ore bed and projecting its positions. The problem is simple in beds that have

- suffered little folding, but intricacy arises, when the structure becomes more complex, so that

ore search may require the solution of difficult problems in post-ore folding and faulting. In
the case of syngenetic deposits, localisation of ore is not controlled by intersecting loci such
as shear zones, breccia zones etc. (which are so important in epigenetic deposits) but- is
determined by the conditions of sedimentation, that prevailed when the beds were deposited.
Such conditions include not only the shape and extent of basins of accumulation but also the
position of unconformities. Syngenetic deposits of igneous origin are usually less regular
than sedimentary beds. However, in some thick sills and lopoliths, the rock constituents have
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a very regular stratiform arrangement, as been in the case of some chrom1te occurrences, In
less regularly shaped intrusives, syngenetic ore deposits may be erratic in distribution, but
even then, the fact that they are confined within the igneous body, serves as a useful guide in
delimiting the field of search. For instance chromite ores are confined to bodies of mafic
rocks or to serpentines derived from them. One need not scarch for chromite in other rocks,
nor in serpentine of other origin. '

In pegmatites the metallic minerals (if they can be truly describiad as syngenetic) are probably
crratic in distribution. However, in many pegmatites the constituent minerals form rude
zoncs from a micaceous cleavage adjoining the host rock through graphic granite and/or
perthitic felspar to a central core of quartz. Pegmatites of Nellore belt, Andhra Pradesh and
Gudalur beit, Tamilnadu which occur as dykes, wvein like injections and lenticular
scgregations, contain valuable industrial minerals like mica, apatite, topaz, tourmaline etc.
and minerals containing rarc metals like beryl, columbite-tantalite, wolframite, scheelite,
molybdenite, lepidolite, spodumene, samarskite, allanite, monazite, zircon etc. They are both
unzoned (homogenous) and zoned. The mica pegmatites of Nellore belt occur in Dbarwar
homblende schists and amphibolites and associated mica schists. If pegmatite rock serves as
a litholigic guide, Dharwars serve as a stratigraphic guide in prospecting for mica here. Mica
pegmatites of Gudur belt, Tamilnadu occur on the Wynaad plateaun also are localised within
“Dharwar mica schists. The mica in the zoned pegmatite is generally localised as
disseminated books in the intermediate zone of coarse feldspar between the quartz core and
outer fine grained quartz-felspar zonc and in the case of unzoned pegmatite, it occurs as
disseminations in the homogenous pegmatite rock.

6.2.2 Epigenetic Deposits

Orc that has been introduced into rocks may show strong partiality to certain formations,
whether the ore flows fractures or replaces formations bodily. Replacement ore bodies differ
from most sedimentary (syngenctic) deposits in that not all of the favourable stratum is ore
replacement within the bed is often controlled by some additional loc1 which may consist of
fold axes, fractures or veins.

The favourable formation need not be sedimentary in origin, volcanic flows or thin brecciated
tops may play the same role as waterlaid strata or need the formation be stratiform at all.
Igneous dykes or sills or in fact intrusives of any shape may constitute favourable formations

6.3 REASONS FOR FAVOURABILITY

The reason why one rock is.more receptive to ore than another is not always evident. On
theoretical grounds, two conditions are expected to be favourable: (1) permeability which
- allows passage of solutions, and (2) chemical reactivity, to induce precipitation of ore

~mincrals. The two conditions may be combined in the case of a soluble rock through which
solutions can eat their own way by chemical reaction. Permeability may be either a primary -

property of a rock as in sandstones, conglomerates or vesicular lava tops or it may be =

‘imposed by fracturing or shearing. The influence of physical properties (especially
permeability) or chemical propcmes (ecpeclally reactivity) is rarely prcdnctable in advance of
. exploration. -

Thus, if a porphyry and a limestone occur togcther the ore may favour the porphyry, because
of more open fractures in it, or it may favour the limestone, which is more hospitable
chemically. Although limestones are normally very receptive to ore, there are cases in which
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orc shuns them and deposits in rocks, which might ordinarily be considered as poor hosts.
Thus at Mount Isa (Queensland) the great lead-zin¢ dep051ts occur in shale while limestones
in the region have not been mmetallsed . :

There is some indication that certain host . rocks show prefcrence for specific metals.
Limestones are especially hospitable to lead and zinc but relatively unreceptive to gold.
Quartzite is also a good carrier of lead-zinc ores in some places. Even here between the two
metals, instances quoted by Mc Kinstry show that lead prefers more siliceous rocks namely

quartzites in contrast to zinc confining to slates, when both types of rocks exist in an area..

There may be a chemical reason for this preference. The rocks most receptive to gold scem
to be those containing chlorite or other minerals of similar composition. There are more gold

. deposits in chlontic slates and phyllites and basic to intermediate ,igneous rocks than in

quartzites, rhyolites or limestones.

Susceptibility to replacement is often a matter of delicate if not obscure control. Why
replacement  should, for example, single out certain beds within apparently uniform
limestones is a question that has aroused much inquiry but has reccived no conclusive
answer. Some consider that dolomites are more favourable than calcarcous I'mestones, but
this relationship is not universal. In silicified limestones, a proportion of silicate to carbonate
of 1:1 is more favourable than cither pure carbonate on the one hand or highly silicified rock -
on the other. An optimum size of pore space, neither too large nor too small is a determnung_ '
factor.

It is probable, however, that the mineralogy and the texture of the rock, though important, do
not tell the whole story, and the manner in which individual beds behaved during the folding
may hold part of the secret. Delicate differences in relative competency could controt the
manner in which individual beds are prepared to receive the ore solutions.

6.4 COMPETENT VERSUS INCOMPETENT FORMATIONS

In some arcas, at least, competent rocks are more hospitable to ore than incompetent ones,
and surely this is what would be expected from their mode of failure in fracturing. The term
‘competent’ refers to rocks which are relatively strong but, when they fail, break as though
they are brittle in nature. 'Incompetent’ refers to rocks which are weak and have a tendency to
deform plastically or by flow. Quartzites, conglomerates and fresh igneous rocks are

-competent rocks. Incompetent rocks are shales, slates, schist and liméstoncs, also igneous

rocks that have been altered to sericite, chlorite or serpentine. These generalisations,

. however, are subject to some modifications with varying circumstances. In the first place,

competence is a relative matter. A limestone between shale beds is likely to behave as a
competent rock, an identical limestone between beds of quartzite is likely to behave
incompetently. In addition, the manner of failure depends in some degree on the manner in
which the rocks were deformed. A limestone under light load may behave as a competent
rock, but under high confining pressure, especially in the presence of solvent and with the
rate or deformation slow enough 10 glve time for recrystallisation, it may behave as

incompetent material.

Competent rocks, in addition to their tendency to fail by fracture sather than by shear, have an
advantage to yield to fracturing in such a way as to provide permeable channel ways. When
competent rocks shatter, they produce either a network of interconnected cracks or a
permeable breccia free from gouge. In spite of the superior mode of failure of competent

57




rocks, 1t is not cverywhere true that they are the most hospltable to ore deposition. At
Bengigo (Victroia), incompetent slate beds have localised slipping, on the limbs of anticlines
where they overlie competent quartzite beds and form the sites for quartz veins which carry
visible gold.- :

6.5 INDIAN EXAMPLES OF FAVOURABLE FORMATIONS

A brief review of the favourable formations from Indian context would show how they could
serve as stratigraphic or lithological guides, besides throwmg light on the possibility of
certain host rocks showing preferenoc for specific metals.

Typical sedimentary mineral deposns occurring within the Precambrian rocks of South India
ar¢ the limestones (cement, flux and chemical grade) and dolomites (flux and refractory
grade) occurring in the Cuddapah and Kurnool formations in the Cuddapah basin of A.P. The
main horizons are the dolomites of Vempalli stage (Lower Cuddapah) and the Nargi
limestones of Jammalamadugu stage (Kurnool) distributed in Cuddapah, Kurnool,
Mahaboobnagar, Guntur and Krishna districts. The dolomites of the Pakhal system in
Khammam district, A.P and the limestones and dolomites of Bhima series in Ranga Reddy
district, A.P and Gulbarga (Karnataka) districts also come under this category. The Auk
shale stage at the base of Paniam quartzites (Kurnool) in Kurnool district, A.P also carries at
many palces sedimentary clays and ochers of economic value. Recent studies in the
Cuddapah basin have also shown places of phosphorite in the Cherty Vempalle dolomites and
an intensive search is now under way for possible occurrences of phosphorite in the
limestones and dolomites of other basins.

Another important sedimentary deposit in South India is the occurrence of diamonds in the
Banganapalle conglomerates at the basal part of Kurnool system in Kurnoo! and parts of
Mahaboobnagar , Prakasham, Guntur and Krishna Districts in AP. Though diamonds are
known in these congiomerates all over the Cuddapah basin, there are two important E-W
trending diamondiferous belts: (1) between Banganapalle and Munimadugu, and (2) between
Ramalakota and Yembayi in Kumnool district where ancient mining for diamonds was
concentrated.

Some of the lead-zinc and copper deposits namely Agnigundala, Vummidivaram, Varikunta
at Zangamarajupalle occurring in the Cuddapah basin of AP show excellent stratigraphic,
hthological and structural control in ore deposition. The most typical of these is the
Agnigundala Icad and copper deposits in Guntur district. There are three major deposits of
base metals in the belt consisting. of the Bandalamottu lead copper deposits, Naltakonda .
copper deposit and Dhukonda copper lead deposits, in addition to minor deposits of mainly
icad ore at Karampudi and other places. The deposits reveal good stratigraphic and lithologic
controls which conformable to bedding planes in greyish white, partly cherty, non-
argillaceous dolomites in the case of Bandalamottu and other lead deposits, and coarse,
grained, calcareous quartzites within fine grained non-calcareous quartzites in the case of
Nallakonda and Dhukonda copper deposits. Locally the ore follows shear fracture and
breccia zone cutting across bedding. In the case of Vummidivara lead deposits, the ore is
locatised along stratigraphic horizons of narrow beds of quartz-breccia intercalated within
fine grained massive quartzites, occurring in Cumbum phyllites and argillites. At Varikunta
“and Zangamarajupalle, the mincralisation is restricted to the narrow stratigraphic horizon
dolomite and is completely absent in the underlying and overlying Cumbum shales and
argillites.
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The favourable formations and their associate metals reveal certain interesting and fascinating
aspects for further study, besides merely serving as stratigraphic and lithologic guides for ore
search. Either the occurrence of lead in cherty and nonargillaceous dolomites and its absence
in shales and argillites or the adherence of copper to calcareous quartzites within the non-
calcarcous quartzites is in accordance with some of the carlier obscrvations made by J.S.
Brown.

Preference of dolomite to pure limestone or preference of silicated limestone {or calcareous
quartzite as here) to purc limestone or quartzite by ore bearing solutions scems to be also true
in the localisation of above mentioned base metals of Indian origin. A further study on some
of these geochemical affinitics mlght throw more light in disputed origin of some of these
basc metal deposits, '

6.6 SUMMARY

In this Unit, we have discussed the stratigraphic and lithological guides in mincral
exploration. Association of ore deposits with a specific lithological unit belonging to a
particular stratigraphic scquence constitute. lithological and stratigraphic guides for
exploration of mineral deposits. The deposits may be either syngenetic or epigenetic in
nature. Each type has its own identifiable features. A few Indian ore occurrences have been
cited as examples of manifestation of lithological and structural controls.

6.7 CHECK YOUR PROGRESS - MODEL ANS_WERS

I Syngenctic deposxts are those formed at the same time as thc enclosing rock. Where
as thc cp:gcncnc dcposnts arc those for-ned later than thc enclosing rock. '

2. (1) - Width of opening
(ii) Surface arca
(iii) Rate at which hydrothermal solutlons would pass through
(iv) Hutti gold field o
v) Copper -Quartz vein of Gam-Kalava, Kumooi district., AP .
(vi)  Agnigundala Copper deposits Guntur, A.P.
(vi)  Jaduguda, Singbhum Uranium mineralisation.
(viii)  Lead deposits of Varikunta and Zangamrajupalem.

6.8 MODEL EXAMINATION QUESTIONS

I Answer the following' questions in 30 lines each.

1. Described how syngenctic criteria could be useful in mineral exploration.
2. Give bricf account of stratigraphic and lithological guides with Indian ¢xamples:
3. Describe the reasons for favourability. '

I1. Anéwer_ the following questions in 10 lines each.

1. Competent and Incompetent beds.
2. Preference of host rocks to specific metals.

3. Epigenetic deposits




6.9 GLOSSARY

Allanite

Columbite -Tantalite

Epigenetic'Deposit

Lepidolite

Samarskite

Svngenetic Deposit

60

Rare earth silicate with certain metals Ce, Di, La, and
with minor amounts of Yettrium group, characteristically
found in deep seated igneous rocks and pegmatites.

Niobate and Tantalate of iron and manganese passing by
insensible gradations from normal columbite to normal
tantalite. Iron and manganese aiso vary widely,
commonly occurs in pegmatite veins. _
A mineral deposit which is formed subsequent to the
enclosing rock or geological formation.

Lithum Mica

A rare mincral, radioactive, containing rare¢ earths of
cerium and ytirium and also uranium oxide associated
with pegmatites. '

A mineral deposit which is formed along with the
enclosing rock or geological information.
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70 OBJECTIVES

In this Unit, structural guldes fracture patterns, contacts and folds as guides in mineral
exploration. Are described. :

By the end of this unit, you will be able to

» explain the mechanical principles of fracturing.

¢ describe the vein pattems as guides.

¢ describe the different structures as guides - enechelon, cymoid and horsetail
structures.

» explain the role of contacts and folds in the localisation of ores and their importance
as guides in mineral exploration.

» cxplain the folds of different ages, which have considerable influence on the
occurrence of ore deposits. -

7.1 INTRODUCTION

Fractures form the channel ways for entry of solutions, the receptacles for deposition, and the

starting places for replacement. In vein deposits, fractures are the dominant control, but even

in most disseminated and replacement deposits, fractures have exerted a noticeable influence
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on the forms of ore bodies. . The shapes of fractures and of fracture systems, therefore
provide the key to the structure of many types of deposits. '

Fractures are not just accidental. They are the result of failure in a rock mass that has
experienced stress. Therefore they are formed in response to physical laws. Unfortunately
there is much that we have yet to leamn about the operation of these laws, and we are still
unable to explain why, under apparently identical stress conditions, some materials fail in one
‘way and some in another. In other words, we do not have a satisfactory theory of rupture.
Nevertheless, we do know both from experiment and from observation that the surfaces along
which materials fail have at least qualitative relation to the orientation of the stress.

- Complete data regarding the acting stress and also. the knowledge regarding the strength
distribution in the rock, would ecnable us to predict the general shape and in some.cases the
detailed shape of the pattern of fractures, But we rarcly have this full information, yet some
of the data can be-deduced from observation. Interpreted with the knowledge of how rocks
arc known to fail, it often permits the completion of a partly concealed pattern and a
prediction as to which portions of the pattern will be most productive,

7.2 MECHANICAL PRINCIPLES_ OF FRACTURING

Stress, the pattern of principal stress planes, uniform versus non-uniform stress, relation
of fractures to stress and causes for variation in fracture patterns are described here.

7.2.1 Stress

“If a body of material is deformed within the clastic limit, each part of it exerts force on the
adjoining part. This internal force is called stress, and it can be resolved into shearing and
normal components. [f we sclect any point within the body and pass through this point an
imaginary plane, there will be a component of the force, which tends to make the material on
one side of the plane slide over the material on the other side, i.c., a shearing component.

There is also a component, which tends either to press the sides of the plane together or to
~ pull them apant, i.e., a normal component. [If the tendency of the normal component is to pull

apart, it 1s called tensile stress. If it is to squeeze together, thc normal component 1s called
cornpresswc stress. :

7.2.2. The Pattern of Principal Stress Planes

Fig. 7.1 Plancs of Principal Stress (idealised diagram after Mc Kinstry)
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Every point in a stressed body has four critical planes. Two of maximum shear, one of
maximum normal stress and one of minimum normal stress (refer idealised diagram in Fig.
7.1). The four planes ail intersect in a common line and stand at 45° at each other. This is
true regardless of the manner in which the body is loaded (whether it is acted on by
compression, by tension or by a shearing couple). It is also truc regardless of whether the
" bodv.is homogcnous or hetcrogencous and regardless of whether the stress is uniform or non-
uniform.

7.2.3 .Uniform Versus Non-Uniform Stress_

If the stress is uniform, the critical planes have the same orientation at all points within the
body, therefore the state of stress for the body as a whole can be represented by a single
diagram. If the stress is not uniform, the orientation of the assemblage of the stress planes
varies from point to point. Yet, at anyonc point they arc always at 45° to cach other. Of non-
uniform stress, there are infinite modifications. Two familiar varieties, whose distribution is
systematic, are known as bending and torsion. These are not, in effect, different kinds of
stress, but merely diffcrent types of variation of the stress orientation, for at anyone point, the
stress can be resolved into its normal and shearing components. Of these two, torsion
requires some claboration. Torsion is a special type of loading which is best described by the
simple cxample of a rod held in a vies at one end and twisted by a pipe wrench attached to the
other end. Loading analogous to this can hardly be very common under geological conditions
although it must be involved in some large scale warnings of the carth's crust and in the kind
of deformation that causes scissors-fault movements,

7.2.4 Relation of Fractures to Stress

With this background of mechanical principles, let us turn to our rocks and see what relation
the fractures bear to the stresses that cause them. There are two typical modes of failure by
fracturc tension and shear. The resulting fractures are thus named after the stresses and we
have the shear fractures and tension fractures. Whether a rock fails by one or the other or by -
a combination of the two depends on the nature of the rock and the conditions of deformation,
although not cnough is known about the governing laws to permit exact predictions.

7.2.5 Causes for Variation in Fracture Patterns

Since fractures can be expected to correspond to the pattern of stress only if the material is
homogenous, it follows that any inhomogeneity in the rock will cause irregularities in the
. fracturce pattemn or add new clements to It. Of course, no rocks are truly homogenous in the
physical sense; the nearest approach that we can expect is 'statistical homogeneity' , in which
irregularities such as grains or crystals are small in proportion to the dimensions under
observation and are oriented at random so that the dircctional propertics of individual grains
tend to cancel out each other. It is significant that the closest resemblances to ideal fracture -
patterns are found in large masses of igneous rocks, as these come nearer to being statistically
homogenous than do bedded sediments or metamorphics. The most conspicuous feature
which interrupt homogeneity are (1) surfaces of weakness (pre-existing fractures, bedding
planes, and igneous contacts). (2) members of a rock mass having contrasting strength
characteristics (beds, dykes, sills) and (3) anisotropic rocks (slates, schists, gneisses).

7.3 VEIN-PATTERNS AS GUIDES

A proper understanding of the vein pattenis is a must for mineral exploration. Once the vein -
pattern is clearly understood, the next step is to see whether it can be analysed in terms of a




stress pattern, using not only the space relations of the veins but indications of any pre-
displacement, however small, that may have taken place along them and any details of vein
structure indicating shear or tension phenomena. Most important of all is to correlate the
pattern with geological features, rock formations that have been particularly hospitable or
inhospitablc to fracturing, surfaces of weakness that have deflected veins from their general
course, and attitude of fractures with rclation to bedding and folds. An understanding of the .
origin and mechanics of thc vein pattern not only inspires greater confidence in the
conclusions but permits more intclligent predictions. To quote Mc Kinstry, if we know why a
vein makes are under certain conditions, we arc in abeticr position to predict where it will
make ore again. ' '

731 Typical Vein Patterns

The various types of vein patterns arc described by Bateman (1960); and Mc Kinstry (1948).
When a fracture or fissure is filled up with mineral matter, it is called as vein. Veins are
tabular bodies, long in two dimensions and short in the third and are formed along cracks and
fissure zones and are favourable loci of ore deposition. Individual varieties of fissure veins
include, simple, composite, linked, sheeted, dilated and chambered. Each of these may be
massive or crustified (Fig. 7.2). . '

. > -&(‘ O . i
¥y e rriah il g tna
'y ¥

Fig. 7.2 Varicticé of Fissure Veins. A. CHambered Vein (After Becker ); B. Dilated Veins
in Schist; C. Sheeted Vein; D. Enechelon Veins in Schist; E. Linked Vein (after Bateman)

The simple fissure -vein occupies a single fissure whose walls are relatively straight and
parallel. Where the walls are irregular and brecciated, particularly the hanging wall, owing to
formation under light load near the surface, it is often called a chambered vein. Dilated or
lenticular veins arc fat lenses in schists, Generally several occur together, like a string of
suasages, or they may be disconnected en echelon lenses. They are thought to be caused by
the bulging or dilation of schistose rocks due to pressure transmitted by the mineralising
solutions. Some are due to the pulling apart of a pre-existing vein during later metamorphism
of the enclosing rock. In width they range from a fow iniches to several tens of feet. A group
of closcly spaced, distance, parallel fractures is a sheeted vein. Each fracture is filled with
minoral matter and is separated by layers of barren rock, and the whole is mined as single
depesit lode, whose width may be several tens of feet. If individual fractures are linked by
diagonal veinlets a linked vein is formed. A composite vein or lode is a large fracture zone,
upto many tens of feet in width, consisting of several approximately parallel ore-filled
fissur:s and connecting diagonals, whose walls and intervening country rock have undergone
some replacement. a - - ' '
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Fig. 7. 3 Classes of Fissure Systems. A. Parallel System; B. Fan shaped; C. Radial; D.
Intersecting Cognate; E. Intersecting Systems, F. Conjugated (after Bateman)

Fissures seldom occur one but tend to occur in groups (Fig. 7.3), giving risc to the various
vein patterns.  If the fissures of a group are of the same age and have approximately paraliel
strike and dip, they constitute a fissure system or vein pattern. Fissurcs formed at the same
time are cognate fissures, those with paralle! strike but intersecting dip are said to be
conjugated. Different systems may intersect cach other, there are instances whe e as many as

seven such systems have been recognised. Two intersecting systems may. diifer in age or -

they may be cognate and of the same age. Those differing in age generally displace each
other, carry different ores, those of the same age carry similar ores and do not fault each
other. To dlstmgulsh between them i is most important.

Sometimcs two sets of veins may intersect each other in the form of a grid, which may be
rudely rectangular or oblique. Instead of crossing each other, the veins may form a Y -shaped
pattern or they may form a linked system consisting of parallel veins joined by diagonal
branches. Some what similar are braided systems in which two veins run parallel for a space,
“ then join, then sepamtc and become paraliel once again aﬁer the design of a chickenwire
mesh. . :

Some what less common than pattemns marked by two dominant trends are patterns of three of
more at places, where the system is highly complex, vet has some aspects of symmetry. In
some patterns the veins are curving rather than even approximately straight; swinging from
one direction to another. From these patterns, in which some resembles of orderly
arrangement is discernible, there are all gradations into patterns in which the veins seem to lie
helter-skelter with no recognisable scheme. : :

7.3.2 Vem Structure within the Pattern

Within the broad framework of the pattern of a dlstmct the individual veins are vein groups
have their own characteristic shapes. Like the major patterns, they vary from one district to
another, but a few typical structures are familiar through repetition.

Eg. En-echelon cymoid and horsetail structures (Fig. 7.4). The shape of veins controls
' locahsatlon of or¢ in them.

Dcposition of ore in veins will depend up on (1) width of opening, so that sufficient -ore
bearing fluids may pass through freely, (2) Surface area so as to enable the solutions to come
. into contact for reaction with host rocks and induce precipitation, (3) rate at which
- hydrothermal solutions would pass through. Ore bearing fluids pass at a comparatively slower
ratc through zig-zag or curved fractures in comparison to straight ones and thus the
oppottunity of the fluids to react with the wall rock is more and hence the chances of
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Jaduguda, Singbhum uranium mineralisation appears to have been controlled by minor cross
folds. thicker and richer lodes have developed in their synclinal portions while the lean and
very poor ones occur in their anticlinal warps. : 3

‘In the icad deposits of Varikunta and Zangamarajupalle, Cuddapah district, A.P., the orc
' bodics resemble typical ‘pitch and flat' type deposits, localised in the vicinity of steep dipping
en-cchelon shear-fracture zones in the folded dolormite. ' :

Check Your 'Progress
" Note: a) Spacc is given below for writing your answer o
b) “Compare your answer with the one given at the end of this unit.
2. Give five examples of Indian deposits, which are controlled by structure.

_————-———————-*————-“————w—----‘-----‘---—------—----‘————-———‘--———-—-—--"——-—m

_______4___-__4-___,*-—___—-_-_—-----—-----*----—------____,____-_____,___-_______.

______________________________-_____-_____,__________-__‘______________,_____ ——————

7.10 SUMMARY

In this Unit, we have discussed about the structural guides, fracture patterns, contacts and
folds as guides.

Fractures produced under the action of stress are of different types. They depend also on the
native of the rock masses i.e. homogenous or heterogeneous. Fracture systems are classified
on the basis of their pattem or shape. They are good receptacles for ore deposition and hence
constitute guides to ore deposits.

The contacts of various rock formations with intcnsives or within themselves will form
potential zones for tocalisation. The folds, major as well as minor. act as channel ways for
solutions as well as sites of deposition. The recognition of these features will enable to lotate
the ore deposits. '

7.11 CHECK YOUR PROGRESS - MODEL ANSWERS

{. {1) Width of opening
(ii) Surface arca
(i)  Rate at which hydrothermal solution would pass through.

2. () Hutti gold field
i) - Copper -Quartz vein of Gani & Kalava, Kumool district., A.P.
(i)  Agnigundala Copper deposits Guntur A.P.
(iv)  Jaduguda, Singbhum Uranium mineralisation.
(v) Lead deposits of Varikunta & Zangamrajupalle. -
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7.12 MODEL.EXAMINATION QUESTIONS

L '_A-nswer the following q.uézls:tions in 30 lines each.

1. "Fractures are not purely acctdemal but are formed in response to physical laws” -
Discuss.

2. Describe the importance of vein patterns as guides to ore search.

3. Describe how contacts could bc useful as guides in mincral cxpioratlon Mention a

f'cw Indian cxamples.

4, Describe how folds could serve as practical guides in cxploration of syngenetic and
cpigenctic deposits, with suitable examples.

1. Answer the following in 10 lines each.
1. Write short notes on the followmg mdicatmg their importance in mineral exploration.

(a) En-echelon Structure
{b) Cymoid Structure

(c) Faults of minor dispiacement
2, .What is the significance of folding of c;jigenetic ore formation?
3. What are the structural guides for gold deposits of Kolar Goldfield?

7.13 GLOSSARY

Anisotropic rocks : :  Some rocks such as uniform slatcs and schists, are
' homogenous in the sense that they lack contrasting
layers. Howcver, they are weaker in some directions
_than in others. In such rocks, which may be termed
anisotropic, a uniform stress produces non-umform
_ - ~ strain.
Braided system of Pattern : Vein pattern similar to a braided stream which flows in
‘ two or more interconnected channels - Braided pattern is
one where two veins run parallel for a space, then join,
then scparate and become parallel agam resembling a
chicken-wire mesh.
Contact-metasomatic deposits - :  Contact effects of intrusive magmas have been dmded
~ inte two types. (1) Effects of heat without appreciable
magmatic accessions giving rise to contact metamorphic
" deposits (2) effects of heat combined with magmatic
accessions giving rise to contact metasomatic deposits,
where new minerals are formed (Bateman, 1960).
Lindgren uses the term pyromctasomatic for contact
metasomatic deposits.
According to Mc Kinstry, the effects do not scem to be
restricted or localised to contacts but extend for over
long distances.
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Cymoid Lens

Pitches and Flats

Saddle-reef

Shears

Tensile Stress

Cymoid structures commonly occur in pairs, forming a
cymoid loop. That is a vein splits, one branch swerving
aside to execute a reverse curve while the other branch
continues straight for a short distance and then executes
a similar curve to rejoin the first branch. The two
branches thus enclose a lens of wall rock shaped
somewhat like the cam of a stamp mill<cailed cymoid
lens.

Deposits formed in induced cavities created due to
folding and warping. Such deposits lic on inclined limbs
and flat portions of the folds. Pitches, which are highly
inclined and flats are openings formed by the parting of
beds under gentle slumping.

Deposits formed due to induced cavities created by
folding and warping.. Eg: Bendigo Saddle Reefs,
Australia. Induced openings, created by alternating
competent and incompetent beds such as quartzite and
slate, which are closely folded, when filled by ore
resemble the cross section of a saddle hence their name.

In the elementary sensc of the word, a shear is a plane
(or curved) surface on which one wall has moved past
the other. Shears, when closcly spaced, constitute a
shear zone, which consists of slabs of silvers of rock.

Normal component of stress, which pulls the body apart.
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UNIT : 8 SAMPLING AND ESTIMATION OF ORE
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8.0 OBJECTIVES

tn this unit, different methods 6f sampling and estimation of ore reserves by geometric and
graphic mcthods are described.

After completing this unit, you will be able to
-# cxplain sampling and its methods
'»  describe the errors in sampling
¢ explain the methods of estimation of ore reserves

8.1 INTRODUCTION

The cvaluation of a mincral prospect or mining property requires examination of chemical
and physical characteristics of the ore or mineral as accurately as possible. The value of the
prospect or prosperity depends upon the value of the ore. ‘Sampling’ generally makes this
determination. Sampling is the process of taking a.small portion which shall be representative
of the whole. The consistency is gencrally known as the assay value of the ore. Although the
usual rcason for sampling a minc or a mineral property is primarily economic, the resulting
assay rcturns constitutc data of a truly geologic character. The results of sampling are much
more quantitative in their naturc than most other available geological data. If geology bencfits
from sampling, it also contributes to it, for sampling can never be reduced to blind rules of
thumb, but must be carried out in conformity with geological principles. :

- In an actual ore body, ﬂicaccuracyofsamplh)gdependsmtonlyonﬂmemunberofsamples
but also on proper distribution of them throughout the ore body, because it would obviously .
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be incorrect to take all of the samples either in a rich part or iean part. Therefore, it is
important to select thic places in such a way that all parts of the orc body will be represented.

The kind and amount of sampling depend upon the type of deposit and the degree of
development whether the property is a prospect, an exploration or partly or fully developed
mine. Sampling may be done at any exposed surface of the ore body, such as outcrops, shaits,
drifts, crosscut or riscs in the ore. Test pits or drill holes may be sunk for the express purpose
of obtaining samples. Because of the weathering, samples taken from outcrops are rarely
representative of the unaltered ore.

The theory of sampling it that, if enough small portions of an article, properly spaced, are
taken, their average value of consistency will approximate that of the whole very closely.
Sampling should be, as ncarly as possible, a mathcmatical - mechanical process, and a
mechanicat collection of material at mathecmatically spaced mtcrva!s It is not and never
should be considered a haphazard procedurc.

8.2 METHODS OF SAMPLING

The purpose of sampling includes:

1) Dectermination of avcrage grade for a particular tonnage
2) Study of cconomic viability of a mincral prospect and
3) Estimation of rescrves in proved deposit.

Whatcver be the purpose, care should be taken to see the changes in chemical and
mincralogical nature of the ore, structure, texture, size of individual particles, degree of
variation in the distribution of values from point to point. These vary so greatly that no set
procedure can be prescribed. Each deposit presents an individual problem.

The following conventional methods of sainp!ing arc used for diffcrent purposes.

a) Channel or groove sampling

b) Chip sampling '

c} Muck or Grab sampling

d) Car or Wagon sampling

¢) Pit ftrcnch /borchole or dnll hole samplmg,

Check Your Progress
Note: a) *  Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

1. Whatare the different purposes of sampling? -
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8.2.1' Channel or Groove Sampling

This method_consists of cutting channel across the face of exposed ore and collecting chips,
fragments and. dust from each channel to makeup a sample. Channelling consists of cutting
grooves of uniform section across the face, usually at right angles to the formation. The
customary sizz of the groove is from 1.5 to 4" widc and about 1" decp, depending on the
nature of the material. Hammer and Moil are generally used to cut the sample

The spacing of channels is highly important; the intervals must be close enough to yicld a
represcntative part of the whole. In general, the sample spacing will be closer for wrregular ore
deposits.and for uniform ore deposits, the greater may be the sample interval.

8.2.2 Chip Sampling

In chip sampling a scrics of chips of rock is taken cither in a continuous line across the
cxposurc or at random intcrvals. It is less laborious than channcl sampling and is nsually
adopted when 1) quick preliminary resuits are needed or 2) the ores arc hard and uniform, and
difficult to cut a channcl.

8.2.3 Muck or Grab Sampling

A grab sample of the muck pilc afier blasting is sometimes taken instead of a ‘channel sample
of a face. Picces of rock of convenient size are picked up n this method. This method gives
corrcct results in some ores, whose values are evenly distributed or are independent of
- breaking qualities. o

8.2.4 Wagon Sampling

A shovel full of ore or a series of pieces selected at random or according to a pre-arranged
system is taken from each car that comes from the mine. A check may be obtained by
avcraging all car samples for a day and comparing with the mill head sampie, which is likely
to be more correct, especially if taken by automatic methods after crushing,

8.2.5 Pit/Trench/Bore hole or Driil hole Sampling

In mincral exploration, pitting, trenching and putting bore holes or drill holes are quitc
common and samples have- to be taken carefully, Depending upon the nature of the deposit
different methods of excavation are needed to expose the ore body for study.

If pitting or trenching is adapted to bedded deposits, déposits extending in depth, require bore
holes or drill holes. In the casc of drill holes one has to study the core, chips as well as sludge
sampies to get an average. :

83 REDUCTION OF BULK SAMPLES (CONING AND
QUARTERING)

By whatever method the samples are collected, they can be reduced to the required size by
the process called coning and quartering. Loose and powdered samples arc coured to form a
conc. The cone is quartered by means of two plates. Once sct of oppositc quadrants is taken
and the other is rejected. '

The process is rcﬁcatcd evcij' time altcrnating the quadrants until th;é requircd size is
ob}taincd The onc obtained at the end will represent the total bulk sample taken.
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8.4 ERRORS IN SAMPLING

Sampling rcsults may go -wrong at anyoné- of the several points during the process of
cstimating ore values, for one or more of the following reasons.

1. Salted or erroncous samples.

2. In-sufficient number of samples.

3. Improper location of samnles.

4. Improper or 'salted' chemical analysis.
5. Incorrect weighing of samples.

Many of these arc self explanatory, except | and 2, which require elaboration, Salting is the
act of raising the value of the sample above that of the ore exposure from which it was taken.
It may be intentional or unintentional. Weighing of samples and their assay values is most
important and is described below separately.

8.5 THEORY OF SAMPLE WEIGHING

Samples are gencrally picked up. at regular intcrvals. Put this is not always possible because -
of richcr and lcancr concentrations and crratic distribution of values in places. Samples
therefore may have to be picked up at semi regular intervals (i.c. in one direction it may be
rcgular but irrcgular in the other) or at irrcgular intcrvals. Assay value of cach of these
samplcs may be determined. If we mercly add up these assay values in a prospect, without
locking into the representation of cach sample (the samples may represent different lengths or
arcas) it only becomes an arithiactic average but not the weighted one to represent the true
average of the prospect. Each onc of these values is limited to the relative length/area it
rcpresents and a weighted average has to be obtained by taking the length/area into
consideration, Unless a weighted average is obtained, the estimation of the value of the
prospect will go wrong,

8.6 ESTIMATION OF ORE RESERVES

It is nccessary to compute the reserves of a mineral deposit for its economic appraisal. Ore
‘reserves represent the quantity of ore available in the deposit in tonnes. Estlmatlon of tonnage -
involves two factors weight of ore and volume of ore.

The weight of orc is obtained by determining the specific gravity of substances. Specific
gravity or density is synonymous terms used to express the weights of substances relative to
that 7 purc water at 4°C. In cstimating total values, the specific gravity figure for an ore is
not ordinarily uscd as such, but is converted into a figure representing cubic feet of ore per
ton, called the tonnage factor. In the calculation of tonnage factor the unit customarily used
for various orcs is an item, which must be considered. Iron ore is soid on a long ton (2240 1b)
basis, coal particularly anthracite is estimated and sold both on long ton and short ton (2000
Ib) basis, whereas the short ton is generally used as the unit for other minerals. The ores are
usually estimated on metric ton {2204.6 Ib) basis. The tonnage factor of a given ore, of
" course, varies for each of these units.

The volume of the ore deposit is computed from plan and section maps by the use of
planimcter areas or by arithmetical calculation. Multiplication of volume in CGS system by

the specific gravity gives directly the tonnage in metric tonnes (since 1 ca cm of water weighs
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1 gm). When the total volume is in ctibic feet (i.c. in FPS system) it is to be multiplied by -
tonnage factor (since 1 cu ft of water welghs 62.5 1b). The tonnage factor is determined by the
following formula .

Tf=2000 x G
62.5

2000 1bs (on short ton basis)

G = specific gravity of orc

62.5 is the wt. of the Cu ft of water

Thus tonnage = Tf x vo!ume (in cu ft) of ore

Mecthods for volume determination of ore deposits may be broadly grouped as l) Geometric
methods and 2) Graphic methods.
8.6.1 Geometric Methods

Geometric methods include two categories i.e. uniform spacing on rectangular co-
ordinates and uniform spacing on 60 co-ordinates.

A, Uniform spacing on rectangular co-ordinates

There arc two methods in this spacing. Onc is extended or unlimited area method, and the
other is included or limited arca method.

I. Extended area method: {6 samplcs are picked up at regular intervals and the area of
influence of cach sample is 150' x 150". The total area is 1200' x 1200'. The area multiplied by
the average thickness gives the volume (Fig. 8.1).

. ' ) §
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Fig. 8. 1 Extended area method

2. Included area method: In this case the area is limited and the representation of samples
vary. The comer samples represent only one quadrant, the side sample 2 quadrants while the
interior samples 4 quadrants. In this case the volume is obtained. By multiplying the area 900’
x 900" by weighted average thickness and not simple arithmetic average (Fig. 8.2). -
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Fig. 8. 2 Included area method

- B. Uniform spacing on 60 co-ordinates’

When samples are picked up on 60 co-ordinates the aréa of influence of each sample is a
rcgular hexagon. The representation of samples do not vary. So volume is obtained by
multiplying the total arca of hexagons with the average thickness of deposits,

C. Semi-regular spacing

When samples are picked up at scmi-régular intervals, the area may be extended or included.
For the volume calculation in this case, weighted thickness should be taken since there will
be variation in representation of samples.

D. Irregular spacing _ o _
When the spacing is irregular the volume can be measured in two ways. These are 1) Area of
influence method (polygon method), 2) Triangular grouping (arbitrary choice of triangles).

1. Polygon method: When sambles are picked up at irregular intervals, the influence of
cach sample is obtained by drawing perpendicular bisectors to the joining points. These in
turn form different polygons representing the areas of influence of each sample.

The arcas arc computed by planimeter or dividing them into triangles. Area muitiplied by
weighted average thickness gives volume (Fig. 8.3).

Fig. 8.3 Polygon method

2) Triangular method: In this case, the sample points are joined arbitrarily to form
triangles and their areas are computed. The arca multiplicd by weighted thickness gives -
volume (Fig. 8.4).
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Fig. 8. 4 Triangular method
Check Your Progress

Notc: a) Space is given be!dw for writing your answer.
b) Compare your answer with the one given at the end of this unit.

2, What are the different Geometric methods of reserve estimation?

— ————— —_—— - -
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8.6.2 Graphic Methods

The graphic methods include
a) Isocore maps
b) Stratum contours
c) Transverse sections

a) Isocore maps:

Isooorempnsmu&wreomﬁourlnwsmpmﬁpmntsofequal vcmﬂi‘&idmess In the
figure (8.5) isocore lines having values of 5 m, 7 m and 8 m are shown. m:mbetwemdn“
contours 5 and 6 m will have an average vertical thickness of 5.5 m and. s0 on. The areas
between two contours are measured separately with the help of planimeter. Each of these
arcas is multiplicd by the average vertical thickness to obtain the volume.

Fig. 8, 5 Calculation of reserves. Isochore Plan




b) Stratum contours: .

Stratum contours are the lines joining the equal elevations of ‘bed either for upper or lower
surfaces. The figure (8.6) represents upper and lower contacts of a coal bed. The thickness
(10 m) is multiplied by the area of the bed to obtain volume.

Fig. 8. 6 Stratum contours

¢) Transverse sections:

Transverse sections are prepared from the data obtained from a number of bore holes, and for
cach sectional area the reserves are estimated separately (Fig. 8.7). The area of each section is
measured by a planimeter and it is multiplied by the thickness of that section to get the
volume. ' _ _ .

Fig. 8. 7 Calculation of reserves by transverse section

8.7 SUMMARY

Sampling is the process of taking a small portion, which shall be representative of the whole. -
The different sampling methods employed are chip sampling, muck or grab sampling, car or
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wagon sampling, pit/trench/bore hole or dnfl hole sampling. The consistency is generally
known as the assay value of the ore. The results of sampling are much more quantitative in
their nature than most other available geological data. It is important to select the places in
such a way that all parts of the orc body will be represented. By whatever method the samples
are_ collected, they can be reduced to the required size by the process called coning and
quartering.

Sampling is carried out for the determination of average grade for a particular tonnage, study
of economic viability of a mineral prospect, and estimation of reserves in proved deposits.

It is necessary to compute the reserves of a mineral deposit for its economic appraisal. Ore
reserves represent the.quantity of ore availabic in the deposit in tonnes. Estimation of tonnage
involves two factors; weight of ore and volume of ore. The weight of ore is obtained by
determining the specific gravity of substances. Geometric methods and graphic methods are
used for volume determination of ore deposits. '

88 CHECK YOUR PROGRESS - MODEL ANSWERS

1 (1) Determination of average grade for a particular tonnage.
(11) Study of economic viability of a mineral prospectively.
(iix) Estimation of reserves in proved deposits.

C2 (1} Extended arca method
(i1) Included arca method.

8.9 MODEL EXAMINATION QUESTIONS

L Answer the following in 30 lines each

1. Describe various methods of sampling techniques
2. What is tonnage factor? Discuss how it is calculated? _
‘3. Describe the different methods in practice for estimating the volume of a given
deposit.

1. Answer the following in 10 lines each

1. Significance of sampling
2. Isocore maps
3. Errors in sampiing

- 4, Coning and quartering

8.10 GLOSSARY

Sampling : Sampling is the process of taking a small portion
of an article, such that the consistency of the
portion shall be representative of the whole.

Consistency . A term used to denote wniformity in sample'
' charactcnstlcs generally represented by assay
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Tonnage factor

- Salting

" Weighting of sample

value of ore, _
Number of cubic feet in one tonne of ore is
denoted as tonnage factor.

Salting is the ack of raising the value of the
sample intentionaily.

The true representative sample so as to represent
the whole. )
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UNIT: 9 PRINCIPLES OF MINERAL ECONOMICS
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9.0 OBIJECTIVES

In this unit, the principles of minera] economics are described:

After completion of thig unit, you will be able to
*  describe the principles of mineral economics
*  explain the concept and scope of mineral economics
® describe the minerals angd industry

9.1 INTRODUCTION




e

neutron moderator and is governed by the dynamic energy mineral act. Bc?ry}ﬁu_m oxide is
used as a good refractory. Similarly bauxite was known ‘and used in 2 limited way. The

 discovery of electrolytic ‘process of extraction of -alumiinium from bauxite has resulted in the

large-scale production of aluminium metal in the world. This, in turn, has contributed to a
massive use of the metal for a variety of purposes, in particular as substitute for others m

short supply like tin and copper. Today imineral resources have become almost synonymous”

with industrial power. Industrial power in turn dependent upon ownership of, or access 10,
large quantitics of mineral resources that have become the back-bone of the industrial
revelution. Mincral resources have much to do with man, and man with mineral resources. It
is surprising to realise that the rise of the industrial age has so accelerated the demand for
minerals that the world has dug up and consumed more of its mineral resources in the period
shortly before and after World War 1I and than in all preceding ages. This insatiable demand
for minerals to feed industry has made some sources of supply that we used to think were
adequate, now look rather small, and sources capable of meeting large demand are being
depleted rapidly.

The quest for the wealth of minerals wrested from the earth for man’s vanity,_nccx:ssities or
comforts has ever been a powerful incentive to discevery, expleration and trade. Their search
has given rise to vOyages of discovery and settlement of new lands. Their ownership has
resulted in industrial development and in commercial or political supremacy, and has also
caused strife and war. A glance at the history development of leading industrial nations
reveals that their rise has coincided with the utilisation of their mineral resources, initially
coal and iron, for coal is one energy that makes the wheels go around and the wheels are
made of Iron. Those countries supplied with diversified mineral resources are the ones that
become the great industrial nations and the politically and militarily strong On<s. Additional
nations are joining this group based on their petroleum resources such as the middle cast
countries, or by purchasing new resources such as Japan;;or by the development of vast
mineral resources, such as Russia, Australia and Brazil. '

L]

57 THE CONCEPT AND SCOPE OF MINERAL ECONOMICS

Certain  inherent peculiatities of the naturally occurring minerals and their impact on

industrial econemics have paved the way for the emergence of mineral economics, as a
special branch of geolegy. Certain basic axioms universally recognised have. laid the
foundation stone for the formulation of national mineral policy. These are:

Minerals are depleting assets,’ _ : _
Modem industrial cconomics is based on minerals and mineral products,
The boundaries of countries bear no relation to mineral geography and
No nation has demestic Tesources sufficient for its industrial niceds.

i e

The pressing needs of “mirieral production, the intricacies - of . -assuring  future supplies,
economic cvaluatien ef the depesits,” the economics of '1o_e;at“naﬁ_ of plants in rélatien to
domestic and imported’ raw materials have become the subject matter of special study.
Mineral economics has therefore identified itself to form a special branch of geological
discipline requiring special study of thi deposits, reserves, utilisatien, ore dressing practices,
resear +h, planning and development or mineral based industries, trade 1 minerals and other
related problems. Mineral economics can thus be defined as the synthesis of such theories and
practices of geological science, political science and economics that are involved in or
attracted fo the balanced: development and management of the country’s mineral resources.
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Check Your Prdgress

Note: a) Space is given below for writing your answer.
b)  Compare your'answer with the one given at the end of this unit,

1. List out the main axioms for national mineral policy.

-_h_u___________~_i_______h_---_--_------i__;---_-h_ﬁ__-_-__;_— _____________________

———— ———— --.--..-...--_-q--_-..__________-..__..____‘.. ------

9.3.1 Localisati'on

The mincral deposits are not .only unevenly distributed in various parts of the earth, but a
particular mineral deposit is highly localised in any region in which it occurs. For example,

. certain deposits, which results in geopolitics and rivalry. This unequal distributior also makes
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trade in minerals inevitable and involves political and economic discussion between the
] i COUNtTIEs. -

933 Exhaustibility

Mingral wealth is exhaustible. Once it is mined and consumed, it is lost forever. This gives @
" characteristic life cycle 10 a mine. One can find these three distinct life cycles to a mine
“namely youth (development stage), maturity (firmly established stage) and old age {declining
stage). Some of the deposits, originally considered to be of enormous size, have in this
process lost their importance due to depiction of the reserves. The only natural cryoiite mine
at Tvigtut, Greenland, which was under productien for a hundred years was closed down in
1962, as the reserves were exhausted. The Comish tin mines, which was the world’s most
important source for about 1000 years, is not active now. Many others like the copper
deposits of Michigon, USA and Silver mines of Potosi in Mixeco have lost their importance.

The practical exhaustion of cryolite, a crucial mineral indispensable in aluminium industry,
has led to the discovery of synthetic cryolite by Germans. Similarly the relative paucity of
pivotal industrial minerals in nations has led to the development of mineral substitutes 1
industry. This inherent feature of exhaustibility therefore highlights the crucial importance of
mineral conservation in the management of resources. ’

9.3.4 Mining Problems and Unpredictable Character

Unlike other industries, mineral industry involves mining operation. Depending on the mode
of occurrence of the minera! deposit, the mining may be open cast of underground, Mining
has it’s own problems. The unpredictable nature of mineral eccurrences, mineralisation,
considerable variation in grade in a given deposit, uncertainties of extent and persistence in
depth, and the increasing cost of mining with the increase in its depth, make it altogether
different from any other industry. In the casc of underground mining, the sinking of shafls,

~ development, drifting, haulage, ventilation, drainage, safety and several other factors are to be
taken into account to run a mine efficiently, economically and at the same time with safety.
Degper nining beyond 150-meter depths involve temperature and pressure effects.

While higher temperature results in bumning, increased rock pressures due to super imposed
load creates rock bursts. These are quite common in deep mines like Kolar Gold mines,
 where the depth is around 3 km. : '

9.3.5 Environmental Requirements

Environmental regulations happen 10 be onc more constraint to face in the mineral industry.
Mining problems include different types of hazards. Abnormal peculiarities of temperature
and pressure variation coupled with rock bursts, free and gas hazards, collapse of roof and
sidewalls are encountered in mining industry. '

The recent strides in industrialisation have brought new challenges to mankind. One of them
is environmenta! pollution. In industrially advanced countries like USA, the mineral industry
has faced severe restrictions than it ever had before on the effcct of ground prospecting,
© development, mining, refining and smelting on the environment. Nevertheless, the subject is
volatile and emotional but understandable when rational. One thing is obvious, unless
- regulations pertaining to mining and mineral industries are strictly followed, environmental
problems do occur. While ‘nstitutions like Department of Environment Regulations (DER) in
USA monitor this aspect, we in a developing country like India are yet 10 g0 2 long way in
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adopting these procedures. Environmental impact of the mines did not receive much attention
till 1970. However, the following central laws have been framed which relate to the impact of
mines. C -

1) The water Prevention and control of poilution Act, 1974,
2) The Forest (conservation) Act, 1980.
3) The Air protection Act, 1986.

9.3.6 Impact of New Discoveries and Technological Developments

Production of mineralg mmmemi industry is affected by changing needs of manufacturing
industries, accumulation of stock, fluctuation in prices and refuse of metallic scrap. Discovery
of new deposits and advancement in recovery and metallurgy of new finds also affect the

discovery of new deposits in a country reflects the pattern of international trade in respect of
pricing. Take for instance, the iron and manganesc ores, which enter the world market in bulk
quantities. - ' . :

9.3.7 The Grading and Specifications

Trade in minerals is entirely different from other commodities, because considerable
variations may take place in the quality of the same deposit. Variations in the quality in
mineral industry affect pricing “and also the grade and the required specifications necessary
for supply. :

geological factors like faulting, pinching out of the ore bodies, deterioration of quality at
depth etc., may ultimately affect the life of mineral industry, by way of prospecting,
development, mechanisation and exploitation is therefore quite different in nature.
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these uncertainties lead to liguidation of the mineral industries. Mineral industry for the
above reasons i3 placed aitogetiier on a different fo_oting. o '

9.4 MINERALS AND NATIONAL ECONOMY

With the achiovement of froedom in 1947, Indian Government has realised the crucial.
importance of smnersls in national economy and took steps for planned mineral production
and with it concurrent industrial expansion. The creation of department of planning and
Development in the central government and the establishment of several agencies ‘concemed
with the minerals bave sotiod a new chapter 1n our outlook' for minerals. The country has
realised that a national avneral policy is essential for planned mineral exploration,
exploitation and utilisation. Adequatc emphasis and care have been initiated with the
consideration of the following aspects in the 1% five-year Plan.

