ATEXT BOOK
| OF
 GEOLOGY

(With Special Reference to India)

By
- GIRIJA BHUSHAN M_AHAPATRA
: "-M.Sc., Former Geologist (GSI)

CBS -

© CBS PUBLISHERS & DISTRIBUTORS

NEW DELHI « BANGALORE ¢ PUNE (INDIA)



ISBN :81-239-0013-9

First Edition: 1987
Reprint : 1989
Reprint: 1990
Reprint : 1994
Reprint : 1997
Reprint : 1999
Reprint: 2000
Reprint : 2001
Reprint : 2002 -
Reprint : 2003

.Reprinc: 2004

Reprint : 2005
Reprint : 2006
Reyprint : 2007
Reorint: 2008

‘Copyright © Author & Publisher

All rights reserved. No part of this book may be reproduced or trans-
mitted in any form or by any means, electronic or mechanical,
including photocopying, recording, or any information storage and

retrieval system without permission, in writing, from the author and -

publisher. ‘ :

Published by :

- Satish Kumar Jain for CBS Publishers & Distributors,

4596/1-A, 11 Darya Ganj, New Dethi --110 002 (India)

Printedat ;- ‘ . -
Asia Printograph, Shahdara, Delhi-32 (India).

L
}

Dedicated to : :
The Sweet Memory of my
‘Beloved Father—

Late Shri R. Ch. Mahapatra

~ Who was a source of
Perennial Inspiration to me.

~—AUTHOR



-
o T

PREFACE

- My primary objective in preparing this book “A Text-Book of
Geology™ has been to present the subject matter in sucha way that
a student will not only find it useful from the examination point of
téi}ew. but will also be able to apprehend fully the basic principles of
Geology. : . :

It is written, covering the standard syllabi of undergraduate
classes of Indian Uhniversities. Besides, earnest efforts have also
been made to cover-up the whole geology syllabus of IAS and Allied
Services Exam. (Preliminary) and a majority- of the chapters of the
syllabus of Geologists’ Examination, as has been prescribed by the
Union Public Service Commission. - :

The author who had been successful iti the All India Compe-
titive Examinations like Geologists Examinations and Civil Services -
Examinations in securing good positions in the merit list, has kept in

- view-the usual difficulties encountered by the students in making a

systematic approach to the subjects, while writing this book. Hope -
this book will be able to avoid those difficulties and the book can he
used as a standard text book. . .

‘Suggestions are welcome from the readers with regards to the
manner of approach, explanations and errors, if any, in this book so

as to enable the author in bringing about an improved version of the
book in the subsequent editions. :

The whole credit for writing this book goes to my father

“whose inspiration and encouragements were solely responsible for my

being the topper in the University in my B.Sc. Exams.

I am very much thankful to a number of my friends, whose
goodwill and co-operation was of -much help to me in completing
this book -; name of Sh. G. Panigrahi, Sh. S.C. Samal and
Sh. Shashi Bhushan need special meation here in this context.

I am thankful to the ‘CBS Publishers’ for making best efforts to

bring out this book in a presentable form.

—AUTHOR
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PHYSICAL GEOLOGY




 CHAPTER 1
ORIGIN OF THE EARTH

 The Earth. is a member of the planetary system of the sun.
The principal theories which have been advanced - to explain the -
oorigin of the earth, can be. divided into two groups. All these
theories have in common the idea that the planets evolved from the.
sun, They differ as to the manner in which it occurred.

1. In one group, material is pulled out of the sun by an -

" external force such as gravitational pull resulting from the dynamic.

encounter or near-collision of the sun with another star. These- are
also known as catastrophic theories. o S ‘

2. The second group.holds that the planéts became isolated
masses of matter as. the material of the solar-system condensed
into the sun. These are also known as patural or evolutionary

" theories.

- The earlist theory, for the origin of the earth was put fotwafc_l
by Kant and Laplace (in 1796). 1t 1s known as Nebular Hypothesis.

(a) Nebular hypothesis. According to this hypothesis, the solar
system evolved from a single, large, flat, rotating nebula that extended
beyond the position of the most distant planet. As this nebula -
contracted the mass became increasingly concentrated towards the
centre and in-doing so it would have rotated more rapidly to conserve
angular momentum, until (at- some period during the contraction)

the speed of the out:rmost rim of the disc would kave become suffi-

" cient for the centrifugal force to be as greatas the inward gravita-

tional attraction. ~At this position a ring of matter was left

" while the contraction of the remaining matter continued,  In this

manner successive rings of matter were left behind the contracting
mass. Subsequently the matesial within each ring was drawn together
and planets and satellites were formed. S :

This theory was rejected when it was learnt that the angular
momentum of the solar system is ‘concentrated in the planets and
not in the sun, This is’ also not compatible with the idea that the -

“rmass of matter rotated more rapidly as it condensed.
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| ® ln. 1944, a German physicist, C.F. Von Weizsacker
proposed a modification of the nebular hypothesis. '

(¢) Proto-planet hypothesis of Kuiper. It is the mbst popular

~hypot'hesis within .the past few years. It visualises a slightly

flattened and slowly rotating disc-shaped solar nebula bulging out
from the equator of the sun. In composition. this cloud is similar
to the sun and contains mostly hydrogen and helium with small amo-
unts of heavier elemernts, but the disc and the sun itself are thought

“of as being cool. The disc containing about one tenth the mass of the

sun finally becomes internally unstable and breaks up into smaller
concentrations called protoplanets. Within each protoplanet, the

. heavier elements tend tof settle towards the centre and the lighter

particles and gases remain in outer shells.
(d) Bi-parental origin of the earth. This theory belongs to the
group of dynamic-encounter theories and put-forward .~ by

Chamberiin and Moulton, *“‘as another. star -approached. the sun, .

tremendous tides were set up on the surface of the sun and these

tides or filaments of hot gases were pulled out from the sun. As the .

star passed, these arms of gas were -given & rotational motion. After
the star was gore, the gaseous matter in-these arms condensed into
solid material and gradually drew together to form piaaets. _
Similar hypothesis indicating: biparental origin of the earth
were propounded by Jeans-and Jeffry and also by Lyttleton. But

absence of relevant evidences to support it.
- ‘Now-a-days, the Big-Bang theory -as is being propounded by

these theories gradually lost its wids acceptance because of the N

the American astronomers, that the universe. solar system etc. are’

the result of an explosion within the nebula, is getling  better
acceptance -, . . : .

==

‘CHAPTER, 2
AGE OF THE EARTH

Even though there is a divergence of opinion among the

propounders of the various theories on ‘the origin of earth’; it is -

-almost unanimously believed that earth teok its birth in a hot,
gaseous, molten state, Different criteria have been used and various
factors have been used to determine the age of the earth. The two
-distinct processes of estimation are as follows : .

1. Dating of Geological-formations and geologibal-cvents by
indirect methods (relative age).

"2, Radio-active methods for determinin g the actual age.

1. Indirect methods. It includes various processes of determining
the age, like varve-clocks, sedimentary-clocks, salinity-clock, etc.
Besides, attempts were mace to determine the age of the earth from
the rate of cooling of the earth, from the evolutionary changes of
.animals etc. o

'(a) Varve-clock method. It uses the fine : sedimentary deposits

of glacial origin, which represents the annual accumulation of the

layers marked by variation in colour and gradation in the size of

. materials constituting the layers.

Geologic time ranging from ‘0’ to 10,000 years only could b_e
counted on this varve clock, where varve occurs as in Kashmir
Himalayas. : : _ ' -

(b) Sedimentation-clock: In this case th'ér average annual rate

of deposition of sediments and the thickness of all strata debos‘ite"d;,
. . are taken into account. -
‘Although this method is full of imperfections and variations from

during the whole geological history,
place to place, the age of the cambrian as determined by this and
«other accurate methods closely approach each other.

Here it is accepted that there is an average rate of deposition
of about 1 ft. per 755 years ; thus the beginning of the Cambrian-
sedimentation comes to about 510 million‘years, B

(c) Salinity-clock. All the salts of the seas of today have
_been acquired from the land by its weathering and erosion through-
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ages. By determining the yehrly rate of increase of salinity the age:
of the earth was calculated to be 100 million years by Joly. :

 (d) Rate of cooling of the earth. Assuming the initial temper-
ature of the earth to be 3900°C, Lord Kelvin determined the age of
the earth to be between 20 to 400 million years. But, it was full of

.imperfections, since the generation .of radio-active heat and other

allied factors were not taken into account. - .

(e) Evolationary changes of amimals. As we know, the first-
‘formed animals were . unicellular” which underwent various phases
of the evolutionary processes .and multi-cellular organisms with

more complexities came-into being gradually and man is considered.

to be the most evolved-one. Taking into account the evolutionary

developments, " Biologists determined the age of earth to be 1000

million years.. S . ‘ v
‘2. Radioactive methods, The basic principle underlying all the

radioactive methods is that ‘“a radioactive parent element decays

‘into a stable daughter element at a constant rate”. For ' geological
purposes the unit of time is ome year. Usually the “Half-life”
- period is determined and accordingly it is equated to find-out the age
of the earth.  The followings are the common methods which are

used for the purpose of determining the age of earth :

~ (a) Uranium-lead method, Here two isotopes of uranjum can
be used, U*® and U ; the half-lives of which are 4498 million
years and 713 million years respectively. » .

~ (b) Thorium-lead method. Thorium (232) yields lead (208)

through radio-active decay and the half-life of thorium is 13,900

million years.

» (_c) Pdtassinm-argon method. Potassium is having thrée iso-
topes like 39 K, 40 K and 41 K. But only 40 K is radio-active. The

. half-life of 40 K to convert itself into 40-Ar is. 11,850 million years.
(d) Rubidium-strontiom method, Rubidium (Rb¥) yields.

- strontium (Sr*) and its half-life period is about 50,000 million years:.

It is a particularly valuable method for metamorphic rocks and

~ for pre-cambrian rocks.

(¢) Radio-carbon method. The carbon (C¥) s radio-active,
with a half-life of 5570 years. All organisms take in C and a

constant lével of this isotope is maintained by all living organisms. .

At death the C™ intake ceases and ‘its proportion decreases at.

constant rate. This method is especially useful for dating relatively: v

recent materials up to 70,000 years. ,
The application of radio-active methods for the determination

“of the age of earth, has been;successful in the estimation and the age

of the ecarth,- accordingly, comes to about 4500 million years, i.c .
4°5 billion years, ; |

- CHAPTER 3

STRUCTURE OF THE EARTH

The study of the structure of the earth focusses on its layered

‘structure, and the variations in' the densify and temperature, at

various depths. The shape of the earth is that of a spheriod with

. mean equatorial radius of 6378-388 km. and polar radius of

6356'912 km. Concisely speaking, the earth is a globe having a

- radius of 6371 kilometres.

Direct observation of the interior of the earth is not possible
as the interior becomes hotter with depth which is convincingly.
indicated by the volcanic eruptions. Apart from the seismological
studies, other important sources of data, evenm though indirect,
logically prove that the earth’s body comprises several layers, which
are like shells resting one above the other. These layers are
distinguished by their physical and chemical properties, particularly, .
their -thickness, depth, density, temperature, metallic content and.

rocks. .

- The layered structure of the earth-developed during the process.
of its transformation from a hot-gaseous state to the present state.
During these processes, the heavier material sank down and the:
lighter material floated up and consequently because of the differen-.
tial densities of the materials constituting the earth, they got

'separated and formed layers of different densities.

Broadly, the earth’s intéﬂor has been divided into three major
parts ;- o o .

1. The' Crust. 2. The Mantle. 3. Th_e'Core.

Inferences obtained thrdu:g_h seismological stadies, The seismic
waves which result during the occurrence of earthquakes are chiefly
of three types as., -~ .

~ (a) Primary waves (P-waves). :
) Secondary or Sheer Waves (S-waves). _
(c) Rayleigh (R) waves which are also known as ‘L’-waves.

These seismic waves differ from each other in respect -of their
propogation velocity, wave-length and path of - travel. Their nature
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of vibration is also dxﬂ'erent as some of them have longxtudxnal—
vnbratlon, others have vibrations of transverse-nature.

From several sexsmologlcal studies, it has been inferred that

() The three segments of -the earth i ie., Crust, Mantle and .

' Core, are separated by two sharp breaks, whlch are usually known
as major discontinyities.

(i) The crust is baving a thlckness of about 33 kms.
-(iii) The crust is composed of heterogeneous rocks.

(iv) The second major segment of the earth 7 e., the mantle
extends from below the crust to a depth of 2900 kms,

(v) The third major segment of the earth extends from below
- the mantle up to the centre of the earth and is known as ‘the core’.

_ Apart from the aforesaid facts, it also gives évidences regardmg
the existence of a number of mmor dlscontmumes wnhm the earth,
-whlch may be because of-

(@) Changes i in the chemlcal composntlon of the matena]s

() Changes in the density of the materials.

(o) Changes in the state of a given material i.e., whether it is in -

-solid, liquid or viscous state.
(d) Changes in the physical properties of minerals, etc.
"'1, ‘The crust. It i is the top-most layer of the earth, Itsthickness

. .over the oceanic areas is generally 5 to 10 kms, whereas on
- the continental area, it is 35 kms and the thickness ‘ranges from

55 to 70 k1s.in orogenic belts,

- s o o Sial ‘
CRUST - ET e Py CONRAD orscommunv {(11xm’s)
(33km) st " Sime

MONOROVICIC -DISCONTINUITY (33kms)

.
: REPETTL DISCONTINUITY (950 km)
MANTLE '

- (2909 km)
S GUTTENBERG WE(CHERT DISCONTINUITY
}‘7 Cuter core
. CORE
(6371 km)

}‘—-Middle core

Inner core

- rig 3°1, Divi sions of the Eatth’s Interior.
Sub-divisions of the crust. The crust of the earth 1s sub-divided . .

into sub-layers as follows :

() Sial (i) Sima

‘Structure_of the Earth o k4
(i) Sial. It is also known as the Upper-Continental-Crust,

- 4t consists of all types of rocks like igneous,: sedlmentary and .

metamorphic, ' which “are exposed at the land surface. _It is rich in
slhca and aluminivm: .

Its composition is usually granmc to grano- dxormc In the
ocean-basins, they are floored by a basaltic-horizon which are poorer
in potassium and richer in aluminium than the basalts of the land-
surface and are called ‘Oeeamc-tholeutes .

Conrad. D;scommuity separates . the sial-layer from the under-
lyxng sima-layer. This discontinuity is a second-order d iscontinuity
and is located at a depth of 11 kms.

(ii) Sima. It isalso known as Lower-Contmenta] crust. Its
thlckness is about 22 kms. It includes two parts : v ;

{a) Outer Slma

(b) Inner Sima.

‘Together they are basaltic in composmon and this layer is
Tich in silica and magnesium. .

(@) Outer sima. extends up to a depth of 19 kms and compnses
rocks of intermediate composition.

(b) Innersima is located ata depth of 19 kms and extends up
to 33 kms. It is of basic to ultra-basic in composition.

2. Mantle. It is separated from the over-lying crust by the

- ‘Mohorovicic-Discontinuity which is a first-order discontinuity. Its
* thickness is about 2865 kms. If forms 83 A, of the earth by volume

and 689 by mass.

It is the source-region of most of the earth’s internal-energy
and of forces responsible for ocean-floor spreading, continental

~ drift, orogeny and hajor earthquakes.

" The maérlal is olivine-pyroxene complex, which existsin a SOlld '
state. It is believed that the upper mantle has a mix of 3-parts of .
altramafic rocks and 1-part of basalt and the mix is known as
Pyrolite. The lower mantle extends from 1000 km to the. core-
boundary.

Within the mantle, a number of second-order discontinuities
have been located, which are as follows :

(i) Density break at 80 km depth ; density changes from

© 336 to 3'87 above and below the level, respectively.

(ii) Gravity break at 150 km depth; gravity changes from
‘984 cm/sec? to 974 cm/sec? till it reaches at a depth of 1200 kms.

@@ii) At 700 km-depth, there changes the capability of ihe
materials in storing amount of elastic-strain energy. Up to. 700 kms
the capability is more.
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| (iv) Repetiti discontimiity. At 950 km depth. It marks the

I ’ lower limit of the very rapid rise in the velocity of seismic vibrations. o ,
.. %) Gravity-break. At 1200 km depth, gravity attains its L _ '

minimum value i.e.; 974 cm/sec?, thereafter it rises upto 1068 cm/sec® : '

_ at the core-boundary. T e '

- S B , s ' ' CHAPTER 4
Wi 3. The core. It is separated from the mantle by the Guttenberg: . S ' S .
I omit o s pay T 8P 10 he Gt fthe curth ATMOSPHERE, HYDROSPHERE, LITHOSPHERE
' , " o - B ND THEIR y T71°¢ C
(}) Outer-core, (ii) Middle-core, and (iii) Inner-core. ‘ o AND T

(i) Outer core.; 1t extends from 2900 to 4982 kms., It is

considered to be in a state of homogeneous fluid and it does not.
transmit S-Waves. : o ‘

g (i) Middle core.
‘ kms to 5121 kms.

It is a transitiop léye i extends fromb 4082 S . Atmogphere. " The air which envelopes the earth and extends
The material is in a fluid to semi-fluid state. b

up to a considerable height from the surface of;_ the earth is cagcg

: : R . . = th . It consists of a mixture of various gases and i
. (i) Inner cor e. It is believed to contain metallic nickel and - ‘l::]eidat:)mtgipggfh b;'gfavitationval attraction. This envelope of air
iron and is called *nife’.. It is probably solid with a density of about is densest at sea level and thins rapidly upwards. - The atmosphere
18. Its thickness is 1250 kms. = ' : : constitutes a very insignificant percentage of the mass of the earth.
Other Important Facts R o o __ Structure of the atmosphere. ~The structure of the atmosphere

1. The central-temperature is estimated to be 6000°C., g consists of five basic layers ¢ - '

. 2. The central-pressure is 392X 10 bars in C.G.S unit. ' () . the troposphere,
3. Density at the centre is 18 gm/icm®. : e '

(b) the stratosphere,
(c) the mesosphere,
(d) the ionosphere, and .
(¢) the'magnetosphere and exosphere. o
l : o . ‘ R OO O OOy EXOSPHERE ‘& MAGNETOSPHERE
\ - _
|
I

B Lithospherevconstitdtes the v

. _ pper horizon of the crusf only
i up to a depth of about 16 km. : :

i - .5 Asthenosphere is the layer beneath the lithosphere which
L virtually has no strength to resist deformation.’ o _ '

T T 2L tONDSPHERE(150km)

SOSPHERE (80km)

m

R o Sl S i — OZONE .
" STRATOSPHERE (S0 km)

Tropopause
o e e e OPPW

};<— TROPOSPHERE (12km)

.. (@) Troposphere. Itbéxten,ds uptoa height of 12km on an
average, from the surface  of the earth, At the equator the thickness

AN - ‘
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of the troposphiere is the greatest. It is densest of all the layers. Iti.

is the locale of all the vital atmospheric processes which create the

. climatic and weather conditions on the earth’s surface, About half

the mass of air comprising the entire atmosphere is concentrated in

" “this zone.

The temperature of air in the troposphere decreases at the rate

of 1°C per 165 metres of height.

Fropopause is an undefined region lying between troposphere
and stratosphere, and there prevails a constant ‘temperature in this-

region. , ¢

(b) Stratosphiere. h Here air is at rest. It is an isothermal

- region and is free of clouds, dust and water vapour. It extends up

to.a height of about 50 kms. Its upper strata is rich in'ozone which
prevents ultraviolet radiation by absorbing them and a very little is
filtered through it, which does not harm living organisms.

(c) Mesosphere. It is a very cold region and extends up to a

‘h;.ight of 80km from the surface of the earth. At a height of

60 kms there is an intermediate layer which is known as radio-
waves absorbing layer. A

) Ionosphere.” It is a region of electriéal]y charged or io'n-ised,

-air lying next to mesosphere. It protects us from falling meteorites.

It extends up to a height of 150 kms.

(¢) Exosphere. It is the -uppérmOst,region of iono_sphere and
is the fringe of atmosphere. Its boundaries are not kriown.

Composition of atmosphere. The atmospheric compoéition of
“the troposphere reveals two major constituents : molecular nitrogen -

and molecular oxygen. The minor constituents include carbon

dioxide, water vapour and inert gases. The water vapour is concen-
‘The composition of

trated in the lower part of the atmosphere.

(volume percentags)

Nitrogen 78°09
Oxygen 2097  (volume percentage)
Carbondioxide , 003 (volume percentage)

_ The rest is made up of argon, helium, neon, krypton etc.
Water vapour is present in varying proportions over different parts
of the earth’s surface. - - . .

N
2. The hydrosphere. It is an- irregular but neaily continuous

~layer of sait and fresh water, making up the oceans, seas, lakes,

tivers, snow and ice on the surface and also the ground water,
The world ocean covers about 71% of the global surface and

- its. average depth is about 3800 metres.
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. Compesition of sea-water. Sea-water is a solution of salts—a
brine —whose ingrediénts have maintained approximately fixed- pro-
portions over a considerable span of geologic time.  Of the: various
elements combined in these ‘salts chlorine alone makes up 55% by -
weight of all the dissolved matter and sodium makes. up 31%.
Magnesium, calcium, sulphur and potassium are the other four:
major elements in these salts. Sea-water also holds in solution small.

amounts of all the gases of the atmosphere. _
Common- elements present in the hydro-sphere-ocean water,

as shown by Brian Masen is as follows :-

. Oxygen CE5'79%  (by weight)

" Hydrogen 10'67%  (by weight)
Chlorine 1'898%,  (by weight)
Sodium 10567, (by weight)
Magnesium 0°127% - (by weight)
Sulphur 0-0837¢  (by weight)
Calcium 0040%  (by weight)
Potassium 00389,  (by weight)
Bromine . 070077 (by weight)
Carbon (inorganic) 0:003%  (by weight)
Strontium ~ 000175 (by weight)

99°718

The rest is made up by.other dissolved gases,

. 3. The lithospbere. It is the géneral term for the entire solid .
earth realm, i.e., the crust. According to the recent concept, the
term- lithosphere-is used for the crusi and upper part of mantle
which is considered to be elastically very strong. The lithosphere is
underlain by asthenosphere. ’ : T

. As per the estimation, made by Clarke and Washington, the
lithosphere consists of 95% ‘igneous rocks, 47, shale and 0'75%
sandstone and 0°259] limestone (the metamorphic rocks being altered
equivalents of one or other of these rocks). ey

- Chemical composition of the lithosphere: It has been observed
that while the continents are distinctly -sialic the ocean floor,
represent the upper sima, are distinctly basic in nature. The foliow-
ing is the composition in terms of elements (by weight), as given by
Clarke and Washington : o

471 Sodium s

Oxygen
Silicon . 2768 Potassium - 208
" Aluminium 807 Magpesium - 260
Iron . 505 Titanium 062
Calcium 365 Hydrogen 014
Remaining elements 064 -
100'00
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. | In terms of oxides (by weight) the :chémical composition of the
" Yithosphere is as follows : : T
sioy . 5907 Silicon oxide
AL, 1522 Aluminium oxide
‘0 510 Calcium oxide
FO Y Ferrous (iron) oxide
. NaO ST . Sodium oxide
a M:O 345 - . Magnesium oxide
KO ok 311 - P_otassium"pxide..
?:‘O’, ' 310 - Ferric (iron) oxide
£) . g . |
H.0 L 130 - Water o
TiO: : 103, Titanium oxide
2 .
'Remaining oxides -~ 1'20 . | X
' 10000

 From the above, it is evident that 9% of the upper crust is

- nts, with oxygen accounting for slightly less
nlmladesla[i/of oI?éZitligs?lbetnTZ%ove mentioned ten oxides constitute x ore
Ech:g 98°/: of the lithospherc, with silica being the most abundant.

“The ‘mineralogical composition of the lithosphere - shows that

plagioclase feldspar is the most abundant mineral and apatite is the -

‘least one. The estimate, as given by Clarke and Washington is as

(i) Quartz 11% by volume '
- (if) Alkali feldspar ‘ ,1_6“)% by volu.n‘m_ev
© (iii) Plagioclase feldspar (Andesine) 471%

(iv) Amphiboles and Biotite oo 20:/0

(v) Magaetite » 5OA

(vi) Apatite B _1_/,_
100

: is gi the average mineralogical
The above analysis gives only tI \
compositicn of the lithosphere, but it does not in any way represent
the composition of the earth as a whole or even the crust as a
whole.

. ~.physically and decom

 transportation is invo

 grades down

'€HAPTER 5 |
PROCESSES OF WEATHERING

Weathering is the general term applied to the
of all processes causing rocks té be disintegrated

3 posed chemically because of exposure at or
near the earth’s surface, '

. Introduction,
combined action

' In particular, weathering occurs, where
come in contact with the atmosphere, surficial water, and organic .
life urder condmons that are normal to the surface of the earth. .

. Weathering is the initial stage in the process of denudation.
An essential feature of the process is that it affects rocks in situ ; no

Ived. The products of rock-weathering tend to

ft - surface layer, called regolith. The regolith

ward into solid, unaltered reck, known simply as bed-

‘rocks and minerals

‘accumulate in a so
rock. =

Weathering helps erosion, ' but is not a part of it. There can
athering without erosion and erosion without weathering.

Types of weathering. There are three main types of weétﬁe-

be we

ring : _ ,
1.- Physical weathering,
2. Chemical weathering,
3. Biological weathering. ‘
Factors affecting weaihering. All the .processes of weathering
are affected by rock structure, climate, topography and vegetation.

Rock. structure refers. to. mineralogical composition, * joints

- bedding planes, faults, fractures, pores and. its integral hardaess. .

The degree of weathering of the source area, i.e., the area where
weathering operates is controlled by the nature of the pre-existing
rocks to a greater extent, ' I :

‘Climate ‘is the sum-total of the mct_e_qrélogical eleq‘:e_ntst }1§e
temperature, moisture, including both -hqmldlty'nnd‘- p_rec_lpxt; :ge;
Wind, air-pressuré and evaporation, Climate detc_rmmes whe



16 : A Text-Book of Geology-

physical or chemical ‘weatherin g will predominate and the speed with.
which these processes will operate. , ‘ :

.Tol‘iography directly affects weathering by e;iposin‘g tocks and - '

indirectly through the amount of precipitation, temperature and..
vegetation. o ’ '
Suifaces covered with vegetation are protected and bare sur--

faces are weatheéred to a greater extent.. :

‘Agents of weathering. .The principal agents of the’ transforma-
tion of rocks in the mantle of waste are water, oxygen, carbon--
dioxide, acids, organisths, and variations of temperaturé. These
agents affect equally good in case.of both physical and chemical
processes of weathering. o o i

'1. Physical weathering processes. This process refers to the.

" mechanical disintegration of rocks in which their mineralogical com-

position is not changed. " This is brought about chiefly by. tempera-
ture ‘changes, e.g., thermal expansion and contraction. The follow-
ings are some of the important processes of physical weathering, _ -

(@) Egﬁfoliation;. In this case thin sheets of rock split off owing
‘to differential expansion and contraction during heating and cooling

over _the diurnal temperature range.

Sometimes, it is the result of unloading in which case, because
of the removal of the overlying rocks, the pressure on the igneous
rocks beneath them is also diminished and this results in the expan-
sion of. igneous tocks and in the formation of large scale fractures
parallel to the surface topography. Sheets between the fractures are
detached from the main mass which thus suffess fragmentation. . '

{b) Crystal growth, The soluble constituents of the rocks or |

minerals, cnter the rocks through fractures and joints, along with
water. With the evaporation of water the solution is precipitated to
form crystals or crystalline aggregates and as they grow, they cxert
large expansive stresses, which help in bredking up some rocks. -

(c) Freezing of water. - Water, as we know, expands by about -
903 percent in volume when it freezes, The water seeps down into
the fracture and under suitable climatic condition, begins to freeze
at the top of the fracture first, As freezing continues, the pressure
exerted on the walls becomes more and more intense. which results
ip widening the existing fracture and new fractures form.  This is the

- dominant mode of weathering, in climates where there is repeated.

freezing and thawing. ‘This is also known as Frost action.

(d) Differential expansion. Rock-forming minerals _expand
when heated, but contract when cooled. Where rock surfaces are-
exposed daily to intense ‘heating by direct solar rays, alterpating with:
i_nten's_e_coonngby:longave- radiation at night, the resulting. expan;
sion and contraction of mineral-grains tends to break-them apdrt.

.ing:
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rzipi'd' flaking and scaling of e}posed.roék—_sﬂfg@esz . _

2. Chemical processes of weathering. It i§ also known ‘as
minetal alteration, consists of a numbér of chemical réactions, all
these reactions change the original silicate minerals of igneous rock,

“The igtenss;heat of forest- and bush fires is known to cause

‘the primary minerals, into new compounds, the secondary minerals,

that are stable in the surface environment. Besides, sedimentary and
metamorphic rocks are also substantially affected by the chemical
processes of weathering. Chemical - weathering is more important
than mechanical weathering in almost all the climatic regions.

: The atmosphere contains a number of constituents that can
react with minerals.. ‘Most important of these are water, carbon-
dioxide, and oxygen. The effectiveness of these chemical constituents
depends on the composition of the rocks and size of the particles

‘that make them up. For example, Quartz is a very stable substance,

so rocks composed primarily of quartz decompose very slowly ;
whereas the ferromagaesian minerals are highly susceptible to chemi-

cal weathering.
Three bprocesses are notably responsible for chemical weather-

(@) Oxidation.
(b) Hydration.
(c) Carbonation.

 (a) Oxidation. The presence of dissolved oxygen.'in water in
contact with mineral surfaces leads to oxidation ; which is the chemi-

"cal union of oxygen atoms with atoms of other metallic elements.
Oxygen has a particular affinity for iron compounds and these are

among the most commonly oxidised materials.

__(b) Hydration. The chemical union of water with a mineral

is called hydration. It is sometimes confused with ‘hydrolysis’. the
i hot—- . s mee i~ AAman AT i oo i

reactan weilwEen waicr aud a Lol puuud. l‘ﬁc progess Cf h)".‘l’aﬂon

is particularly effective on some aluminium bearing minerals, such as
feldspar. »

(c) Carbonation. - Carbop-dioxide is a gas and is a common
constituent of the earth’s atmosphere. Rain waisl In course of its
passage through the atmosphere, dissolves some of the carpun=

dioxide present in-the air. It thus turns into a weak acid called

carbonic acid, H,CO,, and is the most common. solvent acting on the -

crust. The effect of this process is well noticed in the limestone or
chalk areas in the humid regions:of the world.

Besides the above, another process known as “Solution™ is
quite significant in bringing abovt the chemical weathering of rocks.
In this case, some of the minerals get dissolved by water and thus
removed in solution, for example gypsum, halite etc,
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- 5 'Biél&gichl;wéatliéﬂng.-_ This process of 'w'e'at_l_iéqhg is mainly
related to the activities of various organisms. Ofganisms, mainly
surface, in the following ways:
~ (a) Bio-physical processes.
" (b) Bio-chemical processes. v _
’(a).'BiB-physical processes. ‘(i) Plant-roots, growing between

plants and bacteria, take part in the transformation of rocks at the

joint blocks and along minute fractures between mineral grains, exert

an expansive force tending to widen those openings and sometimes
create new fractures. . , .

(i) Insects like eéttﬂ-Worm, snail etc. Joosen the soil cover and

.create suitable conditions for the various external agencies to have

their own action on the underlying rocks, which gltimately lead to
rock weathering. : ; ,

b) Bio-chemical processes ‘of weathering. (i) Sometimes, cer-
‘tain g&'o)ups of bacteria, algae and mosses break rock-forming silicates

down directly, removing from them elements like silicon, potassium,-

phospborous, calcium, magnesium, that they need as nutrients. This
transformation occasionally occurs on a large scale and is decisive in

the alteration of parent rocks and facilitate rogk weathering.

. (i) After the death of animals-or plants, with their subsequent
«decay and degeneration, chemically active substances are produced,

* .which are capable of bringing about rock-weathering. For example,

.humic acid which is formed during decay and degeneration of plant
life is capable of bringing about rock weathering effectively, to some

-extent. S ) ‘ -

Thus; in nature, the processes of weathering is beirg carried

.out by various extcrnal agencies.

T

CHAPT’ER 6
GEOLOGICAL AGENTS

The surface features of the earth are the result- of the action of
‘various geological agents. It is well known that the landforms are
the distinctive configurations of the land surface—mountains, hills
valleys, plains, and the like. In the evolution of landforms differen:
exogenous as. well as endogenous processes are mostly responsible
The configuration of the land surface aré the outcome of the joint
actions of some geological agents having both constructive as well

-as destructive effects on the existing surficial features. _
The exogenous processes are those which derive their énergy :

from external sources and ultimately from the sun. These processes
are mainly caused by gelogical agents such as Blowing-wind,

Running water, Glacier, Sea-Waves etc. Since these agents originate-

upon - the earth’s surface, they are known as Epigene—geological

-agents and their activities include processés like gradation, degrada- -

tion, aggradation and weathering.

.. .. In a similar - way, a process which originates within the
- earth’s crustis termed endogenous. The geological agents,. which

are associated with these processes and have their origin underneath
the surface of the earth are known as ‘Hypogene’—Geological
agents. Earthquake, Volcanic eruptions as well as other earth-
movements are the results.of the hypogene-processes. Although
they originate within, they do affect the earth’s surface in a spectacular
way. Mountains, plateaus and volcanoes are .some of the striking
features produced by Lypogene agents.

Processes Associated With Epigene Geological _Age_nts

Gradation, It is a three-fold pfoccss 3 ‘ﬁist the surface is
decayed and eroded ; secondly the products of this decay and erosica
are transported ; finally, they are deposited usually at lower levels.
Thus ‘Gradation’ is the process by which the: original irregularities
of the earth’s surface are removed and a levelled surface is created.
All gradation processes are directed by gravity. Thus it is clear that
processes of gradation are divisible into two major categories i .-

(i) Degradation. - ' ' ' '

(if) Aggradation. ‘
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(i) Degradation. - It constitutes those precesses by which.

material from a high relief feature is removed by exogeneous or

external processes. It includes activities like weathering, mass- "

‘wasting and erosion including removal and transportation. .

Factors Affecting. Degradatidn . v , _
(@) Properties of the material on which the processes are:
operati'ng,» s ’ o
(b) The energy available to the geomorphic agents, and
(¢) The tools used by the agents. '

(it) Aggradation. It is the process of elevaticn of low-lying
tracts, through deposition of materials, by various epigen_e-geologicali_

agents like wind, river, glacier etc. : )

- The epigene -geological agents are grouped under two
-headings. L
1. On land. - Running water, ground water, wind, glacier etc.

2. In oceans. Waves, currents, tides etc. - :

“The activities of the epigene-geological agents are divided into
three major stages like, Erosion, Transportation and Deposition.
These three activities contol the configuration of the ‘tand surface of
the earth. : . o

Hypogene processes. The two _mai’n'endogenous processes are &
volcanism and diastrophism. The geomorphic features produced

" by them provide the setting for the operation of the exogenous

processes. ’

Diastrophism elevates or builds up portions of the earth’s
surface and are of two types : (i) Orogenic and (ii) Epeirogenic,
‘While Orogeny refers to mountain tuilding with deformation of
the earth’s crust ; epeirogeny refers to regional uplift without
marked deformation. ' :

The deformation of the crust is usually manifested in forms
of folding, warping, faulting and with the occurrence of phenomena
like continental drift, mountain building, volcanism, earthquakes
isostasy etc. :

Thus the hypogenc and epigene-geolOgical agents play their
respective roles in shaping the surface features of the globe.

CHAPTER 7
VOLCANOES

. Volcanoes are conical or dome-shaped structures built by the
emission ’of lava and it contained gases.from a restricted vent in
the earth’s surfate. The volcanoes are having truncated tops

representing the crater, that acts as the avenses for the magma to
Tise. '

.. VYolcanoes take many forms, and the activity that is associated
w_lt’-h their eruption is highly varied. The activity of volcanoes
-differs in the amount and type of material ejected. The size,
temperature and composition of the material ejected determine the
shape of the volcano or the form of extrusion volcanoes also differ
in the violence and the timing of successive eruptions.

Tj'pes of Volcanoes

L. A volcano is ‘Active’ when it is erupting ' intermittently or
continuously. A volcano which has not erupted for a long time

h A .
~ is known as ‘Dormant’, whereas an ‘Extinct’ volcano is one, which

has stopped eruption over a long time.

2. On the basis of mode .of eruption as well as on the basis .

of nature of eruption, different types of v
1 : s olcanoes } z
recognised. ’ y.p oRAnOs 5ave ezt

Basingvon the mode of eruption volcanoes are classified as 3

(i) Central types, where the product - th i
pipe (01 vont), / products escape t rough a single

(if) Fissure types, where the ejection of lava takes placé from
a long fissure or a group of parallel or closed fissures. :

Basing on the nature of eruption, volcarnoes may be of two
types as : : -

__ (a) Explosive Type. In which case the lava is of acidic (felsic)
in nature and-because of their high degree of viscosity, they produce
explosive eruptions. o ' '
45 Quiet types. In this case the lava is of basaltic compos=
 tion (mafic 1ava), which is bighly fluid and holds little gas, with the
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result that the eruptions are quiet and the lava cahtravel long: -

distances to spread out in thin layers..

. Besides the above, a number of other types of volcanoes bave.
been identified -according to their degree of explosive activity and.
naiure of eruption. They are as follows: = - o .

(i) Hawaiian type. Silent effusion of lava without any
explosive activity. o C
’ (i) Strombolian type. Periodic eruption, with a little explosive:
activity. . L B o
. (#ii) Vulcanian type. K Eruption takes place at .longer intervals.
and the viscous lava quickly solidifiesand gives rise -to explosions

- of volcanic ash..

(iv) Vesuvian type. Highly ebxplbsivg,-volcanic ‘activity and'

- eruption occurs ‘after a long interval (measured in tens of years). = -

- (v) Plinian type. The most violent type of vesuvian eruption- -
. is sometimes described as plinian, Here huge quantities of frag-

mental products are given out with little or no discharge of lava.

(vi) Pelean type. This is the most violent type of all the:
eruptions. They are characterised by eruption of ‘nuéés ardentes’.

Volcanic topography. It includes both positive as well as.
negative relief features. The high or elevated relief features.
comprising of hills, mountains, cones, plateaus or upland. plains are
some of the examples of positive relief feature, while the low lying:
relief features like . craters, calderas; tectonic. depression etc.

(@) ‘Posltive-r'elief"fea't‘ures.' _ These features are férleed due to-
both quiet as well as explosive volcanic activity, and some of which:

_are as follows :

" (i) Hornitos. These are very small lava flows. ]
- (ii) Driblet cones. The most acid lavas often give rise to quite-
small conelets and are known as driblet cones.

~Git) Cinder, cone.

These -are volcanoes of central type of

“eruption, steep-sided with uniform slopes of 30° to 40°.

(iv) Lava cone. These are built up of lava flows, due to
heaping of lava during quiet type of eruption. It is also known as:
lava or ‘plug-dome’. '

{v) Composite cone.
pyroclastic material and lava. Due to rude stratification, they are
also known as ‘Strato-volcanoes’. , .

" (vi) Shield-volcanoes. These are made up of " lava alone and
due to quiet type of eruption, whereby piling up -of flaw. afrer flow
of fluid lava, a rounded dome like mass is produced.. _

These are made up alternatively of
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| (vii) Spatter-cone. " Small cones formed on lava flows where

‘breaks occur in the cooled surface of the flow a_llowing haot gases

and lava to be blown out. .

(viii) Volcanic pldteau.. These are _ formed_beca’use of fissure -

. type of eruption.

(b) .Negetive-relief-features :

(i) Crater. ‘Thisisa depression located at the summit of the_
volcanic cone. ‘

(if) Calderas. Sometimes because of violent volcanic expldsioﬁ'
the entire c_entral portion of the volcano is destroyed and only a
great central depression, named a ‘caldera’ remains. The calderas

: 7 .may also be formed due to erosion and enlargement of the crater.

_ (iii) Lava-tunnels. ‘The more mobile lavas of basic composi=
tion, when erupted on the surface in the form of flows quickly
consolidate and form a solid crust while the interior may still

. remain fluid. Under such conditions the enclosed fluid lava drain
out through some weak spots lying at the periphery of the flow,

forming what is known as ‘lava runnel’.

) _(iv) Cone-in-cone topography. Aftcr an explosion. destroys an
existing crater, -a new-built smaller cone with its own crater is built.

- up. This is knowan as cone-in-cone topography.

Explosion-pits are also negetive relief features of volcanoes.

Volcanic products. A volcanic eruption comprises solid, liquid,
and gaseous materials. Fragments of rocks ejected during an -
explosive eruption are called ‘pyroclastic materials’. The pyroclastic -
materials of various size grades.are known differently as follows :

Q) Vo_kdnz‘c blocks o+ bombs). Diameter of the fragments is-
always above 32 milimetres. :

. (i) Cinders or lapilli. Here the diameter is between 4 mm to
32 mo. ’

4 mm. -
(iv) Fine-ash. Minute particles of diameter less than 0°25 mm
constitute the fine ash. :

(v) Tuff. Rocks made up of ash and fine ash arec known as
tuffs and the welded tuffs are known as ‘Ignimbrite’.

(vi) Agglomerates. Pyroclastic rocks consisting mziiixly of

fragments larger than 20 mm in diametre, are known as.
agglomerates, .

(iii) Ash. These particles'range in size between 025 mm to -




2 SN : A Text-Book of Geology

" Othier Products of Volcanism

(i) Porous or spongy. Masses of solidified frothy lava is

“known as Pumice or Scoria. But scoria is having a little dark

- colour and coarse texture than that of pumice.

- (i) Spilitic lava. These are albitic (soda-rich) lava and it
produces pillow structure.

(iii) Gaseous product. Steam forms the most important consti- -

tuent of volcanic gases and contributes nearly 90% of the total

“content of volcanic gases. Gases like carbon-dioxide, nitrogen,

sulphur-dioxide, hydrogen®sulphide, boric acid vapours, phosphorous,
arsenic-vapour etc. forms a part of the volcanic gases.

(iv) Nuée ardente. An incandescent cloud of gas and volcanic

. -ash, violently emitted during the eruption of pelean’types of volca- .

noes. '
‘Features Associated with the Decaying Phases of Volcanism

1. Fumaroles. These are fissurés cr vents through which
volcanic gases are ejected. . :

Fumaroles emitting sulphurous vapour aie called ‘Salfataras’,
- and those which emit carbon-dioxide and boric-acid vapour are -

known us ‘Mofettes’ and ‘Saffoni’ respectively.

2, Hot springs. These are fissures through which hot- water
escapes. The water usually gets heated with increased temperature
below, may be magmatic or radioactive heat. _-

Calc. reous deposits formed from hot springs are known as

Travertine cr tufa and similarly siliceous deposits are called Siliceous
-sinters. ‘

3. Geyser. Hot springs ejecting boiling water and steam at
regular intervals are geysers. Siliceous deposits formed arourd
;geysers are known as ‘geyserite’. o : '

Pseudo-volcanic features. Mud-volcanoes, meteor-craters are
-of non-volcanic origin and are examples of pseudo-volcanic features.

-Cause of Volcanism

, . Release of high-pressures, ‘which build-up within magma
-chambers below the ground surface.

2. Accumulation of radio-active heat produces magma ; of

‘course other factors like frictional heat and the increase of heat with
depth causes the formation of magma and their eruption on the
earth’s surface causes volcanism. '

Distribution

1. They are. concentrated in -a. narrow-belt called Circum-

" Pacific Ring of -Fire, where the volcanoes are located on the high,

young folded inountains. '

e S o
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2. Other volcanic areas include - the scattered areas_in the
Pacific, particularly the Hawaiian Islands, a beit that includes
‘Arabia, Madagascar and the rift valleys of Africa, the Mediterranean
belt, the volcanoes of West-lndies and those of Iceland.
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PRE-EXISTING
ROCK
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Fig 7'1. Cinder cone.
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* Fig, 73. Shield-volcano.
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CHAPTER 8
" EARTHQUAKES

¢
An earthquake is a motion of the ground sufface, r?,nging from
a faint tremor to a wild motion capable of shaking buildings apart
and causing gaping fissures to open up in the ground.

The earthquake is a form of energy of 'way.e motion transmitted
through the surface layer of the earth in widening circles from a

point of sudden energy release—*‘the earthquake focus. 1Itis, how-

ever, evident that no earthiquake can possibly originate at a mere
point alone. ,

1. Causes of Earthquakes

1. Tectonic earthquakes. Earthquakes are produced by sudden -

movements along faults, and are mostly, ' therefore qf tectonic ori gir;.
The concept of possible mode of origin of tectonic earthquakes is
known as ‘elastic-rebound theory’.

Such earthquakes generally result from sudden yielding to straim

produced on the rocks by accumulating stresses. This causes the
breaking of rocks and produces relative displacement of rocks.
Such faulting causes shaking because displacement of rocks can
only be possible by overcoming frictional resistance against the

walls of the fault-plane. The association of earthquakes with fault-
lines is an established fact. '

Elastic-rebound theory. According to Prof H.F. Reid; mate-
rials "of the earth, being elastic, can withstand a certain amount of
stress without deforming permanently, but if the stress is continued
for a long period of time, or if it is increased in magnitade, the rocks
will first take a permanent deformation or strain and eventually
rupture. A fault is a break or fracture in the materials of the earth
along which there has been displacement. When the rupture occurs,
rocks on either side of the fault tend to return to their original shape
because of their elasticity and an elastic rebound occurs. It is this.
rebound that sets up the seismic waves.

. Thus the energy stored in the system through decades, is releas-.
ed instanianeously causing underground dislocation of rocks and.
setiing up vibrations which are feeble or strong, as the case may be.

. Earthquakes ‘ : 2

2. Volcanlc‘ earthquakes. Usually, earthquakes associated

" with volcanoes are more localized both in extent of damage and in

i ’ in- isor hose which are:
intensity of the waves produced in comparison to t :
la!;t;x:iatyed with faulting motions. A shock may be produced by any

_ of the following mechanisms :

" (@) explosion of 't-he volcano upon the release and expansnog of
gases and lavas, . ‘ N

‘ ® faulting within the volcono resulting from pressures in' the
chamber of moiten rock, and.

(¢) collapse of the centre of the volcano into the space formed
by the extrusion of gases and molten matter.

e, i : feeble

Besides the above, sometimes local reasons may cause °

earthquakes, like failure of dams »‘under the pressure of vthe 1mpoupd
ing water etc. .

II. Terminologies Associated with Eart_hquak'es _

' i i T h’s surface
a) Focus. It is the exact spot un_demeath the earth’s su .
at whi(clz an earthquake originates. It is-also known as Hypocentre.

(b) Epicentre. It is the point on the surface of the Earth, above
the focus of an earthquake. ) o o

(c) Tsoseismal line or isoseists. It is a line joining all points at
which the intensity of the earthquake is the same. . It is, In fact, an
isodiastrophic lineof equal damage. : .

(d) Homoseismals or coseismals or homoseists. These are lines
joining the places where the shock arrives-at the_ same time.

1. Types of Earthquakés

‘Natural earthquakes are of three types ; according to the depth
of their origin. They are as follows : :

N ‘(a) Shallow-focus earthquakes. In this case the seismic shocks

originate at a depth of about 30 miles or less, below the earth’s sur- -
- face. '

(b) Intermediate-focus 'earthquakes. In this case the shock-
waves originate at a depth between 30 to 150 miles. ,

(c) Deep-focus earthqnake. Here ‘tl_le point of origin of the
shock is at a depth between 150 to 450 miles.

According to the origin of the earthquakes, -tj&ey are a;.} gi
three types like—tectonic, volcanic and submarins ear.t}:lquagg‘s‘é‘w O;_
submarine shocks often generate very large waves on the suracs o:

the seas and destroy the coastal tracts. These submarine earthquakes

are known as ‘Tsunamis’.
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’quakeT:hree mvain types of wave-motion are genefate‘d by an eaith-.

(a) Primary or ‘P’ waves. These are 'longitudi'nal waves similar
to sound waves and travel in solid, liquid and gaseous media. They-
‘have short wavelength and high-frequency. :

(b) Secondary or ‘S’ waves. These are tramsverse waves, also -

known as sheer waves, travel only in solid media. - In comparison to
‘primary waves, they are slow in motion. They travel at varying
velocities through the solid parts, proportional to the density of the
g:it;‘r:;als. - They are dlso having short wavelength and high fre-

‘ (c) ‘L’ waves. _These are transverse vibrations and are con-
‘ﬁned to the outer skin of the crust. They are also known as surface
'waves or Rayleigh (R) waves. They have low velocity, low frequency
-and long-wavelength. These are responsible for most of the destruc-
‘tive force of the earthquake. ' -

IV. Scale of Intensity

Various scales have been pfoposed to estimate the intensity of
carthquake from the amount of damage caused. These scales are : .