1. Systematic exploration for proper assce sment of extent and value of mineral deposits.
2. Systematic mining by scientific methods. ' ' "

3. Conservation of minerals without wastage. _

4, Explorations for strategic minerals ike sulphur, tungsten, tin etc.

5 Making of finished products from rav minerals and their export.

6. Bencficiation of low-grade ores by scientific research.

7. Substitution of deficient minerals by scientific research.

8. Collection of industrial mineral statistics through Bureau of Mines.

“This new approach has resulted in the establishment of many new organisations like Indian
Bureau of Mings {1948), Department of Atomic Fnergy (1934), National Coat Development
Corporation (1956), Oil and Natural Gas Commission (1956), National Mineral Development
" Comoration (1958), State Trading Corporation {1956) and subsequently Minerals and Metals
Trading Corporation (1963) and Mineral Exploration Corporation (1972). Many National
nrsearch Laboratorics like National Metallurgical Laboratory, National Geophysical
Research Institute, National Remote Sensing Agency, Central Ground water Board for

 development of groundwater resourccs, National Institute of Ocecanography ctc., have
contributed to the necessary scientific research relating to the minerals both on land and in
high scas.

9.4.1 Present Status

Indian economy is growing fast. In the year 2000-2001, the GDP growth rate was 5.2% less
when compared to the GDP growth rate (6.4%) in year 1999-2000, The growth rate of
mining and quarrying is increased to 5.4% as compared to the 4% growth rate in the year
2000. '

The Government of India in 1991-92 removed many restrictions on imports and exports
through Liberalized Exchange Rate Management System (LERMS). Indian mineral industry
contributes sufficient amount to the National Economy through production of fuels, metallic,
non-metallic and minor minerals. - : :

According to the amended Exim Policy 2000-02, and General Agrecments on Tariffs and
~ Trade (GATT), which is the part of the World Trade Organisation in WTO Agreement,

imports can be controlled only through tariffs or customs duties not through any Quantitative

Restrictions (QR’S) such as quotas and ficenses. Therefore the Indian mineral industry will

survive globally only through competitive quality and price. '
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Govemment of India has created a department of dis-investments in December 1999, to dis-
invest the public sector enterprises (PSE’s). Bharat Aluminium Company (BALCO), which is

the first mineral based industry was privatised by selling 51% of share to Sterlite Industrics
for RS 551.50 crores. : ‘

Government of India is also setting Special Economic Zones (SEZ) in the place of export
processing zones (EPZ) to promote exports and also established export-import Bank of India
(Exim Bank) in 1982 - - -

~ Check Your ngréss
Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.
2. Write about the peculiarities of mineral industry?

.-_______L__________h______ﬂ---_-u-—----_-_----—-u—----———n-———~—n————m-—~———————m

-—_—ﬁ——-L—L———n—-w———h—-—_——_ﬁ--—---q-—-h-ﬁ---‘ﬁ—---q-———-—&—-——w—_-“—_"—Lw—*—h———-

——— e e _____.__.,___.-_-..___..-..._-_-__..._...._-..._.._-_'_.._..___.-.._-___...___.__-___.___.

.__ﬁ___u________h_q_-__-_h_w---m_-_-_-~----_-----—n-h_-_—h_-____w_w___—“_——_—————m

--—H_n________h___ﬁ____“___4--_~_---_—_m_-u—--4—-‘-~______h__“muuﬂ_L_____ ___________

.--——-h--_---_-_---—n-_-_---___w_-_h_*_“_____u_____h_L__"_m__h-“__ﬁn--_-_--—-n_-u--

__h____________“_~_L____H_H_—-—----—-q-u-———--n-m_--‘g_u——__ﬁ_h___—h_L____H_u____m

Lm-—-_-_-—-—--_-______--__-i—~-L________h_h__vn__L_____---m_-*-—_—__,aq__--—-u-__-.

9.5 SUMMARY

The concept of minerals in human history is as old as that of the human civilisation The use
of minerals in any country indicates the rising standards of developments. Mineral resources
have become almost synonymous with industria] powei. A Glance at the history of
development of leading industrial nations reveals that their rise has coincided with the
utilisation of the mineral resources. The countries, which are rich in diversified mineral
resources, have become strong industrial nations.

Certain universally recognised basic axioms of mineral policy are; minerals are depleting
assets, modern industrial economics is based on minerals and mineral products, the
boundaries of countries bear no relation to mineral geography, and no nation has domestic
resources sufficient for its industrial needs,




palanced development and management of the country’s mineral resources. ‘Some of _‘the
peculiarities which have serious impact on mineral based industrics arc localisation,
international character, exhaustibility, - mining problems and unpredictable character,

environmental requirements, impact of new discoveries and technologies, the grading and
specifications, huge capital invesiment and risk factor.

In ouf country, Government of India has formulated a national mineral policy essential for
planned mineral exploration, exploitation and utilisation, The policy states systematic
exploration, systematic mining conservation, exploration of strategic minerals, benificiation
of low-grade minerals, substitution, collection of mineral statistics etc. Recently government
has changed some policies and allowing private companies in the exploration work.

56 CHECK YOUR PROGRESS - MODEL ANSWERS

1. a) minerals are depleting assets
b) modern industrial cconomics is based on minerals and mineral products
¢) the boundaries of the countries bear no relation to mineral geography
d) No nation has domestic resources sufficient for its industrial needs

2. Localisation, International  character, Exhaustibility, Mining problems,
Environmental requirements, Impact of new discoveries and technological
- development, The grading and specification, Capital investment.

3. Liberalised Exchange Rate Management Systems.

97 MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each.

1. Elaborate the basic principles underline in mineral cconomics and show its
importance in national cconomy.

5. How is mineral industry different from other industries? Give brief account of its
peculiarities.

II.  Answer the following questions in about 10 lines each.

Minerals are depleting assets. Explain?

Explain the Localisation of mineral deposits.
Explain the Mining problems in mineral industry.
What is the Concept of mineral economics?

Pl dias

LI
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10.0  OBJECTIVES

Mineral resources of India are described in -this_-_unit. L

After studying this.unit, you will be able to }
*  describe the distribution of migtallic minerals
© explain the distribution of non-metallic minerals .
* describe the distribution of fuels

10.1 INTRODUCTI ON

- India possesses number of metallic and non-metallic minerals and fuel deposits of various
grades distributed in different states. India is in self - sufficient in minera production such as
ron org, manganese, vanadium, titanium, magnesium, chromium, aluminjum, cadmium,
zirconium, germanium and beryllium, amongst metallic minerals; limestone, gypsum, china
clay, mica and fluorspar amongst non-metallic minerals and coal and petfolcum in fuels.

102 METALLIC MINERAL DEPOSITS

Important metallic deposits are Manganese deposits, copper deposits, lead and zing deposits,
chromite deposits, iron ore deposits and bauxite deposits.

10.2.1 Mzinganese deposits
The Indian manganese (Mn) ores are hard, lumpy and suitable for metallurgical industric_s‘

95
\




M——

These deposits are classified; based on their mode of occurrences as,

i a) Syngenetic gonditic deposits which are distributed in Bandara and Nagpur districts of

Maharastra and in Balghat district of Madhya Pradesh as Saucer series ' '

b) Syngenetic reef deposits which are associated with Kodurite suite of rocks of
Visakhapatnam, Srikakulam, Adilabad and Hyderabad districts of Andhra Pradesh and in
Koraput and Bolangir districts of Orissa : g _

¢} Replacement deposits of iron ore which arc distributed iz Keonjhar and Sundargarh
districts of Orissa,and Belgaum, Tumkur, - North Konara and Chitradurga districts of
Karnataka and : ' - .

d)  Lateritoid and supergene geposits which are associated with all the above deposits.

The two major consuming industries of manganese orc are iron and steel, and Ferro-
Manganese. Low-grade ore of 30-35% Mn may be used for pig.iron, but Ferro-manganese
requires better grade (38% Mn) and preferably of 46% Mn content. Rate of manganese oré

consumption for one ton of pig iron production is 57 kg. Rate of consumption of Ferro—
manganese is 9 to 21 kg per ton of steel output. I -

According to the National Mineral Inventory (Indian Minerals Year Book, 2001), the total
recoverable reserves of manganese ore {as on 1995) are placed at 167 million tonnes. The
production of manganese ore at 1.56 million tonnes during 2000-2001 marginally decreased
by about 2% as compared to that of 1999-2000. : '

10.2.2 Copper deposits

Copper (Cu) deposits are generally disseminated massive irregular or / vein type of deposits

and are distributed with

a) Singhbhum Copper Thrust belt in Bihar which extends through Rakha, Mosabani,
Tanapahar districts

b) Khetri deposit which extends from Singhana o Raghunatha Garh in Rajasthan

c) Malanjhkhand-Ce mineralisation, which is associated with long brecciated quartz veins
and all the copper deposits are associated with Dharwar rocks. :

In Agnigundala belt, _Cu' mineralisation 1§ found in calcareous_quartizites and are distributed
in Agnigundala, Nallakonda and Dhukonda regions in Andhra Pradesh, Betla in Maharastra
and Kalyadi in Kamataka are the main deposits. '

According to the National Mineral Inventory (as on 1997) there are about 461 million tonnes
recoverable reserves of copper ore in the country containing about 4.7 million tonnes of
copper metal {(1.02%). Production of copper ore are at 3.48 million tonnes during 2000-2001
was higher by 13% as compared to that in the previous year. '

10.2.3 Lead and Zinc deposits

Main producers of lead and zinc are Zawar mines of Rajasthan, in which Mochia, Balaria,
Zawarmala and Udiapur arc important deposits. Rajpura-Daraba (Rajsamand dt.), Rampura-
Agucha deposit (Bilwara dt.), Bhotang; mine (Sikkim); Ghugra-lead-zinc deposit in Ajmer dt.
of R jasthan, lead ore deposits of ‘Bandalemottu (Guntur dt.) of Andhra Pradesh and
Sargipalli, Sundergarh districts (Orissa) are the important deposits .

India has about 176 million tonnes of recoverable reserves of lead and zinc ore containing
about 2.2 million tonnes of zinc metal (as on 1997). The production of primary lead during
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2000-2001 decreased to 34,480 tonnes from 35,120 tonnes in 1999-2200. The production of
zinc metal at 1,78,015 tonnes in 2000-2001 increased marginally by about 2% as compared to
that in 1999.2009. R S - - L

10.2.4 Chromite deposits

The total recoverable Ieserves of chromite in the country (as on 1995) Iare placed at 86.23
million tonnes. Production of chromite at 1952 thovsand tonnes during 2000-200] registered
an increase of 12% compared to that of the previous vear. '

16.2.5 Iron ore deposits

hematite ores, In Goa iron ore deposits arg associated with pink phyilites. The principal ore
types are massive/bedded and powdery type of haematite, and some amount of magnetite.

In Orissa iron orc deposiis oce.i v the districts. of Cuttack, Keonjhar, Sundargarh,
Mayurhanj, Koraput and [3: «nkaral. The principal ore js hematite, which is associated with
both, banded hematite quariate (Boi) und vanded hemarite Jaspar (BHI). . In Bihar iron ores
are associated with iron ore series itk hematite quartzite shales In Andhra Pradesh,
important deposits are located in Waranga!, Khammammetty and Veldurti. The iron ores of
Kamataka are associated with Bababudan hill sand Sandur hills of Thumkur, Chitradorg and
Shimoga district. The magnetite deposits in India are mainly distributed ag apatite- magnetite

formations of Singhbum shear zone (Bihar), titaniferons and vanediferous magnetite in

The total recoverable reserves of haematite in the country (as on 1995) are placed at 10
billion tonnes, But, the high-grade reserves (65% Fe and above) are 0.81 billion tonnes. The
present rate of production is about 70 million tonnes per canum.

10.2.6 Bahxité deposits




reserves are metallurgical grade.

M——

of rocks in Orissa and Andhra Pradesh stat
recoverable Teserves are 2,525 million tones

Table 10.1 Recoverable Reserves of

L]

_ The in-situ reserves are 3,037 M.T and
(_}991-1992). Most of the Indian bauxite

The total recoverable reserves of bauxite in the country’ (as Ot.l. 1995) are Elaccd at 2,462
million tonnes. About 86% of the recoverable reserves are of metallurgical grade. The
reserves of refractory and chemical grades account for only 1% and 0.36% respectively.

Bauxite (1991-1 992) in 000 tones

592001

Andhra Pradesh

Bihar 61104
Goa 28089
Guijarat 107744
Jammu & Kashmir 1783
Karnataka 27416
Kerala 7923
Madhya Pradesh 140791
Maharastra 87250
Meghalaya . 896
Ornissa 1442276
Rajasthan - 318,
Tamil Nadu 18327
Uttar Pradesh 09420

i

Check Your Progress

Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this Unit.
1. What are the important iron ore deposits in India?
2 List the states, which have bauxite deposits in India?




10.3 NON-METALLIC DEPOSITS

Important non-metallic deposits are mica, barytes, diamond, placer mineral deposits etc.

10.3.1 Mica deposits

‘mica in India are 1,09,022 tons (1990) and the production of crude mica was considerably
declined to 3,592 tons (1991-92) from 7,934 tons (1980).

The recoverable_reserves of mica (as on 1995) are; Andhra Pradesh 44,837 tonnes, Bihar
12,161 tonnes, Jharkhand 1393 tonnes and Rajasthan 1,589 fonnes. ) ' '

10.3.2 Diamond deposits

Diamond deposits in India are mainly confined to Kimberlite -(volcanic pipes), conglomerate
rocks and alluvia} placers. Majhgawan - volcanic pipe, Hatpur (Panna dt) is chief source in
Madhya Pradesh, and Payalinkhand (Rajasthan). Diamonds are also recovered from the basal
conglomerate beds of Kaimur, Rewa and Bhander belts of Vindhyan system, Bangananapalle
conigiomerate of Kurnool system, Vcladikkottapalcm, Gravel of Krishna river basin in
Andhra Pradesh, In Kesarapura- Chitradurga districts, diamondiferous conglomerate beds are
identified, o

The country possesses diamond i‘ecovcrable reserves of 11,96,154 carats (1991-92)_ and
production of diamonds was at 18,213 carats in 1991-97 : ' '

In India, the total recoverable reserves are estimated as 70.15 M.T (1991-92) and the
production of barytes was at 6,35,000 tons (1991-92). ' :

\
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10.3.4 Placer minerai_ deposits

India has 6100-km long coastline. Most of the coastal regions have important heavy mineral
concentrations in the form of beaches, dune and offshore deposits. Atomic Minerals Division
of Government of India is carrying out mineral exploration programme in the West Coast and
" East Coast of India. The important coastal sand placer mineral deposits are
a) Kerala Deposits: These deposits contain mainly ilmenite, rutile, zircon, monazite,
sillimanite and garnet. Chemically, the ilmenites of the Chavara arc one of the best ilmenite
deposits with 60% of TiO: content.
b) Tamil Nadu Deposits: These are the oldest deposits located in India and have a total heavy
mineral content of 39%. - The important minerals are ilmenite, rutile, leucoxene, zircom,
monazite, sillimanite and gamet. Indian Rare Earth Ltd. (IREL) is operating several mines in
this area.
¢) Maharastra Deposits (Ratnagiri): The main source rocks for these deposits are Deccan
Traps and abundant minerals are iimenite and magnetite. ' :
d) Andhra Coast {Bhimunipatnam): The total heavy minerals content is 19.58% in this
deposit and contain ilmenite, rutile, monazite, zircon, gamet and sillimanite. The provenance
for this deposit is Eastern Ghats. _ _
¢) Orissa Deposit (Chatrapur): This deposit has 18 km length and has 20.5% total heavy
mineral content. The most abundant heavy minerals are gamet, sillimanite, monazite, rutiie,
ilmenite etc. ' '

Table 10. 2 Rems of Placer mineral dcposits in India

Mineral Reserves (M.T)
Tmenite - 348

Gamnet 107

Zircon _ 21

* Rutile 18

Monazite 8

Sillimanite 130

Total 632

In addition to the above dune and beach deposits some off-shore deposits are also identified
off east and west coasts of India. Presently Atomic Mineral Division, IRE limited, Rare Metal
and Rare Earth Ltd., Geological Survey of India, and academic institutions are engaged in
placer mineral exploration and exploitation, Chavara {Kerala), Manavalakurichi (Tamit
Nadu) and Chatrapur (Orissa) have been exploited by the IRE Ltd.

Check Your Progfess

Note: a) * Space is given below for writing your answer. _
'b) Compare your answer with the one given at the end of this Unit.

3. What are the important mica “leposits in India?
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10.4- FUELS
Important fuels are coal, lignite, petroleum and natural gas which are described below.

10.4.1 Coal and Lignite

The ‘Gondwana cog] deposits in India are mamly Godavari Valley coal seams (Andhra
Pradesh), Singlimalj (Assam); Jharia, East & West, Bokaro, North & South Karanpur, -

10.4.2 Petroleum ang Natural gas _
The petroleum and natural gas bearing sedimentary basin_s of India are not only confined to

(@) high prospective bagins: Bombay offshore, Cambay, Upper Assam, Assam-Arakan,
Krishna- Godavari and Cauvery basins and _ .

(b) Low prospective basins: Ganga, Vindhyan, Kerala-Konkan, Mahanadi and Bengal basins.
Based on the degree of exploration, basin stagis may be changed. .
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Nadu and Arunachal Pradesh states.

Check Your Progress

Note: a) - Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this Unit.

5. What are the different stratigraphic horizons of coal deposits In India?
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10.4 SUMMARY

India is rich in mineral resources and self sufficicht in the mineral production of iron,
manganese, vanadium, titanmium, magnesium, chromium, aluminium, cadmium, zirconium,
germanium, beryllium, limestone, gypsurm. china clay, mica, fluorspar, coal, natural gas etc.

Manganese OIcs are distributed in Maharastra, Madhya Pradesh, Andhra Pradesh, Karnataka,
and Orissa. Copper deposits are located in Bihar, Orissa, Rajasthan, Andhra Pradesh,
Maharastra and Karnataxa. Lead and Zinc deposits occur in Rajasthan, Sikkim, Andhra
»  pradesh, and Orissa. Chromite deposits arc mainly concentrated in the sfates of Andhra
Pradesh, Bihar, Kamataka, Maharastra, Manipur, ‘Onissa and Tamil Nadu. Iron or® deposits
are distributed through out India, mainly in the states of Bihar, Madhya Pradesh, Maharastra,
Andhra Pradesh, Karnataka, Orissa Goa and Tamil Nadu. Bauxite deposits are mainly

Mica bearing pegsnatiies occur in Andhra Pradesh, Bihar, Guijarat, Haryana, Karnataka,
Ke_ra_la, Orissa, Rajasthan, Tamil Nadu and West Bengal. Diamond deposits occur m the
Kkimberlite pipes of Madhya Pradesh and Andhra Pradesh.

Barytes occur in the states of Andhra Pradesh, Madya Pradesh, Himachal Pradesh and
Rajasthan. Placer deposits, mainly, atomic minerals occur in the beach sands of Andhra
Pradesh, Orissa and Kerala. Coal deposits occur from the Gondwana formations. These are
distributed in the states of Bihar, West Bengal, Orissa, Andhra Pradesh, Tamil Nadu,
Maharastra, Madya Pradesh, Assam, Uttar Pradesh, Megalaya and Nagaland. Petroleum
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deposits are spread over in Assam 'Gujarat, Bombay and in Krishna-Godavari Basin. Rich
deposits of Natural gas occur jn Andhra Pradesh from Krishna-Godavari Basin,

10.5 CHECK YOUR PROGRESS = MODEL ANSWERS

i.

2.
3.

4.

5.

6.

. Nadu, Kudremukh deposits of Karnataka,

Bailadilla, M.P., iron ore series of Bihar, Bababudana hills of Kamataka, Salem of Tamil
Andhra_ Pradesh, Orissa, Bihar, Maharastra, Jammy & Kashmir. _
Pegmatites of Nellore, Champanar pegmatites of Bihar ‘and Molambad pegmatites of

10.6 MODE]L, EXAMINATION QUESTIONS

I

Ii.

Answer the following questions in about 30 lines each

1. Describe in detail aboyt copper, lead and zinc deposits of Indiz, -
2. Give an account on placer deposits of India.
3. Briefly describe the chromite distribution in India.

Answer the fdllowing questions in about 10 lines each

Coal
Bauxite
Diamonds
Petroleum

Rl
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11.0_OBJECTIVES
Tn thi$ wnit, mineral resources of Andhra Pradesh are described.

After completion of this unit, you will be able to
: s describe the non-metallic resources of Andhra Pradesh.
« explain the fuel resources of Andhra Pradesh.
» explain the metallic mineral resources of Andhra Pradesh.

111 INTRODUCTION
ArdhmPradcsh,_Pmofﬂwpmmhxdi&iscndowed“&mgoodnumbﬂofndnerd'
deposits distributed in various goological formations of Archaean to recent in age. The
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fuller’s carth, 8gypsum, corundum, kyanite, lead. and zinc, ochrc,- pyrite, pyrophyllite,
tungsten, diamonds, semi-precious stones and dimersional stones. ' :

11.2 METALLIC MINERAL DEPOSITS _

The impbrtam métallic deposits of Andhra Pradesh are bauxite, iron Ores, manganese ores,
copper ores, _lead and zinc ores, chromite ores and gold,

11.2.1 ' Bauxite

Chidipalem, Gurtedu and Y. Ramavaram, Anatagiri, Araku, Chintapalli and Sunkarimetts
Based on the chemical composition, bauxite ore is classified into different grades (Table -

Table 11.1 Specifications of Bauxite Ore

Min-max Mip- max max

1. Metallurgical grade

Grade- I | 45%50% 049 5%
Grade-II 40%-45% 0-4% . 5%
2. Refractory grade 55 % 0-45% .
3. Abrasive grade 50% . 4%
Chemical grade ' 58% - 2s59% . .

11.2.2 Iron ore




(1996-97) from 1,39,000 (1989).

11.2.3 Manganese or¢ -

The Manganese (Mn) ore deposits of Andhra Pradesh occut mainly in Vizianagaram,
Srikakulam and Adilabad districts. The Mn -ores are localised with crests and troughs of drag
folds in metamorphic granulites and garnetiferous quartzites. Psilomplene and pyrolusite are
the main minerals in these deposits. The important deposits are located in Garividi, Garbham,
Koduru, Duvvocum, Devada, Chipurupalli etc. The ore has Mn (32.12-41.60 %), Si0, (4.02-
622 %), Fe (3.68-34.81 %) and P (0.13-0.55 %). The main occurrencds of manganese are in
Adilabad district (Gaulighat Gudaand, Tasmi and Jamadpur). These are associated with
Penganga formations. The main Mn mineral in these deposits 1S wad, pyrolusite and
magnetite. The minor OCCUrTEnces are also reported from Prakasam and Nellore districts.

In situ reserves of manganese ore in Andhra Pradesh are placed at 128 M.T of which 7.5 M.T
is considered as recoverable reserve. The production of Mn ore 15 %3340 tons (1996-97).

11.2.4 CopperOre

- Copper 1s an important non-ferrous metal, which is used in electrical, alloy, and agricultural
sectors. In Andhra Pradesh the Cu deposits  occur in Guntur, Khammarm, Kumool,
Mahabubnagar, Nalgonda and Nellore districts. In the Agnigundala pelt of Guntur district, the
host rocks are calcareous quartzites, -dolomites, and dolomitic limestones. The important
regions are Bandlamoitu (Pb and Cu), Nallakonda (Cu) and Dhukonda (Cu and Pb).
Mineralisation is essentially disseminated type and as veins, stringers and breccia fillings.
Copper minerals are more associated with quartzites. The important Cu minerals in these
areas are galena (PHS), chalcopyrite (CuFeS), sphalerite (ZnS), pyrite (FeS,) and pyrrhotite -
(Fe,Sy). The Mailaram (khamman dt) Cu deposit 18 associated with quartz-chlorite schist.
Stringers of chalcopyrite, pyrrhotite and pyrite ar¢ noticed in Venkatapuram and Yellambailu.
Other minor OCCUITENCES of copper are reported in Cuddapah, Karimnagal, Medak and
~ Warangal districts. -

In situ reserves of 1,20,29,000 tonncs (1993) of copper were reported in Andhra Pradesh and
the production is 58,000 tons (1987). : :

11.2_.5 Lead and Zinc

fn Andhra Pradesh, lead ores occur in Chittoor, Cuddapah, Guntur, Hyderabad, Khammam,
Kumool, Nalgonda and West Godavari districts, The lead deposits in Bandlamottu and
Dhukonda blocks of the Agnigundala deposit in the Guntur district are the most important.
Galena occurs as veins and stringers in dolomites and dolomitic limestone in these deposits
along with small amounts of chalcopyrite, sphalerite and pyritc. In the Bandalamottu block
the mincralisation is noticed over a strike length of 1200 m. In the Dhukonda block, galena
occurs as dissemination and fracture fillings in quartzites and dolomites. In Karampudi, the
occurrences of Pb-Zn ores do not appear to be a sizable one as the average width of the ore .
body is reported to diminish with depth. In the Cuddapah district, tead ores have been
reported to occur near Zangamrajupalle, Varikunta, Chmnarampadu, and Nagasakapalli areas.
In these areas the.galena is found in limestones. In the Kumool district 2 possible good
occurrence of galena is near Giddaluru and near Kidiakonda close t0 Chityala. '

' Old workings for argentiferous galena are found near Koilakuntia and Basavapuram. In the
Nalgonda district 'float’ ores of Galena are found at Malepalle and near Pedda Adisarlapalli.
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batteries, cable sheaf, thin sheets, tubes and lead pipes. It is alloyed with a number of other
materials. :

' 11.2.6 Chromit_g Ore

. Chromite deposits are mainly confined to the Eastem Ghats. In Krishna districi, Kondapalle,
Ebrahimpatnam Gangineni and in Khammam district Bhimavaram, Dendukuru, Jannava;'am,
Lingampet, Madira, Palvanona, are the main occurrences of chromite deposits.

associated with orthopyroxenite and anorthosite. In West Godavari district, chromite occurs
near Enukonda in asscociation with peridotites and pyroxenites.

11.2.7 Gold

district, in Meta -basalt along the shear zones of Jonnagiri schist belt. In Kumool .district,
“auriferous smoky quartz vines are also reported.

Check Your Progress

Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this Unit.
1. What is the metal in bauxite ore?
2 List the manganese minerals?
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113 NON - METALLIC DEPOSITS

The important non-metallic Minerals viz., limestone, placer minerals, dolomite, barytes,
quartz, quartzite and silica Sands, graphite, mica, diamond, clay, corundum, apatite, asbestos
and semi-precious stones are described. '

11.3.1 Limestones

The composition of limestone is 56% of Ca0, and 44% of CO; and general impurities are
arenaceous, argillaceous and magnesium etc. Large reserves of limestone exist in Cuddapah
* Super group and Kurnool group. Palnadu, Pakhal, Sullavai and Bhima basins have limestones
and crystalline limestone of Borra in Visakhapatnam district is also an important deposit.

The recoverable reserves of limestone in Andhra Pradesh are estimated at 14,295 M.T and the
production is 9,685,000 tons (1996-97). Depending on the chemical composition and grade
of limestone, it is used in cement, metallurgical, chemical, glass industrics and m the
manufacturing processes of paper, sugar, ceramics, soap, and rubber etc. It is also essential in
water and sewage treatment, poultry feed and in agriculture industry.

11.3.2 Placer minerals

.Andhra_Pfadesh has number of river sand deposits, which are used for building constructions,
Inland dunes and beaches are source of many black sand deposits, which contains ilmenite,
garnet, sillimanite, zircon, rutile, magnetite and monazite etc. '

Important deposits are Bhavanapadu, Kalingapatnam and Srikurmam (high tonnage),
Donkuru- Baruva, Koyyam, Bhimunipatnam and Pentakota (medium tonnage) in north
Andhra Pradesh coast. (Total heavy mineral concentration is 10%-25%).

The palaco beach nidges were identified in the southern Andhra Pradesh coast (Nellore and

Prakasam districts) and the total heavy mineral concentration is 3-12%. The dominant
minerals are ilmenite, magnetite and garnets ¢tc. (Table 11.2).

Table 11.2 Heavy mineral reserves of Andhra Pradesh

Mineral : reserves (million tones)
Timenite ' 103.15

Garnet 4899

- Sillimanite 47.02

Zircon - 443

Rutiie 4.42

Magnetite - 10.84

Monazite 2.29

Others 29.25
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tones (1996-97),

11.3.4 Barytes

In situ reserves of barytes was estimated as 78 8 M. T. and production was 3,37 952 tons
(1996-97), ' . '

11.3.5 Quartz ,Quartzite.and Silica sands
- Quantz is ysed in electrical industry and for making silicon alioys and ceramics. Quartziteg

(Endapalle,'Paidikonda), Vizianagaram (Nullapalem, Rmnabhadrapuram, Tyeda); Srikakulam
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lens_esipockets associated with pegmatites traversing in khondalites of the Eastern Ghat
metamorphic complex. ' :

11.3.7 Mica

‘Mica group minerals are hydrous aluminosilicates. Mica is used in various uses industries
like electrical appliances, roofing, wallpaper, rubber, paints etc. Main occurrences of mica are
atites, which cut across the country rocks of mica schists and hornblend schists. The
Nellore mica belt is extended to Gudur, Rapur, Atmakur, and Kavali areas. The main mica
minerals Nellore - Gudur belt are muscovite and Vermiculite. In addition to the Nellore mica
belt, Phlogopite- Vermiculite occurrences have been reported in Borra, Kasipatnam areas in
Visakhapatnam district. Occurrences of muscovite and biotite arc also reported in Anantapur,
East Godavari, Karimnagar, Khammam, Kumool and Srikakulam districts.

11.3.8 Diamond

Diamond is a pure carbon. It has high index of refraction and hardness. Diamond is highly
resistant to chemical reagents even the strongest acids have no action on it. Diamond is the
most. valued gemstone. Diamond occurrences in Andhra Pradesh are reported from
Anantapur, Cuddapah, Kumool, Prakasam, Mahaboobnagar, Krishna and Guntur Districts.
Based on the mode of ocourrence diamonds may be broadly categorized into three types.
These are associated with

a) The kimberlite, micaceous kimberlite and lamproite of late Proterozoic age (840-1020
my) located in Wajrakarur, Lattavaram, Venkatapalle and Ramagiri gold. field areas of
Anantapur district and Maddur Mahaboobnagar sites of Mahaboobnagar district.

b) - Proterozoic Banganapalle basal conglomerate and conglomerate - inter veining 1In

sandstone or Banganapalle quartzite. (Banganapalle Racherla and Muninnadurga area).

¢) The Krishna (Ustapalli -Paritala), Pennar (Hindupur- Sangam), and Sagileru (Giddluru -

porumarmilic) riverbeds have diamonds. ' ' .

. The state in situ reserves of diamonds are placed at 194990 carats.

11.3.9 Clays

Clay is a natural mineral substance consisting essentially of hydrated aluminosilicates and
plastic when sufficiently fine grained and wet, rigid when dry. and vitrifying when fired at a
sufficiently high temperature. ' '

(a) Clays are classified by their commercial application, these are (a) High grade clays (china

clay, ball clay, paper clay, glass-pot clay, flint clay, plastic fire clay, graphitic fire clay,
pottery clay, medicinal clay etc.), and o

(b) Low grade clays (locss clay, glacial clay, slip clay, adobe clay, gumbo clay etc ).

in Andhra Pradesh, important clay deposits are distributed in Adilabad district (Butermal,
Chanaka, Dhanora, and kattarala) which are essentially sedimentary associated with the
Kamthi formation of Gondwana Super group. In Srikakulam district (Eguvasembi,
Nimmalapadu), clay beds are associated with the coastal Gondwanas. In West Godavari
(Dwaraka- Tirumala, Kotlapalle, Kuchipudi, Yerrakalva, Venkata Krishnapuram), clays are
assoctated with the Raghavapuram formation of Upper Gondwana rocks. In East Godavari
district (Dowlaiswaram, Errapalem, Gurupalem, Iaggampeta, Razole etc), clays are

associated with the Rajahmundry sandstone of Tertiary formations. In Hyderabad and
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Rangareddy district (Alipur, Godamguda, Marepalli and Rudravaram etc.), clays are
associated with the Deccan traps. In' Ananthapur district (Balapuram, Vengannapalle,
Uravakonda and Cherlopalle etc) the clays are msidual types. In Cuddapah district
(Tellapaka, Vallurupalli and Anantarajupeta etc), clays are the result of weathering of shales
especially the Pullampeta formation, Lakshmipuram, Madigunta clays are formed by the
residual weathering of granite greisses. :

Resorting to levitation and sedimentation usually washes crude/raw clay. China clay is
essentially a raw material in ceramic industry. Clays are used in-High-low tension insulators,
spark plugs, switches, white Wares, sanitary-ware, glass tiles, stone wares, pipes, and rubber
industry. It is also used in cosmetic, pharmaceutical and insecticide industries. Fuller's earth
is mainly used after activation for decolorizing vanaspati oil and refining crude petroleum.
Fire clay is mainly consumed in refractory industry. It is also used in ceramic industry. -

11.3.10 Corundum

In Andhra Pradesh, corundum Occurrences are found in the districts of Anantapur,
Khammam, Chittoor and Naigonda. It is found in several localities in the Atmakury,
Nutimadugu belt in Anantapur district.  In Chittoor  district, it is iound near
Yerracheruvupalle and Polichettipalli, In Khammam district, it is associated with Nepheling
syenite at Rangapur and near Gobbugurti with ultrabasic rocks. In the Nalgonda district, it
oceurs in number of villages around Pargi and near Pedagudem. Timmapur, Ligampalle etc.

semi- precious stone. The reserves of corundum are 1071 tons and production is 666 kg
(1996-97). : - _

11.3.11 Apatite

The main apatite deposits in Andhra Pradesh are sitvated near Kasipatnam of Visakhapatnam
district. The average grade of apatite being produced is 34-36% of P,0s. Apatite occurrences
are reported from Nellore and Srikakulam districts (Garblam, Ramabhadrapuram and,
Devada), Visakhapatnam district, {(Kasipatnam, Sitarampuram, Budi, Sithampeta,
Regulavalasa), '

Nellore mica belt. - Apatite is used in the manufacture of fertilisers, phosphoric acid and,
extraction of elemental phosphorus. The in situ reserves of apatite mn the state-are placed at -
0.4 M.T and production is 3150 tonnes (1997-98).
11.3.12 Asbestos

The main asbestos deposits in Andhra Pradesh occur in Pulivendla area of Cuddapah district,
known popularly as the Pulivendla asbestos belt. It is traced over a length of about 24___km
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between Velidendla and Brahmanapalli. Asbsetos is located in the zones of serpentin'zsatioxi
along the contacts of dolerite sills in the dolomitic limestones belonging to Vempalli
~ formation of Cuddapah Super group. These asbestos veins are of cross fiber type. Their
colour ranges from translucent golden yellow to purc white silky fiber. The quality of the
fiber varies from flexible to stiff and brittle. Chrysotile, the most important commercial
variety of asbestos is a fibrous form of serpentine. The commercial use of chrysotile owes to
its remarkable and unique properties like spinnability, combustibility, resistance to heat, acids
and alkalis, filtration property, tensile sttength and property to absorb cements. The physical
propertics of asbestos govern its utility. It is used in making yams, paper blocks, cement
products, brake lining and other automobile spare parts, special packing gaskets, insulating
materials, painting, roofing etc. '

11.3.13 Semi Precious stones -

In Andhra Pradesh, alexadritc and chrysoberyl occur in pegmatitic veins in khondalite and
leptynite of Eastern Ghat formations in parts of Srikakulam, Visakhapatnam, Vizianagaram
and East Godavari districts. Many numbers of such pocket deposits are identified in recent
times. Alexandrite is the costliest gemstone in the world market. Ruby, a varicty of
corundum is known to occur in association with granites in parts of Lakshmipuram, Tallada
of Khammam district, Atmakuru, Pargi, Sivapuram of Anatapur district in the hostage of
pegmatite, nepheline ‘syenite and anorthosite. Tourmaline, apatite, garnet, monazite,
amethyst, rose quartz, rock crystal, opal, smoky quartz, topaz and zircon occur in the.
pegmatitic veins associated with Eastern Ghat formations of north central Andhra Pradesh.

Check Your Progress
Note:  a) Space is given below for writing your answer. .
b} Compare your answer with the one given at the end of this Unit.
3. What are the different types of clays?
- --.—_---‘--------_-’ ________________________________________________________
4 Diamonds are associated with
11.4 FUELS

Coal, petroleum and natural gas are described here.
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11.4.1 Coal

Karimnagar, Warangal, Khammam and West Godavari districts. The coal deposits of Andhra
Pradesh are non -metallurgical grade, ang have low ash content and high moistyre content.
The Singaren; Collories Company Ltd. js carrying out exploration and mining activity in the
areas of Ramagundam, Manugury, Sattupalli, Pakalagudem, Allipaili, Mulkalapaiii etc.

The in situ reserves of coal in Andhra Pradesh is estimated at 10,771 M.T and the production
of coal has been ncreased to 28 7 M.T (1996-97) from 20584 M.T (1991-92),

In Andhra Pradesh, Krishna - Godavari {K-G) sedimentary basin g one of the important

petroleum and natyra} £as prospecting regions in India, Since 1977, the Oil and Natural Gas

Corporation {ONGC) has been continuing its expioration programme in Andhra Pradesh. The

important natyraj 8as producing sites in K-G basin are Pasarlapudi, Tatipaka, Yandamuru,
Mandapeta, Yalamanchal; Adavipalem and Ponnumunda eg¢. The gas prodiction in these

TESErvoIrs is 5 mijllion cubic meters per day. Kesanapalli west and €ast, Lingala, Katikalurg,

Moore, Suryaraopet, Gopavaram, are the main petroleym producing wells and production of
these wells is 800 tons per day. : '

In the offshore region GS-15 and GS-23 are producing natyral gas and Ravva structure is

_producing bot petroleum (50,000 barrels per day) and natyral gas (7 lakh cubic meters per
day).

The total reserves of petroleum and natural gas in Krishna - Godavar; basin are 56.5 M. T
Chek Your Progress

Note: a) Space is given below for Writing your answer,

b) Compare your answer with the one given at the end of this Unit.
5. What are the different coal mines in Andhra Pradesh?
6 Give the details of petroleum reserves of K.G basin,
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.._q.____...'_..____...__.._'..__-._...____-.--..--.-..-.--.-q.-..-..--—_-_-_q._.._..__-._-—-.—-..—..._.___-._-_ ______




m

115 SUMMARY

Andhra Pradesh is endowed with good number of mineral deposits distributed in various parts | o
of the state. These minerals are grouped into three catagories namely metallic, non-metallic
and fuel. .

~ The Bauxite is an important aluminium mineral, which is furmed by the residual process. In

Andhra Pradesh 657 million tons of Bauxite-is available along the Eastern Ghat hill ranges.

fron ore is the second most abundant mineral in Andhra Pradesh. These deposits ar¢
associated with Dharawar, Cuddapah and Gondwana formations, and located in Ananthapur,
Chittoor, Khammam, Warangal, Adilabad, Prakasam and East Godavari districts. The
Mangancse Ore deposits mainly occur in Vijanagaram, Srikakulam and Adilabad districts.
Copper deposites are distributed in Guntur, Khammam, Kurnool, Mahaboobnagar, Nalgonda,
and Nellore districts. Lead and Zinc ores arc occurring in  Chittor, Cuddaph, Guntur,
Hyderabad, Khamam, Nalgonda and West Godavari districts. Chromite is available in
Khamam, Krishna and West Godavati districts. Gold deposits are situated near Ramagiri in
Anathapur district.

Among the non-metallic deposits limestone is available in the districts of Cuddaph, Kurnool,
Visakapatmam. Placer deposits like ilmenite, garnet, sillimanite; zircon, rutile, magnetite and
monozite are distributed along the beach sand of north Andhra Pradesh. The dolomite rocks
are situated in the district of Cuddaph, Kumool, Warangal and Ananthapur. Baryte deposits
occur in Cuddapah, Ananthapur and Khammam districts. Quartz, quartizes and silica sands
are mainly occurring in the districts of Hyderabad, Vijayanagaram, Prakasam, Nellore,
Guntur. Graphite deposits are situated in East and West Godavari, Vijayanagaram and
Srikakulam districts. Mica minerals are located in Nellore district. '

Diamonds are reported  from Ananthapur, Cuddaph, Chittoor, Kumool, Prakasam,
‘Mahaboobnagar, Krishna and Guntur districts. Clay deposits are distributed in Adilabad,
Ranga Reddy, Srikakulam, East and West Godavari districts. Corundum occurs from
Ananthapur, Khammam, Chittoor and Nalgonda districts. Apatite deposits are situated in the
districts of Netlore, Srikakulam, Visakhapatnam; Asbestos is available in Cudappah district.

Coal occurs in parts of Adilabad, Karimnagar, Warangal, Khammam and West Godavari
districts. Petroleum and natural gas OCCUrs in the Krishna-_Godavari Basin.

11.6 CHECK YOUR PROG.RESS _MODEL ANSWERS

1. Aluminium

2. Psilomalene and pyrolucite _

3. High grade clay - china clay, Ball clay; Low grade clay - loess clay, glacial clay
4. Kimberlites o _

5. Ramagundam, Manugur, Sattupalli, Pakalagudem, Allipalli, and Mulkallapalli.

6. A total of 56.5 million tons of petrol and natural gas are available in K-G basin.

11.7 MODEL EXAMINATION QUESTIONS

I ~ Answer the following questions in about 30 lines each.

1. Explain the mineral resources of Andhra Pradesh.
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IL

2. Explain the non-metallic deposits of Andhra Pradesh

Answer the following questions in about 10 lines each.

Iron ores of Andhra Pradesh.

Coal deposits of Andhra Pradesh,
Mica deposits of Andhra Pradesh.
Baryte deposits of Andhra Pradesh.

AW N
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UNIT: 12 MARINE MINERAL RESOURCES
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12.0 OBJECTIVES

In this unit marine mineral resources are described.

After studying this unit you will be able to
e explain the minerals available on the sea floor
e describe the minerals below the sea floor

12.1 INTRODUCTION

Population growth demands use of minerals for various purposes. Many mineral deposits on
land are depleting. Hence, search for minerals on other environments gains momentum.
Marine environment is one such region, which covers 71% of the global area. The
concentration of mineral deposits in the marine region is through different processes like
transportation and deposition of continental sediments such as detrital grains, colloidal and
solution phases; sub marine volcanic activity; outer space and biological activity.

These maﬁne mineral resources are unevenly distributéd on the ocean floor and marine
mineral deposits are grouped in to A) those dissolved or suspended in the sca water B) those
on the sea floor and C) thosc in the bed rock below the sea floor. :

132 MINERALS DISSOLVED OR SUSPENDED IN THE SEA
WATER -_ R

The elements dissolved in seawater are sodium, chloride, magnesium and its compounds,
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bromine, gypsum and potash. These are the main products extracted from seawater.

12.3 MINERALS ON THE SEA FLOOR

In India, common salt and gypsum are produced from seawater on commercial basis.

12.3.1 Placers and aggregates

Aggregates are deposits of sands, gravel's and shells. Quantitatively these aggregates are
more abundant and are used in construction industry. :

12.3.2 Phosphorites

Most of the Phosphorites are distributed on the western continental margins and water depths
less than 1000 m. These deposits are mainly associated with the regions of upwelling and
- higher biological productivity. There are two regions in the world where phosphorites are
thought to be forming today. They are off southwest Africa and off Peru-Chile, off southern

Califomia, southeastem USA, and western Mexico, east of New Zealand,

12.3.3 Meia_lliferous sediments




chemical precipitation, absorption and biological activity are different mechanisms by which
manganese nodules extract elements from scawater.

The manganese nodules occur in various sizes and shapes, and distributed through out
oceans. They are having nuclei of one sort or another. These are mainly composed of
authigenic  iron and manganesc minerals like magnetite, todorokite, pyrolusite and
cryptomelane etc. The abundant elements arc Mn, Fe, Ni, Co d Cu, and other elements
such as K, Si, Ti, Ga, Zr, Mo, Pb, V and rare earths, :

The polymetallic distribution on the ocean floor is controlied by the several factors such as
(a) degree of oxidation of the depositional environment (b) nature and age of substrata (c) the
proximity of sources of element (d) sedimentation rates (&) influcnce of organisms and (f)
bottom current activity.
)

~ Manganesc nodule distribution is more irregular in the south Pasific than North Pacific
Ocean, extensive nodule distribution is to the south of equator in the Indian ocean, Central
Indian Basin, Southern Indian Ocean Basins and off Australia. In the Atlantic Ocean, nodules
are distributed on either side of the Mid Atlantic Ridges.

12.3.5 Coral Reefs

The coral reef structure built by organisms such as mollusca, echinodermeta hermatypic
corals, the coralline algae, and hydrocorals, along with foraminifera, coral teefs with massive
platform of limestone. containing the calcarcous skeletons. Coral reefs, which are built close
to the shore and they fringes to the shoreling, are called as Fringing reefs. The width of these
may be scveral hundred meters and formed below 30 m water depths. If there is a lagoon
between the inmer edge of the recf and the shoreline the structurc is called as Barrier reef.
Thesc are much larger than fringing reefs and depending up on the lagoonal depth and much
of it is quitc shallow. Atoll is generally circular in plan and consists of a central lagoon and 1s
surrounded by a narrow carbonate reef dotted with islands. Table reefs risc above the adjacent
seafioor as platcau with out any appreciable rim. Coral Knolls are patch reefs rising above
' lagoonal floor inside the barrier reefs. '

The Great Barrier reef off the coast of northeast Australia, Fringing recfs are in Florida, New
Hebrides islands and major atoll is in New Mexico, west Carolina, Atolls are distributed
mostly in Pacific and Indian Oceans. In India atolls are distributed in Karnikobar islands and
Laksha in Maldives.

12.3.6 Barite (BaS04)

Baritc is one of the wide spread marine minerals and it forms as peliets, cuhedral crystals and
microcrystalline aggregates. The barite may be formed through authigenitic, volcanic and
biological processes.

12.3.7 Zeolites

Zeolites are minor constituents of marine environment. Commonly occurring varietics are
phillipsite and clinoptilolite and minor constituents are jaumontite, mordenite and thomsite
etc. Phillipsite occurs at Jow sedimentation zones and below calcium carbonate compensation
depth and is associated with red clays. This mineral is ‘weathered product of submarine
volcanic material, Clinoptiolite occurs in older sediments of marginal areas of the oceans. It
is alternate product of silicic volcanic glass. : '
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Check Your Progress

Note: a) - Space is given below for writing your answer,
b) Compare your answer with the one given at the end of this Unit,
1. - What are metalliferous sediments?

..--—-----.._-_-._-__.._.._-_-.__..._._—-______._-.__.._.______._____._.__-..-_--..-—---.._—-.--._--.-----_.

_,_____.____________,__,____________,_____,__,.._.__.____._..__,___.,_,_____,____..__.___..______.__.___.___..._.____.__

12.4.1 Petroleum and Natural Gas

A complex mixture of hiquid hydrocarbons is called petroleum. The petroleum Ieservoirs are
confined to the sedimentary- basins and they are distributed onshore as well as off shore .
regions. These reservoirs are mainly found in the continental shelf and slope regions, and -

resources of petroleum {(offshore) is around 85 million barrels. _

12.4.1 Gas Hydrates

Gas hydrates are formed in water depths below 800 m, when gas and water mixtures are
subjected to high pressure and low temperature in the sea, These are also formed in
- permafrost regions, Gas hydratcs-act as cap under which natural gas can get accumulated.
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These are future hydrocarbon energy TESOUrces.

12.4.2 Ceal

The most important and longest mined off shore bedded coal deposit, first mined, is in
Scotland. Coal deposits arc known to occur from many other continental shelf areas. Under
sea coal production had accounted maximum in Japan (600 miliion tons). Many more under
sca coal seams have been found off shore of Eastern Hokkaidc and Western Kyreshe.

Coal Bed Methane (CBM): Depending upon the depth of burial, carbonaceous matter and

geotectonical setting of coal and lignite beds contain variable amounts of methane. Australia, 7
China and USA are producing CBM. India is in the exploration stage. ' '

12.4.4 Evaporates _
Evaporates (potash) are occurring very widely in continental shelf areas in salt pillows and in
salt domes. The important deposit is Permian Zechstein salt deposit under the North Sea.

12.4.3 Maetallic Minerals

Tron, copper and tin metallic deposits are also occurring in submarine bedrocks of continental '
shelf areas. EX: Tin orc of Camival (UK), Magnetite deposits of Jussaro Island of Finland,
Copper deposit of Lake Superior. ;

Check Your Progress
Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this Umt.
3. What are the important minerals below the sea floor?
4 Name the metallic minerals, which occur below the sea floor.

..__.._..._____._-.._..____.___._..-.'----..-..----.-.-..--____.‘_.,___-____.__-_----------_...------.._.

12.5 SUMMARY

Many mineral deposits on land are getting depletéd. This results in searching minerals on
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marine environment, This is one important region, which covers 71% of the global arca. The
concentration of minera] deposits in oceans may occur through transportation with rivers,

are mainly mechanica] concentrations formed in near shore regions like goid, piatinum,
ilmenite, tin, diamond, rutile, zircon garnet, magnetite, monazite, corundum, cassiterite, etc.

Phosphorite js 5 secondary deposit formed mataly from fish debris, reptile bones, shells,
coprolites etc. Sediments rich in iron, manganese and other clement are associated with sub
marine volcanic activity.  Metalliferoys sediments are polygenetic in onigin such as
terrigeneous, biogenic, authigenic, and hydrothérmal, magmatic process. Manganese nodyles

are also called as polymetailic nodujes formed by chemical precipitation, absorption and

Minerals, which occur below the sea floor, are the petroleum and naturél gaﬁ;, gas hydrates,
. coal, coal bed methane, evaporites and metallic minerals.