~ (i) Rosi-Forrel scale,
(i) Mercalli-scale, and

Barquakes 3

V1. Distribution of Earthquakes
The destructive earthquakes are concentrated in a ring surroun-
ding the Pacific Ocean. This ring coincides. with the Circum-Pacific
Ring of Fire. ‘ , : .
The second chain is termed as East-Indian, which extends over
Indonesia, Andaman-Nicobar, Islands and Burma. ' ]

The third belt extends over Himalayas, Kun-Lun, Tien Shan

-and Altai Range up to the Lake Baikal.

Another belt extends from the Pamir Knot to Afghahistan,
Iran, Turkey, Greece, Rumania, Atlas Mountains, Gibralatar and.
the Azores Islands. : . :

A belt also extends from the Gulf of Aden, between Seychelies
and Maladive Islands; turns to the West-South of Africa and goes up

to the Falkland Islands. .

~Another belt also runs along the Great Rift Valley of East
Africa. - : o T

It is noticed that the present earthquake regions are associated

with the younger fold-mountain regions, and the present earthquake

_ activity is a phase of the end of the Alpine-Orogeny. . -

i ‘ : - (i) Richter scale of earthquake magnitude etc.

i - In the Rosi.Forrel scale, the intensity bas been classified intc—
Bl severe, catastrophic and disastrous. '

h”“ the i The Mercalli i_ntrénrsity scale has devised twelve rumters with
i the increase of intensity. In this case—pumber 1 -detected only by
A .. seismographs. o :

Gradually the number increases when the earthquake intensity
Recomes feeble, slight, moderate, strong etc. At number ‘8 itis
““destructive”. Similarly it becomeés “disastrous” at number ‘10°,
and at number ‘12°, the effect is totally catastrophic, where there is
total destruction and objects thrown into air.

L ‘ In the Richter-scale, the scale number ranges from ‘0’ to ‘9%

| {;;f Here it is pa{tlcular}y important to -notice that a magnitude—'8’

| b | earthquake is 10 times larger than a magnitude—7-earthquake, 100
1

y times larger than a magaitude— 6-earthquake, and 1000 times larger
than a magnitude—5-earthquake. - ' ’ : ’

V. Recording of Earthquakes -

. The instru,ment used for recording of seismic shocks is known
as Selsmograpﬁ , and the records of seismic shocks prepared and
r presented by seismographs are known as ‘seismograms’.




CHAPTER 9

GEOSYNCLINES AND MOUNTAINS

T
s,

1. Geosynclines. The ‘Geosynclines’ are major structural
and sedimentational units of the crust of the earth. They are
elongated trough-like depressions. submerged beneath - the sea-water.

They are considered to be the future sites of mountam bulldmg'

-activity and of fold-mountains.

These basins become filled w1th very great thickness of sedi-
" ments and alongwith the accumulation of pile of seédiments, there
occurs progressive subsidence of the basin floor.

2. Types of geosyncline. There are seven typés of geosynclines
as follows @

) Ortho-geosyncline." These are elongated basins which
become filled with very great thickness of sediments, which is subse-
.quently deformed to form a fold-mountain chain.

(i) Eungeosyncline. In these geosynclines, the pile of. sedi-
ments are found with an . abundance of volcanic rocks ; they are
formed at some distance from the shield areas, i.e., Kratons.

(iii) Mlogeosynclma These are formed adjacent‘to the Kraton,
-where there is a thmner development of sediments whlch lack
‘voleanic rocks. -

@iv) Taphrogeosyncline This is an elongate’d depressnon,
formed because of -faulting. These are also known as ‘graben’ or
“rift-valley’.

) Parageosynclme This is the geosyndiine which lies with-
in the Kraton.

(vi} Zo ggo-geosynciine. These are parageosyncline with margi-
:nal uplifts.

: (vii) Auto-geosynchle Itis a para-geosyncline without mar-
_ginal uplifts.

Most orogenic-belts arise on the sites of geosync]mes and the
resulting mountains therefore consist of sediments and volcanic

Gebsy’nflihe.r am‘ Méunkalns o . 1

xocks deformed. and- metamorphmd to & grem:r or lesser-oxtent
-according to their position and depth-in' the- oropedic beit.

The- fact “that -the’ sedimentary : umts ate thicker along the
‘mountain “belts - than outside -indicates -that most - sediments-‘now
exposed in mountain “chain were -deposited -in - geosynclines.
True geosynclinal -accumalations' presently lie: off - the eastern-and
gullf-coasts of America under the continental shelves and contmen-
ta slopes .

‘1, Mountains. Mountams ‘are- 1solated or. mterlmked masses
-of land elevated ' appreciably -above -the - average -altitude -of théir
;surroundings and are characterised by the presence of pointed or

~ ridge-like tops known as ‘peaks’. .

2, Termmologles associated with-mountains :

(i) The smallest unit of an elelvated land-mass is known | asa
“hillock or mound’.

(ii) Larger clevated land-masses are know as ‘hills or moun-

" tains’. But mountains are usually 1,000 ‘metres high or above and

‘those which are having less heights are the ‘hills’.

(m) A series of inter-connected - mountains constltute a
‘renge’,

U v) A gumber of gcnetlcally related ranges together form a
“system’.
S (v) Alews yauems combine to form a ‘Chain’.

(+i) Several inter-related chains form a Cordzllera’

3. Types of mountains. On the basis of their mode of
.mountains can be grouped into three categories as follows :

(a) Mountains of accamulation.
(b) Relict or residual mountains.

origin,

= - (c) Tectonic mouutains

Mountains of accumulatlon are due to accumulation of vol-
canic materials like lava and other pyroclastic materials, ‘ifito hesps
or cones, which produ\,e volvamc modntains. Sand-dines formed
due to accumulation of pﬂe ‘of sands telong to this category.

Rélict mountains are because - of differential erosion, thch is
noticeable in regions whick are composed of rocka of various
strength and durability,

Tectonic mountains aré formed because of the roles. piayed by
the Dlastrophlc forces, and arc of three types as ; ‘

(i) Fold-mountains. ‘The bending of rock: strata due to come
pressional forces acting . tangentlally or horizontaliy towatds 3
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| T : . o ' . Geosynclines i ' -
I ‘%  cotmmon point or plane from opposite directions is known as folding;. ynclines and Mountains ' . 33
i ~which results in fold-mountains. - o o ' " - a metallic core, while the i ' v ‘ o
) mourtaTs. , . . c core, while the interveni i ' ili
(ji) Fault-mountains, T hese are also known as Block-mountains, cates. Since silicates are bad cox:gscltg:rt;; ll::aa‘:e l;t;ﬁ%fl'lim;ltqn 'ﬂll:. |
which are because of faulting. Horst or a ‘block mountain is_an - molten state, it transmits heat by convectional prolc?:ess' oy in the ¥
‘uplifted landmass Jocated between two adjacent faults. A graben  In thi PO ~ . " ' !
‘ or rift valley is the block lowered between two adjacent faults. ' . the surfaccalf)tP :l?:‘isrsﬁsvtvhtelig curretnts hl ffowing horizontally under “‘%
e T o o S : ; lacc Ol the crust, they exert a powe d 1
Al - (iii) Dome-mountains. Igncous instrusions, sometimes, make . th}rlow it into tension where they gi\iergeulag?giglt]otléf)n:;?es;;: J
i  room for themselves by lifting up the overlying layers of the country o t‘." ere they converge. Thus we should 'expect orogenic belts to l;]’ -
g rocks. Thus a dome-shaped structure is fGrmed, which are some- -+ formed where two approaching currents turned down. ® !
n times large emough te be- described as ~dome-mountains e.g., v (¢) Continents S S N
“\ i jaccolith. ™ - - Lo , B o . " the sis(;l?c 'blml;egxilg;ﬁ;:ﬂmi:.ofé 1‘1;1(:;)\f:‘lxl:?e,gmtttohrg::sllhypothgmb | f
il \ " 4. Causes of mountain building. So many hypothesis have been ' :;‘:_ affected by the resistance of sima.. This resistancezgcrultlll;eles;:ﬁ& '
} 3\1 © putforwarded to explain the origin of mountains. Some of the s the frontal moving parts of the continent.,iAécorging to.
W important hypothesis may be described as follows : ' -W:§:\3::& ?gftﬁ(:kl?s t;nd' Andies are formed in this way, by the.
7] i ‘ - . ey e Do r 0| e conti . i ; nd’
\’1 (a) Geosynclinal hypothesis ' -~ Alpine mountain belts are cth%;:ﬁtsto {gie-ggxal?g -’ 3;1('13 fhe: :
e (b) Theory of isostasy. . ' , ' equatorial movement of India and Africa, = = ‘rme y the 3
s (¢} Contraction hypothesis. - o -~ (f) Theory of plate-tectoni ains tha : y
I . : : . lCS, 3 i 4 of- g
\ (d) Convection-current hypothesis. : }gzlegrth 18 2 mosaic of several rig'icllts:g;?nnt: tg;tl‘:g;]t:gscr:;t.o{ o
{ | (¢) Continental drift hypothesis. .max:ltl :&C;;v‘:nlyntll;e thd upper crust but also part of the’denls‘;r--
\ \ ‘ (f) Theory of plate-tectonics. ' ‘h ond of " ‘asthen ospheré’, y float on the plastic upper - mantle known as. 5
; 2) Geosynclinal hypothesis. Some hold that, under the “oad o SR . L L '
] (a) Yy P 21 basin is likely to Plates may diverge, converge or move in paraliels. Plates are

|

M sediments the floor of the subsiding glgosyniliﬁh bas s likely o

b ' i : : t nternal heat a.

%m be broken and thus the sediments would meet the 1ntein; ‘magma comes up through th
|

| . . said to diverge when two adjacent plates move apart and hot

HV expands in volume. As a result of which the upper sendimentary " 'the formation of mid- ic idgtar “Binoy ifies, dccounting for

) layer would be uplifted. ~But this process does not account for the when the cgmo ether aud polls” ypiies are said to converge

Hi compressional forces. e ' e convergeythe laet:rc;glether chre oxitod By fwo continental Aol |

Others believe that the geosyaclinal basin on re?eiving the .. presses tfiem into fOIdps;eas]%?n .f;prt_ed by_ e oty oo o | ‘[‘3
i Jodes will sink down and in this process, the two sides of the " high mountains form. is crumpling and folding continues :

nt for the formation of fold moun- . Accordingly, the Himalayas were formed because of the north

pressional forces and may accou : :
_wvard movement of the Indian-plate against the Chinese-plate. -

| \ shallow trough will be brought nearer. - This will generate com-
| teine (b) Theory of isostasy. Isostatic adiustiieni s believed to play " All the aforesaid thesi
i an important rq'le.iﬂ,_ ‘mouitain buildfﬁé:‘ but this process only. | insome él‘ otherr:::)lfs.hypmhes‘s explain the origin of mountajns B
- agoounts for vertical tpliftment and not the compressional forces. . : '
T s thadl ! . .

T bt w s e |

l

|

radiation of heat is cooling and a } v _
wrinkles will be. developed on its surface, just -as a mango if left

ed to heat will shrink and develop- wripkles upon its surface.. . A o : . ‘ v o 3
l But it does not explain the occurrence of fqld-mountaa-ns alonga o v o L g
5 : few-belts only, besides the fact that radioactive substances produce: o . . o L ‘ o '7
i heat on disintegration has not been taken into account. . s o R . o i

\ ‘ @y Convection-cnrrelit hypothesis. It is pqstulated'b_y Holmes:
f] anid Griggs. Itis believed that the earth has a thin solid-crust and:

expos




:is a continuous compensation at depth.

caprii

. msostasy .

i3

. The word ‘Igostagy’ is derived from a Greek word meaning. -

“in equipoise” or ‘in balance’.’  The theory.of Tsostasy’ postulates a

system ‘for the distribution of materials in the earth’s crust which
" conforms to and explain the observed gravity values. 'This theory

was developed from gravity surveys in the mountains of India (1850).

- The term ‘was first used by the American Geologist—Duiton in

1889.

- " This doctrine ‘states that wherever equilibrium exists in the

eartl’s surface, equal -mass must underlie equal suiface areas ; in
other words, a-great continental mass -must: be formed of lighter

" materials than .that supposed to constitute .the -ocean floors and

further, in order to compensate. for its: greater: height these lighter

. continenta] material must extend downward 'tg. some dis.tgn_ce' ‘under )
the continent and below the ocean floor level in order that unit areas -

beneath oceans and continents may remain in stable equilibrium.
Acccrding to Dutton, the elevated masses are characterised: by -
rocks of low density and the depressed basins are characterised by
rocks of higher-density. Accordingly, a level is thought to exist where
the pressure due to elevated masses and the deprgssed -areas_would
be equal. This is called ‘Isopiestic Level’ or the Level of Uniform

‘Pressure™ . . -

Any loading due to sedimentation, deposition or -intrusion of

“igacous material etc. or unloading due to denudation or melting of
" ice will, therefore, disturb the balance and compensation in the form
-of depression or elevation will follow to restore the state of hydro- .

static balance.

The state of isostasy can be maintained only if there .

- Through erosion, material is being removed from the tops of'
the mountains, which therefore are becoming lighter. Materials.
should therefore move into the roots of the mountains at depth

" through’ the interior - of the earth. This movement is ternied

compensation.

—_

‘below the isopiestic. level is called the asthenosphere.

In analyzing the ‘vdoncept of equal pressure or weight, it follows

that the blocks in balance have cqual masses. If granites and basalts

-are considered, in the light of equal mass concept, the granites being

1077 -lighter than the basalts, ‘must have higher volume which is -

xepresented by the highlands .composed of sialic matter; on the

contrary the volume of the denser matter, i¢., basalt or sima has
ought to be less'and that is why they are represented by depressions
-or ocean basing, - i ' v

1. Airyvtheo‘ry.’ According to thi’s theory, there is a change in

the density of rocks at: depth in the earth’s interior and that the
“wupder lighter material floats on the dense layer. - The depthof this

wchange varies from place to place.’ Airy preferred to assume that the
different crustal ‘blocks are of equal density and unequal thickness.
According to him, the blocks constituting the mountains jare thicker
than those on which the plains lie and as a result :they stand- higher
ap just.in the same ,
.above the smaller ones when-allowed to float freely in water. The
thicker block at the same time" sinks deeper down in the sub-stratum
and thus constitutes the root of the corresponding mountains,

‘According to Airy therefore mountains are supported *by their

roots which penetrate deep down. into the denser sub-stratum and
keep the mountain floating due to its buoyancy. o

Sea level

Fig. 10°1. Al blocks have the same density, -

This has greater support from reéent geophysical data.. For
-example, Mt. Everest in the Himalayas rises to a height of about.

'9'kms, right beneath it the crust is_about 80 kms thick : whereas the
~-crust is only 32 kms thick in - the' Deccan Plateau and only 12 to
~20 km or less near sea-coasts of India. L R

2. Pratt-theo:y; ,.fA'c(;ording" to this'theory,'thé'a'ddiii’onal mass
of a great mountain is compensated by a corresponding deficiency in

the density of the rocks constituting the crustal block on which the
. .mountain stands. :

JSOStas} g ' ' C 35

mm& isopiestic level and the surface of the :

-: «carth -is called  the zone of compensation or lithosphere. The zone. '

, In this regard, three theories have been (put forwarded) as-
follows : : ' :

way in which a huge block of ice- projects much. . -
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" Here, it has also been assumed that the ‘boundary between the
© upper light material ang,the lower dense rocks is at a uniform depth,.
~called the depth of compensation. ' Besides, it is also presumed that
" there are variations in the.density of the- hghter layers which are- -
. related to the elevation of the surface.. The weight of columns of .
LIt - rock extending from the surface to ‘the depth of compensatlon in - : N . v
{ . different parts of the earth is thus the same. . : | o | o CHAPTER 11

i - Observatlons made w1th the help of. seismic studxes mdlcate - o .
Lk - that more dense material underlies ocean basms than contments> _ : : CONTINENTAL-DRIFT
o ' whlch support Pratt’s assumptlons T . - : L : _

Contmental dnft refers to the honzontal movement of the
contments on a vast-scale. Our earth can be dxvxded into two major,
umts . .

(@) the contmental land masses, essentlally composed of sial.
(ii) the oceans which are floored by sima.

Ihl " 'ZONE OF -
i COMPENSATION

|
| S
b i F:g 10 2.y Higher- b!ocks have a Iower density than the lower blocks. It is assumed that the continental masses are ﬂoatmg above

1 . ' ‘the viscous sima-layer. Itis well-known that there is a remarkable
SHEN kanen's theory. He combines the assumptions of both .
N ‘ Ar :n dHIfrl;tta It is obsgrved that rocks at sea-level are more dense _ . 4accumulation of land masses in the northern- -hemisphere of the
T iy than those at higher elevations. He assumes this _ & - - earth, -while- there is appreciable. concentration. of water bodies in
i on the averz;geues downwards, tending to make deeper rocks more o ‘southern-hemlsphere It has been further noticed that some of the .
‘ o change con ﬁn hallower ones. In addition, different sections are continental masses llke Africa, South America etc. exhibit southerly
Je dgnseg?a;g thz.\fe different densities and different lengths. - . . !spering edges. The major problem of geology is to what extent
i t ougThxs theory accpunts for the roots of mountains and for the = § - - ‘'these arrangements have been stable during the geological past.
variations in density in diffe.ent parts of the crust. T The evidences in favour of the ‘Continental-drift’ hypothesis
. g S o * -were collected from the physxographlc geological and meteorological
'_“_,_ . CL v C - -observations. The followmg evxdences strengthen the 1dea of ,
: 11213 , , ' Contmental-dnft :
! ' . ' 1. Geological Evndenees These are as follows ;

I * (i) Continental boundaries on either’ slde of the Atlantic-ocean
' are matchmg with each other

(i) Slmllanty in fossil contents i.e., faunal anol floral
_ similarity. ‘

(iii) thhologlcal s1m11ar1ty

" MORE DENSE

| (iv) Stratigraphic similarity, with relation to age.
H S . : AR ‘ o _ - 2. Geo-physncal evidences.  Palaco-magnetic studles and
b : v _ . Lo geodetxc survey glves ev1dences in support of the henomenon of
‘ , p Y
A :Fig. 10’3. Density varies between columns and . : -~ .Continental drift.
Al " within each. Higher ?ensmes are reprgsented : o )
i by the shorter columns and towards the - o HE : ’ i
| i | ¥ bottom of cach eofamn. " , B ‘ . 3 ‘Tectonic evidences, - " These are as follOWS 1
1 o ‘ o . S : _ " () Geological structures,
| K : S o ) , N i) Development of mid-oceanic ridges.
1'1 1 - ) N . o . —
|l
L




follows : . :

\ side of the continental masses.
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(i) ,Deveiopment of fold-mduntains. |

' l('iv) Development of island-arcs.: _ .
4. Meteorological -evidences, . Information  obtained from

palaco-climatic and palaco-geographic analyses, indicate that drifting, . -

" of continents had taken placg during the geological past.

The idea of continental drift was develeped by F.B. Taylor im
America, and Alfred Wegener in Germany. Their theories are as:

Taylor’s hypothe‘sis. . According to him long back there wefe-

_two. great landmasses ih the southern and nporthern. hemisphere .
" known as Gondwana land and Laurasia, respectively. He supposed

~ thatin due course of time those land masses started spreading '
" towards the equator, more or less radially from the polar-regions. -

" He assumed that the sudden increase of tidal action of the:

 moon.in late cretaceous time, increased the rate of rotation of the - -

_earth which dragged the continents away from the poles. Accordirgly
he cited certain evidences in support of his theories, that (i) East-
coast of South America is similar in shape ‘to the West coast of
Africa and they fit like the parts of a-‘Zig-saw’. (if) Location of most

of the tertiary mountains are found more or less towards the-equator-.

But his assumptions fail to justify the gxact-happ¢ningsf ;‘_fovr-
~ example tidal forces never increase the earth’s rotation, but the

assumption is just the reverse of it. Besides, the equatorial move--

" drifting of South America from Africa,

ment. of continents as - assumed by Taylor fail to explain the:
 Wegener’s hypothesis. According to him all the ‘sialic layer
.was_concentrated in a large continent called the ‘Pangea’ before
the Silurian period. This block floated in a universal basaltic layer.

* Pangea was surrounded by the world-ocean called ‘the Panthalassa’.

In the late Palacozoic period, probably during permian or

Mesozoic era, the Pangea broke into pieces under the influence of -

the tidal force, and the force generated by the movements of the.
earth’s axis of rotation and revolution. - - :

The southern parts of the Pangea broke apart during Mésozoic
and the northern in the Tertiary periods. The Continental drift
was caused: by the differentials gravitational forces which acted upon
the protruding-block of sial. One force caused the drift towards the
equator and the other towards the West: SRR

.. The African-block (the Gondwanaland) and the Furasian- .

block (the Laurasia) moved towards the equator. When the drift
towards the equator was taking plage, the Americas drifted towards
~the West. Thus the Atlantic Ocean was created between North and

‘South America in_the West and Europe and Africain the ‘East.

-~ Australia was léft behind in the beginning. . Later it swung to -the:

“east. Only recently, in terms of geological time {periods Antarctica
separated from Sotth America 0 o

... Before drifting, North and ‘South ‘America formed one unit.
They rotated . about a point in North America. Then they were-

'd:raw_'n apart. This produced the parrow .land of:.central America
and the scattered fragments of the West Indies. . Labrador and New

Foundland separated from Eurépe durin 31l ’ '
. irated fro rope during Quaternary. . They swung
South-West and Greenland was'left behind as a separate-block.. At

the -same -time the Indian part-of the. Gondwanaland moved north.

‘against the mass of the Asian ‘main continent. It separated from:
- Africa. Madagascar was left behind. . By the compression of the

Indian. part against the Angara shield (i.e., Asian maia continent)
the mountain chains of the Himalayas were created. - ‘

Wegener and his followers, in-favour of this theory, have put

“.forwarded the following evidences :

especially South America and Africa. ‘

(») The similarity of p_re-Carﬁbrian '(vbef(')re 500 million .'years
ago) rocks of ‘Central Africa, Madagascar, Southern India, Brazil
and Australia. O ' _ : RS -

() Similarities of the coast-lines once thought to be adjacent,

(¢) The continuity of tectonic trends of thé blocks of thése .

countries across théir present boundaries.

(d) There are wide-spread occurrences' of carboniferous coal
deposits implying  a tropical humid-climate. The coal bearing
formations - are now found in _South America, South Africa,

. Madagascar, India, Australia and Antarctica. -

* (¢) ' Unmistakable evidence of wide-s'prcad glaciation towards.

the end of the Palaeozoic era is found at the southern extremity of. -

‘South America, the southern-half of Africa, in the i i
. > i ! » enins N
extending to the Himalayan regions and in Austral&. wlar India,

Although the theory of céntincﬁtal‘ drift ‘has been widély

~discussed and accepted, serious doubts have been raised about the

period during which the force causing. the drift had operated and

also about the direction and the amount '
) _the direct: ‘ unt of force.. However the -
recent theories of ‘Plate-tectonics’ and.information obtained from

g;lﬁeo-magnetic studies, lends support to the theory of Continental

Palaeo-magnetism. According to the studies on palaeo-magne-~

tism, it is possible to find out the direction and dip o ’
15 ] 1t t} ip of the earth’s
?&gnetlg field -during different geologic periods. It has been

erved that. the pole-positions of the present globe are different
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during - the geologic past and by joining these poles, a curve is -
obtained, which is known as ‘polar-wandering curve’. It is seen that
tho polar wandering curves drawn for different continents are not
pa-allel-or sympathetic, which confirms ‘Continental-drift’. '

Palacomagnetic ‘'works on the ‘Deccan plateau-basalt shows.

that the average rate of movement with refrence to India is about-

7 ¢m/year.

- Plate tectonics. fI‘he"cc;nc_ept of the movement of lithospheric
plates and the sea-floor spreading, along with their supporting

gviden're; prove that there was drifting of continents.