12.6 CHECK YOUR PROGRESS - MODEL, ANSWERS

1. Metalliferoys sediments are rich in iron, manganese and other clements also cited with
submarine volcanic activity, '

2 Phosphorites are sedimentary deposits occurs in various forms like fish debris, reptile
bones, shells, coprolites etc. ' -

3. The important minerals below sea floor are petroleum and natural gas, coal, 'cvaporates,

~ metailic minerals . ' ' :

4. Iron, copper, and tin occyr as metallic minerals below seafloor

12.7 MODEL EXAMINATION QUESTIONS
L Answer the following questions in abou_geoéach.

1. Describe the marine mineral resources.
2. Explain the following marine resources of seafloor.

IL. Answer the following questions in about 10 kines each,
l. Ph(_)Sphqrites.
2. Gas hydrates.
3. Coral reefs,
4. Manganese nodules. _
. * ok &
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UNIT:13 CLASSIFICATION OF WAR MINERALS
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13.0 OBJECTIVES .

In this unit, classiﬁcation of war minerals is described.

- Aﬁcr studvmg this unit, you will be able to
.« explain the classification of war minerals
‘e define the strategic minerals
‘e describe the critical mmcrals and essential minerals

13.1 INTRODUCTION )

Industrial revolution has contributed to the massive search and application of minerals to
industry and national prosperity. Where as the incidence of war on the globe has lead to
unimaginable exhaustion of minerals and chaos. The tremendous consumption of minerals
and metals used during wars for fighting on land, sca and in air has thoroughly revolutionised -
the ‘human outlook and created a new awareness in a nation’s perspective for mineral
planning. The terms strategic, critical and essential minerals are the resultant outcome of war
emergency in relative adequacy or otherwise for winning a war.- Military preparedness has
* thus become an integral part of nation’s responsibility to defend the country and ward off
- territorial infringement. A war requires quick mobilisation of men, money and material. -

Material provides the fighting power. and it comes from minerals alone. It is, therefore, the
~ policy of all governments now to maintain up to date inventories of domestic resources and
also to take such measures of procurement and stockpllmg programmes that would deter the
hostile countries from a possible invasion,

132 WAR MINERALS

War requires an encyclopaedic list of minerals for fighting power. War munerals are
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absolutely cssential for warfare, communication and transport. In fact, there is hardly any
mincral that is not necded for welfare or war supporting civilian needs. The role of minerals,
unhke In pcace time economy, assumes much greater significance in times of national crisis,
because lack of adequate resources even in ) 2 very small quantity may prove grave ha.zard to
the security of the nation.

A bricf list of war minerals includes Iron ore for iron and stecl, manganese ore for
ferromanganese, orcs of different ‘alloy -metals like tungsten, molybdenum, vanadium,
chromium, titanium, nickel, antimony, magnesium, cadmium, zirconium, ores of aluminium,
copper, lcad, zinc and tin for their metal contents. Beryl for beryllium oxide, piezoelectric
guartz, germanium, sulphur phosphorus, lithium, strontmm graphite, uranium, coal and
pctrolcum also constitute war minerals.

132 WAR SUPPORTING MINERALS

A host of other mincrals. necded to produce the above mentioned metals and alloys, and also
for the manufacture of certain supplementary material for war efforts are categorised as war
supporting mincrals. They include refractory minerals, limestone for flux and cement,
gvpsum for plaster of Paris and cement, arsenic ore for poisonous and chemical warfare,
asbestos for isolation, china clay for msulaﬂon and spark plug; fluorspar, industrial diamond,
borax and mercury.

13.3 CLASSIFICATION OF MINERALS

Taking the relative adequacy of mineral position in a country as the basis, war minerals are
further classified as strategic, critical and essential minerals. Let us examine the real
significance of these terms in detail.

A strategic mincral is one, in which a country has more or less ncgligible resources available
and for which it depends on outside sources. A critical mineral is one, in which a country is
deficient in supply position, but known occurrences are such that they can be exploited,
irrespective of cost, as a wartime measure. An cssential mineral is one 1n which known
resources are quite large and produced in sufficient quantitics.

It must be clearly noticed that all the three terms strategic, critical and essential are relevant
only with reference to an individual country and for a given time.-A strategic mineral to India
need not be a strategic mineral to other country. Similarly a strategic mineral of today may
become a critical mineral tomorrow or even an essential mineral in course of time. The
reverse 1s also possible. The term ‘sufficient” or ‘adequate’ seems to be more appropriate than
essential, since such a term will be more meaningful and also eliminates the possible
misconception, that the other categories are non essential. Let us now take stock of the
present mineral resource position in the country to see what are our deficiencies, our
usufficiencies and our adequacies in this lesson. Incidentally, it is also necessary to have
some idea of how important they are in war apphcat:ons

13.5’ ST_RATEGIC MINERALS

Ores of tungsten molybdenuin, nickel, tin, antimony, arscmc strontium and mercury, piezo-
clectnc quartz crystals, sulphur, asbestos, industrial diamonds, borax and petroleum may be

classified as strategic mmerals of India from the available knowledge of current resources and
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supply positions.

: 3 13.5.1 Appllcatmn of Strateglc minerals in War

Metal and Alloys: Tungsten is used in the manufacturc of ammunition, armour plates and
~ hcavy guns, Tungsten steel is necessary for making of armour piercing bullets. High-speed

tools require adequate amount of tungsten metal to the tunc of 18% W. Tungsten 1s used as a

very good refractory metal with 2610°C as melting point and is one of thc most important
_ alloying metals used in steel and other non- ferrous alloys. Even 0.25% of the metal imparts
- sufficient hardness to alloy steel. Molybdenum is a good substitute for tungsten. Nickel is
3 used in the making of stainless steel and high nickel alloys. These are necessary for
crankshaft, marine, electronic, nuclear power and aerospace applications. One other
important application of nickel is in the form of chrome-nickel alloy, which is made to
throttle the flow of electricity to convert it into heat or light. Tin is essential for food canning,
to facilitate air dropping the military supplies in war front.

Arsenic is used for poisonous and chemical warfare and war uscs of antimony are confined to
manufacture of anti-friction metals and hardening of lead. Strontium compounds like
strontium oxalate and nitrate have war time applications. Strontium oxalate is used in tracer
bullets to control the burning rate of the trace composition. Usually, every fifth bullet fired in
war is a tracer bullet. Strontium nitrate is required for military flares, rockets and shells.
Mercury has innumerable uses both in war and peace times and they are largely confined to
pharmaceuticals. Army uses bulk quantities of mercury preparations for antiseptics and the
like. Mercury fulminates are used for detonating explosives.

Non-Metals: Piezo-clectric quartz crystals play a key role in radio, telecommunication and
electronic industry, Quartz plates, used as oscillator plates, prevent wavelengths from
wandering and transmit them with correct frequency. They are emploved in radio transmitting
and receiving sets, for controlling the frequency and detection devices for locating
submarines. In radar and in acoustic submarine devices, they. amplify a mechanically
produced wave, transforming it into electrical energy and projecting it to detect objects. The r
clectric wave bounces back and is transformed into sound by the quartz plate and the sound
projected upon a screen indicates the approximate position of submarines,

Sulphur is an indispensable clement for war efforts. Manufacture of explosives, refining of

© petroleurn, sugar and preparation of medicines, disinfectants etc. require sulphur. Sulphuric
acud 15 called the king of all chemicals and essential for pickling of stcel, galvanising and
tinning besidcs various other applications.

Asbestos, particularly the crysotile variety, is required for heat and electrical insulations.
Quick erection of barracks and storage godowns by army is made possxbic with asbestos
ccment sheets. Asbestos cloth is used during the fire fighting.

Industrial diamonds, apart from their industrial application, are most needed for cutting hard
ﬂ materials like steel plates used in the manufacture of armour plates, aircrafts and other war
eguipments.

Retent uses and applications of borax and the various boron compounds have increased the
military significance of this mineral. Boron hydride has potential value as rocket fuel
developed in recent years. Boron 10 isotope has the unique property of absorbing neutrons
produced in miclear reactions and so it is used to protect personnel from harmful radiations,
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in the field of nuclear energy. Ammonium pentaborate is used as a 'poison charge' in atomic
submarines.

Fuels: Military dependence on petroleum and its innumerable products is rather uniimited.
Petroleum provides the fighting power on land, sea and in air. The so-called napalm bombs,
used in Vietnam War were made with petroleiim jelly. :

13.5.2 Resource position of strategic minerals

Metals: Tungsten: Total recoverable rescrve.s of tungsten ore in the country (as on 1995) are
estimated at 38 million tonnes. Andhra Pradesh constitutes 37. 86%, Rajasthan constitutes
35.44% and Mabharashtra constitutes 2 1% of the reserves.

There was a signiﬁcant development in recovery of scheelite (fungstén ore) from the goid
field dumps of Kolar and Hutti in Kamataka. Pilot plants, erected at these places, are
expected to produce around 70 tons per year in due course.

Molybdenum: We have no molybdenum deposits in the country. Molybdenum is generally
associated with copper, lead and zinc ores_} Molybdenum concentrates are intermittently
prodiced as a by-product from Jaduguda Uranium mine in Bihar. Reported occurrences of
molybdenum include Jaduguda Uranium ores (0.1%), Rakha Copper deposits (0.11%) of
Blhar and also Danba—Ra;pura lead-zinc deposits of Rajasthan.

Total recoverable reserves of molybdenum ore in the country (as on 1995) are estimatcd ar
8036900 tonnes. The imports of molybdenum decreased by 21% to 45 tonnes during 1999-
2000 compared to 57 tonnes m 1998-1999. :

Nickel: There is no indigenous production of nickel or its atloys and the entire requirements
are met by imports. Imports of nickel and alloys during 1999-2000 amounted to 367 tonnes as
against 1131 tonnes during 1998-1999. The production of nickel sulphate during 1999-2000
was - 155 tonnes. Total conditional reserves of nickel ore in the country (as on 1995) are
estimated at 183.5 million tonnes.

_ Tin: Total recoverable reserves of tin ore in the country (as on 1995) are estimated at 29
“million tonnes with a metal content of 3272 tonnes located mainly in Bastar district of

Chattisgarh. The production of concentrates durmg 2000-2001 was at 12979 kg as against
22812 kg dunng 1999-2000. - .

‘Antimony: There is no production of either antimony ore or metal. Imports of antimony ores
and concentrate in 1999-2000 decreased to 25 tonnes as compared to 40 tonnes in 1998-99.
Antimony ore occurrence is rcported in Lahul-Spiti, area of Himachal Pradesh, Karimnagar
of A.P., Chitradurga of Karnataka, Udaipur of Rajasthan and Chamoli of U.P. The total
conditional ore reserve estimated in Himachal Pradesh comprise of 10,588 tonnes (as on
1995).

Arsenic, Strontium and Mercury: There is' no production of either arsenic ore or metal in
the country. Similar is the case with strontium ore minerals and the liquid metal mercury.

' Non-Metals: - Piezo-Electric Quartz Crystals: Although the country produces quartz and
other silica minerals, suitable for other industrial requirements, in respect of piezo-clectric
quartz crystals, the country is totally dependent on imports. :
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Sulphur and pyrite: There is no native sulphur deposit in the country. However, recovery of
clemental sulphur is limited to the by product, obtained from petroleum refineries and fuel oil
used as feed stock for manufacturing fertiliser. Total recoverable reserves of pyrites in the
country as on 1995 are placed at 98.79 million tonnes. Total conditional resources of native
sulphur in Leh, Jammu and Kashmir as on 1995 are 0.21 miltion tonnes. The production of
sulphur was at 62047 tonnes in 2000-2001 as against 24883 tonnes in the preceding vear. The
total sulphur imports of the country during 1999-2000 amount to 2024637 tonnes.

Asbestos: Recoverable reserves of all varicties of asbestos are placed at 9.4 million tonnes.
The production of asbestos at 14516 tonnes in 2000-2001 registered a fall of 22% as
compared to that of 1999-2000. Barring a small quantity of about 6% of total output of
asbestos as chrysotile grade, the cntire output was reported in amphibole grade. Imports of -
asbestos in 1999-2000 totalled 60583 tonncs as against 76094 tonnes in 1998-99.

Industrial Diamond: Production of industrial diamonds is negligible compared to our
requirements. The country possesses diamond recoverable reserves of 11,96,154 carats
(1991-92) and production of diamonds was at 18,213 carats in 1991-92, The total recoverable
- rescrves of diamond in the country (as on 1995) are placed at 9,81,515 carats. Imports of

diamonds during 1999-2000 were valued at Rs. 23,108 crore against 15,556 crores in 1998-
99. : :

Borax: There is no domestic production of borax and the entire requirement is met by
mmports. India imported 36,311 tonnes of borax during 1999-2000. Conditional resources of
74,204 tonnes of borax are estimated in the only known deposit of little economic

significance is in Puga Valley, J & K. The occurrences are also reported 1 Surendranagar
district of Gujarat and Nagaur district of Rajasthan. '

Fuels: Petrolenm: Exploration and production of crude oil and natural gas in the country is
looked after mainly by the Oil and Natural Gas Commission (ONGC) excepting the leasehold
arca in the north-castern region, which are mandged by Oil India Limited (OIL). OIL is
operating mainly in Assam, Arunachal Pradesh and has also completed exploration of 2 off
shorc wells in the Mahanadi basin of Orissa coast. ONGC's new oil discoveries include
Ratnagiri and Godavari offshore structures. ' .

Total hydrocarbon resources of the country for on land and including deep waters of east and
west coasts is approximately 30 billion tonnes. The in place geological reserves are 6.85
billion tones. The domestic crude production in 1999-2000 was about 32 M.T and ‘gas
production was 28.5 billion cubic meters. During 1999-2000 imports of petroleum increased
by 47% to 58.38 million tonnes as against 39.69 million tonnes-in 1998-99.

The production of crude oil recorded a spectacular increase during the decade particularly
from 1977 with the commencement of production from Bombay High, which alone
accounted for 67% of total production in 1983. Despite the setback entailed by the suspension
of production in Assam in 1980, production recorded an all time high of 25.1M.T in 1983,

But the rapid rise of petroléum prices during the decade effected our economy and 80% of the -
total value of mineral imports during 1982-83 was only due to crude petrofeum, although the
quantum of imports of petrolcum increased by only 22% during period. (Production 1973-74:
13.9 M.T: 1982-83:16.9 M.T). As, a result of the massive investment in exploration for
petroleum by the country the strategic position is bound to improve to critical if not.essential
in the near future, ' T
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Check Your Progress

Note:  a) Space is given to write your answer.
b) ~ Compare your answer with the one given at the end of the unit.
1. Classify war minerals.
2 Name any five strategic minerals. -
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13.6 CRITICAL MINERALS

Ores of copper, Icad, zinc, uranium and lithium apatite and rock phosphate for phosphorus
and graphite may be classified as India's critical minerals, reviewing their present status in the
country. ' :

13.6.1 Application of Critical Minerals in War

Metals: Copper, lead and zinc are mainly used as alloy metals and actively employed in the

‘manufacture of war ammunition in different forms. About 400 kg of copper is required to
build a tank, a tone of the metal for a large bomber and 1000 tonnes for a battle ship. Still
larger amounts are required for ammunition. Sizeable amount of copper goes in the making of
anti-aircraft guns and aeroplancs. Copper-Zinc alloys are used in the manufacture of jacket of
cartridges, air-bullets and shells. The use of copper is not only confined to the making of
ammunitions and shclls but also extensively required .in other active fronts like
telecommunications and telcphone exchanges. Several miles length of copper wire is
required for such uses. All armatures of electric motors require copper wite. Both lead and
zinc are used for the protective coating of steel sheets. Lead is essential to the preparation of
100-octave aviation gasoline and ammunition  foil in war times. Lead prevents the gamma
radiations and so painting of lead on doors and wiridows protects people from radiation
hazards of atomic bombs. To save tin, use of silver-lead soldering in ships, tanks; rockets etc.
was reported during the Second World War: ' :

Urariium is a metal. It can also be treated as a nuclear fuel. Nobody could ever imagine before
the first bomb was dropped in Nagasaki and Hiroshima, Japan in 1946, that tiny isotopes of
uranium contain such a vast amount of encrgy stored in them. Atoms of radioactive elements
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when made to split up generate tremendous amount of heat, which can ruin anything in a
fraction of a second. The energy released by the fission of a single uranium atom is 200
million electron volts. One kg of U™ releases heat-equivalent to 3700 tonnes of coal. Its
heating value will therefore be 30,00 times greater than coal in terms of British Thermal
Units (BTU). .

Lithium and its compounds acquired great military significance after the Second World War,
besides its peacetime applications. Lithium isotopes Li® and Li” are required for warfare. Li i
is used for the production of tritium, extra heavy hydrogen, and an intermediate explosive in '
the preparation of hydrogen bombs. Li’ metaphosphate and pyrophosphate are valuable
constituents in fused salt nuclear breeder blankets. Lithium perchlorate is used as rocket
propellant and in nuclear reactors. Lithium hydroxide and lithium borohydride are used for
war purposcs. Lithium is also used for signal flares in tracer bullets,

Non-Metals: Phosphorus is used in the manufacture of incendiary bombs, tracer bullets and
smoke screens. Pure natural graphite is used as a moderator in stowing down the action of .
neutrons of uranium. It was a primary material used for research during the production of i
atom bomb in 1940 -

13.6.2 Current Status of Critical Minerals in India

Metals: Copper: According to the National Mineral Inventory (as on 1997) there are about
461 million tonnes recoverable reserves of copper ore in the country containing about 4.7
nullion tonnes of copper meta! (1.02%). Production of copper ore are at 3.48 million tonnes
during 2000-2001 was higher by 13% as compared to that in the previous year, Imports of
copper ores and concentrates at 400,550 tonnes in 1999-2000 were 35% more than 296,110
tonnes in 1998-99. During 1999-2000, meagre quantity of copper ores and concentrates were -k
cxported. :  §

Lead and Zinc: India has about 176 million tonnes of recoverable reserves of lead'and zinc
ore containing about 2.2 million tonnes of zinc metal (as on 1997). The production of primary
lead during 2000-2001 decreased to 34,480 tonnes from 35,120 tonnes in 1999-2000. The
production of zinc metal at 1,78,015 tonnes in 2000-2001 increased marginaily by about 2%
as compared to that in 1999-2000, '

Uranium: The only uranium mine in the country is at Jaduguda, in Singbhum dist, Bihar. |
Singbhum Copper belt of Bihar constitutes an important source of uranium containing about

0.5 to 1Kg per tonne of rock. The principal mineral is uraninite associated with secondary

minerals and the grade is 0.03 to 0.1%, which is economically extractable. Besides, this

uranium is also worked out near Umra and Udaisagar in Rajasthan. Uranium also occurs in

the mica Pegmatites of Bihar, A.P. and Rajasthan. Singar mica mines of Gaya (Bihar) and

Sankara and Kodandarma Mica mines of Nellore dist, AP, reported occurrence of uranium

minerals like samarskite. The barren measures of Gondwana coals are also found to be a

source of uranium. Apart from these, the monazite sands of Kerala and Tamilnadu coasts
vield 0.2 to 0.5% of Us0s, when processed. The total rescrves of uranium in beach sands,

estimated by department of Atomic energy, government of Irdia are about 30,000 tonncs,

Exploration, exploitation and production of all radioactive minerals including uranium ores
are under the direct control of the central government, Atomic energy Commussion (AEC) is
the main organisation looking after the developmental programmes. Research and
applications of the atomic energy are executed at the Bhabha Atomic Research Centre
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Non-Metals: Mica is indispensable for the manufacture of all clectronic equipment, because
of, its unique dielectric strength and insulating property.

Limestone is essential for flux in the manufacture of stecl and other materials. It is the
primary raw material for cement. Gypsum is also required for cement making and plaster of
Paris. China clay is used for insulation purposes. Since the exhaustion of natural cryolite in
the world, fluorite rescued aluminium metallurgy. Fluorite is used in the manufacture of
artificial cryolite, which is most important for aluminium production. Fluorite is also used as
a flux in the cryolite but to balance the fluorine content and in stecl metallurgy to reduce the
viscosity. Besides these -indirect applications, production of atom bombs requires many
fluorine chemicals. E

Fuels: Military dependence on coal and coke is unlimited. The coal and coke are the inner
strength of all metallurgical, chemical and fabrication industries. They are a source of thermal
heat and electricity and locomotion.

13.7.2 Present Position of Essential Minerals in India -

Metals: Iron and Steel; India is self sufficient in the production of iron, pig iron and stecl as
already given.

" Manganese: According to the National Mineral Inventory (Indian Minerals Year Book,
2001), the total recoverable reserves of manganese ore (as on 1993) are placed at 167 million
tonnes. The production of manganese ore at 1.56 million tonnes during 2000-2001 marginaily
decreased by about 2% as compared to that of 1999-2000. Exports of mangancse ore during
1999-2000 werc 75,685 tonnes showing a sharp decrcase of 55%. Imports of ore during
1999-2000 were 5,102 tonnes showing an increasc of 17%.

The two major consuming industries of mangancse ore are iron and steel and
ferromangancse. Low grade ore of 30 -35% Mn may be used for pig iron, but ferromanganese
requircs better grade (38% Mn) and preferably of 46% Mn content. '

Vanadium; India has large resources of vanadium ore in the form of vanadiferous-
titaniferous magnetites occurring in Kamataka, Orissa and Maharashtra. The total recoverable
reserves are placed at 11.53 MT as on 1995, India exported 82 tonnes of vanadium in 1999-
2000 and imported 6,765 tonnes in 1999-2000. Important applications of vanadium are as
ferrovanadium for steel and as V,Os catalyst for H;SO, manufacture by contact process.

The Regional Research Laboratory, Bhubaneshwar, Orissa was engaged in developing a
process for extraction of vanadium from the vanadiferous titaniferous magnetites, and this
roasting process made it possible for a 90 to 100% recovery.

. .
Chromium: The total recoverable reserves of chromite in the country (as on 1995) are placed
at 8623 million tonnes. Production of chromite at 1952 thousand tonnes during 2000-2001
registered an increase of 12% compared to that of the previous year. :

Exports of chromite during 1999-2000 increased by 45% to 714,448 tonnes. And imports
registered a substantial increase to 6,886 tonnes in 1999-2000. :

Titanium: The most prolific beach sand deposits containing ilmenite and rutile and other
valuable minerals like monazite lie in - three pron_ninent coastal regions of India. (1) Between
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Neenadakara and Kayamkulam 22km stretch in Kerala (2) From the mouth of Valliyar River
to Colachet Newly discovered singlée sand dune deposit in Chattarpur coast 18 km over an
arca of 26 sq km in Orissa coast.

Beach sands of Neendakara-Kayamkulam area contain the highest concentrations of heavy
minerals in the world with 60 to 70% ilmenitc and 4-7% rutile in addition to others. -
According to AMD of the DAE, the reserves of ilmenite and rutile in the beach sands of India
are at 138MT and 7MT respectively. Additional reserves in the Chattarpur sand dune deposits
amount to 230 MT, containing 9.4% iimenite and 0.4% nutile. The Department of Mines and

- Geology, Government of Maharashtra in the Ratnagiri Coastal region estimated additional
reserves of about 4 MT of ilmenite with TiO, content of 20 to 40%.

It was reported, the Misra Dhatu Nigam Ltd. has sct up a metallurgical plant at Hyderabad to
produce commercially pure titanium metal and titanium alloys from does with a capacity of
200 to 250 tpa. The production technology was obtained from France and West Germany. It
was also rcporied that IRE was contemplating to set up an electro-smelting plant for
metailurgical processing of ilmenite with a capacity of 50,000 tpa. The titaniurn slag is an
important feed for the production of titanium dioxide pigment.

Magnesium: Magnesite is the primary source for magnesium metal. Torlal recoverable
reserves of magnesite as on 1995 are placed at 245 MT.

Magnesite is used mostly in the manufacture of basic refractories; sorrel cement (magnesium
oxychloride) and magnesium salts. A small portion of it is used for metal production on pilot
plant scale by the CECRI, Karaikudi. Magnesite (heated upto 800°-1000%) is called caustic
and is used for sorrel cement. Highly calcined one (heated to 1800°C) is called dead burnt
magnesite, and is used for basic refractory bricks. Raw magnesité is used for magnesium
chemicals like magnesium chloride and sulphate. India produced 317,000 tonnes of
magnesite in 2000-2001. We export magnesite to other countries. Due to non-availability of
low silica (to 1.5%) dead burnt magnesite for roof lining in steel industry, we are importing
small quantities of such quality for this specific end uscd.

Aluminium: Details of bauxitc reserves, production and also the position of aluminium
mdustry are furnished in power-based industries,

ercomum: Zircon is the primary source for zirconjum metal. Zircon occurs in the beach
sand deposits along with ilmenite and rutile. The reserves of zircon are placed at 21.14 MT as
on 2000. The total output of zircon in 2000-2001 was 27,119 tonnes. :

Beryllium: Beryl is the main source for beryllium metal. Pegmatites of Rajasthan, Bihar and
AP contain considerable quantities of beryl, Because of its sporadic mode of occurrence in
Pegmatites, its reserves are difficult to estimate. Since the mineral is governed by the Atomic
Minerals Act, details are usually not available. During the Second World War, India exported
large quantities of beryl. Indian quality of beryt is pnized because of its 10 to 14% content of
BeO, a percentage considerably higher than in beryls from other sources. In 1967, Indla
contributed 57% of the world production, but in 1968 it came down to 2(}% '

Non-Metals: Mica: The recoverable resources of mica in India are 1,09,022 tons (1990) and
the production of crude mica was considerably declined to 3,592 tons (1991-92) from 7,934
tons (1980). The recoverable reserves of mica (as on 1995) are; Andhra Pradesh 44,837
tonnes, Bihar 12,161 tonnes, Jharkhand 1393 tonnes and Rajasthan 1,589 tonnes. Total
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exports of mica during 1999-2000 was 46,558 tonnes showing a decrease of 7% and imports
during 1999-2000 was 477 tonnes registering an increase of about 18%. -

Limestone: The total rccoverable reserves of limestone of all grades as on 1995 are placed at
75.679 MT. The country produced 126 MT of limestone in 2000-2001. Exports of limestone
decreased from 2,19,319 tonnes in 1998-1999 to 209,186 tonnes in 1999-2000. Imports
during 1999-2000 decreased by 11% to 1.2 MT.

Gypsum: Gypsum is available in three forms. (1) Natural (mineral) (2) marine and (3) by-
product (phospho, boro, fluore or chemical) gypsum. The varieties of gypsum minera! are
sclenite (finely crystalline), alabaster (compact and massive) and satinspar (fibrous and siiky
vaniety). Indian mineral gypsum is mostly gypsite type, which is an earthy porous type of
inferior quality admixed with clay and sand.

The total recoverable reserveé of natural gypsum is placed at 237.6 MT. The production in
2000-2001 was 2707 thousand tonnes. Exports of gypsum in 1999-2000 were 31,765 tonnes
“and imports were 10,128 tonnes in 1999-2000.

China clay (kaolin): The countrv possesses vast resources of kaolin and others clays. The
inventory of Kaolin resources including white clay and ball clay is placed at 1402 MT.
Production of Kaolin was recorded at 791,000 tonnes in 2000-2001.

Kaolin is onc of the essential constituents in ceramic industry. Products manufactured include
high tension and low-tension insulators, white wares, sanitary wares, glazed tiles, stoneware
pipes and jars.

Fluorite: Total recoverable reserves of fluorite in the country as on 1995 are placed at 2.95
million tonnes. Bulk of the reserves about 50% are located in Rajasthan, 29%nin Gujarat,
13% in Maharashtra and 8% in Chhattisgarh. By-product fluorine gases in the form of
fluoro-silicic acid, emanating from phosphatic fertiliser and phosphonc acid plants have been

recognised as a pmwerﬁ:l source of fluorine for producing synthetic products, for which
fluorite was used.

The total production of fluorite in 2000-2001 was 47,055 tonnes from the states Gujarat
(93%), Maharashtra (5%) and Rajasthan (2%). The entire output reported was metallurgical
grade. Chemical, Iron and steet and ferroalloy and alloy steel industries account for the buik
consumption of fluorite in the country. In the chemical industry, fluorite is required for
production of fluorine-based inorganic chemicals, like aluminium-fluoride, cryolite and
several other organic chemicals. Its other applications in aluminium metallurgy and steel
production etc. were already given.

Imports of fluorspar during 1999-2000 were 76,295 tonnes in cbmparison to 72,352 tonnes in
1998-99. Exports in 1999- 2000 decreased by 91% to 24 tonnes as compared to 279 tonnes in
1998-99,

Fuels: Coal and Lignite: The total geological reserves of coal in India upto a depth of 1200
m stands at 211.59 billion tonnes as on 1-1-2000. The total known geological reserves of
lignite stand at about 29.36 billion tonnes. The country produced 304.1 MT of coal during:
1999-2000 which was a rise of 2.6% in comparison to previous year. Madhya Pradesh (
including Chhattisgarh ). continued to be the leading producer accounting for 28.9% of the
production, followed by Jharkhand (25.2%), Orissa (14.3%), A.P. (9.7%), Maharashtra
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(9.1%), West Bengal (5.9%) and U P. (5.3%).

The entire coal mining was reorganised with effect from 1.11.1975. As a result, Coal India
Limited (CIL), a holding company was set up with 5 subsidiary companies namely Bharat
Coking Coal Ltd (BCCL), Eastern Coal Fields Ltd (ECL), Central Coal Fields Ltd (CCL),
Westemn Coal Fields Ltd (WCL) and Central Mine Planning and Design Institute (CMPDI)
for mining and planning of coal resources. In addition to the above, two other companies
namely Singareni Collieries Co. Ltd (SCCL) and Nyveli lignite Corporation (NLC) were also
engaged in mining of coal and lignite respectively, Of these, SCCL is a joint undertaking of
Government of India and Government of AP,

Coal exports at 1157 thousand tonnes in 1999-2000 were about 40% more than 823 thousand
tonnes m 1998-99, Imports of coal in 1999-2000 increased to 19,702 thousand tonnes against
16,537 thousand tonnes in 1998-99 : '

Check Your Progress

Note: a) Space is given below to write your answer
b Compare your answer with the answer given at the end of the unit.
5. Name any five essential minerals.

-—m———w———_———«———4--——“-_—-d—-----‘-—-‘------—‘----l—-l---—--—————.——-———_—4———-&-—-———‘——‘“'

13.8 SUMMARY

m

The use of minerals in wars for fighting on land, sea and air has created new awareness in
notions perspective for mineral planning. Materials provide the fighting power and it comes
from minerals alone. It is therefore the policy of all governments now to maintain upto date
inventories of domestic resources and also take such measures of procurement and stock
pilling. War minerals are essential for warfare, communication and transport, taking the
relative adequacy of mineral position in a country as basis; war minerals are divided into
strategic, critical and essential minerals. A strategic mineral is one in which, a_country has
more or less negligible resources available and for which it depends upon out side source, A

- critical mineral is one, in which is a country dcficient in supply position, but known

occurrences are such that they can be exploited irrespective of cost, as a war time measure,
An cssential mineral is one in which known resources are quite large and produced in
sufficient quantities. It is fact that all the three types are relevant only with reference to an
individual country and at a given period. ' '

Ores of tungsten, molybdenum, nickel, tin, antinomy, arsenic, strontium, mercury peizo
electric quartz crystals, sulphur, asbestos, industrial demand, borax and crucial are classified
as strategic minerals. Ores of copper, lead, zine, uranium, lithium, apatite, rock phosphate, are
classified as critical minerals. _
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fron ore, steel, coal; ores of manganese, aluminium, cadmium, zirconium, germanium,
beryllium, mica, limestone, gypsum, china clay and fluorspar are classified as essential
minerals. '

38 CHECK YOUR PROGRESS - MODEL ANSWER

1. War minerals are classified as strategic, critical, and essential minerals.
Ores of Nickel, Tin, Antimony, Sulphur, Arsenic. . '

3. Critical mineral is one, in which a country is deficient in supply but known occurrences
are available as wartime usc. :

4. Ores of copper, lead, zinc, uranium, lithium, etc.

5. Ores of Iron, coal, mica, limestone, manganese etc.

139  MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each.
1. Write about the classification of war minerals.
2. What are strategic mincrals? Explain its current status in India?
3. What are critical mincrals? Describe the current position in India?
4. What are essential minerals? Explain its status in India?

II. Answer the following questions in about 10 lines each.

1. Application of critical mineral in war.

2. Application of strategic minerals in war.

3. Application of essential minerals in war.
LI
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14.0 OBJECTIVES

In this unit, national mineral policy and its importance are described.

After studying this unit, vou will be able to
* explain the national mineral policy
* describe the concepts and Axioms of mineral policy
* define the requisites to frame the policies.

14. 1 INTRODUCTION

Mineral policies are important for the exploration and exploitation of mineral resources
available in the country. For the mineral trading with other nations policies act as guidelines.

National Minerat Policy has broad perceptive and has more weightage than any government
policy which is formulated for short tenure and it will be changed whenever required. But
National policy is long-term policy and more over it takes into consideration past
experiences; present status and future perspectives. National policy of any government will
project its image in the intemational arena.

14.1.1 Evolution of National mineral policy

We do not have much details of mineral polices of ancient kings in India. In the book
“Arthashastra” Kautilya described few minerals such as gold, silver, copper, lead, tin, iron and
mercury and the royalty collection of kings from private mine owners after selling of mineral
products. By permanent settlement (Regulation one of 1793), the mineral rights were vested
to the Zamindars or landlords throughout the provinces of Bengal, Bihar, Orissa and
presidency of Madras, except the scheduled districts. In the scheduled districts of these four
provinces and other provinces of India mineral nights were vested either in the-government or
in the rules as the case might be. During the British period the mineral rights were vested in
the government in the British ruled areas and with the states is the princely states.

In 1894, Government of India framed rules for the grant of exploration and mining. In 1901
“Indian Mines Act" was promulgated for regulation and inspection of mines. Up to 1947,
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category viz. measured, indicated, inferred, such information is useful for planning the future
projeccts and also find out the gaps in the knowledge and the quantum of further work needed
for getting the present and immediate requirements.

The National mineral policy’ 1990 is revised and in March 1993, government of India was
announced new National Mineral Policy with a view to encourage private investments both in
domestic and forcign sector. The main aim of revised policy is to encourage the flow of
forcign in_vcstments and tcchnology and sccuring access to foreign markets. The main
objectives of the revised National mineral policy are started in1993 are discussed here.

a) To explore the identification of mineral wealth in the land and in off- shore areas.
b) To develop mincral resources take in to account the national and strategic considerations -
and to cnsure their adequate supply and best usc kecping n view the present needs and
future requirements. ' '
¢) To promote necessary linkages for smooth and uninterrupted dcvelopment of the mineral
industry to meet the needs of the country
d) To promote research and development in minerals
¢)- To ensurc establishment of appropriate educational and training facilities for human
resources development to meet the man power requirements of the mineral industry
f) To minimise adverse effects of mineral development on the forests, environment and
ceology through appropriate protective measures and
g) To ensure conduct of mining opcrations with due regard to safety and health of all
concerned. : . '

The inventory should include hot only the reserves position but also it give all the details
often deposits such as quality, extraction potential, economic viability and their suitability to
different industries It is in continuous process and should be time to time modified. This
mvention should be helpful not only for industries but also it avoid duplication of exploration
work, in promotcs research and development activities. ' ‘

144 A NEW EXPLORATION LICENSING POLICY (NEZP)

A New Exploration Licensing Policy (NEZP) has also been formulated by the government of
India to encourage private participation in exploration and exploitation of oil fields. The
‘committed expenditure of private/joint venture for exploration of oil and natural gas is $286
million for three years (2001-04). Under NELP several blocks were allotted for oil
cexploration and exploitation. Recently (2002) NELP-TH out of 23 blocks 13 were allotted for
ONGC, 9 for Reliance Industrics and one for Gujarat state petroleum corporation and Geo
global resources.

145 INTERNATIONAL IMPLICATIONS OF MINERAL
RESOURCES )

Mineral resources are of international character. To have an overhaul global view of their
international implications, an insight into Prof A.M. Bateman's observations on this. topic
before Indian Science Congress, 1954, will be quite useful. Discussing the relative
distribution and sufficiency of the USA, the other NATO countrics, USSR (with allied
countries) and India, he comes to the conclusion that the USA and the British Common
Wealth countries complement each other, and they together have ncarly all the minerals
nceded for industrial development and defence. The other West Furopean countries by
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themselves arc woefully deficient in most of the essential minerals of industry, but the
overseas areas of some of these countrics contain important supplics of many of the needed
industrial minerals. The Russia has the largest actual and potential mineral resources of any
individual country of the world and contains practically all the minerals essential to modern
- industry. With her rapidly growing industrialisation and wide areas congenial to future ore
discoveries, Russia is bound to remain as one of the greatest industrial nations of the world.

14.6 CLOSED DOOR, OPEN DOOR AND RESTRICTED
' POLICIES

National Mincral Policy has to be viewed from two angles, one domestic and the other
foreign i.c., the attitude of a government towards forcign investment. Each country has its
own problems and each tries to develop its domestic resources, make scarch for new oncs and
reduce external dependence as for as possible. To achieve this objective, countries follow
cither a ‘closed door’ policy or an 'open door' policy or a 'restricted' policy. In the closed-door
policy no foreign investor is allowed to participate except those of allics. Where as the open
door policy is one where foreign investment and participation is freely allowed. In the

restricted policy investment and participation is allowed on minority share basis. Mainly

communist countries follow closed-door policy.

- The pohcy decision again varies from ‘have’ countries to ‘have not’ ones and mdustnall)
developed or less-developed to under-developed countries. A number of countries including
UK, Japan and most of the European countries-have advanced industrially, but without
having sufficient mineral resources. Obviously these countries look upon for foreign supplics
from different and diversified sources to maintain regular inflow of raw material. The attitude
of their government is to cncourage their people acquiring mining rights wherever possible
and to extend technical know how in mining and get back mineral resources in retumn. It is
only in this context, that Japancse, have financed for development of our Bailadila hill rangcs,
to ensure supplies of iron ore for their own country. Japan has also extended considerable
techmeal know- how, capital cquipment and finance in the iron orc mines of Goa. Such
collaboration on mutual benefit has become a common feature of modern thinking. At the
same time, collaboration in fabrication and metallurgy is viewed with suspicion and political

- motives. Such collaboration does not come forth easily, unless a larger interest of the lending .

country is involved. It is therefore difficult to pin point precise scope of forelgn mvestment
policy and the attitude has to be necessarily flexible.

The mineral policy on the whole, is based on realistic knowledge of a country's mineral
resources and its industrial status in relation to competlng powers. A country’s mineral
resources are susceptible to progressive measurements’ upon new resources added or
discoverics made. The policy should therefore be subjected to revision promptly upon new
mineral evidences.

14.7 REQUISITES TO FRAME THE POLICIES

Kéeping the four axioms, universally recognised, and elaborated earlier as a basis and

guideline, further framework of policies is worked out in relation to:

(1) appraisal of mineral resources (2) leasing system of mineral rights (3) mines séfely (4)

mificral taxation policy (5) conservation and substitution of minerals (6) mireral dressmg and

metallurgical innovations (7) Stockpiling programmes.
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but with a difference that it does not accrue any interest; as we go on drawing, the reserves
continue to diminish. So -any effort that we can make to increase the life of a deposit, without
sacrificing our own necds, is an attempt towards conservation. Take for instance our iron ore.
We have seen earlier that 45% of our iron ore production_constituted fines, while 55% was
lumps in 1980. The usc of pellets and sinters prepared from these fines, which were thrown
out as waste for a long-time, has incrcased many folds the reserve position of iron ore. Same
is the case with manganese ore, limestone and many other minerals. The utilisation of mica
powder and waste mica into a number of useful products like micanite is one other example
that can be cited in this context. Similarly the refuse of scrap has prolonged the life of
metallic mineral deposits considerably. The efforts for conservation should be made at all
stages. :

The following measures should be adopted to achieve conservation of mineral resources.

I Efficient method of mining to take out every possible tonnage locked under ground.

2. Utilisation of leancr and unmarketable ores by innovations in ore dressing and
~ metallurgical practices. :

Use and reuse of scraps. _

Recovery of all associated elements as co-products or by- products.

Economy in use of minerals.

‘Synthesis and substitution.

D RAw

Let us discuss the scope of these measures for conservation.

15.2.1 Efficient Method of Mining

When we minc a particular mineral, depending on the nature of deposit, attitude of the

depostt and the nature of country rocks, there may be more than one method of mining
applicable for exploiting the mineral deposit. The main consideration for the choicc of a
mining method in such cascs is the cconomy and maximum recovery from the deposit
without intermittent losses. '

15.2.2 Beneficiation of Low-Grade Mir_lerals '

. By bencficiation of minerals, we improve the grade of a mineral and bring it to the level of
specification needed to suit a particular industrial need. Beneficiation of low-grade iron and
copper ores has already been mentioned in the earlier unit. I will now appraise you with some
of the recent achievements of the research and development wing of our country in1980. In
order to conserve our limited coking coal reserves, the non-coking coal is being blended for
production of coke to suit steel metallurgy. The limitation of non-coking coal based sponge
iron plants in the country have already been mentioned. (Refer Steel Industry).

“The latest reports show-that the country is able to produce cold-bonded pellets for use in blast
fumace, which requires less cnergy and avoids heavy capital investment compared to the
conventional heat hardening process of pellitization. Similarly instead of using limestgnc in
lumps, lime dust is béing injected in one of the blast furnaces at Durgapur Steel Plant. These
reported achievements will certainly go a long way in the conservation of minerals in steel
Industry. To quote another instance of beneficiation, this time in respect of molybdenum,
which is a scarce stratcgic mictal, the report reveals. the following. Molybdenum content in the
copper ore of Rakha mines, Bihar is successfully enriched from 0.014% to 47.58% in the
‘concentrate, with an overall recovery of 80.65% by the mineral dressing wing of the Bhabha
Atomic Research Centre at Hyderabad., :
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15.2.3 Use and Reuse of Scraps

For purposes of utilisation, minerals are divided into 2 classes; namely expendable and non- -
expendable. Expendable minerals are those, which have practically no salvage value and once
consumed are lost forever. Coal, petroleum, natural gas and in fact most of the non-metallic
mincrals with the exclusion of precious stones come under this class. Metallic minerals have
a good salvage value as scrap and are recycled into normal run of consumption in Course of
time.

The percentage recovery of scrap of the individual metals, as also the period of recovery for

reusc may vary depending upon the type of Use it is put to. Metals used for chemicals, just
like the many non-metals do not have salvage value. Non-expendable value of metallic
minerals has greatly aided conservation. :

Common metals like iron and steel, aluminium, copper, lead, zinc, -tin and antimony have
good recoverable value as scrap. Scrap utilisation of metals like nickel. cobalt, magnesium
and mercury is reported from countries like USA. Precious metals like gold, silver and
platinum are seldom lost. Metallurgical and fabrication industrics produce large quantities of
mill scrap or factory scrap during cutting, trimming and finishing the various products. in
steel industry alone, considerable amount of scrap in the form of spillages, trimmings, and
cutting comes out, while producing finished steel from ingot. These are recovered, re-melted
and put into usc again, and form a useful source of secondary metal,

Recovery of metals form a secondary source is truc to every metallurgical and fabrication
industry, with variations in quantities recoverable. In addition, scraps result from outlined
machinery, plants, wagons, rails, automobiles and several other things including household
articles. These form huge sources of secondary metals. To cite one memorable instance in
this context, even the horse-shoe nails, ordinary nails and other broken steel structures were
collected in India during the second world war to meet the shortages of steel,

15.2.3 Recovery of all Associated elements

~ Recovery of all possible associated elements, which occur as co-products or by-products, is

very cssential for working of individual deposits. in addition, when we do not have a certain
mincral deposit in the country, the co-products and by-products provide potential sources for
such metals or non-mectals. For instance, we do not have silver or native suiphur or
molybdenum deposits in .the country. We therefore rely on these co-products and by-
products, produced by the various processing plants in the country. '

india produced 11,3,777 Kg of co-product and by product silver during 1980, while the goid
production during the same year was only 2452 Kg including the by-product gold (56 Kg) by
the copper smelter at Ghatsila, Bihar. Out of | 1,377 Kg of silver produced, gold refining at
Kolar and Hutti gave 117 Kg and 60 Kg respectively, while Tundoo lead smelter, Bihar gave
10,579 Kg and copper smelter at Ghatsila contributed 331 Kg and Visakhapatnam Refinery
gave 290 Kg. :

Besides gold and silver a number of allied products are produced during refining of copper
ores both at Khetri Copper Complex (KCC), Khetri, Rajasthan and Indian Copper Compiex
(ICC), Ghatsila, Bihar .The sulphide content of these ores is recovered in the form of -
sulphuric acid. These refining plants are so designed, that they have the necessary installed
capacity for production of allicd products, depending on the annual yield expected from
thcse. (Table-15.1) : . ' :
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Table 15.1 Production of allied by-products from KCC &1CC during,l980

Name of Refinery  Allied By-products Installed capacity Production
(Tonnes) {Tonnes)
K.C.C Sulphuric Acid 182,600 17,960
Triple super phosphate 90,000 563
Gypsum 300,000 6,983
Gold 3.491 (Troy
Ounces)
(Licensed capacity)
Silver -Do-
IL.C.C Sulphuric Acid 54,000 _ 4,330
Selenium ' 10 ' 415
Nickel Sulphate 26 176
Crude gold 100 kg 56 kg
Silver - 1,000 kg - 331 kg

In addition to these, scarce metals like molybdenum, whose percentage is very low, are being
upgraded by research wings as elaborated earlier. ' :

20.2.5 Economy in use or mineralsl

Economy in use of minerals particularly when we have limited resources of that mineral in
the country is a measure of conscrvation. [t only mecans putting the mineral of limited
_resouree to specific and indispensable uses only, In other words, for other uses a substitute for
this mineral has to be used. Take for instance the case of sulphur. It for sulphuric acid in a
particular case, hydrochloric acid could be used it amounts to conservation of sulphur. Recent
experiments have shown that in pickling of steel for galvanising and timming purposes,
sulphuric acid can be substituted by hydrochloric acid. It has been made possible also to
partly, if not completely, substitute sulphuric acid by hydrochloric acid in the manufacture of
triple-super phosphate. These measures can greatly help in country's economy in the use of
this scarce and strategic commodity for India, and divert: the quantity thus saved for other
indispensable uses. Our attempt to use non-coking coal instead of our limited cooking coal in
steel metallurgy also comes under these measures of conservation.

Check Your Progress

Note: a) Space is given below to write your answer
b) Comparc your answer with the one given at the-end of the unit,
1. What is conscrvation?

2. . Name any two measures of conservation.
150




o e ] S e ] ot e e o o ke ey el e e e L e L Ade L e L - . ot Y o

e e o . . B (o o o o o . o N N AR N AR N A BN A BN A A R o ——

o T il . Sy i T T o o o o o o o o o o o e

15.3 SUBSTITUTION OF MINERALS

Both synthesis and supstitution are efforts to conserve a scarce mineral commodity. But there
is a substantial distinction between the two. Substitution is an effort to find out alternatives to
materials in short supply. Efforts of substitution and conscrvation in most cases are
supplementary to cach other. A substitute can have only nearly similar properties to that

. which is substituted, and its availability being cheaper and easier. On the other hand, if a new
product is invented or a new mineral or metal having better performance is found out, than
the mincral or metal in use, it cannot be categorised under substitution. It ¢an rightly be
placed under a new invention. It is a new source of raw material created by synthesis.

15.3.1 Synthetic minerals

To illustrate the role of synthesis, the example of natural cryolite-and natural nitre may be
cited. Thesc two are replaced today by synthetic cryolite and synthetic nitre. Germans
mvented these synthetic products during the World War periods. The reserves of natural
“cryolitc from its singular occurrence in Greenland being cxhausted even by 1962; synthetic
crvolite is universally used now in the place of natural crvolite. Synthetic nitre has become a
strong competitor of Chilc nitre (sodium nitratc), which is regarded as the largest single
source in the world. With the advent of 'nitrogen' fixation from atmosphere, nitrogen and
several compounds of nitrogen have become inexhaustible resources. A number of synthetic
abrasives and refractorics are now manufactured, which have a better performance than some
of the common abrasive and refractory minerals. Synthetic diamonds are produced in several
countrics. These arc simple crystals and their abrasivencss is morc uniform and higher than
the natural sort. Synthesis of corundum, ruby and sapphirc for industrial uses has been in-
“vogue for a long time. More recently, about 20 vears back, quartz crystals have been
synthesised on a commercial basis. Fluor-phologpite has been synthesized for industrial

PUrposcs,

15.3.2 Substitution in Metals

Substitution and replacement of materials has become very common. The replacement of -
metals by plastics and glasses is a matter of routine, where strength is not a major factor. Let
us consider the usage of copper. We were using copper, brass or bronze vessels and tumblers
n houschold. We do not usc this scarce metal today. Stecl or aluminium and -even plastic or
glass tumbles and vessels have replaced copper ones depending upon one's own financial
soundncss and the purpose. The same is the case in industry too. Worldwide shortage of
copper and relative abundance of aluminium has made aluminium substitutc copper wires in
high transmission lincs, although aluminium has only 70% capacity to allow flow of
‘clectricity, compared to the same volume of copper. All underground cables are
manufactured of aluminium instead of copper since 1962 in India. This resulted in saving
about 3600 tonnes of copper metal every year. Substitution of copper by aluminium in high-
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tension electric lines resulted in another significant advantage because of the low weight of
aluminium. The saving in weight permitted a wider spacing of towers on high-tension lines,
which in turn coonomised the use of steel. The possibility of substituting zinc and tin in
galvanising and tinning of steel by aluminium has also become a reality. This will save
considerable quantitics of zinc and tin metals in the country. Similarly replacement of lead
pigments by -titanium pigments in white-paints and aluminium instead of zinc in certain
components in the dic-casting industry and use of plastic or glass bottles instead of tin cans
have contributed to conservation of lead, zinc and tin metals.

Tungsten carbide is a good substitute for industrial diamond in cutting tools, especially in

drilling. Bauxite has substituted fluorspar in steel metallurgy. Fluorite is used as a flux and

also to reduce viscosity in steel manufacture. By substituting bauxite for fluorite has been

brought down from the previous rate of 8 Kg per tonne to 2 Kg per tonne of steel. So 6 Kg of
fluorite is saved for cveryone tonne of steel produced in the country, with this substitution.

Onc other important substitutc to mention is use of vanadium pentoxide in the place of the

scarce and costly metal, platinum. Manufacture of sulphuric acid by contact process requires

the use of platinum as catalyst. Vanadium pent oxide has substituted platinum. The catalyst

industrics in the country manufacturc V,Os for such purposes. We do not have any known

platinum deposits in the country so far.

15.3.3 Substitution in Non-metals o

For mica a number of substitutcs have been developed and sold in the market under different
tradc names like Samica, Filmica ctc. These products have substituted natural mica in
capacitators and become more popular among the design engineers for clectric and electronic
equipments. Advancement of this technology and substitution outside, has affected our mica .
exports seriously. Our country is unique in the production of sheet mica in the world,

15.34 S.ubstitution in Fuels

Lct us turn to substitution in encrgy resources. Electricity has substituted, where its supply is
cheap and abundant, much needed coke in blast furnace to the extent it is required to generate
heat. Dicsclisation and clectrification of many rail routes have helped in the conservation of
good quality coal. Hydro-clectricity has saved consumption of coal in thermal stations.

Nuclcar ¢ncrgy has also become as good competitor of thermal energy in an area, where the
supply of coal is to be obtained from long distances. Hydro-clectricity is the cheapest of all,

_but its power cannot be transmitted to every nook and corner, unless sufficient hvdel potential
is available. Bctween thermal and nuclear, in certain arcas, the latter has an advantage. Cost
of generating nuclear power per unit at Tarapur in Gujarat and Ranaparatap Sagar in
Rajasthan is estimated at 2.8 paisc as compared to 3.25 and 5.25 paise respectively of thermal
power.

154 MINERAL AND ENERGY RESOURCES - FUTURE
: OUTLOOK '

Substitution of hydro-clectricity and auclear energy for coal and the relative feasibility of
these as also their cost are discussed. However much we do conserve these by substituting
onc for another, the ultimatc qucstion that remains is, about the life of these various sources
of cnergy. We have discussed the relative adequacy of mmeral resources carlier. We have
rcalised now, that substitution of one mineral by another mineral has become a necessity. In
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the long run with the possible exhaustion pf minerals, may be at a distant future, development
of non-mineralic substitutes like plastics and glass in addition to innovation of synthetic
products, is but a vital necessity in the long range planning of mineral resources:

Tuming our attention to cncfgy resources, |the life of fossil fucls both coal and petroleum over

‘the world may not last long, at the rate lof present consumption, with the increasing necds

ahcad of us. Howcver, with respect to - the hydro-electricity, there is a vast scope for .
development in a country like India with rich river water resources, remaining untapped, But
again the main draw back in supplying it to nook and comers, limits our choice to the only
possibility of development of nuclear power for the future energy needs of the world.

The supply of Uranium-2335 from high-grade ores for the development of nuclear power is
also limited. Our only hope is the development of a fast breeder reactor capable of consuming
all of natural uranium and thorium, instead of only 1% as in the present light-water reactors.
When the technology for the breeder system is fully developed, power production from low-

- concentration deposits of uranium and thorium becomes economically viable. It would also

be possibie to realise the potential of nuclear power based on fission to meet the cnergy needs
of the world for several hundreds of years. -

The possibility of recycling of nuclear fuel, without loss, in nuclear power generation, which
has been engaging all nuclear scientists, including Indian, today when realised, will be a
major break through in the conservation of energy resources. However, to be on the safe side
onc should attempt for a much bigger source-encrgy from fusion, which has not yet been
achicved. The thermo-nuclear power based on fusion of atoms as occurring when a Hydrogen
Bombay explodes, is an incxhaustible source of encrgy derived from heavy water. This is

~water in which deuterium replaces: the hydrogen. If deuterium could be' made to fuse in a

controlled way into hclium, this process would provide a source of unlimited encrgy.
Scicntists are working for the production of power from controlled fusion and the feasibility
of building a fusion reactor is greater today than it was a decade back. '

Check Your Progress _
Note a) . Space is given below to write your answer.
b) Compare your answer with the one given at the end of the unit.

3, What is substitution?
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155 NECESSARY STEPS TO IMPROVE MINERAL
- RESOURCES - |

There is no point in getting cither frightencd by the pessimistic view point or feeling over
confident, about the optimistic view point. These viewpoints on the other hand, should create
the much-needed awarencss for improving the position of mineral resources. The following
steps arc of utmost importance for any nation to improve its own mineral resources.

I. Discovery of ncw deposits similar to those that arc being worked.

2. Development of deposits containing lower concentration of clements than was
hitherto exploited. '

3. Devclopment of new types of deposits not hitherto exploited these might be termed
as un-conventional deposits.

4. Increase of scrap and waste recovery. .

5. Synthetic manufacture and substitution of scarce mincrals by those that are more

" readily available or by other materials such as glass plastics etc.

15.5.1 Discovery of new deposits -

Discovery of new deposits, similar to thosc that arc now being worked, is one important
mcasurc to improve our mincral resources. The latest advances in the geological, geophysical
and geochemical methods of cxploration in recent times put the modemn prospector on
altogether a different planc compared to the older prospecting methods. Advancement of
photo-geology with modern techniques of aerial photography to decipher  geological
structures in complicated and inaccessiblc areas, as also the remote sensing technigues, with
satellite data have aided to geological prospecting in a big way. Similarly the application of
various geophysical methods on land and seas contributed to enrichment of vital mineral
rescrves like petrolcum; we have now morc sophisticated and portable radiation survey
meters compared to old Geiger Muller counters. Scintillometers are now used in aeroplanes
to cover more area quickly for locating uranium. Fluorescent lamps help to identify tungsten
miingrals. Mercury sniffed is used to detect traces of mercury in rocks. Employment of the
principle of neutron Activation Analysis (NAA) made it possible today, to locate beryllium
minerals with Berylometer and silver with silver snoooper in the field. Even in. the
laboratorics, latest techniques like NAA and Atomic Absorption Spectrometry have become
powerful tools for rapid elemental analysis, thereby contributing to geochemical prospecting
in a significant way, Thus with the advent of new geophysical instruments and an array of
ncw tools for locating hidden deposits, the increasing importance of geochemistry and the usc
of computers to make a quick asscssment of the data, the chances of locating new mineral
deposits Have considerably increased.

15.5.2 Development of low grade deposits

As regards the development of deposits containing lower concentrations of elements than
~ were hitherto exploited, iron ore and copper ore may be cited as two spectacular examples.
We in India as on today, have cnough iron ore resources. But look at the US in this respect.
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The high trade iron ore deposits of the Mesabi Range, which for over a century served the US
stoel industry got depleted a fow years ago, but the joining low-grade taconites have come to
the rescue of their steel industry. These taconites were benceficiated to give the iron-rich
pllets. Although the change dver was more expensive, the extra cost was more than
compensated by the fact they were finally higher in grade, cheaper to handle and required less
fucl to smelt.

Let us sce the example of copper in general. At one time only ores containing at least 0.6%

Cu (ie. containing 120 lbs per tonne of rock mined) constituted copper ore for metal

extraction. Advancement in the copper beneficiation techniques, namely flotation has
changed the requirement and as a result copper mines are operating with grades of 0.6% (or
120 1bs per tonne of rock) and even 0.4% Cu are processed. One can envisage the fantastic
increase in reserves of copper by being able to use such low-grade ores. What was not an ore
previously is an ore today, with the advancement of science and technology. This
advancement, unlike in the case of iron ore, is of greater relevance to India, in view of our
copper position. '

13.5.3 Development of new types of deposits

These deposits may be called unconventional deposits. We have carlier in the steps confined
our attention to the improvement of conventional types only. Regarding the development of
unconventional deposits, the possibilitics are ' :

(1) Gypsum and anhydrite for sulphur (2) Clay and high alumina rocks for alumina (3) Oil

shale and bituminous sends for petroleum. (4) Sea-floor nodules for manganese, nickel,
copper and cobalt. (5) Phosphate for fluorine and (6) Non-pegmatite mineral deposits of
bertrandite, phenacite and berylite for beryllium. ,

The minerals that are included here are of paramount importance in industry and defence. Of
these, anhydrite is already being used in the production of sulphuric acid in West Germany.
For us sulphur is a strategic mineral and we have no native sulphur deposits. In contrast, we
have adequatc gypsum deposits. High alumina rocks are used for predestine of alumina in
Russia. This only means, that in respect of such a crustally abundant element like aluminium,
onc has to necessarily loek for other aluminous rocks also, not confining to the conventional
bauxitc, .

Regarding petroleum, the first large-scale mining and extraction plant for .the recovery of the
petroleum from the tar or heavy sands of Athabasca, Canada has already gone into successful
operation. Recent advances in oceanography have contributed to location of extensive

- mangancse nodules also containing small amounts of other associated metals like cobalt,

nickel and copper. According to Mero, the exploitation of this wealth is feasible. Tapping of
these and other resources in seas, will certainly ease demand position to a great extent.
Resources of fluorine and beryllium are fast depleting in the world and hence the need for
development of unconventional resources for these two is greater.

The remaining two steps namely the utilisation of scrap and application of substitutes
constitute methods of conservation and hence are elaborated in the next units.
Check Your Progress

Notc: a) - Space is given below to write your answer.
b) Compare your answer with the one given at the end of this unit




5. Name any two steps to improve mineral resources.
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15.6 SUMMARY

Conservation and substitution are very important things in the mincral indusiry because
minerals are non-renewable sources. Conservation is an effort that to utilise mineral resources
available in the best possible way, depending upon the industrial needs and changing
technological requirements conservation does not mean accumulat:on of mineral wealth
without putting it to use, when required.

. Thc following measures should be adopted to achieve conscrvation of mineral of mineral

. rcsources

1) Efficient methods of mining to take out every possnblc tonnage locked underground.

2) Utilisation of leancr and unmarketable ores by invention in ore dressing and
metallurgical practices,

3) Use and reusc of scraps

4) Recovery of all associate clements as co-products or by products

5) Economy in usc of minerals

6) Synthesis and substitution of minerals.

Substitution is an cffort to find out altematives to materials in short supply. A substitute can
have only nearly similar properties to that, which is substituted and it’s availability being
cheaper and easier. The invention of new sources for mineral is synthesis. The natural
cryolite and natural nitre and replaced by synthetic cryolite and synthetic metre. Substitution
and replacements of metal with plastic and glass is a math of routine.

The necessary steps to improve mineral resources are

1) Discovery of new deposits similar to those that are being worked.

2) Development of deposits contammg lower concentration of clements than were
hitherto exploited

3) Decvelopment of new type of deposits

4) Increase of scrap and waste recovery

5) Synthetic manufacture and substitution of scarce mmcrals

15.7 CHECK YOUR PROGRESS - MODEL ANSWERS

Conservatlon is an effect to utilise mineral resources avallable in the best p0551ble way.
- Beneficiation of low-grade mingrals and use and re use of scrap.

Substitution is an effort to find out alternatives to materials in short supply.

Synthesis is the invention of new source or alternatives to minerals.

Discovery of new deposits and development of low-grade deposits.

il bl b
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158 MODEL EXAMINATION QUESTIONS

IL.

Answer the following quest]ons n about 30 lmes each.

1. Explain the conservation measures of minerals.
2. Describe the substitution and synthesis of minerals,

3. Explain the necessary steps to improve mineral resources.

Answer the following questions in about 10 lines each.

Use and reuse of scrapes.
Substitution in metals.

Swnthetic minerals,

Mincral resources-future out looks.
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16.0 OBJECTIVES

In this unit, growth of mincral industry and mineral legislation are described.

After studying this unit, you wili be able to
e explain the growth of mincrals based industries
o describes the mineral legislation in India
» dcfine maritime laws

16.11 INTRODUCTION

~ Minerals are essential for running any industry. A mere knowledge of mingral occurrences in
~ the country will not be of much help to the students of mineral economics. An intelligent
study of various mineral deposits in relation to their economic evaluation and industrial
applicability is required to be made. In mineral industry usually a rumber of minerals. go to
form a single product. The economics of selecting the site for a particular industry in
proximity to mines, besides other considerations require great scrutiny. All industries. require
minerals as basic raw materials. But some of them require power also. So for locating the
industry. it is fort to be decided whether is essentially a power based or raw-matenal based
industry '

Judicious use of mincrals is very essential, because the minerals are non-renewable resources.
For this government of India formulated mineral legislation. These laws are useful to solve
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- technical, economical, political and legal problems involved in the process of exploration and

cxploitation.

162 GROWTH OF MINERAL INDUSTRY

| ' | | |

Based on earlier records, Indian mineral industry traced back to 300B.C. There are scveral
evidences on the land by means of slag of forrous and non- ferrous materials at smelters.
There was a big hiatus of records until middle of nineteenth century. In the early 20th century
also very few mincrals such as, coal, petroleum, gold, manganese, mica, salt peter, salt,
agates, rock crystal, beryl, chromite, magnesite, iron ore, diamond, monazite etc were mined.
In pre-independence period only 24 mines were worked. During and after world war periods,
the mineral industry gains momentum for growth and exploration. After independence
mincral exploration, mining and settings of mineral industries werce in large-scale New
organizations were set up to increase activities in mineral industry. Central government
cstablished the Bureau of Mines in 1948. Aficr that several organizations wcre set up for
exploration, mining and for beneficiation works (Department of Atomic Energy 1954, ONGC
1956, National Mineral Development Corporation 1958, Oil India Lid. 1958, Pyrites and
Chemical Development Corporation 1960, Minerals and Metals Trading Corporation
(MMTC) 1963. The Nyveli Lignite Corporation was formed in 1956 for mining and
utilization of Lignite deposits, of Tamilnadu. The New Industrial policy, 1991 had madc a
remarkable impact on the mineral industry. So many regulations and control acts on mincral

* industries were liberalized and scope was increased tremendously for the growth of mincral

industry.

16.2.1 Iron and Steel industry

The most important industry is iron and steel industry. Steel is synonymous with
industrialization and per capita steel production of any country is an index of the degrec of its
industrial development. ' '

The basic requirements for making steel are iron ore and coking coal. Iron has ot encugh
strength and hardness to be used in industry and has to be treated with other elements to
change its character. A small amount of Carbon is to be added to get strength. The third major
raw material in the manufacture of steel is Limestone, which combines with impurities in the
iron ore to form slag. Raw material requircment per ton of steel production is given below
{Table 16.1). :

Table 16.1 Raw material requirement per ton of steel production

Raw Material Quantity
Iron Ore (60% Fc) 1.7 Tons
Coking Coal 1.7 Tons
Flux Grade limestone 0.5 Tons
Dolomite 0.25 Tons
Manganesc ore 40 Kg
Ferro Manganese . 10Kg
Refractories

Fire clay 46 Kg
Basic : - 20Kg .
Silica Bricks 5 Kg
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Iron orc in the form of oxide (Hematite) is reduced to metallic iron in the form of pig Iron and
subscquently purified to convert it into other forms namely Cast Iron, Wrought iron and
Crude Steel. Mangancse is essential as it imparts certain desirable characters like tensile
strength, For this purpose it is added in the steel making in the form of Ferro Manganesc
alioy. -

Steel is virtually a versatile commodity used everywherc by modem man in one or other
forms. Right from ordinary pins to heavy machinery, rails, trains, ships, constructional
purposcs, shafts, stainless steel, pressure chambers, and Armature plates requires steel. Steel
has become an essential requirement in our daily life. This resulted in the making of different
tvpes of steel to suit the specific uses by adding ferroalloy metals like manganese, chromium,
nickel, vanadium, tungsten and also other metals like copper and non-metals likc carbon and
silicon. These metals or non-metals cannot be dircetly added to stecl but only in the form of
ferroalloys and this promoted manufacturing of ferroalloys in the country. o

Steel plants: The Steel Authority of India (SAIL) in 1973 to managc all the public sector
Steel plants and associated input industries. Prior to the SAIL, the public sector steel plants
were under the control of Hindustan Stecl Ltd (HSL). SAIL contributes more than 40% of
domestic crude steel production. The important plants are: -

1. Bhilai (with USSR collaboration), Madhya Pradesh

2. Durgapur (British collaboration), West Bengal

3. Rourketa (West Germany collaboration), Orissa

4. Bokaro (USSR collaboration), Bihar

5. HSCOQ, Burmpur (Indian Iron & Steel Company), West Bengal

6. Visweswarayva fron & Stect Ltd. (VISL); Bhadravati, Kamataka.
7. Tata Iron & Steel Company (TISCO). Jamshedpur, Bihar,

8. Salem Steel plant in Tamilnadu . '

9. Visakhapatnam Stecl plant in Andhra Pradesh.

10. Vijaynagar Stecel plant in Kamataka.

In addition to the above integrated steel 'pl_ants, there are two pig iron producing plants at 1)
The Sandur Manganese & Iron Ore Limited, Karnataka and 2) Kalinga Iron Works, Orissa.

Invention of pellitization technology leads to utilization of iron ore fines, which are
previously dumped as mine wastes. The important pellitization plants are 1) KIOCL
" (Mangalore, Karnataka), 2) Noamundi plant (TISCO, Bihar) 3) Mandovi pellets Ltd. {Owned
by SAIL and Chowgule & Co.) Shiroda, Goa and 4) Chowgule & Co Pale, Goa.

Sponge iron plants: Sponge iron is metallic product produced by direct reduction of high
grade Iron or Iron ore pellets into solid states. Sponge Tron industry was delicensed in 1985.
The Sponge Iron units were cstablished with 14lakh tons capacity at 1) Andhra Pradesh
Sponge Iron Ltd. (Paloncha, Andhra Pradesh) 2) Orissa Sponge Iron Ltd. (Palapanga, Orissa),
3. IPITATA Sponge Iron Ltd. (Joda, Onssa) 4) Bihar Sponge Iron Ltd. (Chandil, Bihar) 5)
Sun fig Iron & Steet Ltd (Warthc, Maharastra) 6) Essar Gujarat Ltd. (Hazora, Gujarat). Three
ricw plants 1) IPITATA Sponge iron Lid. (Ornissa) 2) Vik_ram Ispat (M.P) and 3) Hindustan
Electro-Graphite Ltd., (Gujarat) are recently commissioned. All the integrated steel plants
have sintering plants. '

Review of Iron and Steel Industry: The iron ore production in general shows upward trend
from carly 1970 and reached peak level of 43.7 MT in 1979 and now, the production is 70.7
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MT (1998-99). Coming to production of metals and alloys, there was a significant growth. In
production of pig iron is 8.5 MT in 1980 and reached to 18.2 MT (1999) and steel ingot
production reached to the level of 23.1 MT (1999) from 10.8 MT in 1982.

Indian steel fnaking technology has shifting from open hearth technology to BOF and EAF
and now on integrating of various processes like steel casting with rol]mg, direct endless
casting and rolling etc.

To attract private investments under the New Mineral Policy, 1991, the Government of India
delicensed and deserved steel sector. Electric Arc Fumace Industry is properly knows as mini - -
steel plants are contributing 30% of the India's-crude steel production. Steel melting scrap or
sponge iron steel, re-rolling industry, steel wire drawing industry, cold-rolled steel sheets,
hot- rolled steel sheets, venial steel sheet industries are also established in addition to the
integrated steel plants. Pig iron is one of the basic iron raw materials for engineering industry.
Seca-Goa unit at Goa, USA plant at Maharashtra and Jindhal Ltd. unit in M.P are important
pig iron plants.

16.2.2 Aluminium industry

Aluminum is one of the light metal, which has wide applicability in various scctors. India has
one of the richest gibbsite bauxite deposits, which consumes low elcctricity for aluminum
concentration process.

In India, the aluminum industry is growing for- the last 8 decades. INDAL started its
production in 1943, The growth of aluminum industry was very slow until 1990, because of
poor knowledge of aluminum application and policy restrictions. In 1991 Government of
India announced new economic policies related to domestic and foreign trades of aluminum.

"Toda3 aluminum industry is growing tremendously under private and public sector
companies in various fields like primary smcltlng, aluminum refining and value added
products etc.

The major organizations such as

A) Indian Aluminum Company (INDALCO) has three smelters at (a) Alupuram, Kerala
(b) Hirakud, Orissa and {(c) Belgaum, Karnataka.

B) Bharat Aluminum Company (BALCO) has two smelters a) Koyana Mabharashtra and
b) Korba, Madhya Pradesh

C) Hindustan Aluminum Company (HINDALCO) has smelters at Renukoot, U.P.

D) Aluminum Corporation of India has smelter at Asansol, West Bengal.

E) Madras Aluminum Company has its smelter at Mettur, Tamilnadu,

F) National Aluminum Company (NALCO) has its plant at Angul, Orissa.

The total capacity of all these smelters is 610,000 tons per year.

In addition to above the private sector M/s Larsen & Toubro, INDALCO and Karnataka Ferro
Cable Ltd. are also going to set up their plants. Already NALCO plans to expand from
2.30lakh to 3. A45lakh tons per annum and HINDALCO 1s implementing an expansion from
2.42lakh to 3.42akh tons per annum,

Indian bauxite production has increased to 5.01 MT (1900-91) from 1.92 MT (1983).




16.2.3 Coal iﬁd’ustry

Coal is occupying an important role in mineral industries. It is essential for our country
cnergy requirements. Indian coalmines are mainly confined to Tertiary and Gondwana
formations, which are spread in ! 1 states of India.

Coal mining activitics in India have started in 1774, In 1952 coal board was set up for
planned development, conservation and distribution of coal. In 1971, all the coking coalmines
except those captive mincs, held by steel plants and National Development Corporation were
nationalized. Six companics namely !.Bharat Cooking Coal Ltd., (BCCL) 2.Central Coal
Ficlds Ltd., (CCL) 3.Western Coal Ficld Lid., (WCL) 4 Eastemn Coal Field Ltd., (ECL)
5 Northern Coal ficld Ltd., (NCL), 6.South East Coalfields Ltd. (SECL) were subsidiarics of
Coal India Ltd., a Government of India undertaking. Singareni Collieries Company Limited
is a joint undertaking of Government of India and Government of Andhra Pradesh.

TISCO is the only private company mining coal, at its éaptiv_e mines. Nyveli Lignite
Corporation (NCL) is exclusively for Lignite exploration and mining activities at Nyveli in
Tamilnadu.

In India, 20 coal washeries are operating by the different companies mainly to reduce the ash
content. Coal Concentration and Development Advisory Commitice was set up under the
Coal Mine Conservation & Development Acts, 1974, In 1977 a working group on coal, was
appointed by planning commission for the formation of policics and programmes.

Present Status: Indian coal deposits are in deep, discontinuous are difficult and dangerous to
mine. Ewven thought the coal and lignite production increased from 244 8MT (1991-1992) to
322.1IMT (1999-2000), the production cost of a ton of coal is high (Rs 426 in1999-2000)
beeause of its high ash content, high volatility and low fixed carbon. Coal India Limited is
practicing age old manual pick and shovel mining, Board and Pillar under ground mines and
also having large number of cmployees. '

The low manpower productivity and low capital equipment utilization rate are main causes
for réducing the profit of CIL. The Indian washeries are also working under low capacity
utilization. The Indian Coal Industry, especially CIL is-facing double pronged threat from
slower top line growth as well as lower margin on sales. ' '

16.2.4 Cement industry

Cement is the main binding material in the construction. There are varieties of cements like a)
Ordinary Portland cement (OPC) b) Portland Pozzolana Cement (PPC) ¢) White cement -d)
Portland Blast Fumace Slag Cement (PBFSC) ¢) Oil well coment and f) Hydrophobic
cement, etc. The main raw materials for the cement industry are limestone, magnesite, clay,
gvpsum and silica, ctc.

Even though the usage of cement in India started from Indus valley civilization. The first
cement factory was setup in Tamilnadu in 1904 by South India Industries Ltd. During 1913,
Indian Cement Company Ltd. established a plant at Porbandar in Gujarat. In 1936, ail the old
units except Sony Valley Portland Cement Company Lid. were united and formed Associated
Cemvat Companies Ltd. After the partition of India in 1947 it was left with only 18 cement
plants. In 1991, New Industrial Policy was announced and in it, cement industry was
deliccnsed. Cement Corporation of India is the only public sector organization producing
‘cement by its 10 units spread over in 6 states. The country has self-sufficiency in cement
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production and also promoting export, to foreign countrics,

The production of écment was increased to 100.2 MT ( 1999-2000) from 54 MT (1991-1992).
The cement industry is now using different raw materials such as slag, fly ash and calcium
sludge produced from fertilizer factories, other than the traditional raw materials.

16.2.5 Ferroalloy industry

Ferro alloys such as Ferro-chrome, Ferro-molybdenum, Ferro-tin, Ferro-manganese, Ferro-
silicon, Ferro-tungsten are main inputs to produce ordinary steel alloy steel and special steels.
Since July 1991, Ferro-Alloy industry has been delicensed and expands tremendously both in
private and public sectors. With liberalization of government policy, the Ferro-Alloy industry
is not only producing for our domestic needs but also producing and exporting to the foreign
countries. Ferro-alloy industries are located in 11 states in India.

In the Ferro-alloy sector, production of Ferro-chrome went up from 15,300 tones in 1974 to
22,000 tons in 1979. The production reached the highest level of 41,600 tons in 1982 .The
output of ferromanganese was 205,600 tons in 1981 The production of Ferro silicon
registered a rising trend till 1981 and reached the highest level of 60,400 tones in 1981.

16.2.6 Copper, Lead and Zinc Industry

Copper: In India copper exploration has started in 1857 at Dhalbham area of Singhbhum -
district. Hindustan Copper Company worked in1862 for copper in Rajdah and Badia. Rajdoha
Mines Company in 189! also worked in the same area. Geological Survey of India (GSI)
exploration work during 1906-1908 was very cn'c';ouraging and based on that Cape Copper
- Company took over the mining prospects of Rajdoha Mining Company. During 1920,
exploration has been started in Mosaboni area and other -areas in India. Indian Copper
Corporation (ICC) has been founded in 1924 and a smelter was set up at Mosaboni in 1928,
Several copper mines were closed becausc of greater depth. In early, 1956-57 the exploration
has been intensified in Bihar, Andhra Pradesh, Gujarat, Rajasthan, Jammu & Kashmir, and
Kamataka and latter in Madhya Pradesh. '

Major Copper deposits arc Khetri Copper belt in Rajasthan, Malahjkhand in Madhya Pradesh,
and Agnigundala in Andhra Pradesh, Rakha of Bihar. Small deposits also are identified at-
Chitradurga in Karnataka, Ambamatha in Gujarat, Dariba and Chandamati in Rajasthan. The
intensive exploration of GSI and MECL lead to discovery of the new deposits in Rangamati
Pahar in Bihar, at Ingaldahalli in Karnataka, Ladera-Sakhun, Tikhi and Hesathun-Bebatham
in Rajasthan, Tamakhun (West Bengal), Amilha-Kalingr (Madhya Pradesh), Betla
(Maharastra). ' '

In India, 14 copper mines are under operation in public sector. Khetri Copper Complex
(KCC), Rajasthan, Indian Copper Complex (ICC), Bihar are two main projects under
Hindustan Copper Ltd (HCL), which is main organization involving mining and metallurgical
activities of copper. Till, 1996 primary copper metal was produced by HCL with annual
capacity of 47,500 tons through its integrated mining and metallurgical projects

Lead: India has smelting capacity of 65,000 tones of primary lead through Chanderiya
smelter. Rajasthan, Visakhapatnam smelter, Andhra Pradesh. Tundoo smelter, Bihar. Indian
lead limited company has a production capacity of 24,000 tons per year from secondary scrap
through their plants at Thane at Maharastra and at Katipark in West Bengal and Comino
Benani Zinc Ltd. The beneficiation plants are located at Muchia Dariba, Balria and Bhoting,
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Zinc: The zinc production in India is through its public sector smelters at Debart, Udiapur
district, Chanderiva smelter (Rajasthan), Visakhapatnam smelter, Visakhapatnam, Andhra
Pradesh, and Binani Zinc (Pvt) Lid. Alwaya district {(Kerala). The Zinc smelters are also
producing gold, cadmium and sulphuric acid etc as byproducts. In order to utilize zinc waste,
government is now encouraging secondary zinc production through private organizations
“such as' Ambuja Zinc Ltd., Patna (Bihar), MEWAT Zinc Ltd. Gurgaon district of Haryana,
Bharat Zinc Ltd., (Mandidecp), Indo Zinc Ltd. at Indore (M.P), M/S Scrub Alloys and Metal
Industries at Lotc of Parshuram (Maharastra). -

" Lead and Zinc deposits of Zawar and Ajmeer district of Rajasthan have been discovered
during Rana Lakhasingh (1382-97) and for more than 400 years worked on the above
deposits. Eastern Smelting and Refining Ltd in 1942 acquired lead ore deposits of Banjari,
Jaipur district of Rajasthan. Same company set up a plant at Tundoo in Dhanbad of Bihar in
1924, . .

Latter MEWAT Mincral Company and Geological Survey of India came and explored in
Zawar arca. The Metal Corporation of India sct up an ore dressing plant in 1950 for preparing
Zinc-Lead concentrations, another plant at Debrai in 1962, Later in 1965 Hindustan Zinc
LTD has taken over the above the plants. Cominco Binani Zinc Privatc Ltd. set up the first
zinc smelter based on imported concentraiions, in 1967.

“Total zinc smelting capacity in India is 169,000 tones per year. Hindustan Zinc Ltd. the
public sector undertaking has three smelters, 1) Chanderiya (Rajasthan) 2) Debari (Udaipur)
3) Visakhapamam (A P.). HZL has set up a plant at Visakhapatnam in 1977. The existing
smclting capacities have been increased in private sector. Binani-Zinc Ltd. was established in
Binanipuram (Kerala) based on imported concentrates. '

16.2.7 Oil industry

The first oil occurrence was reported by Lt R Wilcox in Assam forest on the recommendation
of H.B.Medlicott, the GSI had drilled six bore wells at Margherita and Neharkatiya. Assam
Oil Company was formed in 1899 to work on Digboi oil fields.

The Assam Oil Company carricd out intensive geophysical exploration in Assam. Till 1953
Digboi ficld was the only oil ficld and also only refinery in India. Government of India
cstablished HPCL in 1958 with the partnership of Assam Qil Company. Two refineries are
sct up at Noonmati near Guwhati, Assam and other Barauni, Bihar with the help of Rumanian
and Russian Government. Now these refineries are in Indian Oil Corporation Ltd. Another
refincry was set up at Bongaigaon with the aim of intensifying oil exploration.

The ONGC directorate set up in 1956; latter it was converted into ONGC in 1957 ONGC

identified several petroleum and natural gas reservoirs in Cambay area (Ankaleswar, Kalol,

- Navagon, and Vadsar). ONGC started refinery at Koyali in 1965 with collaboration of USSR.

ONGC and OIL are the main organizations in oil exploration. India is now trying to augment -

its petroleum and natural gas production. Directorate General of Hydrocarbons (DOH) a

regulating body was set up by the Government of India under the Ministry of Petroleum and
Natural Gas with the aim of promotion and management of Indian oil reserves.

Che_c_l;.Your_ Progress o B : .

Note: -a) Space is given below to WrIte Your answers. - -
b) Compare your answer with the model answer given at the end this unit.
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16.3 MINERAL LEGISLATION

Laws governing the mines and minerals are called mining laws. These laws are enacted to -
solve the technical, economical, political and legal problems. involved in exploration and -
exploitation of various mineral deposits. Legislation is essential for planned economic _
development, . strategic consideration and conservation of minerals for future use. Indian ‘
mining laws arc placed under two categories. First one is for the regulation and development

‘and another is for the safety and welfare of miners. '

16.3.1 Meaning of terms | - Lﬁ

The following terms are used in legislation with special connotations.

Minerals: According to the Mines Act any substance extracted from the earth by mining, -
digging, drilling, quarrying or any other operation is called as mineral. By the guidelines of
Mines and Minerals (Regulation and Development) Act, minerals are all said about except
natural gas and petroleum. These two are called as mineral oils. Minerals are further divided
into a) minor minerals and b) major minerals - B :

a) Minor minerals: These are locally important minerals and these can be developed by
small scale industry .The list of minor minerals can be changed time to time and it will vary
from state to state. The state Govt. has power to.add or delete some minerals from the list of
d ' " minor minerals ¢x. Building stones, building materials like lime, shale, limestonel (used for
the manufacture of lime only), slate, gravel, kankar etc. o Co

b) Major minerals: Minerals other than those declared as minor minerals are called as
miajor. minerals. The minerals required for the production of atomic encrgy and some other
minerals are declared as “prescribed substance” under Atomic Energy Act, ex: minerals of
uranium, thorium, beryllium, deuterium, plutonium, neptunium and other as columbine,
tantalite, pitchblende, samarskite, monazite etc. These minerals have been notified as
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“specificd mincrals” under the first schedule.

Prospecting license: It is a license granted for the purposc of exploring, locating or
producing mineral deposits.

'Mmmg lease: It is license granted to any mining ~operatiori.

Mineral concession: A mincral concession confirms right to prospect or mine with in
acquired propertics. The concession can be granted in the form of a prospecting lhicense,
mining lease, quarry lease/permit.

Claim System: This prevailed in the early days, whoever discovered minerat deposit had a
claim to work on it.

Roysity and Dead rent: Royalty is the payment to the (Government/private) owner of the
privilcge granted by him for mining and producing mineral. Dead rent is the minimum
rovalty to be paid. This is charged on the basis of area of mining Iease granted irrespective of
mincral. .

Rates of royalty
Mineral | Royalty
Coal (depending upon the group) Rs. 7 per tone to Rs.2.5 per ton

Mica (based on grading and quality) Rs.3.5 per 100 Kg. to Rs.16 per 100Kg
Iron (based on iron content and size)  Rs. 4 per tone to Rs. 0.5 per tone '
All precious and semi precious stones 20 % of sale price at the pits mouth

Manganesc orc {based on Mn %) Rs. 2 to 30 per ton
Baritcs (bascd on color) .Rs. 8to 15 per ton
Copper : Rs. 4 perton

Lecad Rs. 3 per ton

Zinc : Rs. 4 per ton

Silver : - ' . Rs. 100 per one Kg metal
Gold Rs. 2 per 1 gram per ton
Cadmium _ Rs. 16 per ton '
Nickel ' _ " Rs. 2 per ton

As per Mines and Minerals (Regulation and Development) Amendment Act, 1986, the period
of prospecting license for major minerals is three years (except mica for one year). The
maximum total area covering not more than 25 sq km and mining lease is minimum for 20
years and maximum for 30 years, which may be renewed for two periods each not exceeding
- 10 years. As far as minor minerals arc concerned, it varies from state to state. For petroleum
and natural gas the tenure for prospecting, license is 4 ycars, which may be extended further
two periods of onc vear each and the maximum arca allowed for the prospecting of petroleum
and natural gas is 3000 sq milcs. ' :

Mining lease granted to any mining operations, the maximum period is 30 years in the case of -
_ coal, iron ore and bauxitc and 20 years for other minerals. The maximum for petroleum and
“natural gas is 100 sq miles and as for other minerals only 10 sq km. For the sanction of
prospecting or mining lease, the minerals have been classified in 1o three categories a)
specified minerals b) major mincrals and ¢) minor minerals.
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Table 16.1 Specified Minerals I

1. Asbestos
2. Bauxite
3. Beryl and other Berylhum bearing minerals
4. Chrome ore
5. Coal and Lignite
6. Copper
7. Iron
8. Lead
9. Lime stone except when it is used in kilns for the manufacture of lime
10. Lithivm bearing minerals :
11. Manganese orc
12. Mincrals of Rare Earth group containing Uranium and Thoriom
13. Niobium-bearing minerals .
14. Phosphorite and other phosphatic ores containing uranium
13, Pitchblende and other uranium ores - '
167 Precious stoncs ' i
17. Silver
18. Titanium bearing minerals . .
19. Uraniferous, alienate monazite and other thorium minerals ' : _ k
20. Uranium bearing tailings left over from ores aﬁer extraction of copper and gold,
ilmenite and other titanium ores
21. Zinc
22, Zircon
23. Rutile
_ _ Table 16.2 Major Minerals
l. Coal 22. Corundum
2. Mica ' 23. Bauxite
3. Gold 24, Ochre
4. Iron 25, Tale _
5. All precious and semi precious stoncs ~ 26. Apatite and Phosphate
6. Mangancse orcs _ _ 27. Asbestos
7. Chromite Ny : 28. Cadmium
8. Limestone ‘ - 29. Calcite
8. Dolomite ~ 30. Feldspar
9. Graphite ' : 31. Diaspore _
10. China clay 32, Fluorspar . |
11. Kyanite 33: Nickel l
12. Gypsum 34. Magnesite Pyrites
13. China shell 35. Porphyllite
14, Fire clay 36, Rutile
15. Lead _ ' 37. Vermiculite
16. Copper 38. Tungsten
17. Zinc . 39. Wollastonite
18. Ilmenite ' 40. Quartz and silica sand
19. Gamet : 41. Lime sheli
20. Sillimanite . ' 42. Quartzite :
2}. Barites . 43. Quartz and silica e i
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“Table 16.3 Minor minerals

Marble
Saltpeter -
Lime shell, Kankar, limestone used in limekilns
Brick earth
Bentonite
Fullers earth
Murrum
Sand
Shingle
. Rahamatti _
. Chalcedony pebbles
. Slate and Shale '
. Stone -
. Boulders _
. Quartzite and sandstone
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16.3.2 Cﬁrrent status

The Mining Lease Rules Act, 1956, (Modifi cat:on of terms): The main purpose of these
rules arc to bring all the Icascs granted priorities to act 1949, in conformity with the mineral
construction rules.

M.M.R.D. Act, 1957 (Mines and Minerals Regulation and Development Act): This act
‘covers all minerals except coal, petroleum, natural gas and atomic minerals and this act deals
the maximum limits of area for prospecting and mining lcase and their periods and procedure

~for obtaining license, royaltics and retrains of mining lease and powers of the Central and
State Govt. ctc.

a) Mineral Concession Rules, (1960): These rules define procedures of obtaining mineral
concessions for prospecting license and mining laws.
b) Mineral Conservation and Development Rules, 1958: These rules and regulations has
been framed for the conservation and systematic development of the minerals other than
_atomic and minor minerals, coal, petrolcum and natural gas.

‘Mines Act, 1952;

a) Mines Rules, 1955
- b} Mines (posting up of abstracts) Rules, 1954,
¢) Indian Coal Mines Regulations, 1957.
~d) Indian Metalliferous Regulation Rules, 1961,
¢) Oil Mines Regulation, 1963.

"

G Cosl Mines Act Rules, 1952:

a) Coal mines {conservation and safctv) Rules, 1954,
- b) Coa& bearing areas (Acquisition and Development) Act, 1957.
) Coai Mmes (Conservatlon and Development) Act, 1974.

: Atolme Euergy Au, 1962

Th:s -act prowdes wrde powers to the central govemmcnt for regulating the prospecting and
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mining minerals used for the production of atomic energy.

. Oil Fields (Regulation and Development) Act, 1948: This deals with procedure and rules
y regarding the grant of exploration license and mining lease for petroleum and natural gas.

Territorial water, Continental shelf, EEZ and Neritic zones etc. act rule 1976: This

~ covers rules and regulations for prospecting license and mining lcase of marine mineral
resources and other rights of on seawater. In addition to the above acts, there are several acts
to come in to the force in relation to safety, welfare, and conservation etc.

16.3.3 Maritime Laws

The traditional Laws of sea should be revised after cvolution technological developments, -
Coastal countrics as well as the land locked countries are claiming that, the marine mineral
wealth 1s common heritage for all the nations. It is necessary to revise the old traditronal laws
of sea, redefinc the term High Sca, Territorial sea, National water and continental shelf and to
revise existing laws. In 1970, The UN general assembly constituted the UN seabed
committee. Three sub committees were formed under this committee,

a) Intemational seabed arca and its resources
b} Law of the sea overtimes i.. Territorial sea, Continental shelf, Exclusive Economic
1 _ Zone (EEZ) ' :
¢) Marine Scientific rescarch, Marine pollution and transfer of technology

Several sessions were held after formation of UN seabed cbmmittec, 1970 and its sub
committecs. In the 7" session (UNCLOS) at New York, 1978 was discussed Informal
composite regulatory text (ICRT). In this session it was resolved occan wealth out side
national jurisdiction should be considered common heritage and should be shared equitably
through International  Scabed Authority ' (ISA). This authority should encourage
Exploration/Exploitation through its arca enterprisc or other agencies.

! The Territorial waters, Contincntal shelf and Exclusive Economic Zone and other Maritime
' Zones Act, 1976 (Gowt, _of India act ).

Indra has enacted the above act, which lays down the limits and the jurisdiction of India over
Territorial watcrs, Continenta! shelf and Exclusive Economic Zone and Contiguous zone.

16.3.4 Territorial waters

The limit of territorial waters is 12 nautical miles from the shoreline. India has sovereignty
over the territorial waters, scabed, sub soil and air space over the waters.

16.3.5 Contiguous Zone

The limit of Contiguous Zone cxtends upto 24 nautical miles from the base linc.

16.3..6 Continental shelf

It comprises seabed and sub soil of the sub marinc arcas that extends up to edge of the
continental margin to a distance of 200 nautical miles from the base line. - :

16.3.7 Exclusive Economic Zone (EEZ)

It is an arca beyond and adjacent to the territorial waters and extends up to 200 nautical miles
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from the base line.

The central government has expressed to alter the timit of Territorial waters. The queqnnent
of India has sovereignty rights for exploration, exploitation, conservation and navigation of
all resources in territorial waters, Contiguous zone, Continental shelf and EEZ. The
government has cxclusive rights and jurisdiction for any construction in the above zones for

exploration and cxplottation, exclusive jurisdiction is through, regulations and country
scientific research.

Nobody will allow to do any work without prior permission / license from the Government of
India.

Check Your Progress

Note: a) Space is given below to write the answers _
b) Compare your answer with the model answer given at the end this unis
3. What is Rovalty?
4 Name any five major minerals.
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16.4 SUMMARY

Minerals are essential raw materials for running the industries. A systematic study is required
for various minerals in relation to their industrial applications. The economics of selecting
industrial sites ncarer to mines arc also planned perfectly. The judicious use of minerals is
essential because minerals are non-renewable resources..

Indian mincral industry is as old 300 B.C. Before independence also very few mining centers
were located in India. After independence new organizations were set up to increase
activitics in mineral industrics. The new industrial policy 1991 liberalized many regulations
and controls; with this the growth of mineral based industries took momentum.

The most important industry is steel and iron industry. The basic raw materials are iron ore
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and coking coal. The iron ore production is around 70.7 MT in the year 1998—99.‘ In India
aluminum production grew tremendously under private and public sector companies. The
chicf raw material is bauxite. The present annual production is 6.25 lakh tons.

Coal mining activities started in India since 1774. In the year 1974 government of India

" nationalized all coalficlds and created Coal India Limited. The annual production in the year
. 1999-2000 was about 322MT.

Cement 1s another important industry. The basic raw materials are limestone and gypsum.
The annual production in the year 1999-2000 was 100MT.

Ferroalloy industry is producing feérrochrome. OQur country exports some of ferroalloys.
Copper, lead and zinc industry is also cxpanded. Hindustan copper limited and Hindustan
zinc limited arc supervising the production. The first oil occurrence was reported from

‘Assam. Later afier Independence oil deposits were explored from Gujarat and Bombay high.

Recently rich deposits of natural gas were reported from Krishna-Godavari basin,

Laws governing the mines and minerals are called mining laws. These are useful to solve the
technical, economical. political and legal problems involved in exploration and exploitation
of mincrals. As per the mines and minerals amended act 1986 all the minerals are grouped
into major and minor minerals and allowed private companies also in the process of -
cxploration and exploitation, There are maritime laws to supervise exploration and
exploitation of mincrals on scas.

16.5 CHECK YOUR PROGRESS ~ MODEL ANSWERS

I. The raw materials required in steel industry are iron ore, coking coal, limestone,
dolomite, manganese ore, ferromanganese, fire clay, basic and silica bricks.

2. Digboi cil refinery, Bongaigaon refinery in Assam

Royalty is the payment to government by private mine owners.

4. Coal, mica, gold, iron, manganese, cic.

W

16.6 MODEL EXAMINATION QUESTIONS

I Answer the following in about 30 lines each.
1, Explain the growth of mineral induétry?
2. What arc maritime laws? Explain

3. Describe the growth of iron and steel industry in India.
IL. Answer the following'in about 10 lines each,

Aluminum industry
Major minerals

Oil industry

Coal industry
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13.7 ESSENTIAL MINERALS

Iron ore and steel, ores -of manganese, vanadium, chromium, titaniym magnesium,
aluminium, cadmium, zirconium, germanium and beryllium (beryl) amongst metallic

13.7.1 Application of Essential Minerals in War

millions to tonnes for war efforts. Manganese ore is requited to produce ferromanganese,
which is one of the essential constituents for stecl making. Vanadium is required in minute
quantities for making different vanadiym steels; 0.5 10 5% in high-speed tool steel 0.15 to
1.3% in fow alloy tools and spectal steels and in minute proportion in carbon and alloy steels
for structural uses. It has high melting point (1989°C) and low density (mid way between
titanium and steel). Vanadium alloys beat best titanium alloys and stainless steel in strength,
They are ductile and can be welded. Their thermal conductivity is double that of both

reactor application.

Vanadium, alloyed with metals like chromium, manganese and tungsten are necessary for
making high-speed stecls, where strength, hardness and fatigue are primary requisites,
Chromium is another ferroalloy metal and ¢ is required for ferrochrome  production.
Ferrochrome is essential for armour plates and for a variety of structural stecls. Utility of
chrome-nickel alloys has been already mentioned during nickel applications in war (refer

strategic minerals). Titanium metal finds Increasing use in aircraft and missiles, On strength-

sparking and noh_-magnetic. So these alioys are used in many special forms, in parts of
acroplanes, engine, motors, switches and watches. Beryllium_ oxide is a high temperature
refractory (257°C). It is used in aircraft spark plugs and high temperature electric furnaces.




Non-Metals: Mica is indispensable for the manufacture of all electronic equipment, because
of, its unique dielectric strength and insulating property. '

Limestone is essential for flux in the manufacture of steel and other materials. It is the
primary raw material for cement. Gypsum is also required for cement making and plaster of
Paris. China clay is used for insulation purposes. Since the exhaustion of natural cryolite in
the world, flisorite rescued aluminium metallurgy. Fluorite is used in the manufacture of
artificial cryolite, which is most important for aluminium production. Fluorite is also used as
a flux in the cryolite but to balance the fluorine content and in steel metallurgy to reduce the
viscosity. Besides these indirect applications, -production of atom bombs requires many
fluorine chemicals. :

Fuels: Military dependence on coal and coke is unlimited. The coal and coke are the inner
strength of all metallurgical, chemical and fabrication industrics. They arc a source of thermal
heat and electricity and locomotion. '

13.7.2 Present Position of Essential Minerals in India

Metals: Iron and Steel: India is self sufficient in the production of iron, pig iron and steel as
already given. -

* Manganese: According 10 the National Mineral Inventory (Indian Mincrals Year Book,
2001), the total recoverable reserves of manganese ore (as on 1995) are placed at 167 million
torines. The production of manganesc ore at 1.56 million tonnes during 2000-2001 marginaily
decreased by about 2% as compared to that of 1999-2000. Exports of manganese ore during
1999-2000 were 75,685 tonnes showing a sharp decrease of 55%. Imports of ore during
1999-2000 were 5,102 tonncs showing an increase of 17%.

The two major consuming industries of manganese ore are iron and stee! and
ferromanganese. Low grade ore of 30 -35% Mn may be used for pig iron, but ferromanganese
requires better grade {(38% Mn) and preferably of 46% Mn content.

Vanadium: India has large resources of vanadium ore in the form of vanadiferous-
titaniferous magnetites occurring in Karnataka, Orissa and Maharashtra. The total recoverable
reserves are placed at 11.53 MT as on 1995. Tndia exported 82 tonnes of vanadium in 1999-
2000 and imported 6,765 tonnes in 1999-2000. Important applications of vanadium are as
ferrovanadium for stecl and as V,0s catalyst for H,S0, manufacture by contact process.

The Regional Research Laboratory, Bhubaneshwar, Orissa was engaged in developing a
process for extraction of vanadium from the vanadiferous titaniferous magnetites, and this

roasting process made it possible for a 90 to 100% recovery.
. _

Chromium: The total recoverable reserves of chromite in the country (as on 1995) are placed
at 86.23 million tonnes. Production of chromite at 1952 thousand tonnes during 2000-2001
registered an increase of 12% compared to that of the previous year.

Exports of chromite during 1999-2000 increased by 45% to 714,448 tonnes. And imports
_registercd a substantial increase to 6,886 tonnes in 1999-2000.

Titanium: The most proliﬁc'bcaéh sand deposits containing ilmenite and rutile and other
valuable minerals like monazite lic in ‘three prominent coastal regions of India. (1) Between
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17.0 OBJECTIVES

This Unit gives a brief mtroducnon to the concept of plate tectonics and different types of
plate boundaries.

At the end of this unit you will be able to
» define the term plate tectonics
»  describe various types of plate boundarics
= explain the mechanism of plate motion

17.1 INTRODUCTION

In the early 1960s, the emergence of the theory of plate tectonics started a revolution in the
earth sciences. Plate tectonics influences nearly all geologic processes, past and present. In
geologic terms, a plate is a large, rigid slab of solid rock. The word tectonics comes from the
Greek root "to build.” Putting these two words together, we get the term plate tectonics,
which refers to how the Earth's surface is built of plates.

The theory of plate tectonics states that the Earth's outermost layer is fragmented mto a dozen
or more large and small platcs that arc moving relative to on¢ another. Before the advent of
platc tectonics, however, some people alrcady believed that the present-day continents were
the fragmented pieces of pre-cxisting larger landmasses ("super-continents”). The break-up
of the super-continent Pangaea (meaning "all lands” in Greek), which figured prominently in
the theory of continental drift -- the forerunner to the theory of plate tectonics. According to
the continental drift theory, the super-continent Pangaea began to break up about 225-200
mittion years ago, eventually fragmenting into the continents as we know them today. '

Platc toctonics has provided explanations to questions such as why earthquakes and volcanic

* cruptions occur in very specific areas around the world, and how and why great mountain

ranges like the Alps and Himalayas formed. Even though the theory of plate tectonics is now
widely accepted by the scientific community, aspects of the theory are still being debated
today. Scientists debate how plate tectonics may have operated earlier in the Ear_chs history
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and whether similar processes operate, or have ever operated, on other planets in our solar
system. It is now very well known that, directly or indirectly, plate tectonics mﬂuenoes
nearly all geologic processes, past and present.

17.2 PLATE TECTONICS

The surface of the earth is composed of rigid plates 50-150 km thick, known as the
lithosphere, consisting of both oceanic and continental crust as well as the upper mantle.
These plates rest on a hotter, denser layer that deforms plastically and is known as the
asthenosphere. The asthenosphere, or low-velocity zone, extends from the base of the
lithosphere to a depth of about 700 km. The upper most part of the lithosphere (6-40 km
thick) composcd of the crust. The lithosphere is being continuously created at oceanic ridges
by injection of magma derived from the mantle. This lithosphere spreads laterally away from
ndges and 1s finally consumed by the asthenophere in subduction zones.