- A general cdﬂcépt;bf{cdnt’inentalldfift _ni'ay be obtained from

v.t-he following stages ;
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CHAPTER 12

SEA:FLOOR SPREADING

L

: ?}r!llég_:nojgee};z aolﬂd0 ;o rOnlS); r‘]/le(}rh of th% age.of the earth. The hypo-
) -toor. spreading’ was first formulated ' '
Professor Harry Hess of Princeton l}sniv’er'si_ty fgl l119216(()3. : by the Lété

rising “?;% SE)g;tulat:._f:d that mid-ocean ridges are situated over the
the thin oesani convection currents in the-Earth’s mantle and that
the mantle dc crust 1s mothing more than a surface expression of

an¢ continuously created by'a process of lateral accre-

tion-or-s i : 1i
preading away from ridge crests. From consideration of

the earlier i

Atla;tllt::lirr ége:}; regarding the age of the initiation of drift inthe

ata ot ess suggested that the sea-floor might be spreading:

. “suggested théta%ﬁ)rox:mately_ lcm per year ‘per ridge flank. Hess.

deogesied that € .trench system -in the pacific are the sites of the
¢ § limbs of thie “mantle-wide convection currents. - He

are ) )

perma?éﬁ(s:szzs :pggcste_d that despite their great age and apparent.
apart ang co 1? inents have been, and are being passively drifted
T ontaa tghe er on the backs of mantle-wide convection currents.
the Barpor o ° ocean-floors are young and ephemeral features of:
e antis race, constantly being regenerated at ridge crests and:

royed in the trench systems. S ' .

‘ Supporting evidences (i) Th i V '
oy > < \zJ 1he occurerice of earth-quakes along:
v r}’;gg‘zls_;;g ;hed mid-oceanic ridge system, the dearth of"1 ,sedimentglﬁ‘.
of o M'd-AIt]l the active volcanic islands associated with the crest-
i antic ridge are all readily explained by Hess” model.

i I ; '
(1) Moreover the ocean basins as a whole contain a remark-

able thin veneer of sediments and small number of sea-mounts, if”

n

(i) Tn 1960, Hess calculated that South America a
_ 60, , outh America and Africa
ilﬁcelrs:lth_ Jlill_o;ed 2500 km from the mid-atlantic ridge duringrlg.;
‘ w ich he thought was. 250 million years. This gives the

* Sea-Floor Spreqd_ing».

The sea-floor is geologically very young, not lrrlurﬁré‘tﬁaniIGO“-

-oceanic. crust. -
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rate of séparation as 10 mm/year. Rates iike 10 mm/yehr' are appre- -

ciable in human terms. , _ _
(iv) Hess was also.’ able to state that no material greater than

about 100 million years in age had ever been recorded from the -

deep ocean floor or truely oceanic islands.

W) ‘Hess argﬁed that the anomalous: high values. of heat
reflect ‘the emplacement - of hot mantle-derived material in the

vicinity of ridge crest, ... . oo N

(vi) Marine-geophj}sical studies have also revealed that ridge-

_crests--are  characterised sometimes | by anomalously low seismic

wave velocities in the upper-mantle. This was attributed to thermal
expansion and micro-fracturing associated with. the upwelling man-
tle, both effects producing a.reduction.in the seismic wave velocitics

and.density of the martle-material.

" (vii) Palacomagnetic studies have also revealed that new sca--

floor forms at and spreads laterally away from ridge crest.

e These evidences have been accumulated to show that . the crust
is:spreading apart along the rift.  As this sea’floor spreading occurs
basaltic lava rises from beneath the rift, solidifying and forming new

—




. "repeatedly deformed .in the geologic past a

CHAPTER 13
 PLATE-TECTONICS

" motion between two plates.

[ 2
4

It is known that the crust _6f ghe.' earth consists essentially  of

. lab.out  km thick layer of solid rock matter, which varies .in

“thickness from
‘thickness as 70
and the Himalayas. - That the crust is not fully rigid, but has been

or] nd is subjected to move-
ments even now Is proved by earthquakes frequent on the ocean-
floors and’ rarer in continents, volcanism, folding and faulting of

large expenses of rock strata and recent elevation and depression of
_ ‘Coastal areas. | ’ . :

There are now

‘studies that the crust of the earth (oceanic and continental) together
with the uppe i

_ T portion-of the mantle, which. overlies the astheno-
sphere-(the low-velocity zone approximately at 100 to 150 kms depth)
constitute the lithosphere, which is disjointed into plates or blocks

extensively by faults of thrusts. Thus the lithosphere is made up
of lithospheric-plates. § o : '

Plate-tectonics provides a modern view. of the rock-cycle. It -

5involyes a world-wide net-work of moving plates of lithosphere. N
Important Features of Plate-Tectonics - _ o ‘

(1) It is assumed that the earth is composed of 20 lithospheric:
plates. - - - ' ' o

( ii) They have the thickness from 0 to 10 kms at the fidge's to-
100-150 kms elsewhere. . ' :

(iif). The plates may contain continental as wcll as oceanic .
surfaces. - :

(iv) These p'lates are continﬁously in motion both with respect -
~to each other and to the Earth’s axis of rotation. ' '

(+) Virtually all seismicity, volcanicity and tectonic activity is

localized around plate margins and is associated with differential

moticn between adjacent plates.

to 80. knis in the mountainous regions of the Alps -

tangibléevidences chiefly from palaeomagnetic
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i (a) Plate boundsry. It is the surface trace of the zone of”
(b) Plate-margin. The matg_ina_i pé;t of a particular plate, - -
Two plate margins meet.at a common plate boundary.

(vi) These plates-are small and large, separated by faults” and
thrusts, lying mostly * across. ridges or. parallel to the continental
borders (trenches). . ,

year. _ : o
(viii) Where two plates diverge, we find extensional features,

- typically the oceanic ridges, symmetrical about the vertical axis.

(ix) Where two plates slide past each other, we find trans-
current faults, ie., the large strike-slip faults joining segments of‘

. -ocean ridges or arcs.

_(x) Where two plates converge, and one is thrust beneath the -

* other we find the island arcs, the huge assymmetric features that are.

the sites of greatest earthquakes, explosive volcanism, great topo--
graphic relief and many other distinctive features. :

"~ Type of ‘pla'te-nrmrgi‘n. There are three types.o'f plate margin i
(@) Constructive, (b) Deétructive, and (¢) Conservative. - |
\?) Constructive. ' In this case new crust is created by the-

’upwellin'g of materials from the mantle. The lithospheric plates.

iverg ; mid-oceanic ri ' urface is
diverge at the crest of the mid-oceanic ridges where new surfa
creatgd. Thus a ridge represents a zone along which two plates are
in motion awav from each other, yet they do not separate because

new material is continuously added to the rear of each. Boundaries™

‘at which the net cffect of motion is to _gene,rat_el su_;fa(:e area are
termed as ‘Sources’. » R »

In case of constructive plate boundaries, the greatest principal

-stress is vertical and the plate boundary will consist of a set of

normal faults dipping about 60° from the horizontal. -

(b) Destractive. It represents-the zone of- convergent plate. -

boundaries, along which two lithospheric plates are coming together

and one plate is forced to plunge down into the mantle. - In this .-

te boundary will be a reverse fault dipping at angles .of’
ggge g]:nf k:het_:' ho_rizo;%al. This overriding of one plate on another

" gives rise to trenches and island arcs. Plate boundaries at which

the net effect of the motion is to destroy surface area are. called

‘Sinks’. . ' : Lo ; :
Counservative margins’. When the lithospheric p ates can

- slide (;;st one another and that the plates neither gain nor lose

surface areas, there results a transcurrent or transform fault, which

marks the conservative plate ‘boundaries.

(vii) They move with velocities: ranging from 1to 6 em per
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_ Although plates may comprise either continental or oceanic -

«crust or both, it seems that only those parts of plates which are
.capped by oceanic crust can parti¢ipate in the main‘ processés .of
plate-growth and destruction.. - . .. .. " -

jEnler?é theorem. .. It is a ,;'geometrica-lz theorem which - shows

ithat every displacement of a plate from one position to ariother on
the surface of a sphere can be regarded as a simple ‘rotation of the
Pplate about a suitably chosen axis passing through the centre of the
.sphere. " All points on the plate travel .along small circular paths
about the chosen axis in’ passing from their initial to . final -position.

It follows that any plate boundary which is conservative must be -

parallel to a small circle, the axis of which is the axis of rotation

_for therelative motiop of the plate on either side. Conversely, any. -
plate boundaries which “are not parallel to such small circles. must -

be either constructive or destructive.

. To auderstand the mechanisms of the ‘movement of the plates, -
it is necessiry t‘o-knqw the physical characters of the,-lithosphere s

. (a) T}ierhml proper-ty. The lithosphere strongly modifies 'the"

stress and temperature fields as it transmits them from. the astheno-

sphere to the earth’s ' surface. As the hot newly created, lithospheric -

plate moves away from the accreting plate boundary, it progressively

-cocls according to an exponential law through flow of heat at its

surface. . - -

(b) Elasticity. The vlithéspheric i)late' can be considered to be
-a thin elastic sheet which floats over a fluid substratum and bends
~ under super-crustal load.. Coe : o

(¢) ‘Mechanical properties. The. héWIy created ‘oceanic iitho-

-shpere near the mid-oceanic ridges is hot and very thin and should. -

be much weaker than the normal ocean bearing or continent bearing

lithospheric plate. However at . equality of thickness, continent ,

bearing plates ar€ easier to deform than ocean-bearing plates.

(d) Lithosphere as -a stress-guide. The zone of deep and "
intermediate earthquakes often called Benioff zones, correspond to -
.stresses occurring within a lithospheric plate “which. sinks' into: -
 the asthenosphere and not to faulting between the asthenosphere
.and the lithospheric plates. Lo : o '

The tectonically active zones are now referrable to boundaries

-of six major and about twice as .many minor, more or less rigid

inter-plate,

(e) Kinematics of relative movements. According - to- Wilson
the lines of creation of surface produce surface. symmetrically, while

lines of destruction of surface destroy surface asymmetrically. These . .

lines .could end abruptly against'what he called a transform fault,
-along whlch the movement was pure strike-slip. :
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.Causes of Plate Mdtidl v _ » o y
" 1.. Oceauic crust formation. As the crustal formation at the

mid-oceanic Tidges is a continuous process, it begins to spread at a

tate of 1—6 cm/year and this may causerlthbé, motion of the plates.

2. Rates of motion. Sirice spreading occurs at ridges, at rates

' ‘.-rangin'g from 1-—6 cm/year but crust is consumed at a rate of 5 to

15 cm/year at oceanic trenches, the plates are to move. ‘
3. Oceanic-topography. The mechanism must be consistent

jwith/the development of topographic ridges at. centres of spreading ;
ridges rises 2to 4 kms above the level -of the ocean floor and -
_near the axes slope away more or less symmetrically from the crest.

4. Gravity. ' Ridges. a‘rc.c_:lose" to isostatic- equilibrium. but

sinks are characterised by topographic trenches which shows the
Jargest negative gravity-anomalies. - The gravitational différence may
.cause plate motion. e T S

S. Thermal.  With increasing distance from ridge ‘crest the .

scatter of heat flow values diminish and the mean heat-fiow falls

.until it reaches average level for the oceans. Oceanic trenches have

abnormally low-heat flow but a short distance away in. the adjacent
island-arcs,  the flow is high. The differencé between these heat

flow values seem to be responsible for plate motion.

6. Convection-current condition in the mantle zone seems'to -

bz respounsible for plate motion, as the diverging curient drags the
lithospheric plates along the direction of their flow. .

. 7. Strength of the lithosphere. Even  though lithospheric
plates appear to be able to move great distances without undergoing,
sigaificant internal deformation, in some instances the plates are
20 times as long as they are thick. With such..a length to thickness

-+ ratio neither compressionul nor tensional stresses could be transmitted
from one end of the plate to. the other, ‘unless the frictional
. .tesistance beneath the plates are very small. As. the plates are

-adove the viscous melt, it suffers no friction and can move. -

-Importance of plate-tectonics.-Th_e the‘ofy of plate tectonics is -
-.useful in explaining the phenomena like : ‘ o

"~ (i) Continental-drift. o _ ,
(i) Mountain building (where two. continental plates collide
‘with each other). , . , .
(i) Island-arcs (where an oceanic plate uadergoes subduction
‘beneath a continental plate). : '
.. (iv) Oceanic tren_ches.
(v) Ocea=:floor spreading. ‘
(vi) Mid-oceanic ridges (where plates diverge).

A
<
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‘PART II

GEOMORPHOLOGY
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CHAPTER 14

BASIC-CONCEPTS OF GEOMORPHOLOGY -
' AND TYPICAL-LANDFORMS

- Geomorphology is the systematic study of land-forms and the
interpretation of them as records of past-history. Certain agents
function to bring aboat gradation and - result  changes in land-
forms. "These may be called geomorphic agents, such as river, wind,
glacier and . sea-waves. These geomorphic agents basically serves
three functions ; U . : ’

(i) Erosion, .
(ii) Transportation, and
(m) Deposition.

(i) Erosion. The breakmg down or disintegration of rocks due -
1o the physical forces associated with the natural agencies, followed
by removal of the dislodged rock-fragments and particles, and the
sum total of the process is defined as erosion.

(ii) Transportation. It is the process by which the weathered’
materials are removed from the site of their formatxon by various
geomorphic agents.

(sii) Deposition. It is the process, whereby accumulation of
the transported materials, which results from the loss of the trans-
portmg capacity- of the geomorphic, agents. This happens when
the velocity is reduced or the material being transported exceeds
the capacity. for transporting. [t may also happen because of
chemical preclpltatlon of the matenals transported in solution.

Each geomorphlc agent func tions in a way peculiar to it and
as a result produces erosional and depositional land-forms which
are characteristic of that agent. It is therefore possible to recognize
the origin of land-forms although the processes by which they were
formed may have ceased to operate; itis because ‘geomorphic
processes leave their imprint upon land-forms’.

The structure of the crust acts as a control in the formation o
land-fqrms. Folds, faults, unconformities, «i{l:rences in ilic hardres
and susceptibility of rock units to decompo..tion and disintegratiny




-mulated by William Morris Davis.
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provide a frame-work within whrch the geomorphlc agents function.

The resulting physiographic features are always influenced by the
structure of the underlying rock. Thus the combination of  a parti-
cular ‘structure being eroded primarily by one geomorphrc agent will

~ tesult in a predictable land-form.
The concept of cycle of erosion was for-

Cyele of erosion.
According to him, in a cycle:
of erosion the surface features undergo changes as a result of the
processes acting upon them. These changes are systematic and
follow each other in a regular sequence. These sequences are termed
stages ‘Davis has recogmzed four stages’. e

) Youth stage

(@) Initial stage
d) Old-stage.

(c) Stage of maturity

However, most commonly, only youth, maturity and old-stages
are used in the study of topographtes -produced by ' different -

geomorphic agents.
‘In the initial-stage the land- form is generally even and is raised

high above the sea-level, where small and slow changes occut,

Most of these features are erosional in origin. .

However vast changes occur by the tlme the landscape attems :

maturity,
In the old. stage agam landscape evolution slows down.

Different geomorphic agents have their characteristic’ cycles of

- erosion. Thus we have fluvial cycle of erosion, glacial cycle of

erosion,aeolian cycle, karst cycle and marine cycle of erosion.

The cycle of erosion, operates through the three stages until
the initial relief is almost fully reduced and the surface is again
levelled. ‘Most of the cycle of erosion do notreach the final stage

. as some time during their operation either climatic or tectonic

disturbances take place. An incomplete or partial cycle results
Topography returns to a youthful stage. This pheno-
menon is known as rejuvenatlon whereby a mature- topography
becomes young.

The various land-forms and other topographic features
associated with the different geomorphlc agents owe their origin to

the.geological actions like erosion, transportation and deposition of -

the concerned geomorphic agents and are as follows :

1. Geological-action of river. This phenomenon which is
associated with the geologleal action of river is usaally known as.
the fluvial cycle of erosion, or of the normal cycle of erosron

types :
) Mechamcal erosion, and (ii) Chemical erosxon

Erosion. The erosion caused by the running water- is of two

dioxide.
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(i) Mechnical erosion. lt is because of the physrcal forces

associated with the runmng water and it takes place in four dlstmct .
‘manners like :

(a) Hydraulic action. ‘ Forces inherent in the flow of running
‘water, can do a great deal of erosion of the bank and the bed-rock
It is mostly due to surface relief, i.e., gradient. s

(D) Abraszon. The materials which are bemg carried away by
the running- water acts astools of destruction, and during their
transportation, because of their rubbing against the surface of the
bed-rock, they bring about a scraping of the surface

-of erosion is also known as-‘Corrasion’.

(c) Attrition. Materials during their transit often collide among

 _themselves and in furn get themselves teared and this i is the process,
through which big boulders are gradually reduced in size and ﬁnally

reach the size- grade of sand and silt.

{d) Cavitation. This is because of the presence of the air

bubblés which create a whirling action at the time of penetration of -
- water through the existing pores and fissures,

and the small sard
particles along with the air bubtles play a nﬂjor role in widening
‘the cavities

‘Factors Which Help Mechani_cal Erosion.
1. Hydraulic gradient.

2. Climate—which determines precipitation and - finally

" -volume and velocity of water.

3. Nature of the bed-rock, whether 1t is hard or soft ; whether
the layering or jointings of the bed rock are parallel to the flow of

the water or are perpendicular to the same ; whether the bed rocks

Aare igneons, sedimentary.or metamorphic rocks.
4. Hardness of the transported materials,

(ii) Chemical erosion. It is also known as solution or
“Corrosion’, durmg which process the materials get dissolved in

-, the water of the river and are transported in solution.

. Factors
(l) Dissolving actlon of water due to the presence of carbon-

(2) Solubility of the river bed. _ ,
* Transportation. There are two taethods of tr_ansport'ation :

{a) Mechanical, and _ (b) Chemical. _
v(a) Mechanical transportatron It takes place in three ways i

(1) Suspensron (ﬂoatmg)

-This pro‘cess’ o




_valleys.
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(i) Traction (bj creeping and roiling). '
(ir) Saltation (through lifts and falls of materials).
These processes are aided with the following factors :

(a) Velocity of the river.
. (&) Nature of the river-current.
' (c) Density of the rock-material to be transported.

(b) Chemical transportation. It is through the process of

solution, ' usually in the form of carbonates, sulphates of calcium,

sodium, potassium, maghesium etc.

_ Depositioq. It is the last geoldgical action by the r'i,ver,'
whereby materials transported get accumulated in an appropriate
site where the following factors play major roles : '

- (i) Decrease in velocity of the transporting medium.
(i) Decrease in slope.
({ii) Decrease in volume.
(iv) Change in channels.
(v) Chemical precipitation.

The main features of the ‘fluvial cycle of erosion’ are as follows ¢ -

The cycle begins on a recently uplifted landmass. It is initiated:
through the drainage system working on it. '

, 1. During the ‘Initial Stage’ a river is formed and it involves
some of the characteristic processes like : '

(¢) Channcl deepening due to bed-scouring,
(#) Pot-hole drilling (by whirling current action).
~ (i) Tributaries are fast developed.
(iv) Headward erosion is maximum. o
(v) Waterfalls, gorges and canyons are formed.

2. Youth-stage. River system is to some extent established.
River capture or river piracy takes place, in which case, one river

‘reaches the course of another ome and if the course of the

second river is diverted because of the greater gradient of the earlier
river, this phenemenon will be known as river- piracy. The point
where the course of the second river is diverted is known as ‘elbow
of capture’. The captured river is called the ‘misfit-river’ and the
abandoned part of the channel, through which no water flows is the-
‘wind-gap’. : ' »

In this stage, there is conspicuous formation of V-shapeé

'basic-Conce'pts of Geomorphology and TypicaFLandforms _ 55

3. Matufe-stage. tnr this stage there is maximum erosion

. through lateral-cutting. The landmass is fully dissected ; ridges and

A

valleys develop strikingly.

As a result of heavy erosion and deposition this stage is
comprised of a large number of landforms such as hog-backs,

caestas, plateau tables, meanders, ox-bow lakes, terraces, alluvial
fauns ete, . : o

" 4, Old-stage. DoWn-cutti_ng stops_at the base level of erosion,

- which is the mean sea level produced inland. Frequently the river

is over-flooded and builds: up flood-plains on both sides. The initial
irregular surface has become practically flat at this stage. The river

- is mostly engaged in depositing and does little of erosion and

transportation. The topography is characterised by a set of distri-
butional features which comprise delta, distributaries etc,

Features and typical-landforms associated with an ideal fluvial .

cycle in a humid region :

(i) Strath. When the width of the valley is greatér than the -

width of the river, the valley is called a strath.

(if) Knick-point.. During the process of regrading, there is a
more or less marked change of slope at the point of intersection of
newly graded profile with the older one, and jt is known as the
knick-point. . ' ' ' :

(iii) Bad-land. Due to pronounced erosion by running water
the areas are intricately traversed by gullies, which mostly develop
on argillaceous rocks. -

(iv) Escarpment. It isa steep slope resulted from differential
weathering of rocks.

(v) Cuesta. In a region of sub-horizontal beds, a gentle slope

is developed along the gentle dips of strata, such a landscape is-

known as cuesta. ,
(vi) Mesa.. An isolated table-land area with steep sides.

(vii) Butte. With continued erosion of the sides a mesa is
reduced to a smalier flat-topped hill, known as ‘butte’.

(viii) Hog-back. It isa cuesta, in which the dip slope and
scrap slope are both approximately 45°.

(ix) Braided-river. 1In this case distributaries or branches
develop in large number in a region of flatness. They are commonly

formed where the amount of load is excessive and the stream is
mcapable of transporting all of it. The coarser fractions of the
load tend to form islands in the centre of the stream, which breaks
up paths around them. Thus a braided river is formed.

(x) Peneplains. The peneplains are formed in the old stages of

rivers and are the plain lands produced by the river.
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(xi) Monadnock. Sometimes some mounds or small hillocks
of -hard rock persists on the peneplains and are knows as-

monadnocks.

(xii) Nataral levee. On the flood-plains, long. depositional

ridges extending parallel to the river are found, which are known
as Natural-levees. . .
Features Found in Arid»Regions , ,

(i) ‘Alluvial fans and comes. - On descending to the plains
from the ‘hills the velgcity of a river -and the carrying capacity
are reduced. ~ At this point the river-sheds a large amount of load
which assumes a fan or concial shape: ' S

. In the lower .parts, many fans join laterally to produce &
‘bajada or piedmont plain.’ '

(i) Pedime;:t. Itis a plain of eroded bed rock in an‘ arid

-tegion developed between mountain and basin areas. Pediments

converge. to form pediplains.

(iii) Bornhardts. _ If pediments occur on both" sides of" a
- mountain range, .they gradually converge. Eventually the range is’

reduced to a very broad dome with the slope equal to that of the

pediments on either side of the crest that consists of a narrow ridge -

of small scattered domes. These residual hills -are known as
Borphardts. - S . : S

(i\f) Plavas. In deserts that consists of basins v e_ncloséd by
mountain ranges the drainage is towards the centre of the basin from

all margins . When there is sufficient water, this plain ‘is covered

by'a broad shallow lake called playa.

(v) Wadies. These are chanhels formed duting rrai‘ns in
-desert or arid regions. ' ’

(vi) Inselbergs. These are isolated mounds rising above the’
‘general level of a pediment. These are equivalents to ‘monadnocks
in huniid regions. . '

.Depositiopal Features
(vity Deltas. These are sub’mefged equivalents of alluvial fans.

. (viii) Sloughs. ‘Depressions on the flood-plains of meardering
rivers, which are excavated during floods due to the tendency of the
overflowing water to follow a short-course. '

~ Important Terminologies Associated with the Actions of this

Geomorphic Agent :

_ (a) Efftuent and influent river. In case of effluent ~rivvérs,i -the
regional water-table lies near the earth’s surface, as a result the river

.or stream is fed ; whereas in case of influent rivers, the water-table
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_ to the existing surface relief.
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is located at a great depth, a part of runoff is scheduled to percolate

. downwards.

:

(b) River pattern :

" (i) Antecedant. Rivers existing before the surface relief was .

impressed upon the area. :

.. (i) Consequent. The flow of the river occ;irs asa _consequence
(iii) Subsequent. The river which joins the consequent TIVEE
arising later as erosion proceeds. ' v _
" (iv) Insequent. It displays no reason for its pa;tlcular COUISE,
such as that upon homogeneous terrain. :

(v) Obsequent. Here t?e river drains in the opposite directiQn_ _

to the original conscquent-river.
' (vi) Resequent. It drains in the same direction as the orxgm_al
consequent, but at a lower topographical level.

(vii) Super-imposed. At some places. old rocks may be covered .
_ under a sheet of new deposits. Any river developed on such an

area will follow the surface relief of the ove_rlying cover and will
not have any relation with the older rocks lying below. - Gradual

-erosion removes the overlying cover and the river flows on the older

rocks below. Here, the river is said to be super-imposed on the
older rocks below. o

- (¢) Drainage pattern. - The joining of the tributaries with the '

master stream produces a pattern termed drainage pattern. The
common drainage patterns are : -, :

(i) Dendritic. Which is charactérised irregular branching of -

tributary streams in a similar pattern’as that of a tree’s branches.
. (i) Parallel pattern. Develops on steep slopes where the
tributaries and the master stream flow parallel to each other.

(ii) Trellis pattern. It develops in a topography created on a
folded structure of synclines and anticlines, faults or joints etc.

(iv) Radial pattern. It consists of drainage lines radiating
" from a central part as on a dome.




CHAPTER 15

GEOMORPHIC FEATURES PRODUCED
' DUE TO-WIND-ACTION

I3
a

.. Wind-action is conspicuous in semi-arid and arid regions, but
1t1s particularly strong in deseris. Acolian topography is ¢reated
by.lhe geological faction of wind, which can conveniently be
dividéd into the following three stages : IR ‘

(1) Erqs_ion, " Transportation, (¢) Deposition.
(@) Erosion. The wind accompolishes erosion by three means :

(i) Deflation. (ii) Abrasion. (i) Attrition.

(i) Deflation. Deflation is the process of removal of loose,
soil .or rock-particles, - along the course of the blowing wind. This

" process-operates well in dry regions with little or no rainfall.

(ii) Abrasion. Abrasion is the sand blast action of wind with

" sand against the rocks. The loose particles that are blewn away by

’ ,,W 2
‘.’L’—‘— -

)

o (i) (i)
Fig. 15'1. Showing stages of development of ventifacts due to
w.nd-abiasion.
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Fig. 15°2. Formation of pedestal rock due to wind-abrasion

- Yardang.
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the wind serve as tools of destruction and when they move on some:
rock-surface they bring about a scraping of the surface.

Fig. 153, Yardang.

- (iii) Attrition. Attrition is the grinding action.While on transit
wind born particles often collide with one anothe_r. Such mutual
collision brings about a further grinding of the particles. .

Important Erosiehal Features antdl Associated Landforms
(i) Hamada. Due to deflation, when the loose particles are

swept away, only the hard mantle is left behind which is known as ‘

Hamada.

N (7)) Yard:’mg,; A grooved or furrowed topographic form .
produced by wind abrasion, which is elongated in the direction of

prevailing winds and is usually strongly under cut, is knqwn as

(iii) Pedestal rock. A wide rock-cap standing on a slender
rock column, produced because of the wind-abrasion, is known asa
pedestal rock. '

{iv) Veatifacts. These are pebbles faceted by the abrasi\{e
effects of wind-blown sand. Ventifacts with one smooth surface is
called Einkanters and with three smooth faces as Dreikanter ; when
only two abraded faces are left, it is called zweikanter.

(v) Mushrom-table. Itis a tabular mass of more resistant
rock resting on under-cut pillars of softer material. They arc very
often elongated in the direction of the prevailing wind and ar« alsc
known as ‘Zeugen’. . ‘

. (vi) Honey-comb structure. Rocks consisting of hard_and soft
parts get differential abrasion and the resulting feature is known as
honey-comb structure. : .
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.. (vii) Blow-outs. These are broad-shallbw ‘caves in hilis, broad-

- -shallow depression in deserts.

(viii) Desert pavement. It is made up of a layer of residual

pebbles and cobbles strewn upon the surface while intervening finer :

particles have been removed as a result of deflation.

(xi)- Millet-seed sands. These are rounded desert sand grains,

resulted through the process of attrition and have resemblance - with -

millet seed grains.

'(b)-Transportatiogj. Wind-transportation is_totally depe}ldent
-on wind-velocity. There are three methods of wind-transportation :

@) Tfaclion. Where par'ticlcs are removed through rolling
and creeping.

(if) Saltation. Here the- par.ticlc's," which are too heavy to

* remain in suspension and lighter to be transported in traction, are -

transported throiigh a series of bounces.

(iii) Suspension. = Very light particles like dust and cloud, '

smoke etc. move with the wind quickly but settle very slowly, remain
in suspension in-the air. - . ‘

(c) Deposition. -~ Wind-formed deposits are called aeolian
deposits. . Wind is an excellent agent for sorting of ‘materials accord-
_ing to their size, shape or weight, Pebbles and boulders cannot be
carried away and are left back to form lag: deposits. The clayey and
silty fractions are deposited as loess, which does not show any
stratification. Wind deposits take two general forms as :

(i) Sheets, (ii) Piles.

“Sheet deposits® are the dust deposits Iaid down on large area. .’

" "“Piles deposits’ include the various types of dunes . which accumulat_e
:from sand and silt carried in saltation. .- _ -

‘Depositional Features :

(i) Sand hill. Mounds of sand whose surface " is irregular is

.called 'sand hill.

: (ii) Sand dune. ‘When the mound is in the form of a round
“hillock or a ridge with a crest, it is called a sand dune. In structure
a dune has a gentle slope towards the wind-ward side and a steep-face

_towards the lee-side. The shape of a dune 1s»controlled by

(a) amount of sand supply,
(@) wind-velocity, - '
(¢) constancy of wind direction, and

_{d) amount and distribution of vegetative cover.

- missing, caused by an occasional.
shift in wind direction.

"Elongated dunes form at right
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Types.of Sand-Dune . ’ |

(i) Barchan. Barchan are the ci'esce_ntic shaped dunes with

‘the points or wings directed downwind.

(i) Seif. Itis similar to
barchan except one wing is:

. (iii) “Transverse dune.

angles to the prevailing wind.

Fig._15'4. (A) These are, just the barchans,
. .(B) One wing of barchan is missing here. - (C) Transverse
dunes. {D) Logitudinal dunes. (E) Parabolic dune,
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. (iv) Fore dune. ' Ridge-like deposits of wind borne sand formed
.along the coast of sea or lakes. ‘ . | '

" (v) Longitadinal dune. Elongated ridges of sand found to lie
‘parallel to the direction of blowing wind. - -

¢ of pa i e, their horns
i abolic dune. These are of parabolic shape, their | _
‘point (t‘g\?vaﬁgg the direction opposite to that of the blowing-wind.

(vii) Whale back dune. Itis a vw{e_ry large longitudinal dung
‘with flat tops, on which barchans or seif$ may,'occur,.

' l ' i ¢ js’ and the water
The space between the dunes is called ‘Gassis’ and I _
‘which is avla)ilable in shgllow- wells :_:uzd sapport vegetation in _desert
areas, form what is known as ‘Oasis’.

CHAPTER 16

LANDFORMS MADE BY GLACIERS

' Davis suggested that a glacial topogr_aphy is a climatic accident

“that happens to normal cycle of erosion, i.e., climate gets very cold

and the river freezes. ‘Instead of rivers of water there are rivers of
ice, called glaciers, operating as the main geomorphic agenf. The
- geological action of glaciers, ie., erosion, transportation and

deposition together constitute, what is known as glaciation.

Fermation of 'g'lac__ier.s."_ ‘Under the influence of pressure and -

moisture, the snow flake: change into a granular ice mass, known
as n<ve in French and ‘fir:’ in German. When the ice becomes so

thick that the lower laye-s become plastic, outward or downhilj flow .

sommences and an ac:ive glacier comes into being.
- Type of glaciers. There are three major types of glaciers : .

(i) The valley glaciers (Mou‘ntain glaciers or Alpine glaciers).

(i) Piedmont glacier—these are intermediate in form and .

origin, between valley glacier and ice-sheet. - They arc formed at the
foot of the mouniains.

(iii) Ice sheet. These are huge covers. of ice and -are also
known as ‘Continental glacier’, : oo :

Accordingly, there are two types of glacial topography, one
related to the valley glaciation and the other to the continental
glaciation.

Topography of vallzy-glaciation. There are two sets of features
resulting from glacial erosion and glacial depositicn, {since the rock-
wastes and other loads are carried frozen within the ice during their
trarsportation, in case of glaciers).

Ercsien. FErosion by glaci'e'rs take place due to (;) Plucking,
(i) rasping. ard (ii) avalanching. :

' Plucking is #1so known as frost-wedging or quarrving. During - -

the summszr montbs the suiface paris of a glacier may partially

raelt.  This melt water or rais water sveps down along the sides of -
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. . ) . . . ' . he

‘the ic i10 its way into the cracks and fractures in t
b T:‘rsxsg’ %ggme%;es agd' at the head of the glacier. At night gr _
\rnolf:(: 'tla:le”tempcratutes drop this ‘water freezes. It breaks up the .

ck by frost-action, and with the movement of thg glacier they are
ll::')ozen in suspension in'thejce. . © . e ) -
ming is the term used to describe the scraping or abrasion-
b ialcfi:?pggtgi;:. h‘El'hc front edge of glaciers function as bglldozet,_
pﬂs%\ing and scraping the ground in front of the ice. . .

. “Avalanching is the process of mass-wasting. Along the margins.

-of a valley-glacier- the valley' sides are scrapped and blocks are

-which e'frozen into the ice and “are carried away.
bqueln ?lg tv:)ll\l:;l:lr:z?lﬁing of the sides of the valley and pave the
:r‘:l:nfia for slumping, sliding ‘and debris avalanching which bring.

great quantities of rock-waste on to the top surface of the glacier.

Features of Erosion

. . ' . . . d by
. (irques. These are circular depressions forme )
1 cki};g ;;?-grinding on the upper parts of t’he mountain-slopes.
%!‘:ese are also known as ‘corries or amp_Imheatre ‘ v
' : | - . v b 0 . d.
his name is applied to the sharp ridges produce _
1 ?::xal é:::?én.'r Where two cirque-walis mfersect frpm opposllte.
‘s’zxfs aa. jagged, knife-like ridge, called an ‘arete results. It is also
knov;m as ‘comb’ or “‘serrate-ridge’. v

or more cirques grow together, a
sharp-ap.bigggnﬁearge;:r;;?%y the imersect?on of the aretes. Such
peaks are known as horns’. L - _

' 4. Col. Where opposed cirques have in‘ersected deeply, 3
pass or notch, called a ‘col’ ‘is formed. - 7.
.5, Glacial-trough, Glacier flow constantly deepens and

_ widens its channel so that after the ice has finally disappeared there

remains a deep, steep walled, “U’-shaped valley, krown as giacial

ing i | i : “U’-shaped
. Hanging valley. Tributary glaciers also carve :
trou lfs ‘}ll;:ltgthgy are smaller in cross-section, vyxtt; floors lying
hri hg al;éve the foor-level of the .main-trough, i.e., main glacial
va%l’ey. ‘Such valleys are called banging-valleys. .

i G to the
. Fiords. When the floor of a glacial trough open to

“sea liZs below sea-level, the sea-water will enEer af. the gce-fx,ont
S;-Zcedes producing a narrow estuary, known as a ‘fiord’ or fjcrds’.

: i ted
Tarns. The bedirock is not always evenly excavat
unders'a glacier, so that floors of troughs and cirques may contain
" rock-basin and rock-steps. Cirques and upper parts of troughs thus
are occupied by small lakes, called tarns. : . ,

Landforms Made by Glaciers S - - &

' Depositioaal features of valley-glaciers »

‘Deposition by a glacier ‘takes place”'when the ice begins ‘to

‘melt and the glacier slows down and vanishes, losing its transporting

power.” The unstratified, unsorted debris dropped more or less in

a randooi fashion by glaciers form deposits known-as morains. Three

. types of moraines are known, lateral, medial or median, and terminal

or énd: ‘These three types are differentiated on. the ‘basis of their

location in the valley. :

(@) Lateral-morainé. Deposits of ridge-like pattern formed _
along the margins of the glaciated valley are known as lateral

moraines, “-:-

(8) Media
moraines, wh

re.two ice streams join. . S

(c) Tert inal-moraine, These arc accumulation of rock-debris
at the terminus of a glacier.

“(d) Recessicnal moraine, Where glacier retreats in 2 halting
. - - . . ¢
manner, a series of concentric moraines is formed, known as ‘reces-
sional moraines’. : - : S

" Topography of ‘continental gla‘cigtion"f Like valley glaciers, the

- continental glaciers proved to be highly effective eroding agent. But

continental glacier erodes only by plucking and rasping methods, but

erosion process, like avalanching is absent in case of continental
glaciers. o o

" Features of Erosion :

(i) Striations. The slowly moving ice scraped and ground away -

much solid_bed-tock. Left behind were smoothly roueded 10ck-
masses bearing countless minute abrasion marks, scraiches, called

. SMriaticns.

{ii) Roches moutonuees, They consist of asymmetrical mounds
of rack of varying size, with a gradual smooth abradéd slope on -one
side and a steeper rougher slope on the other. The ‘stoss side’, i.e.,
the side from which the ice was approdaching is characteristicaily
smoothly rounded and the other side, i.e., the ‘lee side’ where the ice
pluacked out angular jont blocks, is irregular and blocky. They are
also known as ‘sheep-rocks’. ' :

(iif) Crag and tail. Sometimes very hard rocks like volcanic

_plugs offer great resistance to the ice-flow. and stand as pillars in the

glaciated valley. These structure are called crags and the lee side
which is sloping in this case is the tail. -
Depositional features. The term glacial drift includes all.

varieties-of rock debris deposited in close association with glaciers.
These deposits may be classified into two Eroups :

‘mioraine, It results due to coalescence of two lateral
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1) Stratified drift, consists of léyets. of sorted and stratified

clays, silts, sands etc. deposited by the meltwater streams and are also

known as Glacio-fluvial _deppsits; _

S (2) Till. It is a heterogeneous mixture of rock ‘fragments ‘1ang-.
ing in size from clay to boulder which are unsorted and . unstratified.

A consolidated till is called ‘tillite’. The various depositional features
are as follows ¢ - : N .

7 (@) Drumlin, It consists of glacial till, which is a low mound of

clay containing cores of bed-rocks. - Uphill sides are blunt and

.down-hill sides are smooth- and gently sloping. . The long axis of -

" each drumlin parallels thegdirection of ice-movement and thus serve
.as indicators of direction of ice-movement. . . :

.. ..{b) -Basket of egg-topography. The drumlins c_ommbnly' occur in

:groups of swarms, which may number in the hundreds ; the topo-.
graphy produced by them is peculiar-and is known as basket-of egg- -

topography. . .

: (c) Grouad moraine, ' Between moraines, the surface over-ridden
by theice is overspread by a cover of. glacial till, known as ground -

moraine.- Thus it is the sheet of debris left after a steady retreat of
ice. - : _ :
Glacio-Fluvial Deposits :

. (i) Outwash plain. It is also known as overwash plain. Glacial
streams carry a huge quantity of rock-debris and then form fan-like
plains beyond the terminus of glaciers. - These are stratified. When
they occur on valley. floors such ‘omtwash plains are called ‘valley
Jrains’. E ’

. (ii) Kames or kame terraces. These are formed on the top
surface of a glacier where the surficial melt-waters. wash sediments
from the top into depressions. As the ice melts the material that
formerly filled depressions on 1op of the glacier is dropped and
-makes small hills, which are more or less flat-topped and are known
. .as kames. Terraces, called kame terraces, are built in this way.

(i) Eskers. These are winding steep-sided tidge-like features
“built of stream borne drift. ‘These are also known as Osser or Oss.
.. () Erratics.
.undergone a prolonged glacial transport and have subsequently been
«deposited in -an area, where the country rocks are of distinctly
" different types. At times they are delicately balanced upon glaciated
tbed rock, and are called poking or logging-stone. : .

(v) Kettles,
particularly those -lying near about the ice-terminus are. ordinarily
- found to contain a number of depressions, some of which may give
. jrse to lakes or swamps.. Such hollows are known as kettles.

Thésc are stray_boulde_rs of rocks which have

Drifts occurring in the - vicinity of a glacier and

T

Landforms Made by Glaciers | e

(vi) Varves. These are layeted clays alternating with coarser “

--and finer sediments. : . :
~ Other Important-Features Associated with Glacier : '

(i) Nivation. It is the process of quarrying of rocks mostly by
frost action. ’ v ' . .
» -(ii) Ablation. It includes processes both evaporation and the
melting of snow and ice. - . _ o

) (i) Calving.  Within fiords, glaciers come in contact with
marine water and blocks of ice are found to. break-off from the mass.
of the glacier. This process of wastage of glacier is known as -

~ calving.

_ (iv) Serace. Similarto a waterfall in a river, in a steeper
section of the valley, the glacier is broken up. into rugged ice-pinnacles
and is known as serace. - : R :

) Iceberg. These are floating ice-hill on the ,sea-w'ate'r. :

(vi) Crevasses. These are cracks formed due to differential
movement within the mass of glacier. In German, they are known
as Bergschrund. - T ' :

_ (vii) Nunatak. A rock-mass which prbje_cts through an ices
" sheet, generally found at the margins of a sheet where the ice is.

thinnest, is known as nunatak.




| CHAPTER 17

LANDFORMS MADE BY THE ACTION OF
UNDERGROUND-WATER |

- and it is also known as sub-surface water.
- pies the saturated zone, above it is the zone of aeration.

.- Ground-water is that part of the sab-surface -wa.frci' whick fully

saturates -the porespaces of ‘the bed:rock and . ;;goli_;h.,_,&uryfac_e'
nderground water -

water. after infiltration, becomes a part of the u
The -ground-water -occu-
The - upper

surface of the saturated zoue is the Water-rable. P
Mechanical process of erosion is absolutely ins.gnificant in case
of underground water. It brings acout erosion only through cheni-
cal processes, i.e., by the solution action of the underground water.
This process is particularly effective in regions of soluble rocks

like limestone, dolomite etc..

Ese-TOpOEraphy- developed due to-the -action of ground-water. is
knowit as ‘Karst-topography’, after the occurrence of the typical fime-
stone topography in the Karst arez of Yugoslavia: (Kasse topographic
features develop on both over and under 1he-groiind. ’

Karst topogranhy deveiops very well where the following twe '

essential conditions are fulfilied :

(i) the soluble rocks aré locatgd near or at the earth’s surface.
(i) the rocks are dense, highly jointed, and thin-bedded.

Two secohdary conditions also favour this development which

are : (a2) the presence. of a deeply entrenched valley of a master
stream, and (b) a moderate amount of ranfall,

Erosional Features :

(i) Lapies. The leaching action of the ground-water as it passes
through the limestone region, produces a highly ru £ged lopography.

The ground water may enlarge the joints of the limc-:ane intoa conju- -

gate pattern of clefts and ridges, this surface is c.ited a limestone
pavement or lapies surface. The clefts in such a pavement are called
grikes, and the ridges .clints. '

 that the sides begin to touch one another.
. limited to short sinking creeks, those that disappearinto the ground.

Landforms Made by ihe Action of Underground- Water : Lo

) Sllk It isacbﬂiéal"depression in the limestone, ‘whick
‘msy be several metres-in diameter. ‘It is also called ‘dolmg's' which

(i'ii).ﬁéﬁih, “An uvala s -:a"v(_:ry'--'l'ai'g:e- éioh‘g’iféii depréssioﬁ

- formed by the convergence of two or more sink-holes.

_ (%) Caverns. Thesc are ‘hollows’ undérground with :then;r

roofs imact. T ' . .
~(v) Galleries., ~These are horizontal liiz'kifxg passages of

eannecting caverns, - o - ‘ .

.. (vi).Shaft: ‘These are vertical or inclined linking passages of

connecting caverns. .. N ‘

_ ' (vii) Some characteristic underground or surface features ocour
in limestone caverns. These -features including stalactites and
- stalagmites, which together constitute what is known as ‘drip-stone’.
> . Stalactites are columns of limestone that hang from the “ceiling.
-downwards and stalagmites are the ,cqlggmag;fqatu:c,s which rise up -

vertically from thefloor of the-cavern. ..~ . =~ | e

(viii) Polje. 'Lérger' depressions in the landscaps (covéring' tens
of square kilometres) are known as poljes and are characterised by
steepsides and flat floors  If the water-table is high enough lakes

may form and they are known as ‘polje lckes’.

(ix) Hums or pepino hills. These are small residual hills found
on the floors of polje. ’
(x) Stylolite. It is an irregular suture-like boundary develobed -
in some limestones, in which less soluble portions of any two
consecutive beds project into each other, and thus form a zig-zag line

of junction of the beds concerned.

- (xi) Natural -bridgems. It represents the remnant of the roof of a

- natural tunnel or subtt_:rranean cut off. - &

(xii) Swallow holes. Sometimes sink-holes become so numerous
Surface drainage becomes

Along some such streams there are small holes where water swirls

into small openings leading into caverns. Such holes are called
swallow holes. : : ‘ :

 (xiii) Blind valleys. These are v#lleys'thaf lead into a hill side
or gradually lose the characteristics of a valley as the water from
their streams is lost to sub-surface chanmels. - - v '

(xiv) Karst valley. It is a very deep valley, formed by the
solution process and occurs in limestone rocks.




. projecting towards the centre. e

. been subjected to cementation and compaction.
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Depositionsl Featarest .

(@) Geode. . It is & cavity in a rock lined with quartz :crystals
(b) Simter, Deposits of silica or calcium carbonates by ground
water are known as silicious or calcareous sinters.

(c) Kanker. These are loose gravel and alluvium which have

Karst cyele. It cqhsists of four stéges, of -

drainage. The mature stage displays lakes, uvalas, and caverns. The
late maturity stage shows decline -of karst features. The old stage
reveals the reappearance of streams and entrénched  valieys on the
surface. S L . R

which the youthful
stage is characterised by progressive expansion of the. underground .

' CHAPTER 18
" LAKES

. Lakes are bodies of water, either fresh or saline, in nat\}\ﬁal--
depressions on the surface of the eagth. As we know, the geological:
agents individually as well as collectively tend to reduce the surface:
of the earth to & continuous and gradual slope.. In doing so, some-
times large depressions are formed on the land surface, which when

filled up with water are described as lakes. They range in size

from a pond to larger ones of hundreds square miles in area.

Lakes are distinguished from swamps since the lakes commonly -
occur above the mean-sea level and the swamps are low-lying lands
where the water-table has just reached the land-surface. Basins are
differentiated from lakes as they always have their bottoms below
the water-table. : . ‘

~ Origin of Lakes

. 1. By river action : ,

' (a) Lakes may be formed by meandering rivers, which are:
called as ox-bow, horse-shoe or cut-off lakes. '

(5) Rivers may form lake basin by erosion at the foot-hill¢
‘region as a result of the impact of waterfall. -
(c) Tributary river by forming bar of sediments across the:
main-river may block it to form lake. : T
(d) Lakes may be found to occur in depressed areas in' driedt
up river beds. o SR -
(e) Lakes may be formed by rock-fall or land slide, when the
- river is blocked by the landslide across its valley.

2. By tectonic movements :

(a) Tectonic depressions relative to the surrounding are
responsible for the largest of the world’s lakes like
Caspian sea, Baikal, Dead sea, Titicaca etc. '

(b) Folding as well as differential faulting like tear faults ,orA i
thrusts across the pre-existing river valley. '

(¢) Lakes may also result due to earthquakes,

[ . 7
-




. A Text-Book of Geology

3 Due to volcasic activitles ¢

(d) Lakes are sometimes formed on the craters and calderas of

extinct or dofmant volcanoes.
(%) Lava flows forming barxiers;f‘acrb_ss pre-existing valleys.

4. Due to glacial actions ;. - -

(a) Piling up of morainic matter across their valleys causing '

" the formation of lake.

(5) Kettle-holes feft by melting of masses of stagnant ice. *
(c) Valleys obstructed by. glacial drift. . - :

5. Marine action. Sometimes s¢a-waves build bars across the

‘coast or the mouth of a river, thus converting the lake water into

small lagoons.

.6, : Wind action.
"are excavated in arid regions to a depth where an adequate supply of

- ground is available, thus forming acolian lakes. = - .