The nigid plates move in a convever-belt fashion in both directions across the ocean floor at
rates of 1-20 centimeters per year. Only a small number of major lithospheric plates exist,
which grind and scrape against each other as they move independently like rafts of ice on
water. Most dynamic activity such as seismicity, deformation, and the generation of magma
occur only along plate boundaries, and it is on the basis of the global distribution of such

tectonic phenomena that plates are delineated. '

The plate tectonics model for the Earth is consistent with the occurrence of sea-floor
spreading and continental drift. Convincing evidence exists that both these processes have
~ been occurring for at least the last 600 million years. This evidence includes the magnetic
anomaly patterns of the sea floor, the paucity and youthful age of marine sediments in the
occan basins, the topographic features of the sea floor, and the indications of shifts in the
position of contincntal blocks which can be inferred from paleomagnetic data on paleopole
positions, paleontological and paleoclimatological obscrvations, the match-up of continental
margins and geological provinces across present-day oceans, and the structural styles and
rock types found in ancient mountain belts.

Check Your Progress

Note: a) Space is given below for writing your answer.
b). Compare your answer with the one given at the end of this Unit.

1. Define the term Plate Tectonics.

17.3 PLATE CHARACTERISTICS

Geological observations, geophysical data, and theoretical considerations support the
existence of three fundamentally distinct types of plate boundaries, named and classified on
the basis of whether immediately adjacent plates move apart from one another (divergent
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plate margins), toward onc another (convergent plate margins), or slip past one another in a
dircction parallel to their common- boundary (transform plate margins). Figure 1 shows the
major plates of the lithosphere,” and the major plate margins. Plate margins are casily
recognised because they coincide with zones of seismic and volcanic activity; little or no
tectonic activity occurs away from plate margins. The boundaries of plates can, but need not,
coincide with the contact betwecn continental and oceanic crust. The nature of the crustal
material capping a plate at its boundary may control the specific processes occurring there,
particularly along convergent plate margins, but in general plate tectonics theory considers
the continental crustal blocks as passive passengers riding on the upper surface of
fragmenting, diverging, and colliding plates. . S

v NN Aotetic P _,__"'E' N =
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Fig. 17.1 Major tectonic plates of the Earth.

There are threc types of plate boundarics:
) Divergent boundaries — where new crust is generated as the plate
: : pull away from each other. '

. Convergent boundaries -- where crust is destroyed as one plate dives
_ under another. _
. Transform boundaries — where crust is neither produced nor
destroyed as the plates slide hornizontally
past each other. :

17.3.1 Divergent boundaries

Divergent boundaries occur along spreading centers where plates are moving apart and new
crust is created by magma pushing up from the mantle. Like two giant convey or belts, facing
‘cach other but slowly moving in opposite directions as they transport newly formed oceanic
crust away from the ridge crest. New ocean floor is produced along the spreading ridges as
magma from the Earth’s mantle rises into their crests (axes) to form new oceagic crust. This
- adds about 15-20 cubic kilomctres of new oceanic crust each year. About an-equal volume of
old crust is lost cach ycar along convergent plate boundaries so that the overall size of the
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Earth stays the same. Almost all of the world’s divergent plate boundaries, and the abundant
volcanism along them, lic beneath the oceans. An estimated three-quarters of ail the lava
erupted on Earth each year pours out along the oceanic spreading ridges. Earthquake activity
along the occanic spreading ridges is neither as strong, nor as deep, as at convergent. plate
boundary zoncs. The reason is that the younger, hotter’ lithosphere is very thin and weak, and
stresscs cannot build up enough to causc large earthquakes. The best-known divergent
boundary is the Mid-Atlantic Ridge. This submerged mountain range, which extends from
the Arctic Occan to beyond the southem tip of Africa, is but onc segment of the global mid-
occan ridge svstem that encircles the Earth. The rate of spreading along the Mid-Atlantic
Ridge averages about 2.5 centimeters per year (cm/yr), or 25 km in a million years. This rate
‘may secm slow by human standards, but because this process has been going on for millions
of years, it has resultcd in plate movement of thousands of kilometers. Seafloor spreading
over the past 100 to 200 million years has caused the Atlantic Ocean to grow from a tiny inlet
of water between the continents of Europe, Africa, and the Americas into the vast ocean that
exists today.

Mid-Atlantic Ridge : The volcanic country of Iceland, which straddles-the Mid-Atlantic
Ridge, offers scientists a natural laboratory for. studying on land the processes also occurring
along the submerged parts of a spreading ridge. Iceland is splitting along the spreading centre |
between the North American and Eurasian Plates, as North Amcrica moves westward relative
to Eurasia. :

The consequences of platc movement arc casy o See around Krafla Volcano, in the
northcaster part of lecland. Here, existing ground cracks have widened and new ones appear
cvery fow months. From 1975 to 1984, numerous cpisodes of rifting (surface cracking) took
placc along the Krafla fissurc zonc. Some of these rifiing events were accompanied by
volcanic activity; the ground would gradually rise -2 m before abruptly dropping, signaling
an impending eruption. Between 1975 and 1984, the displacements caused by rifting totaled
- about 7 m. Pulling apart of the lithosphere may also occur on a smaller scale within a plate,
crcating zones of localized divergence, as shown, for example, by the rift valleys of East
Africa. Here, faulting has dropped down narrow blocks of crust, and the rift is widened by
magma injected from below the valley floor. Volcanoes such as Kilimanjaro are the visible
result of this process, and shallow earthquakes occur along the edges of the rift valleys. The
East African rift valleys may eventually develop into a young ocean basin, such as the Red
Sea to the north. '

In East Africa, spreading processes have already torn Saudi Arabia away from the rest of the
African continent, forming the Red Sea. The actively splitting African Plate and the Arabian
Platc meet.in what geologists call a triple junction, where the Red Sea mests the Guif of
Aden. A ncw spreading conter may be developing under Africa along the East African Rift
Zone. When the continental crust stretches beyond its limits, tension cracks begin 1o appear
on the Earth's surface. Magma rises and squcezes through the widening cracks, sometimes to
crupt and form volcanoes. The rising magma, whether or not it erupts, puts more pressure on
the crust to produce additional fractures and, ultimately, the rift zone.

East Africa may be the site of the Earth's next major ocean. Plate interactions in the region
provide scientists an opportunity to study first hand how the Atlantic may have begun to form
about 200 million years ago. Geologists belicve that, if spreading continucs, the three plates
that meet at the edge of the present-day African continent will separate completely, -allowing
the Indian Ocean to flood the area and making the easternmost comer of Africa (the Hom of
Africa) a large istand. '
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Seafloor Spreading: Seafloor spreading is the process by which the oceanic lithosphere

splits at occanic ridges and moves away from ridge axes with a motion like that of q conveyor
belt as new lithosphere is created and fills the resulting crack. Oceanic lithosphere is
consumed in the asthenosphere at subduction Sdfics to accommodate the newly created
lithosphere such that the surface area of the Earth remains constant. This hypothesis was
supported by several lines of evidence: (1) at or near the crest of the ridge, the rocks arc very
young, and they become progressively older away from the ridge crest; and (2) the youngest
rocks at the ridge crest always have present-day (normal) polarity. :

Additional cvidence of scafloor spreading came from an uncxpected source: petroleum
cxploration. In the vears following World War IL, continental oil reserves were being
depleted rapidiy and the scarch for offshore oil was on. To conduct offshore exploration, oil

Check Your Progress
Note: a) Space is given below for writing your answer. _
b) Compare your answer with the one given at the end of this Unit. .

2. Explain the importance of divergent plate boundary.
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17.3.2  Convergent Boundaries _
The size of the Earth has not changed significantly during the past 600 million years, and very




moving toward cach other, and sometimes one platc sinks (is subducted) under another. Most
convergent plate boundarics arc called subduction zones because one of the plates moves

down, or is subducted, beneath the other. ‘Often a deep trench forms on the ocean floor where

the subducting platc begins its descent.  Earthquakes arc common in the subduction zone,

particularly within the sinking lithospheric slab, thercby producing an inclined zone of
carthquakes that dips into the Earth’s upper mantle typically at angles of 40-60° from the

horizontal. Earthquakes can occur at any depth within the sinking slab, from shallow (0-60

km) to as great as 700 km. '

Over three-quarters of the world’s carthquakes take place at convergent plate boundaries. As
the subducted lithosphere moves decper into the hot mantle, its fluids are “sweated out” and
risc, triggering partial melting within the overlying mantle. The new magma is less dense
than the surrounding rock and ascends buoyantly; some of it erupts on the Earth’s surface to
form a linc of volcanoes.  Such volcanoes tvpically are steep-sided cones called
stratovolcanocs that crupt explosively. Nearly four-fifths of the Earth’s historically active

volcanocs arc found ncar convergent plate boundaries. An excellent example of a convergent

boundary is that between the Nazca platc and the South American plate. At other convergent
platc boundarics, such as the Alcutian trench in Alaska, subduction results in a curved chain
of submaring volcanocs or volcanic islands (called an island arc) bchind the oceanic trench.
Extensive istand arc-trench systems also exist in much of the western Pacific. Several of
thesc subduction zoncs also show localized divergence behind the arc, known as back arc
spreading (for example, the Marianas-Bonin arc). Convergence may also force two
continents together, as illustrated by the boundary between the Indian and Eurasian plates.
" Continental lithosphere is not as dense as oceanic lithosphere and resists subduction into the

Earth’s interior. The collision of India with Asia has doubled the thickness of continental

~ crust in that region and produced the highest elevations on Farth in the Himalayas and

Tibetan Platean. Continent to continent convergence produces shallow and intermediate

depth earthquakes but little volcanic activity. The map shows a broad belt. of abundant
carthquake activity in the Himalayas, extending across central Asia to the Caucasus
Mountains and on to the Meditesranean Sea.  In this geologically complex region, much of
the activity occurs between smaller plate fragments called microplatcs. ' '

Convergent and divergent plate margins arc natural complements. New crust is formed at the
spreading ridges and is then rafted away to either side of the ridges. Old parts of the
lithosphere, generglly far away from the spreading ridges, arc eventually consumed by
subduction in a natural “rccycling” process: conscquently no occanic crust is older than about
200 million years. As the subducting plate sinks decper into the hot mantle, it softens to a
state incapable of producing carthquakes by brittle fracture. It ultimately loses its identity
altogether and merges into the deeper mobile mantle that convectively flows back toward the
spreading floor. The type of convergence - called by some a very slow "collision” - that
takes place between plates depends on the kind of lithosphere involved. Convergence can
occur between an oceanic and a. largely continental plate, or between two largely oceanic
plates, or between two largely continental plates. '

Oceanic-continental convergence: Off the coast of South America along the Peru-Chile
trench, the oceanic Nazca Plate is pushing into and being subducted under the continental part
of the South American Plate. In turn, the overriding South American Plate is being lifted up,
 creating the towering Andes Mountains, the backbone of the continent.  Strong, destructive

. ¢arthquakes and the rapid uplift of mountain ranges arc common in this. region. Qceanic-

contincrital convergence also sustains many of the Earth's active volcanocs, such as those in
the Andcs and the Cascade Range in the Pacific Northwest. = : '




Oceanic-oceanic convergence: As with oceanic-continental convergence, when two oceanic
plates converge, one is usually subducted under the other, and in the process a trench is
formed. The Marianas Trench (paralleling the Mariana Islands), for example, marks where
the fast-moving Pacific Plate converges against the slower moving Philippine Plate. The
Challenger Deep, at the southern end of the Marianas Trench, plunges deeper into the Earth's
interior (nearly 11,000 m) than Mount Everest, the world's taliest mountain, rises above sea
fevel (about 8,854 m). Subduction processes in oceanic-oceanic plate convergence also result
in the formation of volcanocs. Over millions of years, the erupted lava and volcanic debris
pile up on the occan floor until a submarine volcano rises above sca level to form an island _
volcano. Such volcanocs’are typically strung out in chains called island arcs. As the name
implies, volcanic island arcs, which closely parallel the trenches, arc generally curved. The
trenches are the key to understanding how island arcs such as the Marianas and the Aleutian’
Islands have formed and why they experience numerous strong carthquakes. Magmas that
form island arcs are produced by the partial melting of the descending plate and/or the
overlying oceanic lithosphere. The descending plate also provides a source of stress as the
two plates interact, leading to frequent moderate to strong earthquakes.

Continental-continental convergence: The Himalayan mountain range dramatically
demonstrates one of the most visible and spectacular consequences of plate tectonics. When
two continents meet hcad-on, ncither is subducted Lcause the continental rocks are relatively
light and, like two colliding iccbergs, resist downward motion. Instead, the crust tends to
buckle and be pushed upward or sideways. The collision of India inte Asia 50 million years
ago caused the Eurasian Plate to crumple up and override the Indian Platc. After the
collision, the slow continuous convergence of the two plates over millions of years pushed up
the Himalayas and the Tibetan Plateau to their present heights. Most of this growth occurred
during the past 10 million years. The Himalayas, towering as high as 8,854 m above sea
level, form the highest continental mountains in the world :

Check Your Progress

Note: a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this Unit.

4. Explain various types of plate convergence.
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17.3.3.  Transform Boundaries

The zone between two plates sliding horizontally past one another is called a transform-fault
boundary, or simply a transform boundary. A well-known example is the San Andreas Fault,
California. These large faults or fracture zones connect two spreading centers (divergent
plate boundaries) or, less commonly, trenches (convergent plate boundaries). Most transform
faults are found on the ocean floor. They commonly offset the active spreading ridges,
producing zigzag plate margins, and are generally defined by shallow carthquakes. However,
a few occur on land, for example the San Andreas Fault zone in California. This transform
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fault connects the East Pacific Rise, a divergent boundary to the south, with the South Gorda -
- Juan de Fuca -~ Explorer Ridge, another divergent boundary to the north. The San Andreas
Fault zone, which is about 1,300 km long and in places tens of ‘kilometers wide, slices
through two thirds of the length of Califomia. Along it, the Pacific Plate has been grinding
horizontally past the North American Plate for 10 million years, at an average rate of about 5
cm/yr. Land on the west side of the fault zone (on the Pacific Plate) is moving in a
northwesterly direction relative to the land on the cast side of the fault zone {on the North
American Plate). : : ' : : '

Check Your Progress

Note: a) Space is given below for writing your answer.
. b) Compare your answer with the one given at the end of this Unit.

5. What is transform boundary?
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17.3.4 Rates of i\‘lotion

It can be measured that how fast the tectonic plates are moving today, but how do scientists
know what the rates of plate movement have been over geologic time? The oceans hold .one
of the key picces 1o the puzzle. The rate of ocean-floor movement can be calculated for a
given time span. These average rates of plate separations can range widely. The Arctic
Ridge has the slowest rate (less than 2.5 cm/yr), and the East Pacific Rise near Easter Island,
in the South Pacific about 3,400 km west of Chile, has the fastest rate (more than 15 cm/yr).

Evidcnce of past rates of plate movement also can be obtained from geologic mapping
studics. If a rock formation of known age -- with distinctive composition, structure, or fossils
-- mapped on one side of a plate boundary can be matched with the same formation on the
- other side of the boundary, then measuring the distance that the formation has been offset can
give an estimate of the average rate of plate motion. This simple but effective technigue has
been used to determine the rates of plate motion at divergent boundaries, for example the
Mid-Atlantic Ridge, and transform boundaries, such as the San Andreas Fault. Current plate
movement can be tracked directly by means of ground-based or space-based geodetic
mcasurements. geodesy is the science of the size and shape of the Earth. Ground-based
mecasurements are taken with conventional but very precise ground-surveying techniques,
using laser-clectronic instruments. However, because plate motions are globat in scale, they
arc best measured by satcllite-based methods. The late 1970s witnessed the rapid growth of
spacc geodesy, a tcrm applicd to space-based techniques for taking - precise, repeated
measurcments of carcfully chosen points on the Earth's surface separated by hundreds to
thousands: of kilometers. The three most commonly used space-geodetic techniques — very
“long bascline interferometry (VLBI), satellite laser ranging (SLR), and the Global Positioning
System (GPS) -- are based on technologies developed for military and aerospace rescarch,
notably radio astronomy and sateflite tracking. S : - ' '
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Check Your Progress

Notc:  a) Space is given bclow for writing your answer.

b) Compare your answer with the onc given at the end of this Umt
6. Explain the rate of plate motion.
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17.4 VOLCANOES IN PLATE INTERIORS

Som¢ active volcanocs, such as those making up the Island of Hawaii, arc located nearly
3.000 km from the nearcst plate bodndary. These Hawaiian volcanoes are above-sea-level
summits at the southcastern end of a vast submaring volcanic mountain chain, This chain
formed during the last 70 million years by the continuous northerly (and the north westerly)
movement of the Pacific plate over a mantle magma source that is relatively fixed in one spot,
‘called a hotspot. These features arc thought by many geologists to be caused by long, thin
convection plumes rising through the mantle. In the overlying plate, partial melting produces
new magma that collects into blobs that rise and ultimately erupt to form a new volcano on
the sea floor. During perhaps a million years and countless eruptions, the submarine volcano
may grow large enough to emerge above sea level as an island volcano. Such midplate
oceanic lavas are more fluids than those building stratovolcanoes along convergent plate
boundaries are which usually erupt non-explosively and form gently sloping shield volcanoes
such as Hawan's Mauna Loa. Continucd northwestward movement of the Pacific plate
cventually carries each volcano away from the underlying hotspot. Then, severed from its
fecding magma sourcc, the volcano ultimately dics.

Even as a new volcano grows over the hotspot, the forces of crosion slowly wear a volcanic
island down: it then gradually sinks below sea level and form a flat-topped seamount. Active
volcanoes in Hawaii, hike Kilauca and Mauna Loa and the ncarby offshore (submarine) new
-volcano called Loihi, currently lie above the Hawaiian hotspot. In many thousands of years,
Loihi may grow above sca level to become the next island in the Hawaiian chain. Intraplate
volcanism also occurs in continental interiors. For example, the spectacular geothermal
system at Yellowstone National Park, Wyoming, is the product of volcanic activity over a
hotspot in the mantle below.

17. 5 EARTHQUAKES IN PLATE INTERIORS

Earthquakes in plate intcriors are far less common than those near plate margins, but they can
be dcvastatmg Most lithosphere in midplate regions is geologically old and stiff, allowing
very high stress lcvels to build up before rupturing in a large earthquake Intraplate
carthquakes grcatcr than magnitude 7. 5 have occurred in the central and eastem United States
(Missouri in 1811-12 and South Carohna in 1886) and in Asna




17. 6 TRIPLE JUNCTIONS

Triple junctions are points where three plates mect. Because the Earth’s hthosphere shell is
_scgmented into a mosaic, the boundary between any two plates must end in a triple junction.
~ The oricntation of the boundary between these plates will determine the type of interaction at
the boundary. There are a number of possible triple junctions. The Cocos, Pcific, and Nazca
platcs join at a ridge-ridge-ridge triple junction. This is an example of a stable triple junction,
Other triple junctions are unstable. The most important triple junctions are those that migrate
along the boundary. This type of plate interaction occurrcd at the western boundary of the
North American p!atc

17.7 HOT SPOTS AND MANTLE PLUMES

The existence of convective plumes originating in the deep mantle from below the level of the
asthenosphere and rising to the bottom of the lithosphere has been proposed. These plumes
are believed to be nearly stationary with respect to each other, and hence they may be used as
reference points, with respect to which all the plates are moving. Mantle plumes are regarded
as driving mechanism for plate motion. Some of the mantle plumes may not act as a dniving
mechanism for plate motion. Such type of plume is called as a hot spot. As a plate passes
over a hot spot, the hot spot bums its way through the plate. This releases volatile and
cruptivc magma on the platc surface. A classic cxamplc of the volcanic consequences of
passage of a plate over a hot spot is the Emperor Scamount along Hawaiian lsiand chain.

Check Your Progress

Note: a)  Space is given below for writing your answer.
b)  Comparc your answer with the onc given at the end of this Unit.

7. Explain the role of mantle plumes in Plate Tectonic Theory.

1.8 SUMMARY

The Earth’s surface is composed of several distinct lithospheric plates which continuously

being interacting each other and this process leading to creation, migration and destruction of

plates. The plate tectonic theory is very significant in understanding many varieties of

~ problems.. The formation of volcanoes, earthquakes, mountain belts and many types of ore’
- deposits can be explained by this theory. This theory also provides convincing explanation

for the growth, drift and fracturing of continents. The lithosphere of the earth is composed of
several major and minor plates with four types of boundaries. The boundaries are recognised
~ as divergent plate margins, convergent plate margins, transform plate margins and plate
boundary zones. The mantle plumes are regarded as main driving force for the movement of

plates. The intra plate mantle plumes are called hot spots. -
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Plate tectonics is important economically because of the theory’s uscfulness in predicting and
explaining the occurrence of ore deposits. The hot waters which rise to the surface along the
plate boundaries are enriched in copper, iron, zinc, and sulphur. The minerals such as pyrite
(iron sulphide), chalcopyrite (copper and iron sulphidé), and sphalerite (zinc sulphide) are
formed along the oceanic rises. One such type in Cyprus is formed by this process. This kind
of mineral deposits are also found along the tensional zones formed in the basins behind
‘many subduction zones. Many ferromanganese nodules are thought to be formed on the
ocean floor by chemical precipitation of sea water. In addition to iron and manganese these
nodules are also enriched in cobalt and nickel.

Many chromium deposits arc associated with folded and faulted rocks along the subduction
zoncs. These deposits along with host rocks are thought to be brought out from upper mantle
and thrusted on to the nonsubducted plate. Many intrusions of silica-rich magma above the
subduction zones contain hydrothermal fluids. These fluids deposit clements such as copper,
gold, silver, tin, mercury, molybdenum, tungsten, and bismuth in the granites. These kinds of
deposits are found along the subduction zones around Pacific Ocean.

17.9 CHECK YOUR PROGRESS - MODEL ANSWERS |

1. Plate Tectonics is the theory that explains how plates are formed and explains their
movement and destruction. .
2. Divergent plate boundary is a tensional plate boundary at which oceanic lithosphere

is being created.

3 Sea floor spreading is the process by which the oceanic lithosphere splits at oceanic
ridges and moves away from ridge axes.

4. Various types of -plate convergence include oceanic-continental, oceanic-oceanic and
continental-continental convergence,

5. The interacting planc of two plates at® transform/strike-slip faults is known as
transform platc boundary. .

6. The velocity of platc motion varies from plate to platc rangmg from 2 to 20 ¢m per
vear.

7. The presence of mantle plumes in the interior of the earth can be considered as a

driving force for the creation of lithospheric plates.

17.10 MODEL EXAMINATION QUESTIONS

I Explain the following in 30 lines each.

1. Explain the theory of plate tectonics.
2. Enumcratc various typcs of plate boundaries.

Il Explain the following in 10 lmes each.

. Explain the following;

a) Mid-occanic ridges, b) Sca floor spreading, c) Triple junctions
2. Explain the rate of lithospheric plate motion.
3. ‘What are mantle plumes? What is their rolc in the platc tectonics?

B
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UNIT : 18 - ENGINEERING ASPECTS OF GEOLOGY
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18.0 OBJECTIVES

In this unit, geological aspects of dam’s sfes, reservoirs, turmels, building and road materials,
bridge sites are described.

After studying this unit, you will be able to
* c¢xplain the geological concepts of dam sites
* cxplain geological aspects of reservoirs
¢ * describe geological aspects of tunncls
* oxplain geological aspects of building and road material

18.1 INTRODUCTION

The important engincering projects like dams, reservoirs, tunnels, bridges and buildings etc.,
arc constructed on rocks or soils. It is, thercfore, essential to have the fullest knowledge
possible of the strata or soil through which works of construction are to be carried or on
which these have to rest.  When the geological characters of the site or alignment are not
properly investigated or properly interpreted, the structures might involve considerably higher
costs. Not only that, their stability might be in question. Many dam disasters, foundation
failurcs in buildings, collapse of bridges and tunnels were, on subscquent study, found to be
closely related to ignorance of geological conditions that existed in and around these
structurcs. The main object of geological investigations for enginccring projects is to
determine the geological structure of the area, lithology of the area and the ground water
conditions of the region. The geological structure of the arca is determined by conducting
extensive and intensive geological surveys.  These surveys would reveal the entire
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topographic details, occurrence of folds, faults, major unconformities, joint systems and
geomorphic details of water bodies fike rivers, lakes, springs, drainage systems ctc.

The lithological details, as revealed by these investigations, would include the type of rocks
that make up different parts of the area, on the surface as also upto and even bevond a desired
depth, their textures, major structures and physical and engineering properties. Groundwater
table conditions arc significant in the success of the engineering structures and hence,
detailed investigations are cssential,

18.2 GEOLOGICAL ASPECTS OF DAM SITES

A Dam is defined as a solid barrier constructed at a suitable Jocation across a river valley with
a view of impounding water flowing through that river. Dams are constructed with various
objectives: (1) power gencration, (2) irrigation, (3) domestic water supply, (4) flood control,
(3) silt prevention, (6) navigation etc.  Additional benefits coming from dams are
devclopment of fisheries and recreation facilitics in the reservoirs.

'The dams arc classified as concrete dams and carth dams .

Concrete dams: Concrete dams arc of three basic tvpes : (a) Mass gravity dam, in which
load of the dam is spread over a large arca, hence foundation pressurcs are comparatively
low, b) Buttress dam, in which the load is carried up to the strong foundation through a series
of narrow buttrcsses. Hence foundation pressures arc high, ¢) Arch dam: A relatively thin
structurc. Hence foundation pressures are high.

Earth dams: These arc constructed on thick soil foundations. If tiwe soil structure is less
they may be founded on solid rocks. If a Gam serves more than one objective, it is called a-
multi-purpose dam. : '

In our country important multipurpose dams are constructed mainly for irrigation and
hydropower generation.  For - instance, Nagarjunasagar dam in Nalgonda district,;
Sriramasagar dam in Nizamabad district, Andhra Pradesh and Konar dam at Hazaribagh,
Bihar and Bhakra dam, Bilaspur district, Himachal Pradesh etc.

18.2.1 Geological Investigation at Dam Site

The suitable geological conditions, which lead to the success of dams arc {(a) a nairow river
channel, which can be blocked with a relatively small dam, (b} safe foundation (c) suitable
spillways etc. To achicve these objectives, the following investigations are to be carried out.

General Geology of the Area: Preliminany geological surveys of the entire catchment area
followed by detailed geological mapping of the rescrvoir area have to be conducted. These
should reveal (i) main topographic features, (if) natural drainage patterns, (iii) general
characters and structures of rock formations such as their stratification, folding and faulting
and igneous intrusions and (iv) the trend and rate of weathering and erosion in the arca.

Lithology: The single most important fcature that must be known thoroughly at the sitc and’
all around and below the valley upto a reasonable depth is the lithology, i.¢. types of the rocks
that make the area. Surfacc and subsurface studics using the conventional and latest
techniques of geological and geophysical investigations arc carried ont.  Such studies would
reveal the type, the composition and textures of the rocks exposed along the valley floor, in

187




the walls and upto the required depth.

Structures: The structural features of rocks of the site are also thoroughly investigated. This
involves detailed mapping bedding planes, schistosity, foliation, cleavage, joints, shear zones,
faults and fault zones, folding and the associated features. Each one of these features
modifies the cngineering properties of the rocks to a great extent. While mapping these
fcatures, special attention is given to recording their attitude, spacing and nature.

Dip and Strike: The strength of sound, unfractured stratified rock is always greater when the
stresses are acting normal to the bedding planes than if applied 1n other directions. This being
so, horizontal beds should offer best support for the weight of the dam. (Fig. 18.1) But the
resultant force (duc to weight of the dam and thrust of the impounded water) is always
inclined downstream. As such, gently upstream dipping layers offcr best resistance to the
resultant forces in a dam. (Fig 18.2-A)They also serve as a natural obstruction for leakage.

Fig. 18. 1 Dam on horizontal strata

it is also casy to understand that the easicst direction for displacement or slippage in stratified
rocks is along the bedding planes. Consequently, the most unfavourable strike direction is
the one in which the beds strike parallel to the axis of the dam and the dip is downstream (Fig

18.2-C). Thercfore, other conditions being same, beds with upstream dips are quite
favourable sites for dam foundations (Fig. 18.2-A).

Fig. 18. 2 Dams on sedimentary beds of different orientation. A-Upstream inclined
strata; B-Vertical strata; C-Downstream iriclined strata '
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Fault: These structurcs can be source of danger to the dam in a number of ways. a) The
faulted rocks arc generally shattered and weak along the rupture surfaces; b) Unexpected and
totally differcnt types of rocks may be present on either side of a fault planc. Hence, sites
with fauit plancs require great caution. c) Dams founded on beds traversed by fault zones and
on major fault planes arc more hable to shocks during an carthquake compared to dams on
non-faulted rocks.

Folds: Dams aligned along axial regions would be resting on most unsound rocks in terms of
strength.  Similarly, in synclinal bends dams placed on the upstream limbs would run the risk
of leakage from beneath the dam. The balance of forces in the stressed limbs would be
disturbed if thesc were opened up during construction of diversion tunnels and galleries.

Joints: No sites are totally free from jointing. Hence, sites cannot be abandoned, even if
profuscly jointed. However, the detailed mapping of all the aspects and character of Jjointing
as developed in the rocks of proposed site has to be taken up with great caution. The
geometry of joints, their intensity, nature and continuity with depth all must be thoroughly
cstablished, and their cffects on the site rocks evaluated and remedial measures taken in
advance.

18.3 GEOLOGICAL ASPECTS OF RESERVOIRS

Reservoirs may broadly be defined as artificially created watcr storage basins with storage
capacity that may range from a few thousand cubic meters to hundreds of thousands of
million cubic meters. Depending on the purpose of storage, reservoirs are classified into
three main categorics: They arc Storage and conservation- reservoirs, (11) Flood control
reservoirs, and (iii) Distribution reservoirs,

18.3.1 Geological Investigations

Since rescrvoirs are cssentially water storage basins, the area should possess such geological
characteristics that favour holding of water in the basin so created. Such characters are:
topographic suitability, ground water conditions, permeability and structural stability.

Topography: Topographically the arca should be a broad naturai valicy preferably ending in
a narrow gorge wherc a barricr could be placed. The valley could be a U-shaped glacial
valley, V- shaped niver valley or a broad synclinal valley. Flatlands and plains cannot make
convenient places for reservoirs. '

Groundwater conditions: Groundwater conditions in the proposed reservoir area must be
thoronghly established for an approximately accurate evaluation of storage capacity of the
rescrvoir. Anyone of the thre¢ possibilities could be there:

1) The general water table is much above the top water level in the proposed reservoir.

This is a very favourable situation, as there is no risk of water loss from the reservoir -
to the surrounding arca (18.3-A) '

u) The gencral water table is much below the minimum water level in the reservoir,
obviously, depending upon the perméability of rocks along the base and the flanks of
the rescrvoir; water would be lost from the reservoir to the surroundings thereby
effecting the total storage inventory considerably (18.3-B).

i) The gencral water table of the area and the top water level of the proposed reservoir
arc almost the same (18.3-C), This is an idea! situation ensuring a no loss no gain
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condition but generally not available on a large scaie.

Fig. 18. 3 Groundwater conditions with respect 10 top rescrvoir level (TRL).

In view of such a close rclationship between water table and storage capacity of the proposed
reservoir, it is absolutely cssential that water table position all along must be thoroughly
established.

Permeability: Permeability is a critical property in reservoir area studies, cspecially in those
‘areas where ground water table is below the minimum water level of the reservoir.
Permeability values, whether primary or sccondary, must be thoroughly established.

Structures: Structural constitution of the area of the reservoir is important to identify those
zones along the flanks, which are liable to failure by sliding, creep or subsidence.

" Rate of weathering: Ratc of wcathering in catchment area is of considerable importance n
determining the age of the reservoir. If the catchment happens to be made up predominantly
of weathered, barrcn slopes which are broken, falling, shattered and jointed profusely, the run
off and slope wash would contribute heavy load of sediments to the reservoir after every rain.

This would obviously decrease the effective storage capacity of the reservoir on the one hand
and its total lifc on the other hand. However, stable rock slopes covered with thick forests
and vegetation would make ideal catchment arcas for reservoirs.

Check Your Progress

Note a) Space is given below for writing your answer.
b) Compare your answer with the one given at the end of this unit.

I, What are the geological factors considered in the selection of dam site?
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1 184 GEOLOGICAL ASPECTS IN TUNNELS

Tunncls are under ground routes or passages driven through the ground without disturbing the
overlying soil or rock cover. Tunnels are driven for a variety of purposes e.g. traffic tunnels,
which are used for traffic flow, hydropower tunnels used for conveying water under gravity
fromt one point to another etc. Rocks may be broadly divided into two categories in relation to
tunnctling: consolidated, unconsolidated and soft ground. Tunnel design, method of its
“uexcavation and stability is greatly influcnced by the following geological conditions.

18.4.1 Lithology

The mineralogical composition, textures and structures of the various igncous, metamorphic,
and scdimentary rocks, through which the proposed tunncl is to pass, is of great importance in
deciding (i) the method of tunnelling, (ii) the strength and cxtent of lining and, thus (iii) the
cost of the project.

Hard and crystalline rocks: Rocks falling in this group include granites, diorites, syenites,
gabbros, basaits and all the related igneous rocks, sandstones, limestones, dolomites,
quartzites, arkose, greywackes, etc. of sedimentary group and marbles, gneisses, quartzites,
phyllites and slates from the metamorphic groups. When anyone of these rocks is stressed,
such as during folding or fractured as during faulting, tunnelling in these rocks proves greatly
hazardous duc to rock bursts.

Soft rocks: This group includes shales, friable and poorly compacted sandstones, chalk and
porous varictics of limestones and dolomites, slates and phyllites with high degree of
clcavage and also decomposed varictics of igneous rocks. Their excavation cost, volume for
volume, might be lower than those in hard rocks. However, in most cases, these rocks are not
sclf-supporting.  Hence, temporary and permanent lining becomes necessary that would
involve extra cost and additional timc. '

Fissured rocks: Fissured rocks form a category in themsclves and include any type of hard
and soft rock that has been deformed extensively due to secondary fracturing as a result of
. : 191
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folding, faulting and metamorphic changes of shearing type. Tunnelling in such rocks is
always hazardous. The extent of deformation has to be thoroughly established. The fissured
rocks are very often the zoncs where ground water would be qncountered.

18.4.2 Geological Structures

The design, stability and cost of tunncl depend not only on the type of rock but also on the
structures developed in these rocks. Following main structural featurcs of rocks have to be
fully determined along the proposcd tunnel route: '

Dip and Strike: These two properties determine the attitude of the rocks and hence influence
the design of tunnel to a great extent. Three general cases may be considered.

i, Horizontal Strata: Such a situation is rare in occurrence for longer tunnels. When
encountered for small tunnels or for short lengths of long tunnels. horizontally layered rocks
might be considered quite favourable (Fig. 18.4).

Fig. 18. 4 Horizontal tunnel through horizontal beds

ii. Moderately Inclined Strata: Layers that arc dipping at angle upto 45° may be said as
moderately inclined. The tunncl axis may be running parallel to the dip direction, at right

angles to the dip dircction or inclined to both dip and strike directions. Each condition would
offer a different sct of problems.

Fig. 18. 5 Tunncliing parallel to: A - Dip of layers; B — Strike of the lavers
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In the first situation (Fig. 18.5A), the layers offer a wniformly distributed ioad on the

excavation. It is a favourable condition from this aspect. In the second case (Fig. 18.5B), the
pressure distributed to the exposed layers is unsymmetrical along the periphery of the tunnel
opening. Such a situation obviously requires assessment of forees liable to act on both the
sides and along the roof and might necessitate remedial measures. In the third case, when the
tunncl axis is inclined to both the dip direction and the strike direction, weak points of both
the above situations would be encountered and have to be taken care of

iii. Steeply Inclined Strata: In rock formations dipping at angles above 45°, quite
complicated situations would arise when the tunnel axis is paraliel to dip or parallel to strike
or inclined to both dip and strike directions. '

Folding: Folding of rocks introduces considerable variation and uncertainty in a sequence of
rocks so that entirely unexpected rocks might be encountered along any given direction. This
situation becomes especially serious when folding is not recognized properly in preliminary
or detailed surveys. Folding creates unequal energies in anticlines, synclines and their limbs.
The alignment of a tunnel passing through a folded region has to take these aspects in full

Faulting: Intersection of fanlt plancs, fault zones and shear zones with the tunnel axis play
important role in tunnclling. Wherever faul plancs or shear 2oncs intersect tunnel, it 1s to be
considered as passing through most unsafe situations and hence designed accordingly by
providing maximum support and drainage facilities.

18.4.3 Ground Water Conditions

There are three general possibilitics of relationship between tunnel axis and groundwater
level.

(a) The tunnel axis may be passing entirely through impervious formations in which there is
80 possibility of water Scepage or leakage or movement. It is an ideal condition for
tunnelling of course, but is VeIy rar¢ in nature. Good lengths in short tunnels or smafl lengths
of long tunnels might show such a relationship.

(b) The tunnel axis might be located mostly above the water table, iniercepting the aquifer
only in some sections. This is onc of the most common situations and would involve
provision for special drainage facilitics to be located in water-bearing zones of the section.

(c) The tunnel axis might be located below the water table. Such a situation should be
avoided as far as possible. In some specific cases, however, this might be the only
possibility, such as in soft ground tunnelling, under water or in the karst regions. Whercver
tunnels enter the saturated zones, effective drainage systems and also support systems have to
be planned much in advance.

Check Your Progress

Note: é} Space is given below for Writing your answer. _
b) Compare your answer with the one given at the end of this unit,
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i 18.5 BUILDING STONES AND ROAD MATERIAL

Building stoncs include all kinds of rocks, which are uscd as dressed blocks or slabs, n the
construction of dams, bridges, docks, retaining walls, buildings, ornamentation and other
masonry structures. Stong-chips used as aggregate in concrete, rocks utilised in the
manufacture of lime: cement, earth, clay etc.

Amongst the raw materials required for the construction of roads, clay, sand, gravel and
crushed stone are the four major items, the sclection of which can be made properly with the
assistance of appropriate geological knowledge.

18.5.1 Building Stones

Amongst the different types of rocks occurring in rature, the well-cemented, hard and durable
varietics of sedimentary rocks are uscd most conveniently as building stones since they are
available readily. In view of the higher cost and greater difficulty invotved in their quarrying
and drcssing, the massive and compact 1gncous and metamorphic rocks are less frequently
uscd as building stones than the sedimentary rocks of similar strength and durability.

A building stone of good quality must be durable and should preferably be of light colour.
Durable as well as beautiful rocks are, however, rather costly and arc generally used as
ornamental stoncs. It is, therefore, apparcnt that the sclection of a building stone should
depend primarily on the following parameters.

(a) The strength and durability of building stones depend mainly on their mineralogical
composition, texture and structure, if the constituent minerals are hard, free from cleavage
and resistant to weathering it is apparent that the stone is likely to be strong and durable. The
rock granite composed mainly of quartz, feldspar and mica is, thus, very strong and durable
while the carbonate rocks like marble and limestone are relatively weak and are worn out
more rapidly. The rock quartzite, composed mainly of quart alonc is obviously strong and

' durable while the mica-schists are rather weak since they contain much of mica, which is an
casily clcavable mincral. In crystalline rocks of igneous and metamorphic origin, the mineral
grains are mutually interlocked and no open space is usually left in between the constituent
grains. The interlocking texture of the mineral grains contributes substantially towards the
strength of the crystalling rocks ard the impervious nature of these enables them 1o resist
weathering.

in most of the sedimentary rocks, on the other hand, the discrete mineral grains are held
together by cementing materials of variable strength such rocks arc generally porous duc to
the presence of void spaces in them. The nature of the cement determines the strength and
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The volcanic rocks often contain vesicles while._the sedimentary rocks are characterised by
the presence of bedding planes. Some varictics of metamorphic  rocks, again, are
conspicuocusly foliated. The aforesaid Structural features . serve a5 planes or zones of

coloured. The light- colour of most of the sandstones, limestones, marbles and gneisses is, in
a similar MANAer, an expression of their characteristic mineralogical composition. The colour
of a sedimentary rock is. however, influenced considerably by the nature of the cementing
matcrials and impuritics present in them, Thus, sandstones with siliceous cement are light-
coloured while those with ferruginoug cement are dark-coloured. In a similar manner, pure

mincrals adds to the b'eauty'of a gneissic lock. Pyre marbles of milk-white colour and -
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modulus of elasticity and other physical properties.

its of various types of building and ornamental stones occur m abundance in different
parts of the Indian sub-continent. The granites, chamockites, gneisses, marbles, quartzites
and slates of Archaean age constitute an inexhaustible source for the supply of excellent
building and decorative Stoncs.

18.5.2 Road Materials

The construction of a road involves use of large quantities of road materials. In the interest of
the economy of the project, therefore, it is always desirable to find out suitable deposits of the
required raw materials in the vicinity of the proposed roadways and, to achieve this end; it is
cssential to have a thorough knowledge of the geology of the region.

Clay and other argillaceous rocks are occasionally used in the construction of roads; but these
materials are wom out readily when dry and become muddy when wet. A mixture of sand
and clay however constitutes a more suitable road material than-sand or clay alone. By virtue
of the hardness, toughness and durability of their constituent grains, gravels are used widely
in the construction of road. Graveisinwhichﬁwconstituemgraiusaecomposedofweak
and highly foliated rocks are, however, not suitable for road construction. In the construction
of stabilized roads a mixture of gravel, sand and clay is generally used. A road of this type 18
sufficicatly durable. o '

- Amongst the different types of road materials, crushed stones are most abundantly used,
nowadays, in the construction of highways. Crushed stonies of good quality must, therefore,
be (a) hard (b) tough, (c) resistant to abrasion and, at the same time, should posscss a (d) high
cementing value. The hardness, toughness, abrasive resistance and cementing value of
crushed stones are, however, dependent on mineralogical composition, grain size and texture
of the rocks, from which they are derived.

The volcanic rocks, however, posscss 2 high cementing value as well since they contain some
secondary minerals like calcite, zeolite, €tc. All the volcanic rocks are amply suitable for use
as crushed stones. The plutonic and hypabyssal rocks are otherwise quite suitable for the
purpose but are rather poor in their cementing properties. Very coarse grained igneous rocks
(like pegmatite) possessaverypoorcunentinsvalue. 'I'hesedinwmaryrocksaregmerally
soﬁcrandlessumghthautlwigmousfocks. Amongstmetamorphicrocks,thccompact
gneisses, granulites, amphibolites, quartzites and marbles are suitable for use as crushed
stones, although they are generally rather poor in their cementing properties. The common
varictics of slates, schists and phyllites, which are soft and strongly foliated are, however,
rather unsuitable although they often possess a high cementing value.

18.6 GEOLOGICAL ASPECTS OF BRIDGE SITE

A bridge is defined as a structure built over a river, a dry valley, low land or any depressed
part of the land to provide a link between the two opposite sides. Tt is essentially a

" communication link on a road or raitway track or a highway. Bridges, especially over major
rivers and in hilly and mountainous areas are very important civil engineering structures.
Within big citics divided by rivers or steams, a bridgg has to be placed where it is needed,
irespective of the subsurface geology. However, on highways, there is often some flexibility
available in the choice of placement of a bridge. The design, stability and durability depend,
to a great extent, on the subsurface geological conditions that must be properly investigated.
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In any major bridge construction project, the designer is keen to place the I?ridge ab_utmepts
and piers on as sound and strong and stable rock foundation-below as possible. This being
50, the geological characters that are investigated and thoroughly established are:

(a) The depth to the bedrock;
(b) The nature of the bedrock;
(c) The structural disposition of rocks.

18.6.1 The Depth to the Bedrock

Loosc and unconsolidated sediments, or weather country rock material at the site of bridge is
unsafe duc to lack of stébility of material and possibility of erosion by running water. As
such, the picr must be placed on a stable foundation, preferably of rock, under a suitable
thickness of cover material so that it is safe from scour by river water.

The height of pier from under the span to the foundation level therefore, depends on the
‘depth of the bedrock’ below the river water. Such sound bedrocks might be available within
a depth varying from 5 to 20 meters below a riverbed or they might not at all be available
cven upto 100 mcters or more. Al that depends on the local geology, which has to be
investigated and understood.

18.6.2 The Nature of the Bedrock

The bedrock at bridge site has to bare compressive force due to vertical load of the bridge, the
hotizontal load from running water and complex load of due to heavy traffic consequently,
thebédrockselectedasfbtmdationforthepiermustbestrongenoughtobm'thesumtotalof
all these loads, not temporarily, but throughout the proposed life of the bridge.

The nature of the bedrock is commonly determined through study of petrological characters
and enginecring properties, especially the strength values, using the core samples obtained
during drilling of test bore holes.  Most igncous and massive type of sedimentary and
mctamorphic rocks are quite strong, stable and durable as foundations for bridge piers and
abutments. The group of weak rocks, which might behave badly in the presence of water,
includes such types as cavemous limestones, chalk, friable sandstones especially with clayey
cements, shales, clays, slates; schists and the tayers of peat and compressible organic
material. Many of them are amenable to treatment by artificial methods.

18.6.3 The Structural Disposition of Rocks

to reach through-piles. In fact, oceurrence of drowned valleys is considered one of the major

complications in bridge foundations that limit the options of a design engineer.
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Check Your Progress

Notc: a) Spabe is given below for writing your answef. o
b) Compare your answer with the one given at the end of this unit.
4. What arc the criteria for the selection of building stones?
5. What are the geological characters investigated for the selection of Bridge
sitc”?

18.7 SUMMARY

The irﬁportant engineering projects like dams, reservoirs, tunnels, roads and bridges etc., are
constructed on rocks or soils. It is, therefore, essential to have the fullest knowledge of

subsurface geology of the area for the success of the engineering structures. The suitability ~

of rock as foundation or material to be used as for construction not only depends on the origin
(igncous, metamorphic, and sedimentary) but also on the mineral composition, structures, and
textures. In the present day engineering construction, it is almost mandatory to decide about
the location, design and construction of all major structurcs only after geological characters
of the arca have been investigated and recorded to the last possible detail.

Dams are constructed with various objectives: (1) power generation, (2) irrigation, (3)
domestic water supply, (4) flood control, (5) silt prevention, (6) navigation etc. The suitable
geological conditions, which icad to the success of dams are (a) a narrow river channel,
which can be blocked with a relatively small dam, (b) safc foundation (c) suitable spillways
etc. To achieve these objectives, a thorough systematic investigation of geological characters
of the area is neccssary. ' :

Reservoirs are artificially created water storage basins. Depending on the purpose of storage,
rescrvoirs are classified as storage and conservation reservoirs, flood control reservoirs, and
distribution rescrvoirs. Since reservoirs are essentially water storage basins, the area should
possess such geological characteristics that favour holding of water in the basin so created.
Such characters are: topographic suitability, ground water conditions, permeability and
structural stability. Tunnels are under ground routcs or passages driven through the ground
without disturbing the overlying soil or rock cover. Tunnels are driven for a variety of
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purposes. Tunnel design, method of its excavation and stability are greatly influenced by the
lithology, geological structures and groundwater conditions.

Buildingstoncsincludeallldndsofrocks,wlﬁchareusedasdressedblocksorslabs,inthc
construction of dams, bridges, docks, retaining walls, buildings, omamentation and other
niasomy structures.  Stone-chips used as aggregate in concrete, rocks utilised in the
manufacture of lime; cement, earth, clay ete. Amongst the raw materials required for the
construction of roads, clay, sand, gravel and crushed stone are the four major items, the
sclection of which can be made properly with the assistance of appropriate geological
knowledge. -

A bridge is defined as a structure built over a river, a dry valley, low land or any depressed
part of the land to provide a link between the two opposite sides. It is cssentially a
communication link on a road or railway track or a highway. Bridges, especially over major
rivers and ip hilly and mountainous arcas are very important civil engineering structures.
Within big cities divided by rivers or Steams, a bridge has to be placed where it is needed,
irrespective of the subsurface geology. The design, stability and durability of bridges depend,
1o a great extent, on the subsurface geological conditions that must be properly investigated.

188 CHECK YOUR PROGRESS - MODEL ANSWERS

L. Lithological and structural parameters.

2. Reservoirs may broadly be defined as artificially creatod water storage basins with
storage capacity that Mmay range from a few thousand cubic meters to hundreds of
thousands of million cubic meters,

3. Tunnel design is greatly influenced by following geological conditions:- lithology,
geological structures and ground water conditions, : .

18.9 MODEL EXAMINATION'QUESTIONS _

L. Answer the following questions in 30 kines each,

1. What are dams? Why are they constructed? Discuss the role of geological
investigations at dam sites?

2. What are building stones? On what factors docs their selection depend?

3. Give a broad account of geological conditions that influence the tunne
_ alignment, .
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Answer the following questions in 10 lines each.

o

Tunnel in horizontal strata.

Types of dams.

Rate of weathering in catchment area of Reservoirs.
How do you assess the nature of Bedrock at bridge site?
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19.11  Modcl Examination Qugstions

19.0 OBJECTIVES

In this unit the idea of natural resource, different types of natural resources like forests, soils,
mineral resources and energy resources are discussed. The possibility of usage of alternate
sources of a Tesource is also given. .

Afier completion of this unit, you will be able to
e describe the natural resource
e cxplain the different types of natural resources
o describe the importance of soil and its conserving methods
o explain the importance of water and its utilisation

19.1 INTRODUCTION

A rosoufee i, a naturally occurring substance that is potentially feasible to extract under
provaili cdxiditions. Natural resources are those structures and processes that can be used
by huntand §ir thodr own purposcs but cannot be created by them. If the supply of a resource
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A natural resource js anything drawn from Earth 1q support life o a way of Jife. The

Proper planning, better Mmanagement and optimum utilization of the natyral Tesources leads 1o
the befter way of life. Good management of the available resources always helps the
mankind to progress with confidence, stability in society. : '

The long strides of civilization, constam struggles for higher standards of living, explosions in
population, expansion in urbanizatibn_, demands of industrial revolution and shortages in
accumulation have depieted the natural resoyrees base around the globe.

The annual rate of deforestation in the world is more than 20 million hectares, around 0.45%

of the forest eover. The forests in India cover only 10% of the geographical area, while the
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annual ratc of deforestation is 1.5 millidn hectares, 3% of the existing COVEL. The world
average rate of deforcstation itslf is high. While that of India’s is appalling eleven times
higher. '

On an average globally, 25 billion tones of topsoil from croplands are being washed into the
_oceans cvery yuar and an cstmated 2 billion hectares of land have becn destroyed by it. The
damagge 1s morc apparent in devcloping nations with an exploding population.

The effccts of deforcstation are Soil erosion, Floods, Silting of rescrvoirs and agricultural r
lands, Decrease of recharge to groundwatcr,_Dcscrtiﬁcation.

There is crisis of economic dcvei_opmcnt, due to misuse of natu_ral resources like. soil, water
and forests, than industrialization.

-

19.3 SOIL

Soils may be defined and classificd in 2 number of ways, depending on who defines them and
the purpose of classification.  An engineer, for example constders the soil to be any
unconsolidated material overlaving bedrock at the carth’s surface. For an carth scientist, soil
is defined as that portion of the loose material at carth's surface capable of supporting plants
with root systems.

There is closc relationship exists from ancient civilization to the presetit human life that cxists
on the carth. Even today most of the workd’s population are titlers of the soil and live close to
the soil becausc of its importance. Thus soil is integrally and intimately connected with rocks
bencath, the vegctation growing above and the waterl percolating through it. In other words it
has its own microclimate wherein the vegetation growing above and the water percolating
through it. o '

Soil consists of products of weathering of rocks, intermixed with 1iving organisms and the
products of their decay, the moisture and air filling and interstitial space. In other words the
soil has a microclimate of its own. controlled by water, air and organisws. The. silt particles
constitutc the framework and the clavs and organic matier (humus) hold together the
framework serving as the nutricnt basc. The colloidal clays & hurnus will bave the capacity
for cation cxchange and attract the molecules of watcr that form a sort of atmosphere around
the clay particles. 1t is water aftracting and water holding capabilitics of the colloidal humus
and clays that keep the soil moist ¢ven during the dry scasons. Thus the soil is living system
and is cndowed with an internal micro-atmosphere of air and vapor, and is capable of
supposting vegetation and promoting various biological and Biochemical process.

Geologists consider soil as the wpper part of the weathered material (regolith) resting on the
bedrock and contain inorganic and organic nutrients. But the environmentalists say that soil
is a dynamic living layer forming the foundation of all ecosystems. The farmers and
horticulturists ctc. are dependents  upon soil and are more concerned with the primary -
production systems. It not only sustains and nourishes the primary production but also acts as
a passage and store for groundwater, which is essential for survival after cessation of rainfall.
There are two major categories of soil viz., Insitu or zonal soil and drift or azonal soil. The
former category usually occurs in relatively flat or undulating areas which are found as a
result of weathering. The sccond catcgory of soil is formed over the colluvial (emplacement
by mass-movement) of alluvial (nver borne) deposits also referred tO as transported soils.
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charactcristics of the soil. By organic fertilizers have drawbacks: they can be low In specific
clements required by a particular soif '

dcycl__opt_,nen_t of modem, industriaﬂy produced, chemiea) fertilizers. The major focus fqr the
future must be on sustainable agriculture, which Means that production Per unit area jg
restricted to the amount that docs pot damage soils, climinate water supplics and does not

lead to permanent pollution downstream.

19.3.1 Soil Erosion

Soil erosion ig one of the Management issyes in fecent years by which sojf looses its fertiliry
and converts into deserts. The adverse affects of drastic microclimate change are due to
deprivation of vegetation cover. The human activity Jead 1o destroy the &reen cover as sgep
in Himalayas ang Niligiri hills. The increased degradation lead to soi] €rosion and clearly
visible in the form of sediments transported by the rivers. The nationaj and internationa]

slopes in the mountain regions. These wilf rapudly be replacing the loea) flora on the croded
sotl region. Example, Kosi Valley of the lesser Himalayan terrain in Kumuan and Garhwar

sector of Himalaya, §gj) €rosion accyrs naturally and ajs0 by human activity, The natura]
crosion takes place by sheet crosion and gully erosion.

Control measures so far available for spj) erosion fall ynder two' heads, viz., agronomic
methods and engincering methods,
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19.4.1 Agronomiic practice

The protection of the topsoil by special methods and schemes of crop cultivation. This has

" been proved successful in many cascs and these are (i) Crop sotation: Different crops are

grown in the same field according to 2 definite scheme of rotation i.c. one after another. - A
sequence commonly followed, for instance, is 2 cultivated crop, a smallegrain and then grass
(after which again cultivated crop will be grown). (i) Strip cropping: Cultivated crops:and
COVET CTops are grown in alternate strips. These strips are generally made parallel with the
contours. ' . R

19.4.2 Engineering methods

Engincening methods arc most widely used for combating soil erosion, whicl 'ﬂclh_dc_ the

following '
~ cxcavation of different types of ditches for the removal of excessive we ™ the

e construction of suitable types of terraces
e ~ Construction of dams for checking the soil crosion.

Check Your Progress _ |
Note: (a) Space is given below for Wwriting your answer.. .
(b)  Compare your answers with the model answers given at the end of
1. . Whatisanatural resource?
| 2. By what natural process soil evosion takes place? .

The wealth of a nation is ultimately the amount of minral rosources availablc. and exploited.
The usage of mincrals is as oid as civilization. Therg.has beon Stong. Age, the Bronze Age.
and Tron Agé deponding upon the minerals and their products uscd. Today the modern world
is largely the result of extreme exploitation and use.of mmcrals'c‘mmfemhwsfmfood
doal, petrolcbm, matural gas and atomic ENETEY a5 sousces of power, mungrals asc used. For

other 2 automobiles, ships, modem communications _and & host of
' 2035
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chemicals which are derived from the use of mincrals. AJ) engineering and structural
material, machinery, equipments are manufactured from metals and their varied alioys.

dervatives. wirid, waves and hvdropower i addition to the energy from geothermal, biomass
and nuclcar reactions, The usc of gcothermal and tida] energy is limited: by geographic
locations. Wing POwer may be used 1o gencrate electricity but may require wide, open areas
and a large number of wind generators.  Sojar nergy can be collected ang used in either
passive or active Systems and can also be used to generate electricity. Lack of constant
supply of sunlight is solar CNCrgy’s primary limitation, Fyel wood is a minor source of
energy - industrialized countrics but is » major source of fiel In many less developed

19.5.1 Marine Minera} Resources

Mining bencath the scafioor includes (a) petroleum b) Natur_al 8as (c) coal (d) limestone (e
tin (f} copper (8} nickel (h) iron and (i) sulfur, '
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19.5.2 Energy from Tides and Waves

Encrgy from ocean waves is potentially available almost everywhere at the sca. There are
many systems, which propose t5 harness the energy of waves. The simplest system consists
of letiing the encrgy of the waves be released as an uprush of water on a steep rump that falls
into a reservoir. United Kingdom, japan are the pioneers in the wave energy development.
India along with Sweden, Norway and the United States of America has started research and
development activitics on a farge scale. The Rance river estuary power plant in France is the
world’s largest tidal clectrical gencrating station.

it is cstimated that the global wave encrgy potential in 60 to 80 MW/m. Along Indian coast it.
may lic anywherc between 5 MW/m and 15MW/m. Fora total Indian coast, the wave energy -
potential 18 around 60.000 MW.  Oniy 2% of the total tidal rcsources is suitablc for
harncssing (2% of 3x10 remegawatis). This is significant amount since it represents ncarly
59, of worldwide power generation from all sources. In India, possible sites are Gulf of
Kutch, the Gulf of Cambay and Sundcrbans in West Bengal having annual average tidal range
of 1im, 6m and 3.5 m respectively and possible installed capacitics are 7300MW, 1000MW
and 15MW. The first wind gencrator in India is at Kanai creek (Gujarat) to operate a

lighthouse with a power output of 300 watts.

19.5.3 Geothermal Power

In some regimes, the hot material is close enough to the surface to heat underground water
and form steam. Geysers and Hot Springs are natural arcas where this steam and hot water
come to the surface. In arcas whesc the steam is trapped underground, geothermal energy is
tapped by drilling wells to obtain the stcam.

The United States has over half of the world’s goothermal electrical gcncrating capacity.
Other countrics ncluded heic are Philippines, ltaly, Mcxico, Japan, New Zealand and
lecland. In lecland. half of the geothermal cnergy is used to produce clectricity and half is
uscd for heating. '

19.5.4 Solar Energy

The basic principle in this is to convert the solar radiation into the electricity without
polluting the ecosystems. The radiation can be converted directly into electricity during the
dav by photo voltaic cclls and stored in batterics. The indirect method of tapping solar energy
involves concentrating the sunrays by use of mirrors or blackened collectors on water to
produce steam that runs an electric generator.

Sotar energy has been successfully used in various parts of the country to run tube weils, rice
mitls. lighting the homes ctc. In India bright sunshine (solar radiation) is available in almost
all parts of thc country. The states of Rajasthan, Gujarat, Western Madhya Pradesh and
Northicrn Maharastea reccive high quantity of solar radiatior.

19.6 WATER

Watcr is vital to all forms of life on carth. Of all the rencwable resources fréshwater is most
important, unjustified use of freshwater is likely to make it more precious. Conservation of
water faces more difficultics than other natural resources. Agriculture 15 the single largest
drain on water, accounting for about 69 percent of all water use, while 23 percent of water is
usedformdustryandenergyandjusts percent to domestic use.
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19.6.1 Deterioration of the Water Quality

Groundwater is a natural resource and reserve. The available groundwater in storage -
fluctuates due to recharge from precipitation, cangl seepags, stream aquifer interaction and

pumping. There is a normal recharge pattern from normal rainfall and it gets affected due to

recurring faifure of monsoons, and indiscriminate purmping.

Groundwater is replenishable unliké other mineral resources that are normaliy exhaustible in
nature. The aquifers are recharged every vear from the rainfall. Groundwater recharge of an
arca depends on the annuaf rainfall and its distribution, topographic gradient, vegetation and
most important of all soil and rock permcability. The intake capacity in an arez by infiltration

r(.chargcnwthods Thc other methods of managc'ncnt invpfve.change'o.f crop-pattem and

adoptlonormodemlmganon practices fike sprinkler and drip irrigation. that. reduce . the




quantity of water applied and increasc the area of irrigation. ‘Reuse or recycling of
wastewater is also practiced for certain purposes that do not require high standards of quality
like irrigation, cooling, etc.

19.6.4 Comjunctive Use

The other concept of waltcr management 18 conjunctive use of surface waters and groundwa_t_cr
for maximum utilization of water resources in an area and to bring a much land as possible
under irrigation and to raisec more number of crops in a vear. In the tank ayacut areas,
channel irrigation arcas and cven in the ayacut of major irrigation projects, surface water is
ot sufficient to raisc second crop in the entire command arca. The first crop called kharif s
grown with the surfacce water and with rainfall during monsoon. The second crop called Rabi
crop is raised during December-Match. For this crop in the absence of rainfall, the complete
requirement of water is to be met only from the surface water. Which may be inadequate.

It is therefore suggested 10 develop groundwater in the command area 10 supplement surface
water at the fag end stage of the Rabi crop. Groundwater is generally substantial in the
ayacut areas because of secpage from the surface water bodies in the up slope.. Groundwater
would also be advantageous in the ayacut arcas to raise nurseries well in advance 10 the
monsoon so that it will be readv for transplantation at the onset of monsoon and thus helps to

advancc the crop by about a month which leaves scope for the third crop during summer.

19.6.8 Water Use Effigiency

To increase the water usc cfficiency some methods are (i) border strip and check, basin
irrigation (i) furrow 1rrigation (iit) sprinkler irrigation (iv) drip irrigation

 @order strip and check basin irrigation: In border irrigation, soil ridges keep the water
flowing down a strip of land. Border irrigation works well if the soil surfacc is level in
direction perpendicular to water flow and the slope in the- direction of water flow is gentle.
Basin irrigation, creating soil-ridged basins to hold water, can be quite efficient and has been
widely used for pastures and for orchiards. Where each tree is within its own check or basin.
Basin irrigation is not suitable for highly permeable soils (sands, organic soils) for irregularly
sloped land, for crops harmed by temporary flooding (tomatoes, beans, com in early stages,
tettuce) or for very slowly permeable soil (clays).

Furrow irrigation: including small, close furrows termed corrugations, is the oldest form of
irrigation. In this imethod water flows by gravity from a main ditch and down each furrow.

Sprinkler methods: More uniform application of watcr is usually possible than with surface
irrigation (exccpt in high winds) with~ sprinkiers. The amount of water added can be
calculatéd and applicd with great precision and usually at the rate desired.

Drip ill'rigation:. Drip irrigation is the frequént slow application of dripping water to soil
through-small outlets (emitters) located along small plastic delivery lines. ' i

19.6.6 Watershed Management

Watershed management is not merely anti-erosion and anti-runoff approach but also a
comprehensive, integrated approach of land and water resources management. The approach

is preventive, Progressive, corrective as well as curative, wasteland resources could be
fruitfully harnessed into a productive face for natural development. '

209




Rainwater harvesting is another technique of increasing the groundwater rescrves. It is a

Watershed management arrests soil €rosion, reclaims vast tracts of eroded lands, improves
soil moisture harvests raim\'atcr,. rcduces floods, recharge groundwater and revives greenery.
In duc coursc: jt restores  rainfail, revives healthy climate, regenerates soil regimen,
rejuvenates green foliage and revivifies environment.  Further it renders the rura) population
sclf-sustaining in food. fat. fiber, firewood, fodder, fruit, health and hyvgiene. In consequence,
dependence of the rural poor reduces, their farm produce increascs per capita income gains

>

and economy tmproves.

19.7 ENERGY CONSERVATION

Although conservation IS not a way of generating cnergy, it is a way of reducing the need for
additional energy consumption.  Severe conservation technologies are sophisticated, while
others are quite simple. For cxample, if a2 smal, inexpensive wood-burming stove was
developed and put into use to replace open- fires in the [ess qeveloped world, energy
Consumption in these regions could be reduced by 50 percent.

Several technologics are now available that reduce tnergy consumption, Highly efficient
fluorescent light bulbs that can be used in regular incandescent fixtures give the same amount
light for 25 percent of the cnergy. Low emissive glass for windows can reduce the amount of
heat cntering 2 building while allowing fight ¢ enter.  The use of this glass is new
construction and replacement windows could have 4 major impact on the CNergy picture,

Natural resources conscrvation involveg pianning, extraction, marketing and use for the long-
range utilization by man Reclamation ang rehabilitation arc two different aspects of

Che. & Your Progress

Note: (a) Space is given below for writing your answers. .
(b) Compare your aaswers with the model answers given at the end of this unit.
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198 MISMANAGEMENT_OF A NATURAL RESOURCES

Although soil is a reneveable resource extensive use can permanently damage it. Many of the
A world’s deserls werc for med or cxtended by unwise use of farmland.

When the material is reclaimed and used over for another structure of process, it is recycled.
For recycling to be economically practical the chsolete items must be recaptured before they
have dispersed into the environment. For example, waste oil is relatively easy to recaptuse at
the servicing center where engine oil 18 replaced, but Gifficult to recapture if the oil is dumped
on the ground or into a SeWer. _

19.9 SUMMARY

A rcsource is 3 naturally occurring substance that is potentially feasible to extract under
provaiting conditions. - Natural resources are broadly of two types (1) Renewable (i) Noa-
rencwable. Rencwable resources arc those that are can be formed or regenerated by natural
Processes. Non-rencwable resources are those that are not replaced by natural processes Of
whosc rate of replacement is so low as to be ineffective. Non-renewablc resources (rocks,
mincrals and fossil fuels) arc found in nature in finite quiantitics. Forests of the world cover
about 4400 million hectarcs of the land surface of the carth occupying 30% of the
_geogmphical area. The forests in India cover only 10% of the geographical arca, while the
annual rate of deforestation is 1.5 miliion hectares, 5% of the existing cover. The effects of
deforestation are Soil crosion, Fioods, Silting of reservoirs and agricultural jands, Decrease of
recharge to groundwatcr, Desertification. a

For an carth scientist, soil is defined as that portion of the loose material at_earth’s surfaoé

capable of supporting plants with root systems. Soil consists of products of weathering of
rocks, intermixed with fiving organisms and the products of their decay. the moisture and air
filling and nterstitial space. Five factors sccm most important in the formation of any soil
. time, parcm matcrial, topography (slope and drainage), climate and organisms. Soil crosion
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Controi measures so far avatlable for sojl erosion fall under two heads, viz,, agronomic
- mcthods and cngincering methods. The increased deforestation in fecent years have posed

Cnvironmental hazard by which soil loscs its fertility and converts to desert land. The soil
‘Croston is gencrally achieved by artificial and by natura! processcs,

of these fucls are finite. Substitutions of alternative COCrgy resources are uscful for
controlling cnvironmental cffects.  The selection among  alternatjve non-conventiong]
fesources depends on their relative abundance, €asy recovery, and convenience in handling
and cconomics. : .

Explain the potential of gencrating energy from (a) waves and tideg (b)

£
:
5
g
i
g
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Explain the following in 10 lines each.

Classify the natural resources with cxamples

1.
2 What the methods for prevention of soil erosion and control
3.

4. What are the different water use efficiency methods

What is the importance of watershed management?
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200 OBJECTIVES

- exploitation of resources and its impact on the En\firomnent, surface water pollution,
. treatment of polluted waters, solid waste disposal - environmental impact, groundwater and
human health are described. _ _

Afier completion of this unit you will be able to
* explain the importance of environmental geoscience
* describe the different kinds of environmental issyes
¢ explain the impact of exploitation of natural resources
* cexplain the impact of pollution on human heaith

20.1_INTRODUCTION




with geological hazirds and participating in tochnological and industrial development without
disturbing the ecological balance. . . '

Environmental geoscience i study of the interrelationship of various carth processes, their
consequences and the activitics of man who forms the central figure in the environmental
schemie of things. This course embraces coordinated and integrated studies and the
application of gEOSTICNCEs for the improvement and preservation of the environment through
a more judicious use of natural resources and by ensuring the safe guards against degradation
of land and contamination of air and water. ' .

The better quality of life can be ‘achicved through use of land in accordance with its
capabilitics, better management of water resources and judicious utilization of mineral and
cnergy resources without endangering their bases. The primary objective is to aid in those
studies and decisions in order to minimize the human impact on the human environment.

20.2 SCOPE OF ENVIRO_NMENTAL GEOSCIENCE

The scope of environmental, geosciences is very broad. It consists of all the sub- disciplines
of geology but alse the other physical, biological and social sciences. On the whole the
discipline cmbraccs the total gamut of human Uusc of the carth- the prediction, assessment and

combating of natural hazards and apphication of technology and enginecring for the
development of socicty without destruction of environment. ' '

The major arcas where cavironmental geosciences plays vital role are:

Earth- resources: dovelopment of any pation depends on the ‘exploitation and utilization of
these resources.  Minerals, oils and gas, soil etc are depleting at faster rate, as these are the
non-rengwablc Tesources, proper conservation and management procedures can only solve the
problems. The cxploitation; beneficiation, usage all are related to environment. If proper

methods are not used environment may be damaged. -

Water: water is the most vital source for the suét_a.inable -de;velopmem of living things. This
resource of required quality 1S available in limited- extent, SO its judicious use without
deterioration of its purity, freshness and source arc essential clements for envir

management of water.

Natural ha_zardslgeological hazards: a geological hazard is 2 phenomenon associated with -
geologic process that can produce a disaster when 2 critical point is exceeded and can result
in significant loss in life and property. ’I‘hc-r__l_atural hazards of this type arc yolcanoes,
carthquakes, cyclones, €1c. which wall cal_,;__sf.datﬁagc_ within a short duration. By mapping of
hazard-prone arcas and avoiding occupation in such areas may benefit from the disasters.
However, taking necessary precautions can certainly minimize the incidence of human
induccd changes such as landslides, subsidence, floods, and desertification. '

pollution and waste disposal: the manufacturing and mining and ultimate disposal of the by-
products of civilization impose a tremendous alteration of natural systems. The dumping of
large volumes of waste threatens not only to deface the landscape but also to pollute the air
and water. The environmental geosciences is related 10 this waste disposal and pollution in a

way to locate suitable sites for disposal of waste, to know the exact causcs of poliution of air,
soil, wrﬁoewmrmﬂgmnﬂwaamﬂmwdialnmumforavoidinsﬂwpoﬂuﬁm; o

s

/




20.3 NATURAL HAZARDS

and ash comes out. Layg is a molten form of magma. Magma is 3 naturally occurring mobile
rock material generated within the earth. The volcanic products are classified as gaseops
{fumcs like H:0, SO,, CO., H(I, H:S, He ctc) solids (dust, ash, cinder, flocks, bombs etc)
hquids (iava). - : :

Evacuation based on prediction will reduce human loss byt property loss is must. Bombing
the: voleanic vent before cruption controls volcanic ash hazard. Volcanic gases like H,0,
80, CO,, H;S et can be controlied by drilling out these gases from volcanoes, Soif formed
with volcanic ash and dust is more productive in nature. Prediction of volcanic eruption is
possible by continuoys study with help of modemn equipment like seismographs, geodetic
surveys, tiltmeters, remote sensing, gas analysis, etc.

20.3.2 Earthquakes

carthquake and related phenomena. Earthquakes are mainly due to release of stress from rock
masscs by natural process of due to man made Structures. The natural phenomena are
landslides, avalanches, collapsc of cavemns, volcanic eruptions, etc. Earthquakes with human
activity are ¢xplosions, dains and Teservoirs, mining ctc.

.The hazards associated with carthquakes are the ground shaking, surface faulting, carthquake

induced ground failures and Tsunami. Ground shaking can be avoided by zoning of such
arcas and construction of lightweight civil constructions. Surfacc fauiting cannot be avoided

velocity, Geotechniques. gravity survey, radon and helium surveys, animai and bird
behavior, water levels, :

20,7 .,3_ Landsl_ides, Subsidence, SWeI!ing

damage to naturc and mankind.
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A Hill slopes arc the prime arcas of landslides. The downward pull of geological materials

along the hiil slopes is called mass movement. Landslides are mainly due to rapid mass F
movement.  The mountain regiong of Nilgiris and Himalayas are the most active areas for
landslides. The six important factors for landslides are the (i) effect of slope (ii) effect of
rock types (1) role of earthquakes (iv) role of water (v) rol¢ of climatc and vegetation and
(vi) human activity. Landslides can be classified as creeps, mudflows, slide falls etc.
Identification of landslide prone arcas can be made by observing the structural and
lithological setting, instability of slopes, scismicity of the arca, presence of cracks on the
ground, falling of trees, etc. Landslides can be controlled by drainage control, retention
structures, slope reduction, aforestation, etc. The choice of these methods depends on the
factors responsibie for landslides.

_ Gubsidence is the failure of the surface materials of the ground in vertically downward

direction. This may be duc to natural process or artificial causes. Groundwater and
geological matcrials play a vital role in natural process. Remova! of material and overloading
are the two prime factors for artificial causes of subsidence. Ground subsidence can be
prevented by filling the underground with sand, leaving ore pillars in mines and artificial
recharge of groundwater.

Swelling is another problem in clay zones. Clay absorbs water rapidly and expands causing
swelling and damage to structures. To contro} swelling clay may be replaced with other types
of soils or chemical trcatment of clay. (reat masscs of snow moves then it is called
avalanching. This snow movement will oceur due to temperature variance, wind velocity and -
steeper slopes. Construction of structures normal to the slope dircction in the upper parts of

slopes can control avalanches.

20.4 ATMOSPHERIC POLLUTION

Among all types of damages done to atmosphere by humans, by far the most widespread and
i most concerned to the life on the planet earth is the greenhouse effect. The presence of -
carbon dioxide gencrated by burning of fuels and by varjous industries has a great impact on ﬁ
the global climate. The amount of CO. has been rising steadily at an exponential rate. It lets
the sunlight enter the atmosphere, inhibits or prevents the heat rays (infrared) from returning
back to the sky and thus causcs a warming up of the atmosphere.  This is called the
grecnhouse effect of CO». There is warming up of the carth’s surface:

In Polar Regions the increase would be two or three times as much, which would cause rapid
melting of the ice caps. Large-scale deforestation has greatly contributed to the rise of CO2
content in the air. Plants consume a considerable amount of CO: to gonerate OXygen through
the process of photosynthesis or carbon assimilation. With less than a third of land left with
forcst cover; it is incvitable that the atmospherc is beginning to show a steep rise in COz
content. Since the oceanic water is also warming up, its capacity to dissoive and hold CO: in
captivity is also diminishing. ' '

20.4.1 Poliutants in atmosphere

Quality of lower atmosphere has degraded by various human activities mainly over densely
populated arcas of the industrial nations, The most common types of pollutants are NOz, CO:,
CH., H5S, Clz, SO; and other volatile hydrocarbons and particles of carbon and tiny drops of
water called aerosols. The amount of potlutants discharged into atmosphere will cause
formation of acid rains and vanous sources of air pollution.
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20.4.2 liarmful effects of atmospheric pollutants -

20.5 EXPLOITATION OF RESOURCES AND ITS IMPACT ON
___THE ENVIRONMENT

impact of mining on the environment and cenvironmental protection in resource exploitation
have become more prominent. : '

It is not possible to stop mining activitiés for the sake of keeping the environment intact. The
crux of the problem is how to minimize the impact on the ecosystem and still achieve and
advance in the industria] devclopment of the nation,

(iii) solid waste disposal, Buming of coal to encrate energy, is releasing pollutants like
oxides of sulfur, carbon, nitrogen into the air as well generating lot of ash.

Environmental problems with petroleum are due to exploitation, production refining and
transportation. Land is disturbed with drilling, drilting produce brine waste, transportation
with shipping gencrate oit spills. The important air pollutants namely SO,, NO,, CO, CO,
ctc. arc releasing directly and indirectly through burning of petroleum fiquids,

be geothermal energy, energy from biogas, nuclear energy. Switching over to non-

conventional encrgy resources whereser possible will minimize the atmospheric pollution.

Check Your Progress o |

Note: (a) Space is given below for writing your ansWe_rs. : '
() Compare your answers with the model answers given at the end of this unit.
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1. What are the causes of mass movement?
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20.6 SURFACE WATER POLLUTION

Man is the biggest poliuter. His activities pave led to the generation of great amounts of
pollutants of varicd kinds and the introduction of poison in the food chain leading 10
impairment of health and deterioration in the aesthetic quality of the landscape. Both sewage
from domestic and municipalities and effluemts from industries are poliuting water bodies
such as rivers, lakes and the sea. - :

20.6.1 Types and sources of surface water pollution

In general the surface water poliution may be classified into three types: (a) river water
1 . pollution (b) lake water pollution and (c) marine water pollution.

_ S é
River water poliution: In India, all the major rivers, which mect 85% of the dninking water
needs of the country, are poiluted. They are heavily loaded with organic waters, especially
animal manure, human excreta, decaying vegetable matier and microorganisms including
pathogens. The wastewater produced by industrics is characterized by organic and inorganic

toxic matter (Pb, Zn, Cr, Cu, Ad, Hg, etc.).

Generally, the dissolved oxygen (DO) in water degrades the wasies and thus, under normal
conditions, brings about purification. However, if the quantity of wastes becomes high, the
DO is not sufficient and not able to effect biodegradation and purification. The oxygen in
water is consumed by the microorganisms feeding on organic pollutant, that is called “Bio-
chemical oxygen demand (BOD)™. The higher the number of microorganisms, the greater is
the consumption of DO and greater the extent of eutrophication. -

Domestic. and municipal sewage contain high quantities of phosphate, - nitrogenous
compounds, potassium and carbon. They serve as fertilizers and stimulate excessive growth
of algac and other aquatic weeds that further overburden the river water with pollutants. The
result is a further depletion of oxygen from an already oxygen-deficient ecosystem. The
death and decay of these weeds make the waters murky and still more polluted.
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Domodar flowing through the coal-mining belt (Bihar) is one of the very heavily pollhicd
- rivers. Not only the industries (fertilizer plants of Sindri and power plants of Bokaro) the

coalmines are also contributing poitutants in a big way.

Exposure of fresh rocks due to coal mines initiates weathering, with inevitable oxidation and
hydration of such minerals as pyrite, marcasite, stderite, limonite, etc. which produce sulfuric
acid and soluble sulfaes and oxides causing pollution of watcr. Similarly at Singrauli

nitratc nutricnts and overcrowding of algac and weods and their cventual death and decay
creates the same situation. The result is the rapid sctting of anaerobic conditions. Lack of
oxygen and pungent smell of H.S, a lake suffors cutrophication, resulting in the destruction of
its productivity, S .




Visakhapatnam. Intlwhdiancqasts_upiodndepthof20m,ﬂmepeu'olaunhydrocarb0n

content is 0.2 to 0.05 'ppmmﬁlcsouthemmaﬁdo.OOStO0.00l ppm in the eastem coast.

' mm'dmmememm."mmmmofmob)m
memaﬁnemtcmhasmcmsedby..afactotomeS@emﬁwhmod\mﬁmofmdbased
petroleum additive. The primary productivity of diatomaceous communities has declined,
while the growth of blue-green algac and flagellate has increased. Highly toxic aromatic
hydrocarbons ar¢ instrumental in causing the death of a number of aquatic organisms,
especiaily the bottom-dwelling shelifishes. "Gome of the hydrocarbons like the cancer causing
benzopyrene have got into the food chain through the fatty tissue of marine Organisms. Oil
slicks commonly attract sca birds and cause mass mortality by poisoning. :

307 TREATMENT OF POLLUTED WATERS

Water that is having the chemical and biological contents more than the desirable is polluted.
Polluted water shouldbeueatedbydiﬂ'eretumahodsformm\dngﬂ\cunwantedmamﬁal. In
this section water trcatment for different wastes i8 discussed.

20.7.1 Domestic and Industrial organic waste waters

If there is no discase carrying pathogens mﬂwﬁcdmm,thenutﬁcnt-richsewagécanbe
utilized straight away for irrigation. Removal of pathogens and toxic elements would make
the wastewater more uscful.  The biological methods of treatment involves holding the
sewage in a tank, pond ditch for several days so that coarse particulate matters settle down
and fincr particles coagulate through use of Fe and Al salts or lime and caustic soda. The
liquid is then filtered through a mesh screen and allowed to tricks down through filters of -
sand or diatomaceous carth. The filtered liguid fraction is then acrated by passing OXygen,
which also removes H:O and CO, This process stimulates bacterial activity leading to
biodegradation of fine or colloidal organic matter left in the liquid. This type of treated liquid
can be utilized for all purposes, except drinking purpose. Resort to chlorination inappropriate

20.7.2 Toxic wastes

Industrial cfflucnts rich in the toxic elements including pesticides and detergents, arc
subjocted 10 physico-chemical (rcatment-adsorption on activated catbon, ncutralization,
thermal reduction and ion exchange. Intense nuclear radicals in water estimates trace organic
and inorganic potlutants including pesticides and pathogens. Water hyacinth, which doubles
 its biomass every cight days and today covers 25-40% of the water courses in India, is
capable of cleaning up metals by absorbing Cd, Ni, Cr, Zn, Cy, Fe present within the waste
watcr. The weed can be used for generating biogas and for making cement boards and paper.

20.8 SOLID WASTE DISPOSAL -~ ENVIRONMENTAL IMPACT |

Rapid urbanization, industrialization, green Tevolution with fertilizers " and pesticides
agriculture brought many problems to environment. Gas and liquid ¢ifluents and solid waste
mﬂwmﬁ:mofmuiﬁanddmwsﬁcww. :
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~ 20.8.1 Municipal Waste

. feed rejects and dung is usually dumped in separate pits. In towns and cities, the garbage is
collected systematically from different centers and carried to 2 far-off place in the outskirts.
In urban areas, the solid waste includes not only the garbage from the domestic and market
places but also all kinds of refuse from shops and minor industries, which include some
inorganic materials and also demolished construction materjals. Usually, the solid waste is

26.8.2 Ground water pollution

Groundwater is said to be pure as it is filtered when percolating through sojls and geological
formations. But the ramwater when infiltrating through the same focmations from the surface
dissoives certain chemicai compounds including gases modifies its composition from place to

- groundwater body. The lcachate contains high range of total dissolved solids (TDS),
-alkaliniry, hardness_ and nitrates. Iron, manganese and ltrace elements are also added. Gases
~ such as methane, carbon dioxide ammonia and hydrogen sulfide gencrated in the landfills are
dissolved in the lcachates. The composition of leachate, however, depends on the nature of
 the materials dumped, : ' - '

or infiltrate from another area where the permeability is favorable. The problem is severe in
humid areas of high rainfall. In arig zones with Scanty rainfall, the littie or no groundwater
recharge and very decp water table, there may not be groundwater contamination from solid

. waste dumps.

2083 Sanitary landfills

The s'_:')lid. waste should be subjected to land burial in shallow e€xcavations either above water
tablc {uppe 'surfagg_ of zone of saturation} or extending: below, which is called Landfill. 1t Is

L ~-coveréd on thie surface wit Compacted clay cap, so that it is 10t exposed to atmosphere.,

j._ Samtaryiandﬁli *is_' constmctedacoardmg toen,gmeermg speciﬁcqﬁons to rhininﬁze dame_ to
the.environment. . Igeal rocation for landSil s the area with docp wate table condition so that
; 01 Dit can be made i the vadose zone. The leachate when passcs through this zone -
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undergoes natural attenuation duc to ion exchange and adsorption in the soil. Clayey
formation 1s MOr< suitable as it has the maximum attenuation capacity. Formation of leache_.te-
can be avoided of minimized if the land &l is covered on the surface with a layer of about
one meter thick compact clay cap or & polyethytene ghoet. This avoids entry of rainwater.
Secondly it protects from air pollution. It also gives an aesthetic 1ook.

Such landfills, howevet, cannot control leachate and the groundwater contamination below
cffectively. Providing lining also on the sides and bottom of the trench can minimize
groundwater poltution, The liner is a compact clay soil of L to 3 m thick. At the bottom, 2
layer of sand or gravel 18 provided studded with perforated pipes. The leachate, which
accumulates at the bottom, is drained ovt through these pipes and treated. Still it is possible
that 10 to 30 percent of the leachate ma SS&p through the clay layer. A secondary liner is also
provided with polythene sheet below the clay layer. At the bottom again another sand layer
with drainpipcs 8 arranged to remove such lcakage of lcachate.

20.8.4 Site selection for landfill

Municipal wastcs should be disposed as far as possible in sanitary landfills. The landfills
should be located far away from the towns where there is no scope for the expunsion of the
town. If available, it may be located in and around 2 place, which has already undergone
" environmental degradation. Other wise, the site should have ideal hydro geological situation.
An clevated place is preferable s0 that rainfall or running watet will have limited contact with
the landfill. Water table should be deep. Clays of clayey soils and hard rock terrain, are
ideal. Basically, the arca should provide jittle scope to form & leachate from the tandfill and
secondly there should be restricted infiltration to the deeper layers. A good site 15 one that

satisfies maxirnuim of these conditions.

20.8.5 Radioactive waste

Radioactive waste disposal is very problematic since it is a refuse of highest health hazard not
by simple contact with air or ground but by merc presence in an arca even covered. The
hazard is by radiation that can penetrate any solid substance except certain materials like lead.
Thercfore it requires spocial chambers or cells constructed with highcst scientific technology
that can store the refusc for hundreds of years. Radioactive waste 1S generated by fission a
process adopted in Nuclear Power Plants. About 99% of the uranium used in the fuston come
out as radicactive waste, which is a slurry consisting of solid, liquid and gas. It contains
dangerous radicactive substances with half-life of a foew hundred years oOf even thousands of
years. The refuse therefore shonld be sealed without having any contact with the
environment 1., air, water and earth for such a long time when the radioactivity completely
decays and becomes non-hazardous. '

In India, low and intermediate level radioactive wastes arc stored in concrete lined containers
" and kept in shallow land depositories with concrete walls. The high level wastes arc vitrified
in borosilicate glass or synthetic rock and then stored in concrete encased steel tanks. These
containers are stored for 20 years or more in deep underground and finally disposed in salt
beds or underground salt mines. Generally, the surroundings of such storage places are
monitored continuously -0 air and groundwater for any leakages either in the form of gases of

Check Your Progress.

Nb_tc: {a) . Spaocls given below to wrlte youranswers :
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209 GROUNDWATER AND HUMAN HEALTH

Groundwater to be used for drinking and domestic purpose shouild be free from the
undesirable physical parameters such as color, odour and taste; temperatyre and turbidity. pH
has no direct effect on the human health. However, al biochemical reactions are sensitive to
the variation of pH.  For most reactions as well as for human beings, pH valye of 7 is
considered to be the best and most ideai. The limit for PH value for drinking use is, however, -

contents of Ca and Mg in potable water ranges from 75-200 mg/t ang 30-100 mg
respectively. The safe limit of TH in water is 300 mg/l. The excess TH in water is therefore
undesirable. Jy causes more consumption of soap, affects ihe working of drying system,
produces scales on boilers, ' causes corrosion and incrustation of pipes and makes food
tasteless. '

The content of chlorine imparts salty taste to water. For people, who are not accustomed 1o
high Cl in water are subjected to laxative effect. For drinking water, the highest desirable
level of Cl is 250 mg/l. '

The concentration of nitrate in groundwater should 1ot exceed 45 mg/l, High levels in
drinking water haye been reported to responsible for prevalence of methemeglobinemia or
bluc baby syndrome in infants, '
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The fluoride content is important in human nutrition for the pormal development of bones.
Hence, it should not exceed §.2 mg/l in potable water. The content of F with less than 0.6
mg/l indicate the desirability of fluoridation of the water supplied to prevent the dental decay.
1€ it is in excess of 1.2 mg/l, it will cause serious dental Hisorder, i.e., bon¢ flourosis.

Excess fluoring n water is removed by defluoridation methods. There are many methods t0
remove F in water. They are (1) activated carbon (ii) lime soda (i) calcium phosphate i)
bone charcoal (V) synthetic tricalcium phosphate and (iv) filter beds containing F retaining
matenals. '

!l 20.10 SUMMARY

Environmental geoscience is of importance in preserving the natural enviromment, conserving
the carth’s resources, coping with geological hazards and participating in technological
development with disturbing the gcological balance: Natural hazards are those OCCUITENCes
brought about by the forces of nature that causc discomfort, imury of death to life, damage of
destroy the physical structures and property. The major geological hazards are volcanoes,
carthquakes, and landslides. :

Natural resources are mincrals, fucls and water. The proéess of extraction of these resources,
its usage and dumping of waste from such resources is largely effecting the environment.
Watcr resources arc the essential requircrent to life. Water occurs on the surface of carth in
the form of rivers, lakes etc. .and in the subsurface as groundwater. Occurrence of

groundwater depends on the nature of geological formatidns. The withdrawal of groundwater
A causcs -depletion of water resources, lowering of water fovel and scawater intrusion, The
discharge must be maintained based on the recharge of the system; otherwise the
environmental problems will develop. The overdraft may also cause the subsidence of the
Joosely consolidated sediments. '

Environiment gets pollution mainly with the activities of man. Both domestic and industrial

wastes are polluting water. The urban and raral communitics are generating large quantitics
of polluted water everyday. Water pollution is classified as river water pollution, lake-water
poltution and marine water pollution. The river waters are mainly loaded with animal
manure, human excreta, decaying vegetable matter, pathogens, €tc. mining and ancillary
activities also contributes, significant pollution to river waters. The waters of lakes, ponds,
tanks are also polluted by municipal, domestic and industrial waste. Lake water pollution is
not possible to purify naturally, whereas river water pollution can be purified to certain extent
naturally.

- The water required for public supply should be potable. 1t is however not essential to have
physically or chemically purc. The presence of some minerals are essential to get taste and
for easy assimilation of food materials. If the dissolved salts are more than the required

concentrations, then the water requires treal ent Process.. Treatment process invoives
scdimentation, coagulation, gitration, disinfecting, chlorinating, water softening, €tc.

20.11 CHECK YOUR PROGRESS - MODEL ANSWERS

1. The causes of mass movement are ' :
1) the effect of slopes 2) type of carth (aterial 3) climate and vegetation 4) water 3)
carthquiakes and 6) human activity. :
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2. The cnvironmental problems with coal mining are (i) deforestation and displacement of
tribal people. (i) Land subsidence and underground buming of coal and (tii} solid waste
disposal. .

3. Marine environment. :

4. The solid waste should be subjected to land burial in shaliow excavations either above
waler table or extending below are called sanitary landfills, S

20.12 MODEL EXAMINATION QUESTIONS

L Explain the following in 30 lines each,

- Describe the impact of groundwater quality on human health,
- Explain the sources of marine water pollution.
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I, Explain the following in 10 lines each,

- How natural hazards are parts of environmental geosciences?
2. Describe the impact of CO, on global climate with reference to greenhouse effect.
i ect of atmospheric pollutants on human health?
What is a sanitary landfill, how they affect the groundwater?
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UNIT: 21 REMOTE SENSING AND GIS PRINCIPLES
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21.0 OBJECTIVES

In this chapter, the principles of Remote Sensing and Geographical Information System (GIS)
arc described.

- After studying this chapier, you will be able to

e cxplain how remotc scnsing data is acquired by satellite sensing systems and the
physics behind the data acquisition o
o describe the orbital characteristics of satellites and sensor characteristics of sensors.
' definc and describe the conceptual design of GIS

21.1 INTRODUCTION

The application of spatial information products, derived from remote sensing satellite, to
various areas of management, planning and development has been highly rewarding. These
areas include environmental impact assessment, water resources assessment and management,
watershed management and planning, infrastructure development, land use planning and land
cover management, occan resourccs management, urban and regional planning, and
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transportation planning. The use of Remote Sensing and Geographical Information System
(GIS) technology has opened the door for immense opportunity in large-scale mapping,
updating of existing maps, project planning and decision-making. This phenomenal growth in
the field of Remote Sensing and GIS is dué to the successful launching of a series of state-of-
art satellites, ' : '

21.2. REMOTE SENSING PHYSICS

Remote sensing is defined as an.art, science and technology of obtaining reliable information
about an object, environment and any phenomenon by recording and measuring
electromagnetic encrgy through a deviee which is not in touch with the object, environment
and any phenomcnon. Broadly, there are two types of remote sensing, namely, passive and
active remotc sensing,

In passive remoic sensing the source of radiation is sum, i.e. solar radiation. The camera
without flash is a form of passive remote sensor. Landsat of USA and IRS are examples of
passive-remotes. In active remote sensing, the sensor sends its own energy to illuminate the
object and the reflected energy will be recorded by iscif. A camera with flash can be
considered as active sensor. The classical example of this type is Radar (radio detection and
ranging). Since the source of energy- in passive remote sensing is sun’s radiation or
clectromagnetic energy, this remote sensing is called as electromagnetic remote sensing. In
this unit, the basic components of electromagnetic remote sensing are discussed and these
components can be seen in fig.21.1.

Broadly, remote scnsing can be explained by means of threé processes: (1) Data acquisition
() Data Analysis and (jit) Reference data / ground truth data analysis.

Fundamentally, the data acquisition process of clectromagnetic remote sensing consists, of
finc components, namely,

(iy Source of clectromagnetic radiation _
(i) Transmission of ¢nergy through atmosphere and cnergy intcractions with atmosphere
- (i11) Energy interaction with earth surface features
(iv) Retransmission of energy through atmosphere
(v) Sensing systems to receive, record and measure the electromagnetic radiation
~ reflected from the earth surface features. :

The analysis of remote sensing data is performed in two ways (Fig. 21.2) based on the natural
and type of the data. Two types of data products are available: pictorial data and digital data.
The pictorial data is analysed using visual image processing (VIP) techniques where as the
digital data can be analysed using digital image processing (DIP) techniques with the help. of

computers. '

There are number of digital image processing software like ERDAS, EASI/PACE, ENVI and
IDRISI for digital data analysis. The third type of process is ground truth data analysis, the
results of which can be used as an aid to the data analysis and for validation of the results of
analysis for both VIP.and DIP. The output of VIP and DIP are thematic maps and each
thematic map can be considered as one layer which is input to GIS. To understand the data
acquisition process, it is necessary to understand the electromagnetic spectrum and nature of
radiation. :
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21.2.1 Electromagnetic Spectrum

Visible light is the only one of many forms of electromagnetic energy. Radio waves, heat, X-
rays, and other familiar forms of energy are inheritantly similar and radiate in accordance
with basic principles of wave theory. This theory described electromagnetic energy
propagation in a harmonic, sinusoidal fashion (Fig. 21.3) at the velocity of light (C). The
distance from one wave peak to the next is wavelength (A) and the number of peaks passing a
fixed point in space per unit time is the wave frequency (f). The wave theory obeys the
following equation. .

(o= i W— —~ (D)
Where

C = constant (3 x 10* m/sec)
In remote sensing, it is most common to categorise Electro Magnetic (M) waves by their
wave length focation with EM spectrum. The unit used to measure wavelength along the
spectrum is the micrometer (jim). A micrometer equals to 1 x 10 m,
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For our convenience, EM spectrum is assigned into different regions but no clear cut dividing
_ line between one region to the next is possible. It should be noted that the portions of EM
spectrum used in remote sensing lie along a continuum characterised by magnitude changes
of many powers of 10. : ' :

The visible portion of EM spectrum is very small and it extends from about 0.4 to 0.7 pm. To
the right side of the visible range lies reflected, infra-red, thermal infrared, microwave,
television and radio-waves. On the other hand, to the left of the EM spectrum lies visible
range ultra-violet, X-rays, A-rays and cosm ic rays (Fig 21.4).

The important distinction between reflected infrared and thérmal infrared energy is that the
thermal infrared energy is directly related ta the sensation of heat but reflected infrared is not
s0.

In EM spectrum, another theory generally used to provide useful insights about EM energy is
the interaction of matter. This theory is known as particle theory. It suggests that EMR
comprises of many discrete units called photons or quanta and is expressed as

Where
E = Energy of a quantum, Joules ()
h = Planck’s constant (6 .626 x10 ** J sec)

By relating.the wave theory expression (1) and particle theory expression (2) and by
substituting equation (1) into equation (2), the foilowing is obtained. '

E=hcly

The above equation demonstrates that the energy of a quantum is inversely proportional to its
wavelength. The longer the wavelength involved the lower the energy content. The important
application in remote sensing point of view is that the naturally emitted long wave length
radiation (micro-wave emissions) of terrain features is more difficult to sense, than the
radiation in shorter wave lengths (thermal, infra-red, etc.). '

Ebactric tisld

f F ) A = Wevetength {distance batween
i wcoersive wave peshst
.

Magnetic fiald

v = Frequency
{nurmber of cyche per sacond
pasting of » fixed point)

Fig. 21. 3 Showing electromagnetic wave propagation
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Fig. 21.4 Showing the electromagnetic spectrum

21.2.2 Source of electromagnetic radiation

The EMR is generated whenever the size or direction of an electric or magnetic field .
fluctuates with time. The y-ray radiation resulting due to disruption of atomic nuclei during
nuclear fission or fusion and have shortest wavelengths in the electromagnetic spectrum. The
x-rays, ultra-violet and visible range radiation is resuiting in due to electron-shifts of the
particles. The infrared and microwave radiation is resulting due to vibration and rotation of -
molecules. In nature all of these processes are related to temperature of emitting radiation
which is generally above the absolute zero (-273. 15°C). The 0°C is expressed as 273.15 K
(Kelvin). Matter is capable of absorbing and remitting alt EM energy, which it receives, is

catled blackbody. The total energy emitted by a biack body is expressed as given below and it
is known as Slefan-Boltman law

M=cT!

Where

M = Total of radiation per unit Wm
T = absolute temperature
o = Stefan-Boltzman constant (5.7 x 10° wm?, K")

At any particular temperature, a black body emits EMR with a range of wavelengths.
However, its absolute temperature determines which wavelength transmits the maximum
energy and is expressed by Wein's displacement law and is given as below.

An=A/T
Where N
Am = dominant wavelength at which the emittance is more

T = Temperature
A = Wein's constant = 2808
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Fig. 21. 5 Showing spectral distribution of energy radiated from blackbodies
- ' at various temperatures,

The Wein's displacerent law suggests that as the temperature increases, the total energy
emitted rises rapidly and the wavelengths carrying becomes shorter. Thus a black body at
6000K., the surface temperature of the sun does not emit radiation with wavelengths shorter
than 0.1 um (Fig.21.5).

21.2.3 Energy interaction with atmosphere

The whole range of EM spectrum is available to the remote sensing detectors but only a few
bands will be detected due to atmospheric effects. This radiation has to pass through the
atmosphere and then back to the sensors mounted in the satellite. These effects are caused
atmospheric scattering and absorption. -

Many remote sensing sensors generally do not show the coverage of blue sky. This is caused
by one of a number of phenomena resulting from diffusion of radiation and called scattering.
When EMR interacts with particles smaller than its wavelength, then the degree of scattering
is inversely proportional to the fourth power of wavelength and is known as Raleigh
scattering e.g. molecules of oxygen and nitrogen etc. Because of this reason, many sensors
omit the coverage of blue sky in remote sensing. The same can be achieved in panchromatic
" images using yellow filter. When the atmospheric particles are similar size to the wavelength
of " icoming radiation is called mie-scattering. Example-molecules of water and dust. The.
atmospheric absorption results in the effective loss of energy to atmospheric constituents. The
main absorption of solar radiation in this regard is water vapour, carbon-di-oxide and ozone.
The absorbance of EM energy in the atmosphere is restricted to specific wavelength bands.
The waveband that passes relatively undiminished through the atmosphere is referred to as
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atmospheric windows. The emitted heat energy from the earth is sensed through the
atmospheric windows at 3 to 5 pm and 8-14 um. The multispectral scanners sense
simultaneously at various wave length bands in the visibie through thermal spectral scanners.
On the other hand, Radar is operated through a window in the range of 1. mm to Imetre.

21.2.4 Energy Interaction with Earth Surface Features

The energy detected by remote sensing over a spectrum of EMR is partitioned between its
source and the materials with which it interacts on its way to the detector (sensor). There are
three kinds of spectra, which can be measured for any material. These are 1) absorption 2)
reflection and 3) emissions (Fig. 21.6). An absorption or transmission spectrum is produced
when the material is interposed between source and sensor. A reflected spectrum is measured
when both the source and the detector are on the same side of the material. Lastly the material
itself is the source for the emission spectrum. Applying the principle of conservation of
energy the interrelationship of these three energy interaction are shown as '

E (A =Ex (A) + EA (M) + Ex (A)

Where
E; = Incident energy
Er= Reflected energy
Er= Transmitted energy

EA(H

'Fig. 21. 6 Energy interactions with Earth surface features

[n the above cited 'encrg'.y balance equation, the energy reflected, absorbed and transmitted
will vary for different features depending upon the material type and condition. Further, the
different wave length bands depends on the basis of the surface features. '
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- very recent satelite with high resolution than other existing satellites. The revisit time will be
“more frequent for higher latitudes and less frequent for latitude closer to the equator. The

spatial resolution of IKNOS sateilite data is § m x m, which is very powerful, and useful data

for urban and other studies.

Check Your Progress

Note: (a) Write your answers in the space given below.
(b)  Compare your answers with the model answers given at the end of this unit.