. By the impact of large meteorites lakes may be formed. -

8. Organic activity such as growth of coral reefs leads to- the.

development of lagoons with the emergence of atolls.
. 9. Ground water action on soluble rocks leads to the collapse
:of the roof-_rock giving rise to lakes; which are known as Poljee.
- .10, . By constructing dams, artificial lake.can be:created. <
Geol:3ical action. . Excepting an. inconspicuous degree of ero-

sion brought about by lake-water the ‘geological action of lakes are
mostly concerned with the deposition of sediments as it becomes a

depositional site for the detritus carried by .the streams. and rivers

feeding t_h_e, lakes. = o .
' o Lakes in India
{A) Peninsular India : o
© 1. Coastal lakes :

(c) Kayal (Kerala).

| 2. Lomar lake. In Buldana area of Maharashtra. -

3. Sambar lake. In Rajasthan _

4. Dhands, Small lakes of acolian origin.

5. Rumn of Kutch. = In Gujarat.
(B) Extra peninsala: . .

1. Lakes of Kashmir. Walur, Dal are fresh water lakes while
Pangkong, Salt lake, Tsomoriri are saline,"

2. The lakes of Kumaon which include Naini Tzﬂ, Bhim Tal
etc., are thought to be of tectonic origin. - o

(@) Chilika lake, (b).' Pulicat lake, and

Due to extreme g’radev‘:" of deflation hollows

T

~ continental - rise ~which’ in “its

' CHAPTER 19

IiAPORTANT FEATURES RELATING TO
" OCEANS AND SEAS ' . =~

1. Contiiental shelf. It is that part of the sea-floor adjoining
a land mass over which the maximum depth of sea-water is 200
metres. It is a belt of shallow water and is mostly covered by sedi-

- ment. The average width is-about 70 kin and ‘the méan slope is less’

than one degree. The continental shielves cover about 7°5 percent.-of
the total area of the oceans and'18 percent of theland.- .About 20 %_ B

of the world production of oil'and gas comes from them. - L

2. Continental slope. The continental slope “joins the -shelf .
to the deep ocean fioor. The average gradient of the slope is
about four degrees. Itisa steeper zone that gives. place "to the
own - turn - is succeeded at far

The depth of sea-water in this

greater depths by the abyssal plain. f in
' 1It"is the margin of

zone ranges from 200 metres to 1000 metres.
continental landmasses.’ e T L _
¢ 3 “'Coutinental rise.” It is a 'prism of thickened sediments
ocated below the surface of the continental slope. The material of
the rise has been derived from the shelf and slope. All the conti-

“-nental rises are separated from the shelf by the continental slope..

4. - Abyssal plains, It is the zone of deep sea-floor and. the

- depth of sea-water here ranges ‘from 1,000 metres to 4,000 metres.

1t is characterised by a slimy, mud-like deposit called ‘ooze’ and
red-clay. - . ' L '

An associated feature with the oceans or seas is :
(i) The coral-reef. There are three types of coral-reef as

(@) Fringing reef. Which are built as platforms attached to
shore, i.e., close to the main islands or volcanic cones.

(b) Barrier reef.. Which are built away from the main land and
separated from the main land by a lagoon ; in other words, they

_ enclose a body of water between the mainland and themselves. -



N—

% , | A Text-Book of Geology

(c) Atoll. These are more or less circular coral reefs, enclosing

a lagoon but without any land inside.

(ii) Spits. -Near about the shore the rock debris sometimes are
heaped up in the form of ridge running more or less parallel to the
shore. These ridges are in the long run visible above the sea-level,
and are known as spits. : : o ;

(iif) Bars. If the spits connect themselves with the coastal tract,
they are described as ‘bars’. - :

L

PART III

- STRUCTURAL

AND

FIELD GEOLOGY
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DIP AND STRIKE. CLINOMETER-COMPASS
" AND ITS USES

" plane ; measured on a vertical plane

* ,the bedding.

—

-\ R S T T A

T As w,e_;l-m’qw,‘_' mostsedunentary rocks were ‘originally deposited: |

.on. flat or_very- gently inclined surfaces. Sometimes, of coufse, asa. -

result of speciai circumstances, certain beds may .have started with an.

.. 4pitial .inclination, as in current ' bedding ; but where We find _great.

thickness, of strata, tilted into conspicuously inclined positions, it is to.
‘be borne in mind in ‘general that the beds have been tilted by “move--
ments that occurred after their dep6sition. The attitude of an.

inclined bed has got two imporcant components as

""" In specifying the attitude of any inclined bed, i.c., to define its-

position in space, it is required to determine the dip and strike of the
concerned bed. o < ‘

1. Dip. Whatitis?
It is esséntially ainfiein'gl'e ~of inclination of the bed. It is-

defined as the amount of inclination
of a bed with respect to a horizontal

STRIKE -

lying at right angles to the strike of

The dip of a bed has - got' two
‘components, like direction as. well as
magnitude. So the dip of'a bed is. o .
a vector quantity. The amount. of - Fig.201 .
dip is the angle which varies from 0 to ‘90 accordinig to the dis-
position of the bed. The direction of dip is the geographical direc-
tion, along which a bed has maximum slope. R

. In case of horizontal beds, the dip is ‘zero’ degree and for a
vertical bed the dip is ‘90”. Accordingly, the symbolic representa-
tion of a horizontal and vertical bed in a map is also different. which
may be seen from the following figures : -

- —————n .
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4 DiP 1S 0’ SYMBQL-'@

. o . o .
DIP IS O &90.
. gymBoL —. . F )

, Fig. 20'4 ,
Tyﬁes of’(iii). There are two types of dip as
(i) Truedip . (i) Apparent dip.
(ib)"‘ True dip. Itis the maximum amount of slope along a line

-perpendicular to the strike, in other words, it 1s the maximum slope
with respect to the horizon. :

It may also ‘be stated a_s'"th,e: geographical direction along which

the line of quickest descent slopes down.

‘ Dip and Strike Clinometer-Compass and Its Uses -

(i) Apparent dip. Along any direction other than that of the
true dip, the gradient is scheduled to be much less and therefore ‘it is
defined as the apparent dip. The apparent dip of any bed towards

any direction must always be less than its true dip.

. 2. Strike. The direction of the line along which an inclined
bed intersects a horizontal plane is known as the strike of the bed. It
is a scalar quantity,-as it has got only one component, i.e., direction
but not the magnitude. The strike of the bed is independent of its
amount of dip. " : . -

Relation between dip and sirike. : K
of any inclined bed must lie at right angles to each other. True dip

“is in the direction along a perpendicular to the St!ike-

 Importance of strike and dip. In structural geology, sitike and -
dip are qu_ite important for the following purposes :

(a) To determiné the younger bed ‘or. JSormation. It is well known
that younger beds will always be found in the direction of dip. If we
20 in the direction of dip relatively beds of younger age will be found

- 10 out crop.and older beds in the opposite direction,

(6) In the classification, and nomehclaturc'of folds, faults, joints

. and unconformities the nature of dip and strike is of paramount
. signiticance.. - : o

“Thus the attitude, which refers to the thiee-dimensional orienta

"_tion, of some geological struciures, is defined by their dip and strike.

- Clinometer-compass. It is essentially an equipment for geolo=

gical fiela work, which contains 3 o o

- (i) a circular pla:ie graduated from 0° ‘to 360" 3

(ii) a magnetic needle which gives the direction of north and

south and it is aiso heiptul in the determination of the strike of any
inclined bed ; . o ‘ ) . .

(iii)' a poimér attached with a freely ,osdillating Ir)endulum‘ for

- the determination of dip of any inclined bed, and their direction ;

‘(iv) it contains a beam, which can be only rotated' through an
angle ot 90°, is having a _small hole at one end and a vertical window
.at the other, with a vertical separator.
avhich is ‘back bearing’) at the time of determining one’s location in
the field. : . .
© % Thus clinometer-compass is used for determining the dip and

strike of beds in the field, for surveying etc. _ :

The direction of dip and strike

Itis used to take bearing
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) ) : Fig. 211
Classification. Folds hav
on the follov_ving Dbasis : :

e been classified into various type,

(a) Appearance in cross—éection,
(b) Symmetry of fold,
* (c¢) Thickness of limb,

L

“onal-“=,f6tces-~ a.'éﬁtip&

L i dins of rock-strata due to compressional forees 8% Gt (d) Interlimb-angle,
i g?s\tlil;tt:"di";ergi‘::v:vy oundﬁlations ‘.;.nv the, surface of the carth,. o -~ {f) Mechanism of folding, ' '
A O hich ’a‘r'c”knb wn as‘fqlds-'~ - - T | N () Origi.n ¢ (i) Tectonic-origin, (if) Non-tectonic-origin,
L \ " Description. The followings are the parts-of a fold : o (#) Special types. A ‘ ;
Lo - . . ‘ d of a series of alternate:  (a) Appearance in cross-section. The followi
iR ts a(gil;?:u;;z"’ ““4?‘.“.“‘,’9"1”9 'f?rge‘. LAl RS Lo ~ bave been recognised, on this basis. - ¢ foflowing fypes of folds
-crests and. tr SR CoT o .
Fo . o . PN gl rest: : i) Antiform. An dl; i “is ter '
o K beds lying belween any crest M v y upwardly convex structure is termed as an_
i _ . (i) Limb. The stretch of the rock beds iyl _limb. antiform. Here the age relationshi . er an
" and any of the.aq]gcent: trovug‘hrs‘, on either s1dgv“1's kn,_qwn as the o of beds is of complexgty;-)e;a tonship between the uppsr and lower st

of ‘heé%d;&xial‘- Jlane. The imaginary plane which divides the fold ¢

(ii) Synform. Any upwardly concave structure, i.e., flexure in . |

i) P, A o had '""',lané‘-.__An"”":Ql.nt o
5 mmet:lcanyhzz l::g::bel; ‘;lsdcll;s:;::léeg ::n l-gdt%ﬁileplimbs . De%,)elll) ding v - the fon.n. of a trough-is kngwn as synform. . . =
on the axial tl; e £ the fold, its axial plane may be vertical, _m_clmed (iti) Anticline. 1t is generally convex upwards where the limbs
upon tpe nt‘ al or it may ev e;)ébe a curved surface. _ . commonly slope away from the axial plane. In case of anticlines
or horizon _. ; 1d‘ b ine ofi interséction of the axial | older beds occur towards the centre of curvature of the fold.

(iv) Axis. In any fold, the '

; : ds : (iv)S nch-he. It is a fold hich i . i he
s r and lower surface of any of the constituent be _ y 14 which is concaye. upwards and  the
plane Wltha;hi:s‘g;g:. ' T , commonly dip towards the axial plane. Progressive younger beds are
is known - L R 4 found towards the centre of curvature of the fold.
.(v) Hinge. ‘The line along which a change in the amount an / ‘ he
or direction of dip takes place is known as, the _Hm_ge-hne and on
many folds it coincides with the position of maximum curvaiure. .
The area ‘adjacent to the hinge line is known as the Hinge-area
or nose of the fold.” - ' o :

" (vi) Crestal plape. Thereis a separate crest for each bed.
The plgzggsurfage formed by all the crests 15 called vthe. crestal.

4 _YOUNGER - -
4 ROCK

SYNCLINE‘ ‘

Fig. 21°2
plane. ' _ S . .
oy T 2 . INST i lowest ‘ nori ' anticli ith- dary folds of
y Trough plane. The trough is the line occupying the . (v) Anticlinorium. A large anticline with secondary foids
part o(iy ltltzc fold?’l“l;e plane containing such lines may be called the - smaller size déveloped on it. -

! n-ough plane.
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(vi) Synclinorium. 1t is ;¢_t large syncline with secondary folds of

smaller size developed on it.

_'ANTICLINAL BEND
. or
MONOCLINE

SYNCLINAL BEND
or
STRUC TURAL TERRACE

ASYMMETRICAL FOLD

OVERTURNED FOLD
. . Fig. 21°3 :

- (vii) Anticlinal bend or Monocline. Tt is due to local steepening
of a bed, whereby there occurs a sudden increase in the dip of a bed,

which is originally horizontal, to a near vertical position.- But the
original bedding remains as before. '

(viii) Synclinal bend or structural terrace.. Tn case of a dipping
bed, due to local flattening of the beds at a particular spot, the beds
acquire horizontality and then again follow their criginal dip with-
out any ‘change in the direction of -dip.. These are also knmown as

‘structural bench’. _ '

- Folds

‘ each other or towards each other as the case may be, -

" described a:

- -anticlines as well as synclines.

- normal limb,

 are known as ‘shell and core’, =
to' the recumbent folds are known as ‘di

. ‘ 83
- (b) Symmetry of fold. Six types of folds h pised
ou the basis of symmetry of fold, s follows ;¢ been. recognied
...~ (@) Symmetrical fold. When the Axial plane i ic: nd’
L : . W plane is vertical and
%;g;ts the fold, the fold is said to be a_symmetrical or u;ri;ht f:ﬁl.

may be of anticlinal as well as syncling] nature;-and accord-

ingly both the limbs have the same amount of dip either away from

(3] Asymmetrical fold. If the axial plane has dip, the fold is
firaeribe § ‘inclined or asymmetric’ fold. In this case both the
fmlld s dip at different angles and the axial plane cannot divide the
0lC mto two symmetrical halves. There may be asymmetrical

. (i#}) Recimbent fold 1t is an overturned fold, in' which - the -
axial plane is horizontal or more nearly so. The strata in the inverted '

limb are usually much thinner than the corresponding beds in . the

. The curved ‘pa_rf of the fold between the normal and inverted
imb is known as ‘arch bend’. The outer and inner parts of the fold
espectively. Subsidiary folds attached

gitations’, ti '

recumbent folds are known as *Nappes’. aHarons Sometimes the

_ ‘(\ NORMA
: SHELL

L LiMB( THICK)

DIGITATION

Cofg

Fig. 21'4. Recumbent fold.

(iv) Isoclinal fold. Tn an over-turned fold when both the limbs
have the same amount of dip, towards the same direction, it is

. known as isoclinal fold.  There may be vertical, inclined as well as

recumbent isoclinal folds. :

(v) Over-turned fold. These are also known as ‘over folds®.

-Here the axial plane is inclined and both’ the limbs dip 1in -the
. same directioh; usually at different angles. In this case, one of ‘the

limbs occurs in.the normal position while the other appears to '_h_aVe ;
been rotated and completely over-tusned from its usual position.
There may be overturned anticlines as well as synclines. S
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AXIAL P
/

/

. Fig. 21'7. Recumbent-isoclined fo'd. '
(vi) Homocline. These can well be said as tilted beds, where alt
the beds have the same amount of dip in the same direction. .
- (o) Thickness of limb. Three important types of folds have
been identified on the basis of thickness of the Imb, as follows:
@ FParallel fold. These are also known as concentric folds
. where the successive semicircles bave a constant centre and a regu-’—
larly increasing radius, Here the thickness of the beds does not
change during the folding and the anticlines become sharper - with
depth but broader and more open upward. Similarly the synclines
become broader with depth but sharper upwards. '

~ Fig. 21'8. - Parallel foid. Fig. 21'9. Similar fold,
(ii) Similar folds. 1In this case the shape of the folds may vary
along the axial plane and at right angles to the fold axis. Here every
ped is thinner in the limbs and thicker near the hinges. For this
there must be considerable plastic movement of material away ' fro n{

LANC. ™ . :
/ _\’ L
Co >\

P s

the_limbs and towards the hinges, by flowage in the incompetent

. (iii) Suprateneous folds. Here the strata are thinnest at the crest
- of the anticlines and thickest at the trough of the synclines. These
are produced when deposition takes place over 2 ridge and may also
develop through differential compaction of sediments around -such
ridges. . . : '

SUPRATENEOUS FOLD {

 CHEVRON FOLD }

*CLOSED
. FOLD TIGHT FOLD

_SVNCLINAL- FOLQ
* FAN-EOLD

BOX-FOLD

Fig. 21°10.

@ Inter-limb dngle. On this basis folds have.been classiﬁed '

. ino the following types :
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7((‘)2’ Open_ or gentle fold. Where the interlimb-angle i__s- greater

(m) nght fold. Where the mter-llmb-angle is below 30°,

(iv) Cylindrical fold. When the profile. is essentlally semt-
c1rcular and remains constant when traced along their axes.

(e) Attitade of the fold., Chiefly five types of folds have been
recognised on this basis,fas

(i) Plunging fold. A fold is said to plunge if the axis is not

“horizontal. The amount of plunge being the angle between the

‘axis and a horizontal line lying in a common vertical plane.

Pitch is the angle between a horizontal line and the axis

-measured on the axial plane, unless the axial plane is upright, pitch
and plunge do not coincide. ,

(1) Non plungmo Jold. When the axis of the fold does not dip

_in any direction, it is said to be a non—plungmg fold.

(@ii) Douny -plunging fold.  Here the fold reversés its direction
of plunge within the limits of the area under consideration. .

(iv) Periclinal structure. 1t commonly includes two structures
namely, dome and basin.

Dome is an anticlinal structure which plunges in 2ll directions, -

i.e., is having quaquaversal dip. According to some authots, a dome
is known as a pericline.

. Basin is a synclinal depress1on with centroversal dip, i.e., dip

“from all directions towards a contral region. It also known as

a centrzclme

(v) Reclined fold. Here the axis plunges directly down the dip
of the axial plane.

" (f) Mechanism of foldmg On thlS bas1s, there are chiefly four-

types of folds, tike :

(i) Drag fold. During folding, where a bedding-plane-slip-

occurs between competent and incompetent layers, it is commonly
feund that the incompetent strata are deformed into small subsidiary
folds, termed as drag fold or parasitic fold. In a very large number

.of cases the direction and amount of pitch of the drag fold is the

~ same as that of the major fold. It is known as Pumpelly’s rule. Drag

folds which conform to this rule are said to be congruous folds and
others are known as incongruous folds.

‘ (1) 'Closed fold. Where the inter-limb-angle is b_et,w_eén- 30>

Folds ' . ' .87

(it) Flexure foId It is mostly referred as ‘frue- foldmg As it

is well known that when compressive force acts on a series of flat

' beds, there occurs bending, and the convex sxde is subjected to . -
tension and the concave side is sub]ected to compression. There is
"an immediate surface of no strain. Thus the convex side will -
‘lengthen, whereas the concave sxde will shorten and thlcken It :

involves other developments as -~
() Bending or buckling of the. more competent layers under

" compressive force.

(2) The more passive behaviour of the 1ncompetent beds.
- (3) The sliding of beds past one another.

(4) The folding will be analogous to the bendmc of a th:ck
package of paper.

(ifi) Shear-folding. 1tis also known as slip folding .or GIelt-—'

bretter’ folding. ~ It results from minute displacement along closely
spaced fractures. Each fracture is actually a small fault and the

- blocks on either side of it have moved upwards progessively.

(iv) Flow- folqu It develops in highly incompetent beds which

"behave moré as a viscous fluid than a solid rock. These are highly
~ disharmonic in nature. Ptygmatic folding is of this type. =

(g) On the basis of origin. Folds may be of tectonic as well
as non-tectonic in origin. -

(i) Folds caused by orogenic movements. 1f an area has been

subjected to more than one phases of folding, there results ‘cross- .
folding, in which the axial planes and axes of the folds intersect -

one another at an angle.

If two anticlines belongmg to two different sets of t'olds coin-

. cide, the result is a culmination but where an antlclme and syn~lme~_
“coincides, it results in a depression.

. Sometimes, a fold is found to increase in size as it is traced :
upwards along the axnal plane ; such a fold is termed as oenerarzve_

fold.

(ii) Folds of non-tectonic Origin.

(1) Cambering and vallsy balging. Cambermg occurs where:

competent beds form the - capping of hills, overlying meompetent‘

eds. The incompetent beds flow outwards into the valley causing

the competent beds to downwarp.

In case of valley bulging the 1ncompetent material is forced up
into a valley by the welght of the hill masses on either side, which

© becomes ‘turned up’ at the edges in the process.

(2) Diapiric or piercement folds. These are formed during the

upward movement of the mass of rock forming a diapir. Salt domes

are the best examples of thls type.
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(%) Specisl types of folds :

(i) Chevron Jfolds. These are angular folds having’ stralght limbs
_and sharp hinges. These are also known as zzg-zag, concertina or

accordion fold [Flg 21°10].

. (ii) Fan foldmg If, in any fold both the limbs are overturned
the fold assumes the shape of a fan where the crests and troughs are

- sufficiently rounded. In anticlinal fan folds both the limbs dip

towards each other and in synclinal fan folds, away from each other.

(m) Box fold. These are rectangular in cross-section. In this
crest is broad and flat, two ¢ hinges are present, one on either side

. -of the flat crest. These are also known as ‘coffer folds’ (Fig. 21" IO]

(iv) Kink-bands. These are narrow bands, usually, a few inches

~or few feet wide, in which the beds assume a dip which is steeper or

gentler than the adjacent beds, _
(v) Ge’anticline. It is the broad upleted area bordenng a

, geosynclme which supphes sediments for its filling.

_ (vi) Geosyncline. These are elongated large basms which are
found submerged beneath the sea-water and contain very great thick-

aess of sediments.

Reeognmon in the ﬂeld :
(i) Folds are recognised in the field, by plottmg the attitude

of the beds 7 e., their dip and strike on the- map.

(#i) ‘When the types of folds are to be recognised on the basis

*-of the age consideration of the beds, the top and bottom of beds are
"determined by taking into account the nature, and form of the

“features occurring on the beds itself. Accoxdmgly some types of
“folds have been inferred.

(iii) In railway cuttings, excavation- of tunnels as well as -

-drilling of rock beds for certain purposes clearly reveal the occur-
rence of fcided-structures in the field.

Palinspastic maps place rocks in theu' presumed position
before folding and thrusting.

Effects on outcrops

() Folds cause shortening of the crust of the earth and thexr .

‘subsequent thickening.

(if) 1t is usually observed that streams follows the axis portion
of the anticlinal ridges-and high-lands and domed-structures occur
along the axis of the synclines.

- (#ii) Repetition of beds in their occurrence in the field, infers
the presence of a fold. .

CHAPTER 22
FAULTS

Faults are well-defined cracks along which the rock-masses on

- either side have relative displacement. The attitude of faults are '

defined in terms of their strike and dip. The strike anddipof a
fault are measured in the same way as they are for bedding :

Description. The followings are the parts of a fault :
(i) Footwall and banging-wall. Of the two blocks lymg on

either side of the fault-plane, one appears to rest on the other. The -
_former is known as hanging-wali side while the latter which supports
_ the hanging-wall is Known as the footwall side.

(if) Fault scrap. The relative displacement on elther side of

" the fault line results in an upstanding structure. w:th a steep side -

which is called ‘fault scrap’.
Fault-line scrap. It owes its relief due to differential erosion

- alonga fault-line.

(uz) Down thrown side and up-thrown side. In case of a fault,
one of the dislocated block appears to have been shifted downwards
in comparison with the adjoining block lying. on the other side of
the fault-plane. The former, therefore is known as the-down-thrown
side while the latter is described as the up-thrown side.

“Terminologies associated with faults

: 1. - Strike. Strike of the fault 1 is the trend of a honzontal lme
- m the plane of the fault, S

2. Dip. Dip is the angle between a horizontal surface and
the plane of the fault and is measured in a vertical plape that strikes
at nght angles to the fault. :

3. Hade, It isthe complement angle of dlp, ie., vhe angie

: thxch the fault plane makes with the vertical plane or (90°—Kip
'_-—Hade) ‘

4 Throw and heave. The throw of a fault is the wvestical

- component of the apparent displacement .of a bed, measured along

the direction of dip of the fault.
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The heave of a fault, in a like manner, is the horlzontal compo=
~ nent of the apparent dlsplacement It is also known as gape.

5, Stratigraphic throw. If the same bed occurs twice because

of faulting, the perpendicular distance between them measured along:

a vertical section at right angles to the strlke of the fault is known.
- as stratigraphic throw.

. 6. Net-shp The total dlsplacement due to a fault is des»
cribed as its net-slip.

Class;ﬁcatlon of faults.

There are two type of classification of'
faults : v .

A Text-Book of Geology
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9t
- Geometric classification.
2 Genetxc classification. 7
1, Geometnc classlﬁcatlon. This classification is strictly

based on the attitude of the faults. There are ﬁve bases of geometnc :

_ -classxﬁcatlon which'are as

(i) the rake of the net slip, .

(i) the- attitude of the fault relatlve to the attitude of the
adjacent rocks, _

(zu) the patterns of faults,
(zv) the angle at which the fault dips, and
(v) the apparent movement on the fault.
(/) Rake of the net-shp On this basis folds are classnﬁed as

(a) Strike slip fault = Where_the net slip is parallel to the:
fault and rake of the net slip is equal to zero.

(pY Dip-slip fault. Here the net slip is equal to the dip-slip-

' Rake of the net-slip is therefore 90°,

(c) Diagonal-slip. fault  Where there is both a strlke-ﬂ‘";‘, and
dip-slip comnonent and rake .of the net slip is more than ‘0% bUt
less than ‘90%.