I, What is Remote Sensing?
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21.5 GEOGRAPHICAL INFORMATION SYSTEM (GIS)

To answer apparently simple geographical questions like: What is the population of a
particular city? What are the characteristics of the soils in a particular land? Are there any
trends in the patterns of earthquakes in India which could help to predict future quakes? How
has the distribution of urban and rural population changed between the past two censuses? All
these questions are pertinent and require the proper and accurate data derived from several
sources, and are integrated into a consistent form. The art of science, engineering and
technology required to answer these geographical questions constitute the Geographical
Information System (GIS). GIS is a generic term denoting the use of computers to create and

depict digital representations of the Earth's surface. GIS is defined as computer based -

information system to store, retrieve, analyse, manipulate and display spatial information.

21.5.1 Overview of Information Sysiem

GIS might provide the medium for stz:dying one or more of the fundamental issues that arise
in uz ng digital information technology to examine the surface of the earth or any related
systems. The Resource Information System (RIS) for agricultural management, for instance,
has to be considered multidimensional with attribute dimension, spatial dimension and
temporal dimension. Geographic Information System (GIS) offers capabilities of integrating
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multisector, multilevel and multi-period databasé and is a general-purpose technology for
handling geographic data in digital from, and satisfying the following specific needs, among
others: e : .

(i} The ability to pre-process data from large stores into a form suitable for analysis including
operations such as reformatting, change of projection, resampling, and generalisation.

. (ii) Direct support for analysis and modelling, so that form of analysis, calibrations of models,
forecasting, and prediction is all handled through instructions to the GIS.

(iii) Post processing of results including such operations as reformatting, tabulation, report
generation, and mapping.

Dala collection

Fig2l. 8 Simplified information system overview

In all these operations, the typical GIS user now expects to be able to define requirements and
interact with the system through a wuser-friendly” intuitive interface icons and desktop
metaphors. The function of an information system is to improve one's ability to make
decisions, An information system is the chain of operations that takes us from planning the
observation and collection of data, to storage and analysis of the data, and to the use of the
derived information in some decision-making process. This brings us to an jmportant concept
that a map is kind of information system. A map is a collection of stored, analysed data, and
the information derived from this collection is used in making decisions. Fig21.8 shows the
simplified information system overview. '

21.5.2 The Four Ms

There are four key activities that any yrban planners or scientists ot resource_managers and
others use geographic information for. They observe and measure environmental parameters
and develop maps, which portray characteristics of the earth. They monitor changes in our
surroundings in space and time. In addition, they model altematives of actions and process
opetation in the environment. These, four f activities are Measurement, Mapping, Monitoring
and Modelling termed as key activities which can be enhanced by the using information
systems technologics through GIS. Fig 21.9 explains these four Ms.

GIS technology is more different from traditional mapping and map analysis. GIS is based on
a mathematical framework of primitive map analysis operations analogous to those of .
traditional statistics and algebra. From this perspective, GIS forms a toolbox for processing
maps and fundamental concepts for spatial measurement. - ft provides a foundation for .
advanced analytic operations involving spatial analysis and measurement. Most of GISs
contain anatytic capabilities for reclassifying and overlaying maps. Any GIS system for the
measurement of areas, distances, angles and so on requires two components, n_amely, a
standard measurement unit and a measurement procedure. '
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Fig.21.9 Schematic representation of F. our Ms: Measurement, Mapping,
Monitoring_ and Modelling.-

In principle, it is Possible to make a clear distinction between Gis and digital cartography.
Mapping technology or digital cartography deals with -map features and with associated
attributes of colour, symbology, and name ofannotation, legends, neatlines and north arrows.
GIS includes the capabilities for storing, editing, and handling the relationships of attributes
with their spatial enities along with the capabilities of digital cartography. A map, an ultimate
product of digital cartography or GIS, is a very persuasive form of data display and a
computer drawn map carries the authority of a powerful technology.

market for environmental applications and to emphasise support for environmental modelling.
GRASS is a significant public domain GIS software developed by USA with substantial
capabilities for modelling, o :

contributing disciplines for the evolution of 3 GIS are .geography, carfography, remote
sensing, surveying and photogrammetry, computer scignce technology, mathematics, and
-Statistics. '
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Fig. 21.10 -GISI: the result of linking parallel developments in many
separate spatial data processing disciplines. . :

Geography is broadly concerned with understanding the world and ‘man's .plabe in- It.

- Geography has a long tradition in spatial analysis, and provides techniques for conducting
~ spatial and a spatial perspective on research. Cartography is concerned with display of spatial

infor_matibn,. 1t is now the main source of input data for GIS (maps) and has a long tradition in
the design of maps, which is an important form of output from GIS. -

Remote Sensing is becoming an important source of geographical data by pmvidiﬁg digifal

- images derived from space and the air. Remote sensing provides techniques for data

acquisition and processing anywhere on the globe at a low c_oSt_.and_ic_oﬁsistent update
potential. While integrated with GIS, remotely sensed imagery can be merged with other data '

 ina GIS providing real-time spatial information.

Surveying and Photogrammetry provide high quality data on positions of cadastral objects
like land parce! and building, and fopography. Aerial photogrammetry deals with the
photographs taken by an aerial camera on board aircraft at different. Aerial photogrammetry
is one of the most powerfu! data-capturing techniques for the creation of GIS spatial database.
The refevant data can be extracted from the aerial photographs of various scales and may be
used as input for GIS. Digital orthophotos provide the source of digital data. These_ products
are scanned airphotos that have been rectified to eliminate displacement caused by variable

elevation of the ground surface and the tilt of the camera. Properly registered with other

digital data sets, these images can be used directly as backdrops for vector data or to provide a
basemap for onscreen digitising. The user may abstract information on land use, vegetation

type and other aspects of the landscape from the photograph.

- Six c:héracterisl'ics of aerial photographs are of immense value as a data source for GIS. They

are (i) wide availability (ii) low cost (iii) wide area views, (IV) time -freezing ability, (v) high

‘spectral and spatial resolution and, (V1) three-dimensional perspective.:

"Cbmputer Assisted Design (CAD) provides sdftware, techniques for data input, display and

visualisation, and representation. Particularly in 3-dimensions. Advances in computer
graphics provide hardware and software for handling and displaying graphic objects. Data
Base Management System (DBMS) contributes methods for representing data in digital form
and procedures for system design and update. Artificial intelligence (Al) uses the computer 1
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make choices based on availabie data in a way that is seen to enhance the human intelligence
and decision- -making. Using Al, computer can act as an "expert" in such functions as
demgnmg maps, generalising map features and classifi cat:on-

: Several branches of mathematics, especrally geometry and graph theory, are used in GIS
system design and analysis of spatial data. Statistics is used to build models and perform
spatial data analysis in GIS. Stastictics is also important in understanding issue of error,
quality and uncertainty In GIS data.

Availability of large quantities of spatial data in the form of digital aerial photograph, digital
remote sensing imagery, advancement of computer hardware, software and software
development, increasing demand of spatial information for management, and infrastructure
development parameters, led have a system to handled all these reguirement. In order to
handle such data to meet these demands, to store, retrieve, handle, analyse, manipujate and
display the results it requires computer base system Such a system is Geographical
information system (GIS).

2 1.5.4 GIS Architecture

According to the definition GIS deals with space-time data, 'and often but not necessarily,
employs computer hardware and software. GIS can be understood as the subsystem nature
‘within the framework of a main system. According to these investigators, GIS has the
following generic subsystems:

(1) A data input subsystem which is also called data capture subsystem

(i) A data storage and retrieval subsystem

(ii) A data manipulation and analysrs subsystem

(iv) ' A reporting subsystem.

Each of the subsystems has been described i in terms of functions that the respectwe subsystem
performs. The data input/capture subsystem provides operational functions for acquiring data.
The data management or data storage and retrieval subsystem stores and retrieves the data
elements. The manipulation and analysis subsystem handles the transformation of data from
one form to another and derivation of information from the data. The fourth subsystem
output/reporting subsystem provides away for the user to see the data in the form of diagrams,
maps, and/or tables. Fig21.11 shows the archlteclure of all subsystems of GJS from a
structural perspective.

Reporting: : Data Inputiddata
hrput suhsystens ' { apture
Nuhss slem

Nata Manipulation
and Amalysis
subavsternm

Data Storage and
Retrigen] Subsystem

Fig. 21.11 Subsystem nature of GIS (structural pérspective).




21.5.5 Components of a GIS

Geographical Information Systems have three 1mportant components, namely, computer
hardware, sets of application sofiware modules, and a proper organisational set up. These
three components need to be in balance if the system is to function satisfactorily. GIS run on
the whole spectrum of computer systems ranges from portable personal computers to multi-
user supercomputers, and are programmed in a wide variety of software packages. Systems
are available that use dedicated and expensive workstations, with monitors and digitising
tables built in. In all cases, there are a number of'elements that are essential for effective .GIS
- operations. These include

(i) the presence of a processor with sufficient power to run the software

(i1) sufficient memory for the storage of large volumes of data

(iii) a good quality, high resolution colour graphics screen and

(iv) data input and output devices, like digitisers, scanners, keyboards, printers and plotters.

The general hardware components of a GIS include control-processing unit. Which is linked
to mass storage units, such as, hard disk drives and tape drives peripherals such as digitiser or
scanner, printer or plotter and Visual Display Unit (VDU). Fig.21.12 shows the major
hardware components of a GIS., |

Y

Printer

Fig. 21,12 Hardware components of GIS.

There are a number of essential software elements that must allow the user to input, store,
manage, transform, analyse and output data. Therefore, the software package for a GIS
consists of four basic technical modules. These basic modules are (i) data input and
verification, (ii) data storage and database Management, (iii} data transformation and
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__mampulatlon and (IV) data output and presentation.- The GIS software package should have

the capabilities performmg alt the four GIS subsystems. The GIS hardware and software
govern the way in which geographical information can be processed but they do not
themselves guarantee that any particular GIS wili be used effectively. '

21.5.6 GIS Data Models

* Spatial analysis is a technology, which typically requires two types of information about
spatial objects: attribute, and geographical or locational information. Given the diversity of
analytical perspectives within GIS, it is difficult to define spatial data analysis. The results of
_such analysis depend upon the spatial arrangement.of events. Events may be represented as
geographical entities associated with the attributes. This section highlights these two types of
information and their relationships. To the query, where the particular object is with respect to
any co-ordinate system, the answer is the spatial or geographical or locational information. To
the query, what that particular object is, the answer is the attribute data. Altematwely, [t can
be noted that the GIS consists of two types of data spatlai and attribute:

The spatial data refers to the spatial lac_atlona] information with respect to a defined co-
ordinate system. In GIS, the spatial data may be modelled in the form of vector mode! or a
raster model. The characteristics of these locational features are termed as attributes data. The
raster data is grid celi based ways, namely, GRID model, IM-GRID Model and MAP Model.
The vector data consists of three k of cartographic symbols, namely, point, line and 0.

‘Entities' are things in the real world. 'Objects' are things in the digital world. Digital objects

and associated attributes and values represent geographical entities. The distinction between

entity and objects makes explicit the difference between things and their representations in a -
formal system. The entity or the field model is more appropriate and are particularly

_interesting for topographic elevations. Topographic data normally are represented in GIS as

fields, either through grid based digital elevation models (DEMs) or as triangular tessellation.

Robinson (1958} identified four kinds of geographical quantities. They are poiat, line, area,

and volume. There are three kinds of cartographic symbols: point, line, and area. Robinson

discusses 2-dimensional data on ‘Mapping quantitative point, line, and area data’, and

separates volume data under the title '"Mapping 3-dimensional data’.

The frequency of geographical entities with indistinct boundaries has been known for some
time; yet vector GIS is tuned to represent entities with crisp boundaries: whereas raster GIS
does not represent entity boundaries at all. Thus, formal methods: for the representation of
geographical entities with uncertain or graded boundaries is an important new area of study in
GIS. Fuzzy set theory represents a possible approach to modelling entities with graded
boundaries, but-it has problems. Geographical entities and classification of geographical
entities into categories is a well-known process both. in everyday thinking and in scientific
work. Various sub fields of geography have developed. c]aborate classifications for landforms,
vegetation assemblages, and settlements, In bricf, we can note that locational information -
about the spatial objects of concern is generally descnbed by means of their position on a map
or gcograph ical co-ordinate systems. :

Attributes: Attnbutes are the characterlstlcs of the map features and holding. of the
descriptive information about the geographic features. Attributes are the non-spatial data
associated with time and area entities. They are considered characteristics of entity. The GIS
attributes are represented using colours, textures, and’ finear ‘or graphic symbols like the
gardens. The parks are shaded green. The church locations are designated using the special
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syrpbo!. The bus routes are drawn with specific line width and style as broken lines of 12
point’s width, Contour lines are.brown in colour, and:s6-on. The actual value of the attribute
that has been measured (sampled) and stored in the database is called attribute value. A
classical example of attribute data associated with spatial entities of the environs of Hussain
Sagar in Hyderabad may tell us that, a point represents a hotel. a line represents the road and
arca represents the boundaries of the lake. Each spatial entity may have more than one
attribute associated with it; that is, a point representing the hotel may have- a number of
rooms. standard of accommodation and other related in formation, ' |

Broadly speaking two types of attributes may be distinguished: primary attributes and
secondary attributes. Socio-economic characteristics and physical properties of objects are
some of the examples of primary attributes. Flows of Information levels, districts, capitals and
mandal names are considered secondary attributes. ' '

- Topology: In GIS, topology is the term used to describe the geometric characteristic of -
objects, which do not change under transformations and are independent of any co-ordinate
system. The topological characteristics of an object are also independent of scale of
measurement. Topology as it relates to spatial data consists of ‘three elemerts, namely,
adjacency, containment and connectivity. Topology may be defined as constituting those
properties of geometrical figures that are invariant under continuous deformation. Broadly
topology can be explained any two ways. Firstly, topologically ‘spatial relationships with the .
entity, which are leaned by human beings at a very early, age. Secondly, topology consists of
metric aspects of spatial relations, such as, size, shape, distance and direction. Many spatial
relations between objects are topological in nature. including adjacency, containment and
overlap. ' ' ' '

" Adjacency and containment describe the geometric rélationships, which exist between area
features. Areas can be described as being adjacent when they share a common boundary. For
example, boundary of the area of Municipal Corporation of Hyderabad and Secunderabad is
common, or may be adjacent. Containment is an extension of the adjacency that describes
area features, which may be wholly contained within another area feature such as an island
within a lake. Connectivity is a geometric property used to describe the linkages between line
features like road network. The geometric relationship - betweén spatial entities and

corresponding attributes are very crucial for spatial analysis and integration in GIS.

In other cases, metric properties, such as, distance or direction, expressed either quantitatively
or qualitatively, may determine the meanings of various terms, for example, both 'north of any
'near’ normally refine the 'disjoint' topological relation, and are ill-defined for non-disjoint -
entities. Spatial relations between disjoint entities, which neither touch nor overlap, are
characterised by a system-of distinctions that is, essentially independent of the system used to
describe and classify spatial relations for non-disjoint entities. Some of the spatial relations
.between disjoint objects are distance, direction, and reference frames.

Distance may be pure Euclidean distance. In natural language 'hedge' words such as 'about’
are often associsted with approximate numerical distance, Distance f may be given in
- qualitative rather than metric terms, dividing distance into just three categories: 'at', "near’, and
- 'far’. Direction may be either qualitative or quantitative. Direction is an orientation specified
relative to some reference frame. Directional relations are though of as being between points.
Directions are not so straightforward between spatially extended entities, since a large range
of directions may exist, brtween any point in one entity and any point in the other. Reference
frames are used in discourse and spatial reasoning. Geographically, in many cultures, a
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this, .rcmotc scnsing and GIS have become very important and have been associated with each
other. '

This unit focuscs upon the importance of remotcly scnsed data as an inplllt to GIS, and
describes some of the ways in which they may be managed for opcra_tlonal use. Key

characteristics and source of remotely sensed data commonly cmployed as input to GIS are
J described, as key minimum sct of GIS ‘facilitics required to support thf: use and cffective
management of remotc sensing data. In short, this chapter is designed to mfonp managers c?f
the sources and potential of remotcly scnsed data so that th_cy can dlschargg 'thelr
responsibilitics for monitoring or operations with maximum effectiveness but at minimum
J cost.

Remote sensing data can be readily merged with other sources of geo-coded information in a
GIS. This permits the overlapping of several layers of information with the remotely sensed
data, and the application of a virtually unlimited number of forms of data analysis. On the one
hand. the data in a GIS might be used to aid in image classification; on the other hand, tl?e
land cover data gencrated by a classification (through VIP and DIP) might be used in
subscquent queries and manipulations of the GIS database. Remotely sensed data is almost
always processed and stored in raster data structurcs. When working simultaneously with an
Image processing system and raster geographic information system, it is usually casy to move h
data between the two. Tyvpically, a single theme of information is extracted from the remotely
scnsed data. ‘The combination of image processing and GIS technologics is astounding. As
indicated carlicr, they both are coming closer and it is now becoming extremely difficult to
differentiate cach other. The hardware was almost similar, and now software is being

integrated. The problem of transfer of data is also being circumvented. Private companies are
combining their efforts in this direction. :

22.2 REMOTE SENSING AND GIS SYNERGY

The relationship between remote sensing and GIS has received considerable attention in
literature and, indeed, remains the subject of a continuing discussion. Much of this discussion *‘
revolves around the scientific and technical issues relating to integration of the two
tcchnologics. Remotely-sensed images can be used both as a source of spatial data within GIS
and to exploit the functionality of GIS in processing remotely sensed data. Despite this, the
actual progress towards thc goal of full integration is surprisingly slow. While this is
undoubtedly due to the technical challenge of aceessing, manipulating, and visualising vector,
raster, and tabular data simultancously, it seems unlikely that technical constraints have been
the solc barricr to achicving full integration. It might be argued that competing imperatives in
both remote scnsing and GIS have tended to draw attention away from the issue of
integration, The recent focus on monitoring global environmental change using coarse spatial
resolution sensors and the assimilation of the data that they produce in various environmental
simulation models has deflected some of the attention away from the traditional issues of
large- scale mapping. These are more closely allied to the concerns and use of GIS. Similarly,
onc can sec a number of other developments in the application of multimedia technology

within GIS that have consumed much of the research and development effort in the field of
GIS. '

There are at least two reasons why the issue of intégration is likely to receive fresh impetus in

the near future. The first is the increasing availability of data from the very high spatial

resolution as well as commercial satcllites that are scheduied for launch over the next few
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vears. These will produce data appropriaic to many of the largc-scalc mapping projects in
~which GIS has often been used, and is Tikely to coml:rctc directly with the traditional acrial
photographs market. The second is: that these high-resolution images require the development
of ncw data processing algorithms, such as, syntactic {or structural) pattern-recognition
techniquces, to extract the maximum amount of information about the obscrved scene. There is
a considerable overlap between the objectives and functionality of these techniques and those
used in mainstrcam GIS, at least in terms of their potential for spatial analysis. This may also
‘bring the two communitics closer together.

Check Your Progress

Note:. a) Space is given below to write your answer.
b) Compare vour answer with the one glvcn at the end of the unit.
%
1. Remotely sensed images can be used as a source of —--—--mm-memceneees data
within GIS
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22.3 RASTER DATA FOR GIS

GIS uscrs_routincly require timely input data in order to optimise their systems for analysis
“and decision making. In many instances, raster data arc preferred. Tvpically in the past, only a
_single type of photography or imagery was acquired for a given application. While this is still

truc. uscrs arc incrcasingly addressing more sophisticated applications, which require multiple
imagces from different regions of the electromagnetic spectrum and/or different dates, at scales
ranging from local studies to global investigations. These more sophisticated investigations
are employing data with a variety of spatial, spectral, and temporal resolutions. More
importantly, applications that require the integration of both raster and vector data have been
cvolved. Processing and analysis of these data are improved when an analyst has access to
collateral information, often in vector format, for an arca covered by the imagery being
analysed. In addition, raster data from satellite sensors have inhcrent information content
bevond their use as an image backdrop. Indeed, it is important to note that most operational
basc cartographic products produced by mapping organisations around the world are
compiicd using photogrammetric techniques to process remotely- sensed data.

While remotely sensed data is used in making maps, they arc also being employed to. measure
a variety of environmental paramcters. Surface and cloud top reflectance, albino, soil and
snow water content. fraction of photosynthetically active radiation, arcas and potential yield
of given crop types, and the height and density of forest lands are but a few of the
mcasurcments that can be madc with the aid of remotely sensed data. Such data measured
and/or mapped over a time constitute the basis for monitoring. As we measure map, and
monitor environmental features and phenomena we can then employ the data generated as
Input to models. Remote sensing data is being employed today in a wide variety of modelling
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activitics. Finally, environmental pianners, resources managers and public policy decision-
makers are cmploving remotely sensed data \mhm thc contctt of Gl to improve the
management skills and efficicney.

Thus there is a wide varicty of satellite-based sensors currently providing operational raster
- remotcly sensed data for GIS developers and uscrs. Qur emphasis here is upon information on
the sources of that satellite remote sensed data being operationally acquired for use within
GIS today. The spatial, spectral, and temporal characteristics of these systems vary according
to specific design goals and engineering trade-offs. Once the remotely sensed data has been
conversted to a desired data type, transferring this data to a raster GIS is relatively simple.
Header and trailer records or files may need to be modified during the conversion process. In
our experience, most operational image processing and raster Geographic Information

Systems provide mechanisms to read and write pixel raster arrays. .

22.4 VECTOR DATA FOR GIS

Much work is involved when transferring raster data derived from remote sensing systems to
a vector-based GIS. In the following paragraphs we present only the outline of the process.
. One possible sequence based on derived continuous data, such as, vegetation abundance,
involves extracting the contours of abundance (often called isolines) on the image processing
system, ‘and converting these raster representations of contour lines to vectors. The vectors
may then be passed to the GIS, along with labels to indicatc values associated with the
contour lines. When working with information which has been classified into discrete
categories, like land use or rock type, appropriate transformations are made to convert the
continuous multivariate brightness data into discrete categories. Then to isolate the implicit
homogeneous polygons in the derived image the pixels that form the boundaries of the areas
arc detected. This is exactly like the skeletonizing algorithms used in conversion process.
These boundary pixels may be used to develop the vectors surrounding the areas, and attribute
valucs and class names are assigned to the bounded areas

It is important to understand that the conversion processes are limited by the underlying data, -
in terms of precision and accuracy. A 512-by-512 array of 24-bit pixcls, displayed on a high-
quality colour monitor, may be very satisfying to the analyst. However, the vectors that arc
developed from this discrete array may look poor on a high-quality plotter, since the plotter
has many more addressable positions than the image display screen. Often, the analyst will
smooth the plotted lines on the final product to make a more pleasing prescntation.

22.5 NEED FOR INTEGRATION

Recently, it has been proved that Digital Terrain Models (DTMs) can be developed using GIS
technology. The widespread distribution of Landsat .and SPOT Imagery in the case of
Canadian GIS, and the availability of digital elevation models and street files in many other
countries have certainly led to applications well beyond those used to justify the data's
compilation. In another example, the digital database was created for the wastelands and their
acrial extent using ARC/INFO GIS, The spatial data used for this database was derived from
the analysis of IRS LISS satcliite data. This data is then integrated with GIS along with other
collatcral data. With better resolution and improving software, GIS and remote sensing
combination are mocting the topographical mapping requirements. Romote sensing and GIS
have almost become an unavoidable source for crosschecking or updating in digital
surveying, Funhcnnorc the GIS software can now accept the Global Posntlomng Sys.cm
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(GPS) information in their program as.an additional advantage. For example the ARC/INFO
GIS software now accepts GPS data through its geo link module. Experiments have been
carried out for various applications through such efforts. It is not always transitional land
based information, which is gencrated, but unconventional themes have also been tackled.
Urban and regional planning arc obvious offshoots. Environmental issues related to ground
cover such as forests, water bodics and wastelands also serve as examples. :

Along with the above application areas, more research work should be oriented towards the
development of application oricnted remote sensing software that can be casily integrated
with GIS. A recent development in this ficld has been integration of raster based data in
conventional vecior based GIS software like ARC/INFO. Apart from raster/vector conversion
facilitics in the GIS packages, vector overlays on remote sensing or other raster data is now
possiblc. This has, to certain extent, facilitated the remote sensing data integration with GIS.
Any software should support the functions like live link, direct usage of compressed data in
GIS. automatic registration of GIS and remotc sensing data, projection support, preparation of
ortho-images and image maps, and solution based functions for specific application.

The future GIS and image processing software are likely to include at least some of the above
. functions. Howcver, integration of GIS and remote sensing data are being carried out in
different institutions and laboratorics with different rates of manual/digital involvement. The
remote sensing discipline has developed a number of different techniques for transforming
general-purpose data sets into thematic information for many related ficlds for subsequent
analyvsis using GIS. '

In other instances, discrete categories of surface cover may be distinguished through a
classification algorithm., Many different decision rules may be developed to isolate or
charactcrisc components of the carth's surface. Often, a sequence of discriminating steps is
~ required to provide an acceptably accurate or precise result. For example, simple binary
decision rule may be able to exclude water bodies from consideration. Finally, an
unsupervised classification can then permit us to focus on cultivated vegetation. This example
is over simplified, but illustrates a general principle that is parallel to the use of interpretative
keys in photo interpretation - :

22.6_SOFTWARE FOR INTEGRATION

A wide varicty of photogrammetric, image processing and statistical analyses are utilised to
cxtract information from raster data. The systems to accomplish such processing range from.
the relatively simplc PC-based desktop mapping, soft copy photogrammetry and combined
image processing/GIS system to complex analytical stereoplotters, orthophotoscopes,
mainframe and supcr computer-based image processing GIS systems. The choice of the
hardware and softwarc to be employed in any remote sensing/GIS application depends upon a -
wide range of factors. These include: cost, type of application, timeliness required in data
production, cvel of understanding/training of the staff involved and the appropi:ateness,
accessibility, and availability of the input data; hardware, and software. In addition to these
facilities, a digitiser or/and a scanner must be available to convert the papei-based data to
digital base through the process of digitisation. S -

To accomplish the integration of remotely sensed data into vector based GIS requires ail the
additions of relatively sophisticated image processing packages to thesc systems. For
instance, ESRI's ARC/INFO, Arc/View, and ARC/GRID software accomplish much of this
integration, Corrcspondingly, some: rastcr based image processing systems have considerable
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GIS functionality. ERDAS/Imagine, ER Mapper, EASUPACE, and Intergraph’s MGE Basc
imager (MAI) version are examples of the systems that are commercially available today. An
important consideration in linking any of these system to a vector based GIS is the grid
interface between the two systems and the file structure of the systems. The managers should
take care involved, and advice must be sought from users, before going forward with an
"~ attempt to link raster and vector system for a particular applications area,

In addition to this, .spatial patterns, point attributes, line attribites and area attributes are also
discussed in this section, since the understanding of these concepts are essential in applying
GIS to any project. '

22.7 SPATIAL CHARACTERISTICS

As discussed in the previous unit, GIS can be viewed as a combination of 4 subsystems,
namely, (i) Data input Subsystcm {11) Data storage and Retrieval subsystem (iii) Data analysis
and manipulation subsystem and (iv) Data input / map production subsystem. This system’s
approach allow for the processing of spatial data into information and used to make decisions
of remote sensing and GIS to produce a map model, the spatial characteristics of the terrain of
interest are to be determined. To understand the spatial characteristics and to derive the
appropriate spatial data, its spatial location with respect to reference system should be known.

22.7.1 Spatial Location

- There are, broadly, three references system or co-ordinate systems-by which the spatial data
can b located. The three systems are:

(i) Geographical co-ordinate system
(1) Grid co-ordinate systcm
(in)  Non co-ordinate system

The geographical co-ordinate system is in terms of longitudes and latitudes mcasured from
Survey of India toposhect. The grid co-ordinate system is in the form of number of grids
drawn on the bascs of parallcls and horizontal lines by which the data location may be known
with the help of grid location for example, remote sensing data. The non co-ordinate system is
based on the proximity and vicinity of the associated features. The classical example of this
type of co-ordinate system is just as postal system. -

22.7.2 Spatial patterns

The spatial pattern is defined as a set of arrangements of spatial features. Generally there are
three types of patterns,

(1) Recgular
(2) Clustcred
(3) Random

If the distribution of point, line and/or arca features are arranged systematically, such
distribution is said to be regular (Fig.22.1a). If the distribution of features are arranged in the
form of number of groups of similar hidden properly, they are called as clustered spatial
patierns (Fig.22.1b) and the distribution doesn’t follow any principle and appears in a very
zigzag way, such pattern is called as random spatial pattern (Fig.22.1¢). '
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Fig.22.1 Type of spatial patterns
22.7.3. Point attributes

Point attributes, like historicai monuments, open wells etc. may be classified by nominai and "
ordi_nate variables based on the value of data and its nature, GJIS software, like ARC/INFO
allow ys to isolate, select, quantify and locate point attribytes.

22.74. Line Attributes

Length calculation: Pythagorean theorem
Azimuth caiculation: Trigonometry
* Shape calculations: Sinuosity

22.7.5 Area Attributes

Area attribytes can be defined, Separated and retrieved on the basis of category, class or
- Magnitude of the featyre of interest. The shapes of the area features can be determined by -
means of the principles of Eeometry, contiguity, homogeneity and heterogeneity.

228 GIS DATABASE CREATION

Fi undamentally, GIS database consists of four types. They are (i) topographic data derived
from topographical maps and satellite imageries (it} thematic data from the analysis of
remotely sensed images Supported and validated by fleld surveys (iii) collateral daty collected
from various related organisations Jike Groundwater departments etc, and (iv) field data
collected throy gh the intensive field work also called as primary data. These data products are




/—'
!

ARC / INFO. In the process of cleaning énd editing of raw data care shouid be taken to make
{he database free from all errors.

570 GIS DATA ANALYSIS TOOLS

_ Data analysis subsystem of GIS is heart of GIS and solves all the geographic problems. Most

of the GIS software is more market driven rather than academic requirements for solving very
difficult problems. gome of the methods  of analysis are spatial measurements,
reclassification, puffer analysis, map overlay analysis, modelling surfaces, Digital Terrain
Modelting (DTM), “network  analysis models, mathematical modelling techniques,
geostatistical modeiling, and statistical analysis tools. Out of these methods, only WO
important methods are given in this unit. The two methods are map overlay analysis and
puffering techniques.

22.9.1 Map overlay Analysis

Because cach cell in 2 two-dimensior_iai array can only hold one number, different
geographical attribute must be represented by separate Sets of Cartesian arrays. known

-overlays’. The overlay idea for separating data is not restricted to computer cartography,
having been used by cartographers for a very long time. Fig 22.2 illustrates the overlay

concept in which each separate attribute is described and mapped separately.

—

Fig. 23.2 Three-dimensional arrays used for coding map overlays
in raster database structures. ' '

in its simplest form, the overlay concept is realised in raster data structures by Staking two-
dim¢ nsional arrays. This results in a three-dimensional structure as shown in fig. 22.3. The
overlay concept is essential equivalent to the ‘picture function’ in digital image processing, &
‘data plane’ in remote sensing of * image-based’ Storage. and it is fundamental to most raster
image processing. '
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Fig. 22,3 The ‘overlay’ concept, the real world js portrayed by a series of
overlays in each of wh ich one aspect of reality has been recorded
' (Eg. topography, soil type, roads, rivers etc. ).

22.9.2 Buffei’ing Techniques

entity is a cirgle simply drawn around each point as centre and the area of inflyence under
Study as the radius of the circle (Fig,_-'22.4.a). Line buffers can be created by meésuring a
specified difference i all directions from the line target objects (Fig 22.4.5) An area buffer

(Fig 22.4.¢) can be created by measuring the distance with an a
perimeter,

0). Point buffer b) Line buffer ¢l Area buffer

Fig. 22, 4 Types of buffers

22.10 APPLICATIONS

s . . ’ a . .
This section deals with the applications of GIS, Temote sensing, and both in combination. In
many respects applications are the most important aspects of GIS since the on ly real point of
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working with geo'graphical information system is to solve substantive real-world problems. -
GIS is perhaps best considered a methodology or collection of tools which when applied can
bring great benefits. Remote sensing and GIS can contribute a great deal to our study of
patterns and processes on the surface of the Earth and to create decision support systems.
Even though the innovation of GIS is itself quite recent, it is possible t0 classify applications
as traditional, developing, and new. Traditional GIS application fields include military,
government, education, and utilities. The developing GIS application fields of the mid 1990’s
include a whole raft of general business uses like, banking and financial services,
transportation logistics, real estate, and market analysis. New application areas, which are
probably due for take off in the next decade include small office/home office and personal or
" consumer applications.

Operational activities are the basic day-to-day activities of many organisations. The tactical
activities are typically the domain of middle managers and strategic activities involve senior

management. A list of various application arcas is given in the table 22.1.

Table 22.1 Application areas of Remote Sensing and GIS

Agriculture and Seils -
Crop acreage estimation / condition / yield prediction
Soil categ’orisaﬁonfresou’rces!erosion assessment/watershed management
Geology _ _ ' : '
Lithotogical discrimination / structural mapping /drainage analysis
Mineral exploration / coal fire mapping
0Oil field detection / explorations / geochemical analysis / seismic studies-analysis
. Ocean resources : ' _
' Wealth of oceans / explorations / productivity / SST / potential fishing zone,
Coral reef mapping - '
Low tide / high tide marking
Forestry and Environment - :
' Loss of biological diversity / biosphere reserves / ecologically hot spot areas/
Wet land environment
Forest cover mapping & surveillance / forest stock mapping / deforestation-
afforestation
Grassland mapping
Major river valley projects
Coral reef mapping
Disaster warning mitigation )
Climatic change and greenhouse gascs-atmospheric aerosols, atmospheric winds
Wild life habitat assessment - |
Zoom cultivation-desertiﬁcation.
Street network-based applications
‘Vehicle routing and scheduling
Location analysis-site selection- evacuation plans
Natural resource-based applications: :
Management of wild and scenic rivers, recreation resources, flood plains, wet lands,
Agricultural lands, aquifers, forests, wild life etc,
Environmental Impact Analysis (E1A)
~ Viewshed analysis -'
{azardous or toxic facility siting o
Ground water modelling and contamination tracking




Wild life habitat analysis, migration routes planning
{ Land parcel- based applications '
H ' Zoning, sub division plan review
Land acquisition
Environmental Impact statements )
Water quality management e
Maintenance of ownership )
Facilities management _
) Locating underground pipes, cables
%" Balancing loads in electrical net works
Planning facility maintenance
Tracking energy use.

Check Your Progress
Note: a) Space is given below to write your answer. '
b)  Compare your answer with the one given at the end of the unit.
_ 2, Name any two software for the integration of Remote Sensing and GIS.
3. Name any two applications where Remote Sensing and GIS together are }
useful.

e -..,._-_.....-_....._.,_.._.-...._--_-..._-_...._...-__....._.

e e o e e T e A o e - — -

22.11 SUMMARY

Remote sensing data can be used as an input to GIS. The remote sensing data can be readily
merged with other sources of geo-coded information in a GIS. This permits the over lapping
of several layers of information with remotely sensed data. The combination of image
processing in remote sensing and GIS are coming closer and it is now becoming extremely
difficult to differentiate. The hardware was almost similar and software is being integrated.
Remotely sensed data can be used as a source for spatial data for the GIS. Data for GIS can be
grouped as rastar data and vector data. The integration of remote sensing and GIS is essential
for accuracy. The spatial data is integrated in the GIS along with the other collateral data to
take policy decision in the fields of socio-economic development. For urban and regionat
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planning integration is must. Environmental resources related to forests, water bodies and
water lands study is to be undertaken with integration.

The main software available in these fields are ESRI, ARC/INFO, ARC/VIEW, ARC/GRID,
etc. are in GIS and ERDAS, ER Mapper, EASI/PACE etc in vemote sensing. There are
several applications with remote sensing and GIS and both in combination. Remote sensing
and GIS can contribute a great deal on the surface of the earth to create decision support
systems. Traditional GIS applications include military, government, education and utilities.
These fields are useful in the scientific study of agriculture, geology, ocean resources,
forestry, disaster management, natural resources management etc.

* For the integration of remote sensing data with GIS, certain types of software are required.

i 22.12 CHECK YOUR PROGRESS-MODEL ANSWERS

J 1) Spatial
2) ARC/VIEW, ARC/INFO - |
H' 3) Forest management, Natural resources management, geology, water resources etc.

3713 MODEL EXAMINATION QUESTIONS

L Answer the following in about 30 lines each.

1. Explain the integration and software of remote sensing and GIS.
2. Describe the applications of remote sensing and GIS..

IL Answer the following in about 10 lines each.
N 1. Remote sensing and GIS synergy.

2. GIS Database creation.
3. GIS Applications in natural resources management.
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23.0 OBJECTIVES

In this unit, watershed management, its strategies along with the characteristics of watershed
ﬁ ' are described.

After studying this unit, you will be able to
explain about watcrshed management

describe the watershed charactenistics
» ¢xplain the watershed management in Andhra Pradesh

| 23.1 INTRODUCTION

As we enter the third millennium, we arc witnessing a gale of bewildering change and
transformation. Communication is well on its way to becoming instant. Knowledge based
processes and an electronic network blankets the globe. And yet, there are several things that
never change. Like for instance the basic needs of which water is the most important.

In India, sustainable development of rural areas is one of the major efforts. This involves
conservation of land and management of water resources, for which the bet physiological unit
is a watershed/drainage basin. Characterisation and analysis of watershed are prerequisites for
watershed management. Watershed characterisation and its productivity can be achieved by
using watershed concept. General principles, approaches and guidelines relevant to integrated
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watcr ' resources management are mumcrous and each has their areas of appropriate
application. In 1992, an intcrnational conference on water and environment was held in
DUBLIN with the aim of promoting changes in those concepts and practices which are
considered fundamental to the improved water resources management and suggested specific
principles, which are popularly known as FOUR DUBLIN principles.

I Fresh water is a finite and vulmrable resource, essential to sustain life, development
_ and the environment. .
Il Water development and management should be based on a participatory approach,

mvolving uscrs, planners and policy makers at all levels.
I. Women play a central part in the provision, management and safeguarding of water.
V. Watcr has an cconomic value in all its competing uscs and should be recognised as an
economlc ICSOUrce.

The four Dublin principles significantly contnibuted to the agenda ‘217 recommendation
adopted at the United Nations conference on Environment and Development in Rio de
Janciro, 1992. Thesc core principles have been restated and elaborated at major International
Water Conferences in Harare and Paris, 1995, In the recently held (2002) World Summit on -
Sustainabic Development at Johannesburg, South Africa, the heads of states resolved the
follomng among others.

¢ To halve the number of people mthout access to safe drinking water and adequatc
sanitation by 2015.

¢ Commitment to significantly reduce bio-diversity loss by 2010.

¢ Ccasc destructive fishing pracuces and cstablish marinc protected areas and network,
by 2012,

e Halve the number of the world's poor living on less than a dollar a day by 20135,

in India. out of 329 million ha geographicai arca, an cstimated 175 million ha. Of land are
subject to sorne kind of degradation namely soil crosion by water and wind, water logging,
soil salinization and alkalinization shifting cultivation, ctc. Frequent floods and drought
further compound the problem. There are about 0.43 million villages, which do not have
adequate drinking ‘water, Timely and reliable information ‘on the nature, extent, spatial
distnbution and temporal behaviour of natural resource is pre-requisite for their optimal
utilisation. With the increasing pressure of the ever growing human and cattle population
deforestation, erosion of soil, indiscriminate use of chemicals, fertilisers, and pesticides and
also of water, a severe threat to our ecosystem has resulted. Land degradation is on the
Increase posing a serious ecological challenge to the habitat. With proper planning, scientific
approach and efficient management, it is possible to increase the productivity of these "waste”
lands while creating cmployment opponumtles for the. poor.

Check Your Progess

Notc: a) Spacc is given below o write your answer.
b) Comparc your answer with the onc gi\fcn at the cnd of the unit.
l. Write the pre requisiics for “atcrshed management
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23.2_ WATERSHED CONCEPT

The significance of watcrshed stratcgy is traced back to two independent historic events. We
attempt to restore alpinc in the last quarter of ninctecnth century and the conservation
movement of thosc has pushed the watcrshed to the surface. However it is FAO, which has

technigues and the vegetation manipulation and soil and water conservation techniqucs along

with conceptual and theoretical inputs have formed the basis for the watershed strategy.

233 WATERSHED DEFINITION _

‘Fig. 23.1 Typical watershed
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Thus a watershed encompasses all the land and water area that contributes runoff to 2

common point. It is a topographically delineated area draining into 2 single channel. The

depth of a watershed may extend from the top of the vegetation to the confining geologic

strata beneath. Every watershed is as unique as a finger print. No two watersheds are exactly

same. The term watershed strictly refers to the divide separating one drainage basin from the

other. But, over the years, watershed has been identified with a drainage basin or a catchment

arca. Watcrsheds of the small streams are the sub-watcrsheds of the larger stream. Watershed

“may be nearly flat or may be highly undulated. Each and évery water and land area is a part of -
onc watershed or the other. ' : :

Human and animal populations are part of the watershed community. The hydrological
regime of watershed has inalicnable relationship with flora, fauna, soil and climate on a
tcmporal basis in terms of resource exploitation. The indiscriminatc exploitation of the
. resources without proper planning causcs scverc set back to sustainable development.

23.3.1 Concept of Sustainability

Concept of sustainable development attracted worldwide' attention since the publication of
Brunt land report in 1987. Sustainable development is defined as the one that meets the needs
of the present without comprising the ability of the future generation in meeting its own
nceds. Sustainable “devclopment should be based on economic development over a long
period. It depends on intcractions among three systems viz. the biological system, economic
svstem and the social system. -

Biological system: To miaintain genetic diversity and biological productivity.

Economic system: Basic nceds such ‘as reduction of poverty, equality enhancement and
increasc in uscful goods and services need to be addressed.

Social system: To ensure cultural diversity, institutional sustainability, social justice and
~ participation. ' X

123.3.2 Watershed Classification

For proper planning and development of watershed basin, it is essential to have a 'frame work
of watersheds'. The size of a watershed is governed by the size of streams or river. Size of the
watershed/hydrologic unit is of - practical importance in land and water resources
development. The aims and objcctives of a particular development programmc'dcﬁﬁe a
workablc size of the watershed. For cxample a multipurposc irrigation-cum-hydel project
would have its watcrshed spread over thousands of squarc kilometres where as a far from
pond, the sizc may be a few hectares only. The size of the watcrshed will also differ with
different stages between  macro and micro levcls of planning ‘and implementation of
devclopment programmes. The classification of watershed is given in Table 23. 1. '

Table 23.1 Classification of watershed

Si.No. " Designation Size
L Subwatershed - 100-500 sqkm
2. Milli watershed 10-100 sg km
3. Micro watershed 1-10 sqkm
4, Mini watershed <] sqkm -3
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23.4 DELINEATION AND CODIF!CATION OF WATERSHEDS

Thc river basins of the Indian subcontment are dlstmctly delmealed into six water resource
regions (Fig.23.2). They are:

Indus drainage

Ganges drainage

Brahmaputra drainage

All drainage flowing into Bay of Bengal (except2 & 3)
All drainage flowing into Arabian Sea (except 1)
Western Rajasthan mostly ephemeral drainage

I o

Regions into Basins: Fach water resource region has been divided into basins which
~ constitute individual big rivers like Krishna, Narmada, Chambal or a combination of smaller
ones which are contiguous to each other like the basin between Cauvery and Krishna.

Basias into catchments: Each basin has been divided into a number of catchments, which
mostly cover the main tributaries, or group of contigupus smail tributaries or individual
streams. ' '

WATER REGIONS OF INDIA

LEGEND

C Jndus clrainaao
Gangss daainage

"] Brahmaputrs drainage
Al drainege foflowing imo Bay of Bengai except 233
All drainsge following ine Arabain ses sxcept 1

[ ] weatem Rajasthan mostly aphemersl drainage

Fig.23.2

Catchments into Subcatchments: Catchments are further divided into a number of sub
catchments, which are mainly smaller tributaries and streams.

Subcatchments into watersheds: Each sub catéhmcnt has been divided into a number.of
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watersheds, which are the smallest sized hydrologic units in the macro level category.

23.4.1 Codification system: |
Model watershed codification is shown in Fig.23.'3.

Water resource regions are assigned Arabic number 1, 2, 3...

Basins are assigned letters A, B, C....

Catchments are assigned Arabic number 1, 2,3 ...

Sub catchments are assigned letters as A, B, C.....

Watersheds are assigned Arabic number 1, 2, 3....

Hence watersheds will have the codés like 1A1A1, 2B 2A3, 3A5C4 efc.

Fig.23.3 Model Watershed Codification

Hydrologic unit statistics: The hydrologic units of the-c'.qunlry are delineated as follows:

1) Water resource regions - 6 No's
2) Basins - 35 No's
3) Catchments - 112 No's
4} Sub catchments - 500 No's
5) Watersheds - 3237 No's
Check Your Progess
Note: a) Space is given below to write your answer.
b)  -Compare your answer with the one given at the end of the unit.
I What is watershed? Explain,




L R L e e i L e ok e i ke o e e A

23.5 WATERSHED CHARACTERISTICS

- Watershed characterisation denotes taking stock of the resources available and identification
of problems.

Resources: Soil resources, water resources (surface & ground water) agricultural systems,
land configuration etc. :

Problems: 1. Soil related problems such as salinity, solidity, soil erosion, physical features
like gravelliness, stoniness etc.

2) Land problems such as slope gradient, physiographic differences such as hills, sheet rock
exposures, mesa, bute systems. :

Erosion has to be studied with respect to soil, hydrological surveys, vegetation, resources
survey, live stock resources, socio-economic survey, infra-structural survey, contour survey,
climatological review etc. are the general characteristics to be considered to evaluate
watersheds. ' '
Watershed characteristics are evaluated in terms of its

1} Physiography (size, shape, slope, drainage efc.)

2) Edifice conditions '

3) Land use

4) Vegetative cover

5) Rainfall

6) Socio-economic factors

Uncontrolled, unplanned, unscientific land use and interventions in the following activities
lead to the watershed deterioration. Viz. 1. Agricultural land, 2. Grass'and, 3. Forestland, 4.
Shifting cultivation, 5. Unscientific mining and construction,

236 STRATEGIC VIEW OF WATERSHED MANAGEMENT

Watershed management may be defined as the process of formulating and carrying out a
course of action involving manipulation of natural, agricultural and human resources of a
watershed to provide resources that are designed by and suitable to the watershed community,
but under the condition that soil and water resources are not adversely affected. Watershed
management must consider the social, economic and institutional factors operating with in
and outside the watershed. Watershed management practices are those changes in land use
vegetative cover and other non-structural and structural actions that are taken on a watershed
to achieve watershed development objectives. Hence, management in an integrated and inter
disciplinary approach is necessary.

For the last two decades, development of dry land agriculture on watershe'd_ basis has been 2 -

national strategy for sustained productivity and rational utitisation of natural resotirces. Only
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adopting the watershed approach can properly develop the total resource. In this approach,
development is not confined just to agricuitural lands alone, but covers all the areas, starting
from the highest point of the area (ridgeline) to the outlet of the natural stream, Watershed
management usually involves the v ¢, by the people of the watershed area, of natural
resources in a watershed, especially the land, water and vegetation, with the active
participation of their institutions and organisations and in harmony with the ecosystem.

23.6.1 People Participation

As the management of watershed aims at creating a self-supporting system essential for

" sustainability, the people’s participation is the key to the success of any soil/water

conservation programme. People’s participation may be defined as employing a method
where the associated communities are motivated to function and contribute as a group to
perform a predetermined task. 't is important to distinguish between people’s co-operation and
people's participation. Mobilising people’s participation would require much more intensive
interaction where in the communities would be required to be involved in the process of
planning. implementation and management of the programmes to the extent possible.
Community participation could also be visualised as an important mechanism, through which
the responsibilities of management of land and water resources could be transferred to the
people so that a more holistic and sustainabie development of these resources can take place.

23.6.2 Remote sensing and GIS in water resources manageme.nt

Watershed management needs exhaustive data and information, which are very dynamic in
nature and temporal changes over time and space due to natural and external influence on
agro-climatic environs. Collection of data in remote and inaccessible areas through
conventional methods is difficult. Moreover the collected data are often inadequate; out-
dated and time consuming besides being expensive. Remote sensing technology provides
synoptic and unbiased information on large areas at periodical intervals. The application of
remote sensing in water resources management includes surface water inventories, flood
assessment and flood plain mapping. snow mapping, watershed models etc. Resource
management requires analysing phenomena, processes and their interaction throughout space
and time. The resource information system for resource management should have
multidimensional approach i.e. spatial dimension, | attribute dimension and temporal

" dimension. Geographic information system offers such capabilities as they integrate multi-

sector, multilevel and multi-period database. GIS is [a computerised database system for
capture, storage, retrieval, analysis and display of data. ‘ '

3.7 WATERSHED MANAGEMENT -A CASE STUDY

An integrated watershed management may be explained through the consideration of the
fotlowing individual watershed situated in a semiarid region. A drought prone region of
Prakasam district in Andhra Pradesh, which lies in the Racherla mandal and situated in
between 78°50' - 79°05'" E longitude and 15°20' -15°40' N latitude, extending in an area of
412.8 sq km, is considered for systematic study. Various thematic layers are generated and an
ideal integrated watershed management model has been developed. ' :

Ohbjectives: The objectives of waterShed development project are: _ .
I. - To promote the economic development of the village population through a) optimum
use of natural resources, b) employment generation and development of human and

other economic resources of the area.
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i To encourage restoration of ecological balance through a) People’s participation b)
adoption of simple/local affordable technology.

HR Special emphasis on socially and other wise dlsadvantaged sections of the Watershed
community through. a) equitable distribution of the benefits, b) greater access to
\income-generating opporftinities and for their human resource development.

Methodology: The widely accepted and the most suitable methodology for the integrated

management of watershed development consists of the following three steps.

L Drainage basin/watershed - Quantification through the preparation of maps lik
1) Land use/land cover, 2) Hydro geomorphology, 3) Soils, 4) Geology. 7)
Groundwater, 6) Slop map, 7) Drainage net work map

i Data base (attribute) creation of socio-economic data and other relevant information:

1ML, Integration of all the information . (map information and socio-economic details).
Maps, the total basic integrated land and water resource units may be generated with
each unit representing the typical geologic, geomorphic, pedoioglc stope, hydrologic
and current land use settings.

Action Plan: Based on the information available with research stations of agricultural
institutes, available reports and research findings, specific guidelines are to be developed
With the application of guide lines on each basic Integrated and water resource units (out put
obtained on the integration of al! the generated maps), specific alternative action plans are to
be suggested. The general action plans to be suggested for semiarid/rain fed areas may be
categorised as:

1) Drought proofing works, 2) soil and water conservation measures for non-agricultural
“lands, 3) soi} and water conservation measures for agricultural lands, drought proofing works.

1. Drought proofing works: Drought is a state of persistent imbalance between water
availability and water need particularly in the contest of agriculture. Depleted water table, low
production of food grains, loss of soil moisture, non-availability of fodder and fuel wood
degraded forestlands, etc., are some of the consequences of drought. To mitigate these
adverse affects, drought-proofing works are to be envisaged with repeals participation.

A) Rain water harvesting structures.

1) mini-percolation tanks

2) check dams

3) farm ponds

4} desalting for conversion into mini-percolation tank

B) Soil moisture conservation.

1) vegetative barriers,
2) soil erosion ¢ontrol measures,
3) irrigation water management

C) Fodder/Fuel wood/Forest development
1) Fodder fuel wood plantation
2) Fodder/silvi pasture development
3) AfYorestation
‘4) Conservation of flora and fauna




D) Shelter belt/shrub plantation along ali the roads
E) Rain water harvesting structures

1} check dams,
2) percolation tanks

2. Soit and water conservation measures for non-agricultural lands: These lands are the
sources of maximum sediment and run off and cause environmental hazards like formation of
gullies, ‘droughts sultallon landslides etc. The following are some of the measures to be
adopted.

1) Contour trenching, 2) Gully controt structures, 3) Revelation 4) Quarrying, 5)
Afforestation, 6) Silvipasture.

3. Soil and water conservation measures for agricultural lands: Soil conservation in the
basi¢ program required to be under taken for both the development and management of
resources. To achieve sustained agricultural production, suitable fand treatments according to
land problems/capabilities are to be proposed. Adoption of soif conservation measures will
reduce soil erosion, nutrient losses, reduction in sedimentation reduction, runoff and thereby
pressure to moisture in the soil profile besides improving the ground water recharge. The
various conservation measures to be adopted under this category are 1) levelling, 2) terracing
farm bunding, 3) nala bunding, 4) slrlp croppmg, 5} legume and grass, 6) plantation of tree
and vegetation cover etc,

4. Socio-economic impact analysis: In pursuing natural resources management, there is a
need fo accord priority to social equity considerations besides economic and natural
conditions. The basic sight for all people to have access to water of adequate quantity and
quality for the sustenance of human well being must be universally recognised. Therefore to
set things right a holistic perspective was needed in our country for the sustainable
development of rura) areas. The socio-economic backwardness of the relevant villages falling
in the watershed area is to be estimated by considering the parameters namely, concentration
of SC population, ST population, - literacy, basic amenities, health facilities, educational
institutions and dominance of occupation etc. In watershed treatment plans priority should be
given to areas that ranks first in terms of 1) social backwardness, 2) economic backgrounds,
~ and 3) areas lacking basic amenities. |

23.7.1 Landuse/Land cover (LU/L.C) map

The spatial information on LU/LC and their patten of change is essential for planning,
utilisation and management of land resources. Information on LU/LC permits a better
understanding of the land utilisation aspects on cropping patterns like fallow land, forest and
grazing land, waste land, water bodies etc. which are very vital for development and planning.
In this watershed level-lII classification is performed.. The main LU/LC classes encountered
here are cropland, deciduous forest, land with/without scrub, fallow land, barren sheet rock
area and water bodies. :

23.7.2 Hydrogeomorphology map

“The primary purpose of undertaking hydrogeclogicai studies is to examine the influence of
morphological characteristics on the occummence and movement of ground water. Geological
and climatological change influence in the evolution of landforms and each geomorphelogical
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process develops its own particular assemblage of landforms. Metamorphosed sedimentary
rock forms the major part of geology. The major geomorphic features encountered in the area
are pediplain, pediment, valley filf, bazada etc. The groundwater availability in valley fill
region is excellent due to sedimentation.

23.7.3 Slope Map

Slope information is usefi] in understanding the topography, geomorphology, soil types and
their erodibility, surface drainage etc. A slope map is essential for planning an irrigation
project where the catchment area is hilly. Base map, drainage map and slope map will be
prepared from SOI toposheets, Slope map is used in sediment yield calculation. -

'23.7.4 Groundwater Prospect map

Groundwater prospects (Fig.23.4) are estimated using geomorphology as a base besides slope,
drainage and LU/LC. '

E=3— Excelient

({11~ Good to Moderate
{£5)~ Moderate te poor
£-Poorto il
(EE]- Very good to Excellent

| . [Xx]~ water body

Fig.23.4 Groundwater Prospect Map

-23.8 WATERSHED MANAGEMENT OF A.P.

In Andhra Pradesh waterland bas been identified to be around 19.78% of. the total
geographical area. Around 42,000 watersheds covering an area of 2.25 million hectors are
under implementation. Besides this the development of degraded forest area of an extent of
approximately 0.3 m ha, under joint forest management, bas been taken up through Vana
Samrakshana Samithi, Neeru -Meeru programmes of the Government of A.P. (May, 2000)
with a view of execute soil and moisture conservation works to generate employment to the
rural poor and to improve ground water recharge thereby contributing to the growth and
development of forests under sustainable development. ' -
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Check Your Progress

Note: a) Space is given below to write your answer.
b) Compare your answer with the one given at the end of the unit.
4. What are the main objectives of watershed development?
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23.9 SUMMARY

The basic needs of human beings such as water and food are a must to any society
irrespective of its social and economic development. Development of rural areas may be
achieved through land conservation and water management. During the -international
conference on water and environment (1992-Dublin), four crucial principles, popularly
known as Dublin principles, are identified for the improved water resources management.

Water is a finite natural resource and may be considered as an economic resource. People’s
participation in general and women’s role in particular is vital for water resources
management. Soil erosion by water and wind, water logging, soil salinisation and/alkalisation
are some of the reasons of land degradation in India.

The correct information on the nature, extent, spatial distribution and temporal behaviours of
natural resources is pre-requisite for their optimal use. Rising fand degradation poses a serious
threat 1o the ecosystem. Productivity of wastelands can be achieved through proper planning,
scientific approach and efficient management.

Watershed is a spatial unit with complex relations among its entitles and may be defined as a
geohydrological unit draining at a common point by a system of streams. Each watershed is
unique in its characterlsucs

After the publication of Brunt land report in 1987, the concept of sustainable development
attracted worldwide attention. Sustainable development aims at meeting the needs of the
present without compromising the ability of the future generation in meeting its own needs.
Sustainable deve!opmem depends on the interaction among biological, soclal and economic
systems,

Size of watershed is of practical importance in-land and water resources development All the
river basins of the Indian sub continent are detineated into six water resource regions. Water
resource regions up to watershed level are classified and assigned with Arabic
numbersfalphabetlcal letters as per codification system (watershed Atlas of India).

Uncontrolled and unplanned land use practices leads to watershed deterioration. The process
of formulating and carrying out a course of action invelving natural resources comprises
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cvents, and anticipate future’ ones. To do so, there is need to usé the cxmoeptual\ tools of
physics, chemistry, biology, and mathematics and our geoscientific intuition. - A large amount
of data is gencrated and so there is iieed to manage datascts. For better understanding,
comparison with other datasets and with conceptual or. theoretical models of how the carth or
other plancts work is must. Computers help to leam about and gain iniuition related to
conceptual tools, and they help to manage and manipulate datasets and often to generate
predictions that we comparc with our data (Hypothesis-testing). Computers in themsclves are

“only the means to get to the understanding, cvaluation, and anticipation that we scck. We

have to be carcful to be scientists (geology leads the activity), rather than technicians (the
mcthod or tool or computer lcads the activity). :

24.2 SCOPE OF COMPUTERS IN GEOLOGY

The mincra} explorationist uscs a variety of geologically oricnted computer-hosted databases.
These inciude compilations of information on a single spectmen or driil hole; results of local
or regional mapping, geochemical or geophysical surveys; production data from a- mine,
mining district, province, nation, or continent; and topical bibliographics on mineral deposits
and rclated subjects.

Recent applications incllida mathematical statistics for problem solving in Earth Sciences and

~ much artention is given in new developments in quantitative stratigraphy, spatial analysis,

application of image analysis, multivariate statistical analysis in mincral resources evaluation
and geostatistical crustat abundance modcls. '

Computcrs are aiso used in groundwatcr modelling, for groundwater pollution studies, ete.

Computer applications arc morc importance in remote sensing and  satellite: image

intcrpretation,

24.3 COMPUTERS TODAY

Computer is a machine that can perform arithmetic operations and is fast and accurate
electronic symbol manipulating system that designed and organised to automatically accept
and store input data, process then and produce output results. The basic organisation of 4
computer system includes input, processing and output devices. The central processing unit -
(CPU) consists of primary storage section where the input and output results are stored, the
arithmetic logic scction where the calculations are performed and control section where it is
balc to maintain order and direct operation of the entire system. Computers are of four types
~ Microcomputers, Minicomputers. Mainframe computers and Supcrpower computers and
these differ in processing, speed, storage capacity and the cost.  Most computers are
multiprocessors where scveral instructions can be processed at the same instant. Mainframe
computers arc classified as first to fourth gencration computers depending upon diodes,
transistors, large-scalc intcgrated circuits (LSI) and very large-scale integrated circuits
(VLSI). Computers can be classified as digital computer, which is counting device that,
operates on discrete data, analog computer where they deal with variable measured along a
continuous scalc and hybrid computers system where analog data arc converted into number
and supptied to a digital component in the system. ' :

Data processing consists of gathering the raw data input, evaiuating and bringing order of &,
and placing it in the proper perspective so that useful information will be produced. The data
can be organised and then processed by the use of sequential {batch) or direct access. Direct
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access processing consists directly locating and updating any record in the file without the
need to scarch through a lengthy sequence of other records. Data cntry for the sequential
_ processing can be donc by purched cards, magnetic tape, floppy disks (diskettc) and optical
character readers (OCR). Data entry devices for Direct Access Processing are teleprinter
terminals, pont of scale terminals, optical scanner terminals, visual display terminals (a
keyboard is used to enter data into CPU). The direct Access Secondary storage is Magnetic
disks, which arc the most popular medium for storage. The storage capacity varies from
about 30 million to 300 million characters. Tlc other storage devices are Mass storage
devices, Magnetic bubble storage, charged couple device and opti¢al disks. Vast amount of
“data being stored in computers, many organisations are moving into Data Basc Management
Systems (DBMS). Such systems arc special software packages, somewhat akin to electronic
-librarics.

The computer output media are punched papers, tape drives and magnetic devices where
output rosults can be stored.  High-speed line printers are rapidly moving chains or bands of
print_characters 20,000 lincs/minutc. The other devices are drum printer, alphanumeric
- display dcvices, graphic terminal output, dot matrix printer/plotter, pen plotter, film recorders
ctc. ' : '

The programming language consists of all thc symbols, characters and usage that
communicate with computers. Every language has instructions that fall into input/output
instruction, calculation instructions, logical instructions and storage/retrieval and movement
instructions. Major High level languages used are FORTRAN, BASIC, COBOL, PL/I, RPG,
ALGOL, and PASCAL. COBOL is used for business purpose and for scientific purpose
'FORTRAN, BASIC and PASCAL is common language. These High order languages are
converted to machine language by compiler in CPU where computations are performed in -
this language and reconvert them to object program!results

The DEC-10 S\stcm availablc at TIFR 1s multlproocssor with 2 CPU haviag total memory
502 Mcga Words. The computations are performed on time sharing process.  Direct-access
of magnctic disks is availablc for data storage. Apart from the above two chain line printers
and magnetic drives arc available for the output results. For graphic methods two drum
plotters and tetronix terminal are used. : '

. 24.4 DATA PROCESSING

Computer methods arc extensively used in geological sciences towards processing of Iarge
amount of geological, geochemical data for proper intetpretation; thereby the geologist may
bc able to grasp its full significance. A set of numbers is much more abstract than the
collection of objects and properties to which it refers. Many mathematical and statistical

: conccptsaremgemralusemgeologlcalprooess

1. .Summansatlon of a set of measurements to give an overview of the general
. propertics and distribution. '
-2, Transformation of data to reveal the propertics more clcarly,
3. Rcgression analysis to cwplorc the dependence of the property on anothcr or a
~ group of others,
4. Corrclation, principal componcnt analysis and factor analysns to investigate the
' rclatlonshlps betwecn pairs and group of variables,
5. Trend surface analysis by which the distribution pattern of the variables with
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reference to its eo-ordmates where local oomponents can be separated from
regional trend.

These statistical methods can b applied to any amaiiiné of data, provided the data is collected
in a systematic may. To makc comparison between different populations and to integrate
information derived from many visual patterns arc supplemented by the computer ability to
detect the complexity of data.

The principal multivaniatc mcthods used in carthsciences are factor analysis, time series
analysis and fcgrcssion or trend analysis; factor analysis is uscful in finding common
underlying factors in indcpendent variable. In the geological ficld the application of factor
analysis to determine the interrelationship between chemical, lithological and biological
constituents in recent and ancicnt sediments is known. In this exercise, grouping of sampled

localities into similar areas revealing meaningful pattern are used for the interpretation of the

cnvironmental history of sedimentary basins.

In the time scries analysis, data collected at successive intervals of time are analysed. The

time factor in the time serics analysis is the relative time scale since the actual time factor is
an unknown cntity. For cxample, obscrvation made during the course of a geological traverse
may be subjected to time scrics analysis.  Scveral aspects of the formation including grain
sizc. porosity, fossil distribution and so on may be uscd to introducc order into an irregular
and crratic appearance of data and the exercises may well lead to meaningful interpretations.

Studics have shown that the trend surface analysis -is applicable to local as also regionat

_structural featurcs. The application of the trend surface analysis to structural problems is
uscful in predicting projocted depths of geological formation and in delineating structural
discontinuities.

245 COMPUTERS IN EXPLORATION GEOLOGY

Computer apphcatlons in exploration geology usually result in the product:on of maps or
other graphic djsplays These include small-scale regional maps and large-scale or prospect
maps,

Regional Maps: These arc gencrally considered to be thosc that are made on a scale of
1:250.000 or smaller. They cover a geologic region, province or basin.' They give an
overview for play development and computer activity and permit the placing of individual
prospects in their proper pesspective.  Displaced detail is limited so that one should: not
‘attempt to usc closcly spaced symbols that may overlap or obscurc the main purpose of the
map. Small-scale drilling density maps arc often better if the number of wells in some unit,
such as township, is contourcd rather than simply posting all locations. The same is true for
penctration maps on formation basis. However, these are all a matter of density and
. Judgement; the option lies with utility and ease of visual interpretation. Computers and
graphic display devices can produoe a variety of useful and v:sually pleasmg regional maps.
Sorme of the maps are:

aj Drilling density maps Well symbols are preferred, but contours can be used in areas of
dense drilling

b) Depositional environment maps: Stratigraphic and fossil mfonnatlon maps that can be
used on geologic interpretation or multivariate analysis and :
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¢) Comparison maps: Comparing some 'gcologic feature such as structure with oil
occurrence can quickly evaluate large areas for prospects and for the best mapping
technigues ¢.g. Isopach maps, Potentiometric maps. ' '

24.5.1 Local and Prospect Maps

Local maps are generally considered to those on a scale larger than 1:250,000. Prospect maps
display detail and interpretation beyond that contained in the well information and are a
product of geologic deduction and imagination. Kinds of local and prospect maps useful are:

Drilling density maps: All wells should be posted.

Production and oil-show maps: Individual wells with details should be posted.

Economic and report generation: Computer-gencrated statistical probabilitics can be used
to forecast success and economic return from prospects. Word-processing svstems can easily
produce clcan, accurate reports. -

Check Your Progress

Note: a) Space given below for wniting your answer. _
" b) Compare your answer with the one given at the end of this umit.

1. What is the scale of regional maps?
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24.6 STRUCTURAL GEOLOGY

Structures within the carth are very complex and imaginative Computers can be used to

visnalisc the structurcs and their interrelation, Data on structurcs, such-as strike and dip of
faults. folds. joints. ctc. can be colected and made usc to know their cxtent and direction.

Data once coliccted can be stored and any additions/corrections can be casily made and latest

mendels can be constructed. Many times the structures arc of more than one generation.

Using computers can help us and also make things easier for a structural geologist. Surface
data can be used to get a model of subsurface structures. Most of the structural features are
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not exposed on the surface, identifying the-trend of these structures is most difficult problem
faced by the structural geologist. For classroom teaching of structural geology, computers
can be more cffectively used. Studerits lack a clear grasp of the structures, so conceptualising -
the model structures, help them to have good picturc.

Parametric studics on stress distribution and ground displacement around, joints, lincaments
can be made using 2-D finite difference package.

347 MINE PLANNING AND OPERATION

With the increasing size and complexity of equipment, greater depths with difficult geo-

mining and hostilc cnvironment conditions; present day mine planning requires the coilection -
and cvaluation of greater volume of numerical data from a number of enginecring disciplines

than cver beforc.  Processing of these data for cvolving an optimal and cost effective

alternative without the aid of computers is simply impracticable. o

The principal aim of minc planning. once a sitc has been sclected, is to design nune lavout
and schedules that allow opcrations to be optimised, resource rocovery maximised and costs

_minimised. Before the usc of compuiers, a lot of manual work had to be carried.out. The -

same can be done on computers within a short period with a facility to evaluate various
alternatives for decision-making. :

One of advantages of computer aided mine planning and _désign is that the planner is rapidly
able to assess multiple strategics and variations. In the era of computers, numerical models
arc being increasingly used in the mining arena to optimise extraction ratio, prediction of

. - ground conditions, rock blasting, etc.

A number of gmphics-. software packages for blast induced vibration. data_analysis are
available such as VIBAN - devcloped by CMRI (Central Mining Rescarch Institute), 1CI
Australia developed VIBREX USBM developed PATCH.

74.8 GEOCHEMICAL EXPLORATION

The purposc of goochemical exploration survey is the discovery of abnormal geochemical
paticrns. or geochemical anomalies, related to mincralisation. The recognition of something
abnormal, however. roguires an understanding of what is normal.  From this the concepts of
the background, or typical range of an clement in a naturally occurring material, together with
the threshold, or tower limit of values that are worth considering as anomalous, and contrast,
or ratio of anomalous to background values have come up. When the ficld data are plotted on
plans or sections, these parameters may become almost intuitively obvious, so that the

recognition of anomalies Worthy of follow-up becomes a relatively simple matter. -

The recognition of anomalies is not al.ways so easy. Some geochemical surveys involve the

collection of hundreds or thousands of samples, ¢ach on¢ to be analysed for ten or more
clements. The sheer time and cffort involved in tabulating and plotting results, becomes-a
major cost of the survey. Errors casily creep in and requirc additional time for checking. '

Furthcrmore, the anoma_l.i_'cs arc not always casy to recognisc by simple inspection of the
distribution of a singlc clement. Ratios of clements or groups of clements may indicate the -
presence of mincralisation, or statistical treatment may be necessary before the anomalous
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péttcms can be recognised. Some of the statistical methods of interpretation making using
computers arc cumulative frequency curves in the recognition of anomalous sample
~ populations, in the consideration of the accuracy and precision of geochemical mlyses.

24.9 DATA HANDLING BY COMPUTER

In large surveys involving thousands of samples, computer data handling is useful for
organising the data, recording data in tables. and plotting maps. The major advantages of the
computer arc the case and speed of handling large volumes of data, and the relative freedom
from errors once the data have been entered into a proven system and verified.

24.9.1 Refordihg of Data

The stial stage in data handling is to record the sample numbers and locations (co-

ordinates), along with any relevant field data, such as sam.‘e type and depths, drainage,

contamination and geology. This information should be recorded in the field on forms from
which it can be casily transferred to cards or other computer readable media. Care must be
taken in choosing symbols for non-numerical data so that the computer can be easily
manipulate the data. Numerical codes for sampie types and site characteristics are usually
preferable to letters.  If sample locations are recorded on a map, the co-ordinates may b
casily obtaincd on punched cards or other computer readable form using a digitizer.

24.10 COMPUTER GENERATED MAPS _

Computer gencrated maps are uscful in large multi-clement survevs, first as plots of the data,

-and sccond for smoothing out and bringing out the broader patterns in the data. However; in
all computer work, the original data should be frequently consulted in order to understand the
origm of unusual featurcs. because such an understanding may lead to improved
interpretation. ' : e '

The simplest type of computer-generated map is a plot of the sample location and element
content for cach sample. A cheap method of producing such a map utiiises the computer line
printer.  Limitations of the line printer are the resolution, which is limited to the space
occupied by one character (about 0.2 cm wide), and overlapping of numbers and characters
from adjacent sample sites. Alternatives to the line printer are pen type plotters, photography
 of cathode ray tubes, and lascr graphic plotters. ' S

24.11 GROUNDWATER MODELLING

The widcspread availability of digital computers has come to development of mathematical
modcls of aquifers.  Applications are cxpanding, programming tcchniques arg stéadily
- improving, and computer capabilitics arc growing so that it is safe to say that almost any type
of groundwater situation can be studied by means of a digital computer model. Hybnid
computer models combine a resistance network with a digital computer. '

24.111 Hybrﬁd computer models

‘A combination of a digitz' model and resistance network analog, known as hybrid computer
~model, has been developed to reduce the lengthy computer time. The digital computer
provides the input data, such as sources, sinks, and aquifer propertics and boundaries; these
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arc expressed in clectric form by a digital-analog converter and conneéted with the resistance
‘network by means of a distributor. After the analog relaxes the system, the node vQItagcs are-
fod back to the digital computer through a multiplexer and an analog converier.

24.11.2° Modelling for gfoundwater_management |

The development and use of improved ‘mathematical tools are necessary to foster- more
efficient groundwater management.  Digrtal computer models serve as tools with
considerable capability for aiding in decision making related to the various uscs, both actual
and potential. of groundwater systems. " ' '

Majority of thc groundwater modelling is concerned with flows: however, mass-transport for
handling groundwater quality. pollution and dispersion arg. increasing. With present day
focus on the groundwater related pollution studics, compuicr has become an indispensable
tool for preparing concentration contour maps, pollution source maps, ground water quality
maps such Piper diagrams, Schocller diagrams, Wilcox diagrams for classifying irrigation
watcrs. - T

24.12 REMOTE SENSING, SATELLITE IMAGARIES

With the advancement of science and technology and also for proper utilisation of the data
computers have become indispensable. Application of remote sensing methods in mineral
exploration, pollution studies, resource management huge data sets are created. To handle
these data scts and get meaningful and proper conclusions computers are widely used.
Without the aid of computers the management of such huge data from satellites would have
- gone out of control and_proper interpretation could not have been made. The usage of
computcrs in these ficlds has made the data available more integrative and also to try to link
up with the cxisting ficld data. Correlation of the ground ficld data and remotc scnsing data
is becoming easicr with computers.

Vector analysis for creation of sclective, global topology from multiple, selective themes.
Performing uscr defined spatial querices, buffer zonation, thomatic mapping, arca merging arc
imade casicr using computcrs. Raster analysis is also not possible without the aid of
computers. : ) . ' | : o

34.13 ERROR CHECKING

For & database to be of real use, it must be error-frec as possible; when using the database for
mineral exploration, there have been several situations where anomalous values of
mﬁdﬁferwselunaﬂshawbemdﬁmrﬁnedmbemsedbyamlyﬁcalmﬁardsmmmg
unnoticed in the database. This could cause needless and expensive fieldwork in the
~ following up such spurious anomalics. The task is to cnsurc that the analytical data, the field
- description, and ancillary information arc all correct and associated with the correct sample.

In a verv large databasc. it is impractical to check cvery analytical result by hand against the
hard-copy output from the anai_}ticai device, although this was donc in the carly days before
machinc-to machinc data transfer techniques were developed and must still be done for any
data entered by hand. Errors that do occur are oftcn the result of abosted computer file
ransfers or format describing it to the DBMS (Data Base Management Systems). Using the
facilitics of 2 DBMS and knowledge of the analytical results expected and the possible
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sources of errors, it is :rcasonab_ly casy to devise a strategy to pick out most errors. FErrors
may often be detected by inspocting the extremes of values for the clements. For example, if
nearly alf copper values fall in the range 50-300. ppm and a ‘small batch lies in the range
1,000-10,000 ppm, then there may be a format problem or a transposition with an element

such as Barium. If an element is quoted as-the oxide in percent it cannot have values over
~ 100. pH values cannot be greater than 14 and usually are in the range 4-8 5.

* The location of cach sample is normally taken from the ficld card information, although for
some arcas locations have been digitiscd from. the sample sites plotted on stable-base
topographic maps in the ficld. Locational errors can be checked by a knowledge of the
sampling arca: any location falling outsidc this arca, determined cither by defining castern
and norther limits or by plotting a site map and overlapping it on a topographic map, should
- be detected. ' S

After a computer check for gross errors, a manual check of all sample locations is made. The
sit¢ is located on the stable basc map using the grid reference in the computer database and
compared with the grid reference and free text description of the site given on the field card.
Any corrections or refincments are made; the field card corrected and amendments made to
the computer database. '

~Errors in the flagging of samples (routine, standard, duplicates, etc.) potentially are disastrous

and must be weeded out. Fortunately, the routine samples outnumber the others by an order

of magnitude, so it is easy to produce lists of the non-routine samples in the database and
check them off against the master lists and the field cards. Some computer checking aiso is
possiblc. For example, standards should have no associated locations and blank water
samples should have no associated analvtical data. :

Finally, a proportion of the data must be thoroughly checked manually. The.samples to be
checked may be sclected on the basis of random number generators, every nth sample or one
or two per batch or results from the analytical device, but it is essential that a manual check

UsC.

24.14 ROLE OF OPEN SOURCE SOFTWARE

Increased depcndence on computerisation with integration of Internet technologies makes IT

security a major area of concemn. Virus attacks, data theft, snooping and data loss due to

various reasons often levy a huge economic burden on the computerisation efforts.

Switching over to Open Source Softwarc (0SS) addresses many of the above concerns and
has many advantages. Immediately visible is the meagre capital investment, lower total cost
of oimcrship. ‘better technology, stability and total freedom from many of the security
concemns.  OSS programs arc programs whose licenses permit users the freedom to run the
program for any purpose, to modify the program and to frecly redistribute cither the original
or modificd program. In particular, this mecans that source code must be available.

Check Your Progress

Notc: a) Space given below. for writing y.ou.r answer.
b) Compare your answer with the one given at the end of this unit.
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be performed and that no errors are found. Only than can it be said that the data are ready for
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3. What arc the advantages of computer aided minc planning and design?
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24.15 SUMMARY

The advent of the computer has ushered in a revolution in several scientific disciplines.
- Computer, whether virus resistant or not, are status symbols in large organisations. However,
~ geologists have not taken to computers with avidity, possibly because of their traditional
qualitative training. Where 'as acceptance of quantitative methods is of paramount
importance in computer-science. Computers are slowly making inroads into the realm of
geology and the use of the computer in treating geological data falls into the categories of
data processing and problem solving. Gone are the days when storage and assimilation of
_limited amount of data were simple. With rapid progress in scveral disciplines of earth
* scicnees. the fronticrs of knowledge arc cxpanding explosively and a large quantum of data is
gencrated.  The arrival of computer in the geological ficld assurcs the synthesis of data. The
petrolcum industry has advantageously adapted to computer to synthesisc data pertaining 1o
bore holes with the result it is possiblc to have quick access to data for rccovering
information in any form or desired sequence. ’

The statistical methods can be applicd to any amount of data, providcd the data is collected in
a systematic may. To make comparison between different populations and to integrate
information derived from many visual-patterns are supplemented by the computer ability to
detect the complexity of data.

The principal multivariate methods used in earth sciences are factor analysis, time scries
analysis and regression or trend analysis; factor analysis is useful in finding common
underlying factors in independent variable.

Computer applications in cxploration geology usually result in the production of maps or
othcr graphic displays. These include small-scalc regional maps and large-scale local or
prospect maps.  Rogional Maps are gencrally considered to be those that arc madc on a scale
of 1:250.000 or smaller. They cover a geologic region, province or basin. Local maps arc
generally considered to those on a scale larger than 1:250,000. Prospect maps display detait
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and interpretation bevond that contained ‘in the well. One of advantages of computer aided

“minc planning and design is that the planner is rapidly able to assess multiple strategies and

variations. In the era of computers, numerical models are being increasingly used in the
mining arena to optimise extraction ratio, prediction of ground conditions, rock blasting, etc.
A number of graphics software packagcs for blast induced vibration data analyses are
available.

The purposc of geochcmlcal exploration survey is the discovery of abnormal geochemical
pattcrns, or geochemical anomalies, related to mincralisation. The recognition of somcthing
abnormal, however, requircs an understanding of what is normal. The recognition of
anomalics is not always so casy. Some geochemical survevs involve the collection of
hundreds or thousands of samples, cach onc to be analysed for ten or more clements. The
sheer time and effort involved in tabulating and plotting resulis, becomes a major cost of the
survey. Erro'rs casily creep in and require additional time for chccking. :

The initial stage in data handling is to record the sample numbers and locations (co-
ordinates), along with any relevant ficld data, such as sample typc and depths, drainage,
contamination and geology. Computer generated maps are useful in large multi-clement
surveys, first as plots of the data, and second for smoothing out and bringing out the broader
patterns in the data. The simplest type of computer-generated map is a plot of the sample
location and clement content for each sample.

Mayority of the groundwater modclling is concerned with flows: however, mass-transport for
handling groundwater quality. pollution and dispersion are increasing. With present day
focus on the groundwater rclated pollution studics, computer has become an indispensable

tool for preparing concentration contour maps, pollution source maps, ground water quahiy-. o

maps such Piper diagrams, Schocller diagrams. Wilcox dlagrams for classifving irrigation
waters.  For a databasc to be of real use, it must be etror-free as’ possible; when using the
database for mincral cxploration. there have been several situations where anomalous values
of metalliferous clements have been determined to be caused by analytical standards
remaining unnoticed in the database.

—

24.16 CHECK YOUR PROGRESS - MODEL ANSWERS

1. Reglonally maps are genera.l!y considered to be those that are made -on a scale of
1:250,000 or smallcr, ’
2. The principal multivariatc methods used in carth sciences arc factor analysis, time
- scrics analysis and regression or trend analvsis, and factor analysts.
3. Onc of advantages of computer aided mine planning and design is that the plarmcr is
- rapidly able to asscss multiple stratcgics and variations.
4. Limitations of the ling printer are the resolution, which is limited to the space occupled
by onc character (about 0.2 ¢m mdc) and ovcrlappmg of numbers and charactcrs from
adjacent sarnplc sifcs. -

24.17 MODEL EXAMINATION QUESTIONS
I Answer the following questions in 30 lines each.
f. Expiain the different types of data processing methods.

2. Explain the use of computer in exploration studies.
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3. Write on the use of computer in minc plan and design.
4. Dlscuss the stcps of minimising error handlmg of geological data.

~ Answer the following questlons in 10 lines ench

1. ExpwlnthcseoiJCOfoomputersmgeology
2. What are regional maps?
3. What are the groundwater modelling techniques using computers?
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: MINERAL EXBLORATION - |
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: Geophysical Methods _

: Geochemical and Geobotanical Methods
- Exploratory Drilling

: MINERAL EXPLORATION - 11

: Physiographic and Mineralogical Guides
'« Stratigraphic and Lithological Guides
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: National Mineral Policy — Importance
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: Engineering Aspects of Geology
: Natural Resources Management
- Environmental Geoscience

: ADVANCED ASPECTS OF GEOLOGY - 11
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FACULTY OF SCIENCE |
THIRD YEAR ( 3 YEAR DEGREE COURSE ) EXAMINATION
’ MODEL QUESTION PAPER
GEOLOGY |

Course — 1V Mineral Exploration, Mineral Economics and Advanced Aspects

Time: 3 Hours ' : Max. Marks: 70
| | Section: A

Note: A) Answer any three questions in about 30 lines each.

B) Each question carries 15 marks.

Explain the various factors that influence the choice of an exploration method.
‘Describe the different methods in practice for estimating the volume of a given
deposit, . R )
Explain the mincral resources of Andhra Pradesh, ' 1
Deseribe the concepts of national mineral policy.
Explain the theory of plate tectonics.

Describe the applications of remote sensing and GIS.

-

el

B

&gﬁqn; B

Note: A) Answer any five questions in about 10 lines each.
B) Each question carries S marks.

7. Explain the Geophysical methods employed for location of petrolcum deposits.
8. Explain the pathfinder clement.
9. What arc gossans?
10, Explain the importance of En-cchelon Structure tn mincral exploration.
H. What is thc Conecpt of mincral economics? '
12. Write about the classification of war mincrais.
I3. What s the cffect of atmospheric pollutants on human health.
4. Classify the natural resources with examples.
15, Explain the scope of computers in geology
- 16. Explain the Dublin principles and watershed management.
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FACULTY OF SCIENCE
THIRD YEAR (3 YEAR DEGREE COURSE ) EXAMINATION
" MODEL QUESTION PAPER
Assignment -1

GEOLOGY

Course - IV Mineral Exploration, Mineral Economics and Advanced Aspects
Answer the following questions in about 3@ lines each.

Describe the basis for geophysical prospecting and outline the scope of '
methods briefly.

Describe briefly the importance of drilling in mineral exploration, mention
various methods and types of drills.

Minerals that are present and their relative proportions serve as practical

guides in ore search. Discuss.
‘Answer the _fqllowing questions in about 10 lines each.
Describe the Geobotanical guides.

Explain the pathfinder element.
What is Limoniie Boxwork?
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FACULTY OF SCIENCE |
THIRD YEAR ( 3 YEAR DEGREE COURSE ) EXAMINATION
MODEL QUESTION PAPER
Assignment - I1

GEOLOGY

Course — IV Mineral Exploration, Mineral Economics and Advanced Aspects

Answer the following questions in about 30 lines each.

Elaborate the basic principles of mineral economics and show its importance
in national economy.
Explain the mineral resources of Andhra Pradesh.

Explain the conservation measures of mingrals

- Answer the following qu'estions' in about 10 lines each.

What are Manganese nodules? Explain.
Explain the application of strategic minerals in war.
Describe the Petroleum resources of Andhra Pradesh.
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'FACULTY OF SCIENCE
THIRD YEAR {3 YEAR DEGREE COURSE ) EXAMINATIONe
* " MODEL QUESTION PAPER |
Assignment - HI

GEOLOGY

Course — IV Mineral Exploration, Mineral Economics and Advanced Aspects

L Answer the following questions in about 30 lines each.

1. Discuss the geological conditions that contribute towards the stability of a
bridge. .

2. What are the objectives of watershed management. Make a schematic
mention about the methodology and action plan for natural resources
_management. . . o

3. What is Geographic Information Systems (GIS)? Explain the contributing
1L Answer the following questions in abount 10 lines each.

1. What are m;mtle plumes? What is their role in the plate tectgnics?

2. Describe the impact of CO; on global climate with reference to greenhouse
effect. _ '

3. Explain the scope of computers in geology.
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are having almost similar characters. IRS P4 is an oceanographic sateilites which is discussed
in the following section IRS has application potential in a wide range of disciplines such as
management of agricultural resources, inventory of forest resources, geological mapping,
estimation of water resources, study of coastal hydrodynamics and water quality surveying.

The sensor payload system consists of two push-room cameras (LISS-I) of 36.25 m
resolution and one camera (LISS-1) of 72.5 m resolution employing linear Charge Coupled
Device (CCD) arrays as detectors Each camera system images in four spectral bands in the
visible and near IR region. The camera system consists of collecting optics, imaging
detectors, in-flight calibration equipment and processing devices.

21.4.4 System overview of IRS—I D

The IRS-ID is a three axes body stabilised satellite, similar to IRS-1 C. Since IRS- IC and ID
are similar in respect of orbital characteristics and sensor capabilities, the details of IRS ID
are discussed as it is very recent satellite. It will have an operational life of three years'in a
near polar, sun synchronous orbit at a mean altitude of 780 Km. The payload consists of three
sensors, namely, Panchromatic camera (PAN), linear imaging and self scanning sensor

{LISS-I11) and wide Field sensor {Wifs).

~ The satellite is equipped with an On-Board Tape Recorder, cabable of recording limited

amount of specified sensor data. Operation of each of the sensor can be programmed. The
payload operation sequence for the whole day can be loaded daily on to the on-board
command memory when the satellite is within the visible range. The second segment consists

I. A Telemetry Tracking and Command (TTC) segment comprising of a TTC network.

2. An Image segment comprising of data acquisition, data processing and product
generation system along with data dissemination centre. The over view of IRS-1D |
mission is to provide optimum satellite operation and a mission control centre for mission
management, spacecraft operations and scheduling. The sensor characteristics of PAN, .
LiSS NI and Wifs are given below, as they are very latest sensors.

Panchromatic camera (PAN) : The panchromatic camera provides data with a spatial
resolution of 5.2 — 5.8 m (at nadir) and a ground swath between 63 km-70 km (at nadir). It
operates in the 0.5- 0.75 microns spectral band. This camera can be steered upto + 26°
(storable upto + 398 km across the track from nadir), which in turn increases the revisit
capability to 3 days for most part of the cycle and 7 days in some extreme cases.

Linear Imaging and Self Scanning Sensor (LISS-IIl): The LISS Il sensor provides

multispectral data collected in four bands of the visible, near infra-red (V, NIR) and short

wave infra-red (SWIR) regions. While the spectral resolution and swath in the case of visible -
(two bands) and NIR (one band) regions are between 21.2 m and 127 km — 141 km

respectively. They are between 63.6 m to 70.5 m and 133 km to 148 km for the data collected

in SWIR region.

Wide Field Sensor (WIFS): WiFS sensor collects data in two spectral bands and has a _
ground swath between 728 km to 812 km with a spatial resolution of 169 m to 188 m, -

21.4.5. Ikonos Satellite

lkonos Satellite launched on September 24", 1999 by U.S.A using Athena Il launch
manufactured by Lockheed marthin from Vandenberg. Air Force base, California. This is a
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© very recent satellite with high resolution than other existing satellites. The revisit time will be
more frequent for higher latitudes and less frequent for latitude closer to the equator. The
spatial resolution of IKNOS satellite data is 1 m x m, which is very powerful, and useful data
for urban and other studies. ' o

Check Your Progress

Note: (a) Write your answers in the space given below. o
b Compare your answers with the model answers given at the end of this unit.

1. What is Remote Sensing?

S e T - A e ] - — 3

21.5 GEOGRAPHICAL INFORMATION SYSTEM (GIS)

To answer apparently simple geographical questions like: What is the population of a
particular city? What are the characteristics of the soils in a particular land? Are there any
trends in the patterns of earthquakes in India which could help to predict_future quakes? How
has the distribution of urban and rural popuiation changed between the past two censuses? All
these questions are pertinent and require the proper and accurate data derived from several
sources, and are ‘integrated into a consistent form. The art of science, engineering and
technology required to answer these geographical questions comstitute the Geographical
Information System (GIS). GIS is a generic term denoting the use of computers to create and
depict digital representations of the Earth's surface. GIS is defined as computer based
-information system to store, retrieve, analyse, manipulate and display spatial information.

21.5.1 Overview of Information System

GIS might provide the medium for st:dying one or more of the fundamental issues that arise
in uc ng digital information technolegy to examine the surface of the earth or any related
- systems. The Resource Information System (RIS) for agricuitural management, for instance,
has to be considered multidimensional with attribute dimension, spatial dimension and
temporal dimension. Geographic Information System (GiS) offers capabilities of integrating
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(i} the presence of a processor with sufficient POWer to run the software
(i)} sufficient memory for the storage of large volumes of data
(iit) a good qQuality, high resolution colour graphics screen and

5

Fig. 21.12 Hardware components of GIS,

There are a number of essential software elements that must allow the yser to input, store,
manage, transform, analyse and Output data. Therefore, the software package for a GIS .
consists of four basic technical modules. These basic modules are (i) data input and
verification, (ii) data Storage and database Management, (iii) data transformation and




_‘nianipul'at'ion, and (iv) data ou__tput and presentation. The GIS software package should have
J the capabilities’ performing afl the four G1S subsystems. The GIS hardware and software

govern the way 1In which geographical information can be processed but they do not
themselves guarantee that any particular GIS will be used effectively.

21.5.6 GIS Data Models

Spatial analysis is & technology, which typically requires two types of information about
spatial objects: attribute, and geographical of locational information. Given the diversity of
analytical perspectives within GIS, it is difficult to define spatial data analysis. The results of
“such analysis depend upon the spatial arrangement of events. Events may be represented as '
geographical entities associated with the attributes. This section highlights these two types of
information and their relationships. To the query. where the particular object is with respect to
any co-ordinate system, the answer is the spatial or gcographical or locational information. To
the query. what that particular object is, the answer is the aftribute data. Alternatively, 1t can

be noted that the GIS consists of two types of data: spatial and attribute.

The spatial data refers to the spatial lacational information with respect 10 @ defined co-
ordinate system. In GIS, the spatial data may be modelled in the form of vector model or a
raster model. The characteristics of these {ocational features are termed as attributes data. The
raster data is grid cell based ways, namely, GRID mode}, IM-GRID Model and MAP Model.
The vector data consists of three k of cartographic symbols, namely, point, line and 0.

‘Entities' are things in the real world. 'Objects’ are things in the digital world. Digital objects
and associated attributes and values represent geographical entities. The distinction between
entity and objects makes explicit the difference between things and their representations ina
formal system.- The entity of the field model is more appropriate and are particularly
interesting. for topographic elevations. Topographic data normally are represented in GIS as
fields, either through grid based digital elevation models (DEMs) or as triangular tessellation.
Robinson (1958) .dentified four kinds of geographical quantities. They are point, line, area,
and volume. There are three kinds of cartographic symbols: point, line, and area. Robinson
discusses 2-dimensional data on ‘Mapping quantitative point, line, and area data'; and
separates volume data under the title Mapping 3-dimensional data’.

The frequency of geographical entities with indistinct boundaries has been known for some
time; yet vector GIS is tuned to represent entities with crisp poundaries: whereas raster GIS
does not represent entity boundaries at all. Thus, formal methods: for the representation of
geographical entities with uncertain or graded boundaries is an important new afea of study in_
GIS. Fuzzy set theory represents 8 possible approach to modelling entities with graded
poundaries, but-it has problems. Geographical entities and classification of geographical
entities into categories is 8 well-known process both in everyday thinking and in scientific
work. Various sub fields of geography have developed elaborate classifications for landforms,
vegetation assemblages, and settlements. In brief, we can note that locational information
about the spatial objects of concern is generally described by means of their position on a map
or geographical co-ordinate systems. ST '

Attributes:  Attributes are the characteristics of the map features and holding of the
descriptive information about the geographic features. Attributes are the non-spatial data
associated with time and area entities. They are considered characteristics of entity. The GIS
" attributes are represented using colours, textures, and linear or graphic symbols like the
gardens. The parks are shaded green. The churgh locations are designated using the special
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entity, which are learned by human beings at a very early, age, Secondly, topology consists of
metric aspects of spatial relations,_ such as, size, shape, distance and direction, Many spatial -
relations between objects are topological in nature, including adjacency, containment and

In other cases, metric properties, such as, distance or dj rection, expressed either quantitatively

or qualitatively, may determine the mean| ngs of various terms, for example, both 'north of any

near’ normally refine the disjoint' topological relation, and are ill-defined for non-disjoint -
entities. Spatial relations between disjoint entities, which neither touch nor overlap, are

characterised by a System of distinctions that is, essentially i ndependent of the system used to

~ describe and classify spatial relations for non-disjoint entities. Some of the spatial relations
between disjoint objects are distance, direction, and reference frames, '
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reference frame based on cardinal difectioris seems, dominant for geographical spaces,
whereas viewer-centred of object-centred reference frames often dominate over bodily or
tabletop (‘manipulatable’) spaces and ent_ities. :

Cognitive Models

. Both entities and fields exist in cognitive models. Entities are typically conceptualised as
being organised by dimensionality in points, lines, areas and volumes. Entities often have
indistinct boundaries, a fact, which is at odds with typical GIS representation schemes.
Entities are also categorised, and since many aspects of nature from a continuum, categories -
may be relatively arbitrary and thus subject to disparate cultural differences. Spatial relations,
on the other hand, seem 10 be very similar in disparate cultures and languages. Cognitive
spatial relations are predominantly topological but metric factors such as distance and

-~ direction often refine the relations and characterise prototypical relations.

There is a very real sense in which afl representations are cognitive. Mathematics is, after all a
formalisation of how at least some people think. The cognitive view of spatial relations,
however, emphasises the importance of human subjects being testing, preferably under
aboratory-controlled conditions, in defining the nature of the spatial representations that are
needed for geographical information systems and spatial analysis. Many geographical
distributions, such as, those of soil variables are inherently complex, revealing more
information at higher spatial resolution apparently without limit. Geographical data modelling
is the process of discritisation that converts complex geographical reality into a finite number
_of database records or objects, Objects have geographié_al expressions points, lines, and also
possess descriptive attributes, for example, collection of water samples from different wells,
in which the location of the well creates point object (with the address of the location} and
associated water quality parameter is its attribute value. A major difficulty arises in the case
of the object models. Many geographical objects have inherently fuzzy spatial extents. One
common solution to this problem is to aliow objects. to have multiple representations, which
depend on the scale. For example, a river might be a single line at scales smailer than 1:50,0
00, but a double line at larger scales. ' ' '

Six field models are in common use¢ in GIS: (1) irregular point sampling, (ii) regular point
sampling, (iii) contours, (iv) polygons, (v) cell grid modelling, and (vi) triangular network
models. The object models are commonly used to represent man-made facilities. For example,
an underground pipe more naturally represents as a linear object than as a value in a layer.
Pipes can cross each other in object model, put cause problems in a field model.

C heck Your Progress

Note  a) Space is given below to write your answer,
b) Compare your answer with the one given at the end of the unit.
3. Whatis GIS?

-—-—a.-.-—----—-—-—---...--\-----.--u-—-—--—---—---—--.—-.—-—-----—-—-.—-—-—-—--—-—'-'—'n-—-- —————————

-—-----q-----u-p-._-----—----—-------------------_---_-.-.-..-u-..-.—--m-----.—---—--.—_-.‘--—-.
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sat series and ERS gre examples,

21.7_CHECK YOUR PROGRESS - MODEL ANSWERS

I. Remote sensing is defined a¢ an art, science and technology of obtaining reliable

2. Indian Femote sensing sateliite (IRS) land sat sate| lite, IKONOS satel lite.
3. GIS is defined &85 computer based information System to store, retrieve, analyse,




4. CpU, VDU, plotter, scanncr. printer tape drive and disc drive.

AMINATION QUESTIONS

I Answer the following in about 30 lines each.
1. ‘What is remote sensing? Explain remote Sensmg physics.
2. Describe the remote sensing platform and sensor.
3 What 18 _Geographic information Systems (GIS)? Explain the contributing
disciplines. ' S . .'
4 ‘What are the components of G1S? Explain the data models of GIS.
I Answer the following questions in about 10 lines each.

| Electromagnctic spoctrum.

2. - Characteristics of scnsing Systcms.
3. The four MS in GIS.

4. G1S Architecturc..

k¥
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220_OBIECTIVES

In this uni, applications of remote sensing and GIS are discussed,

After studying this unit, you will be able to ,
*  explain the synergy between Remote Sensin g and GIS.
* describe the integration of RS data in GIS platform and spatial characteristics.
¢ explain the GIS database can pe Created for any project along with analysis tools,
® describe the list of application areas. :

22.1 INTRODUCTION_

Remote Sensing and Geographical 1 nformation System (GIS) are linked both historically and
functionally. in 4 historic context, sonie of the early work leading to the development of GIS
revolved arcund methods to provide by tter access to aerigl photographic coverage of specific
areas. GIS facilitates the storage of ang the access to many diverse data types. GI S, correctly




g________,__—-———" -

this, remote SCnsing and _GlS have become very important and have been associated with each
other. . ' X

This unit focuscs upon the importance of remotely senscd data as an input to GIS, and
dcscribcs some of thc ways in which they may be managed for operational use. Key
characteristics and source of remotcly sensed data commonly cmploved as input to “GIS are
described, as key minimum set of GIS facilitics required to support the usc and effective
management of remotc sensing data. In short, this chapter is designed to inform managers of
the sourccs and potential of remotcly senscd data SO that thcy can discharge their
responsibilitics for monitoring of operations with maximum effectiveness but at minimum

cost.

Remote scnsing data can be readily merged with other sources of geo-coded information in a
GIS. This permits the overlapping of several layers of information with the remotely sensed
data, and the application of a virtually unlimited number of forms of data analysis. On the one
hand. the data in a GIS might be used to aid 1n image classification; on, the other hand, the
land cover data gencrated by a classification (through VIP and DIP) might be used in
subscquent querics and manipulations of the GIS database. Remotely scnsed data is almost
always processed and stored in raster data structurcs. When working simultancously with an
Image processing system and raster geographic information system, it is usually easy to move
data between the two. Typically, 3 singlc theme of information 18 extracted from the remotcly
sensed data. ‘The combination of image processing and GIS technologics is astounding. As
indicated carlicr. they both are coming closcr and it is now becoming extremely difficult to
differentiate cach other. The hardware was almost similar, and now software 18 being
integrated. The problem of transfer of data is also being circumvented. Private companies are
combining their cfforts in this direction. : ' : '

22.2 REMOTE SENSING AND GIS SYNERGY

The relationship between remote sensing and GIS has received considerable attention in
literature and, indeed, remains the subject of 2 continuing discussion. Much of this discussion
revolves around the scientific and technical issues relating to integration of the two
technologics. Remotely-sensed images can be used both as a source of spatial data within GIS
and to exploit the functionality of GIS in processing remotely sensed data. Despite this, the
actual progress towards thc goal of full intcgration 18 surprisingly slow. While this 1S
undoubtediy duc to the sechnical challenge of accessing, manipulating, and visualising vector,
raster, and tabular data simultancously, it scems unlikely that technical constraints have been
the sole barricr to achicving full integration. 1t might be argued that competing imperatives in
both remotc sensing and GIS have tended to draw attention away from the issue of
integration. The recent focus on monitoring global environmental change using coarse spatial
resolution sensors and the assimilation of the data that they produce in various environmental
simulation models has deflected some of the attention away from the traditional issues of
large- scale mapping. Thesc are more closely altied to the concemns and use of GIS. Similarly,
one can see a number of other developments in the application of multimedia technology
\E'iithin GIS that have consumed much of the research and development effort in the field of

iS. '

There are at lcast two rcasons why the issue of i tegration is likely 10 reccive fresh i'mpems in
the near future. The first is the increasing availability of data from the very high spatial
resolution as well as commercial sateflites that are scheduled for launch over the next few
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