(i) Attitude of the fault.
nized on this bacm which are

() Stnke-f'ault Where strike of the fault is parallel to the
stnke of the rock-beds forming the country.

(b Dip-fault. Where the strike of the fault is parallel to the
-dip of the country rocks.

Slx-types of faults have been recog-

(o) Diagonal fault. Tt is also known as oblique fault, which

strlkes dlagonally to the strike of the adjacent rocks.

) Bedding fault. Tn this case the fault plane i is patallel to

 the bedding planes of the adjacent rocks.

(e) Longitudinal fault. Here the fault strikes parallel to the
strike of the regional structure.

( f) Transverse fault. Tt strikes perpendlcularly or dlagonally to
the strike of the reglonal structure.

(iii) Fault-pattern. On this basis the following types of faults

have been recognised :

‘(@) Parallel faults.

Tt consists of a series of faults having the
same dip and strike. . = :
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‘ ‘ i # .= High angle » i
_ Imbricate strocture \'\\., reversg favit - ;v “
~A—Diagonal-slip fault, B—Strike- faulf, v C¥Dip-fault , ' . Fig. 223 o :
D—Diagonal-fault, = E—Step-fault, F—Arcuate-fault (o) High-angle fault. Where dip amount is more than 45°, ;
. Fig. 222 - - ' (b) Low-angle fault. These faults dip less than 45°. !
o . (b) Step-faults. If in a series of parallel faults the successive , ' . ) . : o
[ ‘blocks are down-thrown more and more towards a particular direc- ..~ (V) Apparent-movement. On . this basis faults can be classified:
0o tion, the resulting structure will be a step-fault. Into : ' - :
I + () Arcuate fault. These are also Known as peripheral faults , (@) Normal faults. Which are inclined . faults in which the
‘ Pl which have circular or arc-like out-crop on a level surface. v . ) hangmg—wall side appears to have moved relatively downwards in
o ' . _ S : comparison to the adjoining foot-wall side. R
| (d) Radial faults. Here a number of faults belonging to the v » , . )
o ~same system, radiate out from a point. ‘ (b) Reverse faults. 1In this case the foot-wail side appears to
! _ . .- have been shifted downwards in comparison to the hanging wails
[ ] ’ (e) Enechelon faults. There are relatively short faults which i , o o . s. |
b -overlap each other, ' : : ' Besides the above types, there is an important type of fault, 1
it - . . . . . » known as the pivot or scissor fault or hinge-fault. In this case one S
0Ll (i) On the basis of dip value. Two important types of faults : block appears io have rotated about a point on the fauit plane such .
Al have been recognised on this basis. They are as that for part of its icngih the fault, is normal with a decreasing throw '
el .
i
N
i
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and for the remainder of its -iength is a reverse fault with an increas-

i it i t being
ing throw. The position of no displacemen
w%ich rotation appears to have taken place.

the point around

2. Genetic classification. It is well known that alon& the.
shear fractures the displacement }is i}garz;llel to Itthfew:slsl?l n?:;l tth :tn: ﬁ;
' ' 5 i re. s
. o movement perpendicular to the fractu _ 1 thatthe
i s tresses. Three types of princip
displacement are caused by some S pes of princips
Of the three principal stress
stresses have been assumed. [ e DD
borizontal and the third one s ver _
w::vit;r:lone. Three séts of conditions in which all the stresses a:(re
gompressiona]‘may arise ; accordingly three sets of faults origina q:
Besides, this classification considers whether the forces. are compres

sional, tensional, shearing or torsional.

Three main types of faults have Been recognized basing on the

orientation of the three principal stresses.-

Faults o ' 95
(@) Normal faults, In this case, .
) Maximum stress —Vertical (M,)
(2) Mean stress ' —Horizontal (My)
(3) Minimum stress  —Horizontal (Mg)

_ Heré the hanging wall has moved relatively downward: It is
_also known as ‘gravity fault’ as well as ‘tensional faults’. In this

category, we find Horst and Graben, Dip-slip fault, Antithetic an v

‘Synthetic fauits, parallel, bedding, and step-faults, etc. o
(b) Strike:slip fault. 1In this case, ‘

(1) Maximum stress  —Horizontal (M;)
- (2) Minimum stress ~ —Horizontal (M;)
(3) Mean stress —Vertical (M,)

Here the displacement remains essenti_ally parallel to the strike

-of the fault. These are also known. as transcurrent, transform,
wrench as well as tear faults. ‘

“This category includes two types of faults ;, in oné cése, the

strike’ of the fault is transverse to the strike of the country rock
but displacement is along the strike of the fauit plane, . where it is
known as fear fault ; in the other case the strike of the fault plane is

parallel to the strike of the adjacent rocks (but the net slip is along
the strike of the fault plane), and this is known as rift-fault.

(c) Thrust fault. Here,

«(1) Maximum stress =~ —Horizontal (M,)
(2) Mean stress ~Horizontal (M,) -
(3) Minimum stress  — Vertical (M)

~ In this case, the hanging wall moves relatively over the foot-
wall. It includes the following types of faulis : ' '

\(a) Reverse fault. Where the 'dip of the fault is more than 45°
‘(b) Thrust faul Where the fault has a dip less than 45°,
Thrusts are again subdivided into' two types: =~ :

(i) Over thrust. 1In which the initial dip is 10° or less and the

- met-slip is measured in terms of miles.

(ii) Under thrust. In this case; the foot-wall “side actually
‘moved and pushed-itself underneath the banging-wall side. ‘

(¢) Nappes. 7 ,
" (d) Imbricate or Schuppen structures, etc.

Schuppen structure. When several thrust planes develop in
parallel sets, a series of high angle reverse-faults .may also develop

between pairs of thrust planes, giving rise to what is known as

“imbricate or schuppen structure’,
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Recognition of faults in the field and their effects on outcrops.
To recognise faults in the field, a number of criteria are used. The -
faults may be directly seen in the field, particularly in artificial
exposures such as river-cuttings, road cuttings, etc. But ip majority
of cases, faults ate-recognised by stratigraphic and physiographic
evidences as . :

1. Discontinuity of structures. - | _ ‘ | S : CHA PTER23 g

‘9. Repetition or omission of strata. _
3. silicificationgand mineralisation. ‘JOINTS
4, Featurescharacteristic of fault-planes. v »
5. Sudden change in the sedimentary facies. -
6. Physiographic evidences, etc. R
: A jeint is defin ' = N
. . . . . ed ¥ _
: . Discoutinuity of structure. If there is an abrupt termina- - which there is no ObSCfV?b?éf:§¢F3 re in a rock between the sides of -
tion of any geologic s_tructure, a fault can be expected near about , 12 most consolidated focks of i ative movement. They: are present
_ the point of termination. Sudden termination of dykes and veins, - origin. Joints may/ rm as gneous, metamorphic and sedimentaty
etc. also suggests the existence of 2 fault. contraction. - skl a result of - either _diastrophism er -
2. Repetition and ommision strata. Sometimes 2 bed may h Description : e nh
suddenly terminate but occurs again spmewhat off from ,the place- - . . o _ ,
where it terminated besides sometimes rock beds forming the : (i) A series of parallel joints is called a ‘joint set’.’ '
country aré found to be repeated and/or omitted (but maintaining. | < (if) Two or more joint sets -inter: led a joint set .
. joint systent’. o L Sels lnt,ersect_lqg each other produce a

the same order) indicates the occurrence of a fault. ‘

gy ) - f . (ﬁi) I WO 'SetS Of _]Oints ne y : . ! . one a’ llOlheI'

avenues for moving solutions. The solution may replace the country. prqduced by the same stress system, is know ju
rock with fine-grained quartz, causing silicification and sometimes ' (iv) A persistent joint or set w"hic;h . nbashqonjugate et
v may be horizontal or vertical,

also they form mineral deposits at that site. It points to the occur- is called ‘master joint’

rence of a fault in that area. . .
- Classification :

" 4. TFeatures characteristic og fault plane. These features are | - - 1 _
~ produced due 10 friction of the locks on either side of the fault | - - - . According to th RS L
plane and includes features like slickensides, grooves. drag or .. “been recognised, as followesfﬂ:m'de of origin, th,m'e types of 1_°‘¥“S.."a"e

fluccan (i.e.,pulverized clayey matter), breccia (commorly kncwn as - (a) Tensi i . _ . .
crush breccia), mylonites, horses and slices etc. : 1 1nigneous rg?}?:mt‘hlé;nts. Th;se are also known as “shrinkage joinr.ﬁ'f- :
. . . . . . NEOUS TOCKS, are pro - , 53
5. Difference 1M sedimentary facies. Different sedimentary - dueto cooling. ‘Col-umnax? Stnlzlcc;ldre%‘s‘:h?ohnseq“e“ce of contraction - -
facies of rocks of the same age may be brought into juxtaposition by : extrusive and intrusives, consists of lon lchcharactgnse‘s many pase
Jarge borizontal displacements, is suggestive of faulting. packed together. SR g ‘hexagonal biocks closely
" 6. Physiographic evidences. The ‘offects of faulting on S In granites and  ranodiori B T
outcrops’ constitute the physxograpblc evidences for faulting. They © observed, but comm'o%ll ' t%lt%lgttasitieverval.§°t5' of .joints may be
jnclude features like: ~ zontal and two vertical at rightcah-g].e;ggg?ghml,“ﬁm?qm' horl= -
s vidoe . I N horizontal set. If . these sets are-more or. | A other :and to the
(i) Offset  ridges, (if) Fault scraps (iif) Piedront scrap, fracture planes give rise to cubical or. °55-¢qu?l!y,spaced;_ the
(iv) Tringular facets, (v) Offset streams, (vi) Springs foliowing a termed “Mural jointiﬁg’ se to . cubical . blocks the: jointing is_then ...
straight course (sometimes springs aligned along the fault planes also), o ‘Jo'nt g d; ’ . ‘ T e
(vii) Linecament suggest the presence of faults in the field _ Joints formed in little deformed sedimentar : :
(viii) Alluvial fan, (ix) Monoclize, etc. : , tension caused by compaction and shrinkage ya;oclc:dgre '(tmc -
\ _ consolidated into sedimentary rocks Tensional joi iments aré -
- e al joints mzy also be .

due to deformation.
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\ (5) ‘Sheet Joints. ',l'hese Jomts develop in sets and are more or | o . : _ _
Y less - parallelto‘tneuurface .of the ground, especially in plutonic o S :
l . igneous ‘intrusions such as granite. They may originate due to ' R ‘ t

|~ anloading of the rock mass when the cover is removed through the
T processes of erasion. :
| .

(c) Tectonic joints. These -are also known as shear Joints: They

. : | - CHAPTER 24
i are formed in a fock under. compression. They originate as a direct . - : ) '
! l result o’ffoldmg or thrustmg in rocks. Generally they are of three

l

l

) Strike set. - Longltuglmal joints parallel to the fold axls.

(@) Dip-set. Also known as cross-joints, perpendxcular to the

| g o . UNCONForMITIES . |
| ' | '
an : : Introduction. An unconformlty is-a plane of discontinui
|| Jongitudinal joints. . : T ' that separates two rocks, which differ notably in age.  The youngg'
\ ‘ of these rocks are nearly always of sedimentary origin and must have
-been deposited on the surface of the older rock whrch isa surface o
erosion.

(uz) Dtagonalsel Which is a conjugate set of oblique _|omts,
which lie at rather less than 45° te the du-ectlon of tectonic-axis,

b o 2. According to the geometric classrﬁcatlon of Jomts, there -
o are three important varieties, like strikeé-joints, dip joints and diagonal

joints, which is totally with respect to the regional strike and. dip of
the country rocks. .

 How it forms. The formation of an unconformlty may be
attfibuted to -three main processes like erosion, deposition and
tectonic-activity. The stages of its development 1nvolves

" (i) The formation of older rocks.
(#1) Upliftment and subaerlal erosion of the older rocks.

{

l

l S
l_ \ " Joints may be open or closed, The closed JOI[ltS are also
l‘l * known as latent, blind-or incipient joints. ‘They may become open
i asaresult of weathermg, whlch is commonly found i in jointed lime-

found to extend for miles to-gether

‘ (#ii) The formation of a younger successxon of beds above the
| stones. i surface of erosion. , _
P !
L . Recogaition of joints in the field and their d‘fects on out crops. - * Thus an. unconformrty is a surface of erosion or non- -deposi= -
i | Joints are generally recognised in the field as ‘faults without dis- ' : tion that separates younger strata from older ones. Itis accordingy
X \ placement’. Their dimension varies within wide-limits. Sometimes o regarded as a planar structure. A '
" l. they are very short in their extension, but in ceriain cases they are '

Description. ' Usually the following charactenstncs are found to

underlymg rocks.

% . - .be assoclated with the unconformr'les , ,
V] .lomts commonly control] the dramage pattern of an area, They
3 l P also determine the shape of coastlines, because they provide a passage, o ’ {a) Thereis a drﬂ'erence in the llthologncal composition, . thrck-
REEE whereby water ‘may penetrate  deeply into  the rockmass, thus B “ness and order of superposmon of the overlymg stra.ta with respect to
B \ allowing weathering to take place. . .
|
|

‘Jointed rocks are pervious to fluids and hence may act as ) _ (3) Difference in age as mdlcated by the’ fossrl assemblages of -
aquifers or reservoir rocks for oil or natural gas. the overlying and underlymg beds. :

The presence or absence of joints in a regich matters much’ to

| : ' N () Sometimes the underlying beds possess drﬂ'erent dip ané
# <quarrymen and miners because it determines the ease with ‘which strike value than that of the overlying beds. -
o \ querry and mining can be accompohshed ) ’ S (d) The presence, in most cases, of a’ conglomerate horrzon at -
Sometimes joints act as avenues for molten rock materials' to the bottom of the younger set of beds.
come above the surface. It also'determines the localisation of some

mineral deposits. Classification. Unconformities have been classrﬁed into various

types on the basis of the factors like :

(i) The relationship existing between the underlymg and above"
lying rock, beds. iLe., whether both are sedrmentary or one of them is
of igneous origm.
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(). The attitude- of the underlying and: ovetlymg beds.
The various types’ of unconformmes may be enumetated as
follows : : : s
(a) Angular Unconformlty. '
_ (b) Disconformity. .
(¢) Local Unconformity. B
*(d) Non-conformity.
T Lnginded Unconformxty.

’ A‘lGULAR CONFORMITY

s } Honzontal beds of youngei )
__generation
Plane ot dnscor_\tnnu_ny

}Older beds ‘

Younger set’ ol beds

Plane of dnscuntmulty

" Older set of beds

Vounger set of beds

Piane o!f discontinuity ot
lecal. extens:on

Older set of beds

‘Younger set of beds

Plane of d:scontmuﬂy

lgneous rock muss o

\ -
AL

NONCONFORMITY - = -
Fig. 241

(@) Angular unconformity. - If the beds “beneath the erasion sur-

"uce are folded o tilted so that there is an angular discordance between |

Unconféimmés R | - 101

the younger and older beds, the contact is called an angular uncon-
formity. In this" case, both the underlying and: overlying rocks are
of sedimentry origin, but the attitude of the rocks above and ‘below

- the plane of discontinuity differs from each other.

(b) Disconformity. It is also known as ParalleI-unconformity
in view of the.fact that the bedding above and below the plane of

discontinuity. ‘The lower:and upper series of beds dip at the same

amount and in the same direction, thus this type or unconformity is
formed when there is a lesser magnitude of diastrophism, ordistur -
‘bance between the deposition of the two succession of strata.

(c) Local-nnconformlty It is also known as a ‘non-depositional

- mnconformity’. . It is similar to disconformity, but it is local in extent

and hence the name. The time involved is also short. Thus it

Tepresents a short period of non-deposntlon So the age difference

‘between the overlying and underlying beds is very less. This is . quite
significant in the determination of top and bottom of folded- beds.
Such an unconformity i is also known as ‘Diastem’. '

(d) Non- conformlty It is commonly appiled to structures
in which the older - formation made up essentially of -plutonic
tocks, is overlain unconformably by sedimentary rocks or lava-

. flows. The essential concept being that prolonged erosion must

thave occurred to expose the intrusive before burial. It is not of any:
Lectonic significance. According to some geologlsts it should be
termed as “Heterolithic uncouformtty

(e) Blended unconformity., It .is a surface of erosion, ‘which
may be covered by a thick residual soil that grades into -the
underlying bed rock. Younger sediments deposited above the
surface may incorporate some of thé residual-soil and ‘a sharp con-
tact may be laokmg Such a contact may be called as Blended-
anconformity.

Besides the above - important types of unconformity, various.

' types of relationship of the underlying beds with that of the beds '

lying above the plane of dlscontmuxty has been recogmsed which
are as follows :
1. Over-step It develops durmg marine transgressxon. so that
the younger series rests progressively on'older members of the
anderlying rocks.

Younger.
beds

. Older rocks -~
(OVE_RSTEP)

Fig. 242
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" 2, Overdap. It is often found that younger bed completely

* covers up. and advances much beyond the limits of the underlying .

s O L0e e nd.
rocks, It is best observed along the gently sloping fringes of mlfm
basits during marinie transgression. |

“Younger
- formations

(OVER-LAP) _
' Fig. 243 : ‘
Off.lap. It is jeverse Of OV i.e., lower:beds of the
fi-lap. It is reverse of overlap, i.e., : e
upper's.sergs e:tends’ further than the younger ones due to mari
regression, B - "

Youngest
bed -

_ Lower beds of upper
serés extend further
than the younger ones

Oidest formation

(OFF-LAP)
Fig. 24°4

4 : On-lap 1t appears synonymous with overlap or sometimes: -

overlap+overstep.

i ' unco, ity in the field and their effects on ou
ReoBaitl o o e secogni d in various ways, of which.
- Un ities may be recognised in var s, of whi
obeer vtl'i::lc?: ?;?tlilgle 'oﬁtc)l'-op is the most satisfactory. I}ghgl:;l:;;y;
s,b‘cgarev?d1e1itiii<:ation of an unconformable relation, 1B genera " :
in t! , v

ses in proportion to : |
z) Time interval. _ . _.
g))‘:’l"hickness of beds missing from the stratigraphic record,
{¢) Structural discordance.

ographic relief. E g _
8)) g‘v)i‘:leiroepof weathering at the unconformable surface.

. age y con~ -
The kinds of evidence important in the recognition of unco

formities are as follows :- - ,
' 1 Evidence of nnre'cprded iptenal :

7 ' ' ks with hpper triassic
laeontological record. If roc th uj assic
fossils i(?dic::gﬂ'yn- gge‘;leain by rocks with lower cretaceous fossils, i
is said to be an uncoformity.

Unconformities
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_ (@) Gap in stratigraphic re:
formity may be provided by the lo
characterised by either lithologic
both. Abrupt changes in these ch
of an unconformity.

2. Struchral;disémdanbe.. The truncation of sedimentm;y

layers. at a stratigraphic contact is an unmistakable evidence of dise
continuity. - ~ - .

3. Tobographic' 'iﬁegdﬁw. Disconformities preserve topo-
. tg_raphy corresponding to all stages of the physiographic cycle: ranging:

ord. Good evidence of uncon-
cal absence of distinctive strata.
or palacontologic peculiarities or .
aracters may suggest the presence.

. {rom undissected surfaces to near peneplains.

4, Evidence of old-land surfac_e :

(1) Weathering
and the uaconformite
section. '

may aid in the recognition of .6ld" land surface
s that mark their- position in the stratigraphic

i (2) Remnants of o]d-éoil' profile are more likely
0 the accumulations of terrestrial sediments Their
a strata suggests the existence of an unconformity.

S. . Sharp contrast in the dégree of induration betweea thé_
underlying and above lying rocks. - : ‘

to be preserved
presence within.

6. Difference in the grade of regional metamorphism of the
‘underlying and overlying rocks, _ I

7. Significant difference in the intensity of folding in both-
younger and older set of beds. ' '

8. Presence of basal conglomerate horizon suggests the exis--
tence of an unconformity. - S '

In the outcrop, unconformities are usﬁaliy found as a rugged:
and eroded surface. : ‘
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' DETERMINATION OF THE ORDER
OF SUPERPOSITION IN THE FIELD

£
v

© criteria.

1As we know in ahy sedimentary sequence, the rock beds exist’

in order; from the bottom to the top of the column. The bottom
most bed is naturally the oldest one while the top most ‘s the
youngest. But where the sedimentary. columns have undergone very

. severe diastrophism, it is difficult to determine the Qrd;r_of superposi-
‘tion. The following criteria may be used for determining the order

of superposition in the areas, which have been tectonically defgr_med.

'Primary Sedimentary Structures :

(a) Ripple marks, /Only oscillation or symmetrical ripple marks
which have rounded troughs and pointed crests are mostly used for

-the said purpose. In case of inverted sequence the taperinrg crest

points downward and rounded troughs point upwards,

Normal condition Over-turned

A ' v B
Fig. 251

() Curfent 'bedding. Since these beds are us'uallyi found to lie

Cver-
Normal turned-
~ xondition position

- Determingtion of the Order of Superposition in the Field © 105

slightly oblique to the major bedding planes, these are conveniently
used for determining the top and bottom of beds. '

" () Graded bedding. As it shows a gradation in the size of
grains from coarse below to fine above, is used as an important

~

Normal [B
condition [0

A ' "~ B
Fig. 25'3

~ (4) Mud-cracks,
downwards but'in inv
upward direction,.

These are usually wide at the top and taper
erted sequence the tapering end faces the

Normal congition O::Iz;?;f%%d
A _ B
Fig. 254

(e) Raih»prints, tracks and trails and foot prints of organisms

_all form depressions on the upper surface of the bed and the concave

portion faces upwards whereas in ‘the inverted strata the concave
portion faces downward. , o '
(f) Local uncoqf'orm'i_ties ; also gfvés conclusive evidenee about
the order of superposition of strata. Similarly channels cut into the
underlying beds also indicates the top and bottom of original beds.

pc::::i'm::m < Overturned

position

“(B)
Fig.255 -
" (g) Orientation of fossil-shells. Certain types of shells tend to0

lie on' the sea-floor in their most stable orientation, for example -

lamellibranch shells and ‘Productid’-brachiopods lic on bedding planes
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concave surface faces upward.

Fig. 25'6 _
¥ ' {h) Vesicles in lava flows are generally concentrated at the top
- of a flow ; pillow Javas have a rather rounded bu}boustpp. In case of
L deformed strata these characteristic surfaces cccuis in 2 positica.
0 - facing downwards.

with their convex surface fécing‘upward. In an inverted sequence, the '

__CHAPTER 26

' MISCELLANEOUS STRUCTURES

(a) Outliers and inliers. A limited area, where younger rocks:
are completely surrounded by older rocks, it is known as an. outlier.
In a similar way, an area in which thie older rocks are completely

surrounded by rocks of younger age, known as ‘inliers’.

both outliers as well as inljers, which are as follows :

1. Folding. Folds which attains the form of anticlines and’
synclines, after undergoing a period of erosion at the surface pro-
duces outliers and inliers. -

' Anticlinal folds ‘produce inliers and syaclinal folds produce
outliers. ' -7 .

2, Faulting. Because of the dislocation of rocks due to fault-
ing, sometimes it so happens that older rocks are surrounded by
younger ones or the vice-versa and accordingly produces outliers or
inliers. ' C

3. -Erosion. Erosion piays a major role in the formation
of outliers and inliers only in cases where the disposition of the
beds are horizontal. Sometimes deep valleys are being cut by the
agents of erosion and when the erosion exposes underlying rocks
around the younger-remnant bed, the resulting structure is termed as
outlier, this process is equally applicable for the formation of inliers.

.(a) Nappes and windews. Nappe is a large body of rock that
has moved forward for more than one mile, from its original position
either by overthrusting or by recumbent folding. Because of the:
translation of rocks in nappes, various types have been recogaised ;

(i) Autochthonous nappes, where the rock beds have not been
translated. : ‘ S

(if) Para-autochthonous nappe, in which the sheet of rocks have
undergone relatively small translation and which can be traced back
to their origin or roots.

" Chiefly three processes can'be- attributed to the formation of

i
-

il
L
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(i) Allochthonous iiappe, here the rock sheets have been trans-
lated for great distances.

v Window. Sometimes through erosion of overlying nappes the
-younger rock beneath it becomes exposed. Thus, the area where
erosion has penetrated a nappe (i.e., both large recumbent folds as

- well as thrust) exposing rock lying beneath, is known as a ‘window - .
- Orf fenster. ' " . . '

(é) Klippe. With continued erosion of a nappe, and window
~-sometimes a remnant of the thrust’ sheet is left as a relict block,
-which is called a ‘klippe’ (cliff)- :

*Gelc\);ogical Surveying and Mapping—Use of Contour and Topogrphical
Aaps’ ,

Tmportant Points :

(1) Contour. These are imaginary lines which joins points of
-equal elevation. The representation of relief features on a map 1§
being made through drawing of contour lines. ‘

The contour lines when are found circular, it represents a hill
or mountain. But when they are circular and at the same time closely
.spaced, it indicates a vertical or nearly vertical peak. The contour
taper in any direction to show a valley or river in that direction.

(2) Topographical maps. These maps are to represent the

- surficial relief features of a particular area (both positive and

~ negative) on a sheet of paper. It includes not only the cartographic
representation of hills, mountains and rivers but also other features
like temples, location of villages etc. :

With the use of clinometer compass, by the back-bearing
method, one can locate his position in the field with reference to
‘map of the area.

-exposures of various rock types as recognised in the field and their
-attitude are represented in the topographical map. Accordingly the
structure of the area from the geological point of view and the
occurrences of various rock types of a particular can be identified
from its geological map. ‘ ' '

* Geological mapping of an area includes the methods by which

. In case of “Geological surveying, the representation’ of the
important features of an area, is being made and it indicates the

lpcatjon c_>f various important obiects, along with their direction,
in a particular area according to a given scale.

- PART 1V

~ CRYSTALLOGR

APHY
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o - CHAPTER 27
" ELEMENTS OF CRYSTAL-FORMS
AND ‘SYMMETRY

Crystals are solid géométﬁc ﬁgﬁres which are bounded by well
.-defined more or less plane surfaces called ‘faces’. Crystals show the
:following general characteristics : :

(i) Crystals are polyhedral bodies.

(R pdss_esées a typical internal atomic structure and accord-
ingly the-faces of a crystal are arranged.in a regular pattern.

(iii) The regular  gecometry is devéloped only under suitable
physico-chemical condition. Crystals are formed due to
slow-cooling. .

(iv) A crystal which possesses both external form as well as
internal atomic structure is said to be a ‘perfect crystal’;
‘but if it possesses only the internal atomic structure without
the development of corresponding external form, it is said
_to be ‘crystalline; when there is neither .internal atomic = - -
structure nor external form, it will be known as an

. ‘amorphous substance’.
ZElements of Crystal Forms ; _

" (a) Faces, These are the exte@al e‘xpfessions of the internal
-atomic planes of the crystal. Faces are said to be ‘like’ when they
have similar properties and ‘unlike’ when they show different
-characteristics. . _ S
- (b) Edge. 'The line of intersection of two adjacent faces is
known as an edge. ) ' - '
‘ (c) Soligl aqgle; It is'a point where three or more faces meet. - .
.. d) Form. It is a group of faces, which have a like position
_with respect to the crystallographic axes of referrence. :
Forms may be classified in three ways :

L () Simple form, When a crystal is madé up of all like faces

such as:cube; octahedron, etc; - '
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@) inati A crystal is made up of two of °
@ Combm?mlllefo;:rl;ns wsl::ec% aas ywhen' it~ consists of _baslael
gli::lioi?ggd prism faces, each of whlch‘ m'ltse.lf is a simp

i :: fﬂ:‘- form. These forms whose faces cann:t en::los::ugi:?
@ 'alf%y themselves, as they. dlo not ?az: | ;‘iixqu:ombination
) 'do so and as a_result’ occu ly om
?ﬁ;s;:’hgf forms, such as pl_n;tco_ld; and prisms. et can
ii) Closed form. It is an assemblage of faceg, which - ¢
w enclose a volume'of space. o stricted
(i) General form 1t is one in which the indices are unre
nm. G form. _ | |
_in magaitude. N ¢ values exist
i ly one possibile set 0 S
@ fs prec:;leﬁ;:gi.cesﬂ ((3;121(;?3&, ‘only one octahedron am is.
0 ] '
: ible in the cubic. | o .
PQ?:: ted form. When the forms are nexthetr ﬁigilc‘:lg.mi)xrn
i) Re“'ml .1t of their index is variable and part ixed, .8 0
geuﬁ_rsam-_p(zk” ‘I’ must always be zero and in trisoc
a prl ’

he cubic syster
ztn'e called restricted. forms.

Besides the above classification, forms have also bgen (-:Iasm e.
as | . . . i ! .
(a) ‘Holohedral forms. These forms exhibit the highest degree of
. {a) edral ‘ o
‘ try possible in a system. E
symme ry ihedral forms. These forms show half thet ;1::}11232 ;)Ifl‘
s o gregclll for the full symmetry of the system, é-£:, |
gic:shélex%hedral form of ogtahedron.

(¢)-Hemi-morphic forms. These formsT%g:eax?;ssiisméi?{edfaf;:
the ) ~f an axis of symmetry. i ] ,
Do e, T lfnd;z;lt;'?)rf" ta.\l’:ésfacesy of a holohedral formHare'rg;g?p;ic‘l: |
glartaxrlxz. en'lc; §f§ the axis and pone at the .other. Hemimorp
about one €I ‘ ‘

. f symmetry. | » ‘

forms lack centre o e
) Tetartohedral forms. They show oply a guarter of th

pumber of fac

, } -
(¢) Enantiomorphic forms. - These forms do not have eithe

: -of symmetry an ted into-each:
pane ro rir;;[;ter: (?f cgch other. They cannot. be converted S
mirror. : ' : -~

other by any rotation whatsoever. ;
Conimén Forms in Crystallography : N
. (i) Pedion.” Itis represented by one face 'only. N e
(i) Pinacoid. It is an open form, consisting of two faces w »
i . p ‘

tem, ‘h’ must always equal ‘k’, this type of forms. -

es of the corresponding holohedral form. Thgse forms-.l
" have neither plane nor centre of symmetry.

d occur in- two positions which are

Elqniergts of Crystal-Forms and Symmetry ' ) n3

cuts one crystallographic axis and remains parallel to the ,remaining
.axes. ’ ‘ ' o S

(iii) Prism. It is also an open form, consisting of four faces,

‘each face of which essentially parallel the vertical axis and cuts one
or more- horizontal axes. ‘

(iv) Pyramids. It is a closed form having eight faces, each face
of which cuts the vertical axis and cuts one or more horizontal axes,
at equal or unequal distances. ' )

- . ’ / - ) . . - . .
) Doxpes. It is an open form intermediate between ‘a prismm
and-a pyramid, whose faces cut the vertical axis and one of the:
. horizontal axes. These are also known as Horizontal prism’.

(vi) Diametral Prisms. It is formed by the combination of
three pinacoids which together enclose space. They occur only im

the Orthorhombic , Monoclinic and Triclinic systems in which al} the:
pinacoids occur. ’ : :

Elements of Symmetry :

Crystals also show certain regularity of positions of -faces,-
edges, corners, solid-angles etc. The geometric locus about which a
group of repeating operations act is known as a symmetry element.
Sometimes the repetition is with respect to a point, in which case,

it has ‘centre of symmetry’, sometimes, it-is with respect to a line,

in which case, it has an “axis of symmetry’ and when the repetition 'is

~ with respect to a plane, it is said to have a ‘plane of symmetry’..

1. Centre of symmetry. The point within a crystal through which-
straight lines can be drawn so that on either side and at the same dis~
tance from the centre similar faces, edges and solid angles are encoun-
tered, is known as the centre of symmetry. In other words, a crystak
is said to possess a centre of symmetry, when for each face, edge,
corner etc., on one side of the crystal, there is a similar face, edge ox
corner, directly on the opposite side of the centre point.

2. Axis of symmetry. It is an imaginary line about which i
. the crystal is allowed to rotate.through an angle of 360°. similar

faces, edges and solid angles will come to the space for more than

once. If it comes twice, the axis is an axis of ‘two fold’ symmetry ; if

it occurs thrice, it is an axis of three-fold symmetry.

The maximum number -of -axis of s

ymmetry is ‘13" and it is
found in Isometric system. o

3. Plane of symmetry. It is an imaginary plane which passes

" through the centre of the crystal and divides it into two parts, such

that one part is the mirror image of the other. . These
symmetry may be diagonal, horizontal as well as vertical;

There are maximum nine planes of symmetry, whick: iz tfa=
normal class of isometric system. . .

planes of

A
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Symmetry; elements have ‘a-particular relationship ‘with the

fern i Accordingly, they form the-
inté mic structure of the crystals. . ingly |
‘bnat:irsnat!oit(ihe classification of cqsta]s into thirty-two symmetry

qassegft" is quite significant to note that the no;lg\gl_ c’ltas’st?fxlt(:il‘x éalLt _Itllé:
i 1metry elements,’ €

: maximum number of symme :

SB{:\:‘;:;S g%zSting of hemihedral, hemx-n::orphix_c_s,y gg::)rl;eglr:; ;:th
onar inimum number o

iomorphic forms show minimum r :

‘W%r:)tr::o;all(')i'rs%ﬁ to the normal class which consists of the holohedral
n _ _

forms. o . o
‘ ‘Péeudo-syni'metty. Crystals of certain species imitate the sym-

) i to which they

' y ofa ‘or a system higher or lower than _they

gitlrzﬁlgfbaeﬁ)li: OIit mayy be due to twinning, distortion or by imita-.
tion of interfacial angles. -

- at the same temperature.

‘pary lines in space is used.

CHAPTER 28 o
LAWS OF CRYSTALLOGRAPHY

- Through studies of external forms

between the crystal faces, some fundament
lished,

follows

and angular relationsiips
_ al laws have been estab-
which govern the whole crystallogr_aphy, They . are as

1. Law of constancy of interfacial angle.

2. Law of rational indices.

3. Law of axial ratio,

4. Law of crystallographic axes.

5. Law of constancy of symmetry.

1. Law of constancy of ‘interfacial-angle’.
may more generally be defined as the

adjacent faces of.a crystal. In crystallography, however, the inter-

facial angle to a crystal is the angle subtended between the normals
drawn on the two faces concerned. T

Interfacial angle

It has been observed that the interfacial angles of crystals of a

Particular mineral remain always constant. Since the atomic

structure of the cry
of faces of such cry

interfacia! angles are constant for all the crystals of a

7 f a given mineral, -
provided they have identical chemical compositio7’ and are measured

stals of a particular mineral is fixed, the position

. ) . / o
- Law of constancy of interfacial-angle states that ‘measured at

the same temperature, similar angles on ‘crystals of the same

substance remain constant, regardless the size and the shape of the
crystals. :

[Contact-goniometers and reflecting-goniometer are used in -
measuring the interfacial angle of crystals.] °

2. Law of rational-indices. Two crystals of the same substance
may differ considerably in appearance that in number, size and shape
of the individual faces. In order to describe the  external form of
crystals, a mathematical method of relating planes to certain imagi- -

angle between any two .

stals will also be equal. So the corresponding
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A Text-Book of Geology o 4. Law of ¢l'y518llographic axes. The position o
e 7| ol et o o et 1 By W
o . . = , for in most t ;o

ot s s i ety | Sy n A b S o T
o cepts it makes on the axes of reference. The ratio of the distanvos incral can be referred to the same set of ll'ys als of a given
‘ from the origin at which the crystal face cuts the crysta‘lographnc . : set of crystallogrphic axes”.

axes, is known as the ‘param‘eter’ of a crystal face.

- Y16

, : o Fdr example, all the cry'stals of galena ma o
. : nple, all the y be referred to th
: crystallographic axes, which are of equal length, mutually perpendi:: B f

I i .
In the given figure, let 0X, 0Y, 0Z represents the crystallogra- . lat and are inter-converti : of e 1
hic axes and ABC isd-a(".;la'e:tal_fa(geZ making intercepts of ‘OA’ op 7 axis,pasirgéﬁglreffﬂgggfaa.'ftogrﬁo{‘tf;ﬁ;‘;iﬁﬁd as a,=front-back
8 s ¢ ’ & ¢ 4 ¢ ? . . - = - . o ‘
fox:, "o on oY and = og . Fig- glyen below. 5. Law of constancy of symmetry. From X-ray studies of

crystals, a general law regarding s

stals, a g ] symmetry has ‘been propounded ;
‘\is;hpch states that “the symmetry in all crystals of a partli)culle)xr species
- is constant, though they may not be similar in form™.

__Thelaw of symmetry finds expression upon i
distrbution of similar angles and fages. It is gvell 1n%rvz;talthlal: ?tig
: tglt:ome,tnc locus about which a group of repeating operations acts is
y . _ ik e symmetry element, which may be with respect to a plane and is
known as a plane of symmetry, or, with respect to a line, where it is
said to be an axis of symmetry, -or, with respect to-a point, in which
case it is. known to be a centre of symmetry. '

Ll x D

P The parameter of the face ABC are given by the ratio of OA, - "octahFc;)r {axa?p(}e, the crystals of the mineral-‘galena’, whether it is

ol ~ OB,OC. Itis convenient to take the relative intercepts of this face: sy mmeet:a el o ecaheqlr(al O‘T,C“b‘c in_shape, it shows the same
‘% as;tar;dard 1e;11 gth ]gol; 1;he Fur&qse of re%gengtkg tthpo;gg%n oé ,;Tny 'symnietrz aen?i[?g?:émlrle Z’f sy9n;’1:]1:3;s igfal :gxggl:ér);, ‘81'3,'-?“15 olt;

v other face such as . In this case =0A, OE= . = . ymm alsc nt. Similarly a

\ ‘) ~ }CC. Therefore the parameters are 1t} of DEF with reference ?:x::)‘l)sﬁ‘l:oogolahe mineral-Barite, shows ‘3"-planes of symmetry,
| to the standard face ABC. . ] ] - ( symmetry and the presence of centre of symmetry.
}. :  The reci_proéals of the parameters are known as indices. : . -graphghgse af_oresaiQ laws totally gevern all the aspects of ~ crystallo-

. According to the crystallographic notation by Miller a law
has been established, which states that “the intercepts that any. face
makes on the crystallographic axes are either infinite or small rational

multiples of the intercepts made by the unit form™.

|
\

: ‘ ) Hence the ratio between the intercepts on the axes of different
\ ' faces on a crystal can always be expressed by rational numbers as
¥
|
1

1:2,1:3, 1:4;butnotas1:-«f2,_1:~’3etc.,'

3. - Law of axial-ratio. “This law states that ‘the ratio between
the lengths of the axes of the crystals of a given substance is
constant. Thisratio is termed as ‘axial-ratio’. Axial-ratio which is
i the ratio of the lengths of the crystallographic expressed in-terms of : T
Pl one of the horizontal axes, usually, ‘b’-axis, as unity.-

In cubic s'ystéin, where the three axes are identical, the ratio is. _ . : ;
1:1:1lora:a:a. . : , . . . N [
In tetragonal system, in case of zircon, a: c=1:06403, in ‘ o . _ _ ,

‘case of rutile, @ : c=1: 0'64415. ' - _ . : s
In Hexagonal system, in case of Beryl, a:c=1: 0'4989 and so : ‘ : 11
on. , . ‘ v g




CHAPTER 29

CRYSTAL SYSTEMS AND CLASSES

I3
[

s

~ As we know, ‘Crystallographic-Axes’ are the imaginary lines
passing through the centre of the crystal, but not lying in the same
plane, and used as axes of reference for denoting the position of
faces. They are usually axes of symmetry, normals to planes of

symmetry or lines parallel to prominent edges of crystals. These

crystallographic -axes are of paramount significance in the classi-
fication of all the crystals.into six major subdivisions, known as

‘crystal-system’. The divisions of the crystals into systems are

made on the basis of :
(/) number of crystallographic axes,
(i) relative length of the crystallographic, and
(iif) angular.relationship existing between the crystallographic
axes. :

Accordingly, crystals which may be referred to the same set of
crystallographic axes, belong to the same crystal system. The
systems, which have been recognised on this basis are as follows :

1. ' Isometric or Cubic System. ay=a;=0s ; aAa"=90°.

" Here, there are three axes which are of equal length and
mutualiy perpendicular, therefore interconvertible,. Two axes and
horizontal and the third one is vertical. '

2. Tetragonal System. a,=a;7c, aAc=90" ‘

In this system, there are three axes, of which two -are of
equal length and are horizontal, but both are at right angles to each
other. The third one is vertical and it may be shorter or longer
than that of the horizontal axes.

3. Hexa‘gonal System. a1=a2=a5;&c s ahe=90°

Here, there are four axes of which three are in the horizontal
plane, which are mutually inclind at 60°, but the angle between their
positive ends is 120°. These horizontal axes are equal in length,

" The fourth axis is vertical‘ a

. perpendicular.

- A—Crystallographic azes jn

Crystal Systems and Classes "9

than tpat of the horizontal one?f1 nay e shorter or longer in length
4. Orthorhombic System. a3£bsc ; g AbA c=90°

It consists of three »axesvolf unequal length and are mutually

S, Monoclinic System. a;’—'b?’—‘é_} a A c#£90° ; bACc=90°

desig nIanteEihls system, there are three unequal axes, which are

fhos gnated asda‘,b b agd‘ c. ~The axes ‘e’ and ‘b’ are lateral axes and’

Py 3 ‘@’ and and ‘b’ and ‘c’ makes 90° with each other but the
@’ and ‘c’ make an oblique angle with each other,

a3 o ' ¢
LN
. = . - ' -a
.azﬁ' a ‘
T A -
v .
c
€
R ja.' i
-az - 3
. 7 B Soc
' ay ' }/‘I/a'
_c B e’

3

TP

P 'az. C

oy a

-C

B— Ietragonal Cl‘ystallog! aphlc axcs,
.
C—Ilexagonal ClySta-IOgrapluc
axes.

1

i D'-—Orthorhombic;axes,

F—Monoclinic axes, F—Triclinic axes,

Fig. 29°1
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6. Triélinic System. - fa;_éb;éc» s aAbAc7#90°%.

~ Here, there are three unequal axes, which are inclined to each -
other at an oblique ap gle. :

Classes. The classification of crystals into_ classes “depends
upon the. degree and nature of the elements of symmetry. - Tt has
been shown mathematically that only thirty one combirations of
symetry clements are possible. A crystal may be wnhout ary
Thus there are in all only 32 crystal classes. All the 32
classes of crystals are grouped urder six- crystallographic systers, as
follows ¢ - R ¢ ) ) |
| Characteristic symmetry

' No. of classes
System : ‘ 0. of eents
1. Isometric or cubic -5 - 4 axes of I1I fold sym-'
system metry. |
2 agonal " Unique 1V fold axis. of
2. Tetragonal ! a1V fold axis of VI
: fold axis of inversion.
3. Hexagonal— 12(7+9) ' | |
{a) Hexagonal (7 "Unique VI fold axis or

division inversion.

(b) Trigonal division 5) Unique 111 fold axis or

a 111 fold axis of inver-

sici. -

3 axes of II fold sym-

~ metry. ‘

3 1 axis of 1I fold sym-
metry.

2 No axis or plare of
symmetry.

tem, the class which shows the highest degree of

B ides
holohedral c¢r normal class. Bes!
o different classes are

tiomorphic or tetra-

4. Orthorhombic systeym' 3
‘5. Monoclinic system

6. Triclinic system

» In every sys
symmetry, 18 known as 1

i try elements,
according to the presence of symme |
desigriategd as hemihedral, hemlmorphlc., enan

hedral class.

The highest degree of symmetry 18 §
system and the lowest degree qf symmetry 15 €
- . dy of minera

observed from 2 statistical -study .ol T
kingdolltn ‘tlt?aslt g?;ﬁe'than 509 of the crystallised minerals belong tol

the Monoclinic an

cwn by the iscreetric

xhibited by the triclinic

d Orthorhombic system. But, in general about 35%

. Crystal, Systems and Classes . | ' . 121

of the minerals crystallize in the Monoclinic system ; about 27% in
“the Orthorhombic system ; about 157 in the cubic system ; about
_ 10% in the Hexagonal system of which more than one-third belong
“‘to the Trigonal-division ; and 9% in the Triclinic and about 6% in

the Tetragonal ‘systems. In every system, majority of the minerals
crystallises in the respective normal classes. o

The various crystallographic systems and the different classes

" as included thereunder along with their symmefry elements and
‘ <haracteristic forms may be described as follows :

Isometric System
Crystallographic axes of referemce. There are three axes of
<qual length which are mutually perpendicular and are intercon-
vertible and are designated as ‘ay’, ‘s’ and ‘ag -axis. '
a,-axis runs front to back. ’
ap-axis runs right to left.
ag-axis runs top to bottom.
Unique Features of Isometric System :
(i) The axial ratiosare 1 : 1: 1.
(if) Each of its classes has 4 axis of 1II fold symmetry.

(iii) Every form occurring in the system is a closed form and-
" therefore can eXist as a rea] crystal.

{(iv) The forms occurring in this system are unique to it as the

forms l’ke pedion and pinacoid which occursin all other -

~ systems do not occur in this system. - -
(v) It is the only system composed of classes containing more
than one axis of ‘n’-fold symmetry, wherfe n>2. . ’
Llasses Included in this System :

1. Narmal class, Holohedral class, ‘Holcsymmetric class or
Hexaoctahedral class. - It is also known as ‘Galena-type’
after the name of the mineral (Galena) which crystallises
-in this system. ; _

: "Gyr'oida_l:.‘clas§ or plagiohedral class or entiomorphic class.
Hexa-tetrahedral class, Tetrahedral class.

Deploidal or pyritohedral class.
Tetartohedral class. -~
Normal class. Symmetry elements ;.
/(i) .3-axial planes.

IR eSS X

(a) 9=planes of symmetry\ I
S ) 6-diagonal planes.
(b) 13 axes of symmetry :. ’
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- (#) 3-axis IV fold,
(i) 4-axis I fold.
. {iti) 6-axis 11 fold,
(¢) Certre of symmetry present.
Forms present No. of faces -~ Symbol
(i) Cube _ .6 (100)
(ii) Octahedron ' .8 IR ¢ § §))
(i) Dodecahedron 12 ' (110)
(iv) Tetrahexahedron® 24 ' 210(hko)
(v) Trapezohedron or 24 hH (h>1)
Tetragonal trisocta-
hedron
(vi) Trisoctahedron or _ _
Trigonal trisoctahedron 24 -~ BRL(h>D)
(vii) Hexaoctahedron 48 . - hkl

In case of cube, each face is a ‘square’ ; in octahedron each:

face is a ‘equilateral triangle’ ; in dodecahedron each face is a
‘rhombus’ ; in tetrahexahedron each face is a ‘tetragonal pyramid ;.
in case of trapezohedron .cach face js a ‘trapezium’; in trisocta-

hedron each face is an ‘isosceles tringle’ and in hexaoctahedron each.
face is a ‘sclene tringle.’ ‘ :

2. . Gyroidal class. Symmetry Elements :
No plane of symmetry.
" 13 axes of symmetry :
(i) 3-1V fold axes.
(ii) 4-11I fold axes.
(3ii) 6-11 fold axes. ‘
No centre of symmetry. : :

Forms present. All the forms of the norgial class are present
in this class except the hexaoctahedron ; in its place there occurs a
face known as Gyroid, which has 24 faces, and its symbol is (hkI).

3. Hexatetrahedral class, Symmetry Elements :

6-planes of symmetry—all are diagonal. '
7-axes of symmetry :

(i) 3-1I fold axis.
(i) 4-1I1 fold axis.
. No centre of symmetry.

» Crystal Systems and Classes

_Forms present - No. of faces Symbol

(i). Tetrahedron 4 (111

(i) Trigonal- . - .
tristetrahedron -~ = 12 i), ie, (1l I

(iii) Deltohedron or ‘ :

‘ Tetragonal- : .
tristetrahedron 12 (hhl)

(iv) Hexatetrahedron 24 (ki)

_ All the other forms of normal cléss are present. h [ :
typical forms of this class are hemihedral formsl? ere and the

4. Deploidal class. Symmetry Elements :
3-planes of symmetry.
. 7-axes of symmetry ;
. (#) 3-I fold axis, '
(#) .4-I11 fold axis.
Centre of symmetry present,

Forms present No. of faces Symbol’
(i) Pyritohedron or T2 -
Pentagonal . ) (ko) '
dodecahedron ,
(i) Deploid or 24 3
dyakisododecahedron (kL)

All_the other forms of normal class are present.

‘5. Tetartohedral or Tetartoidal class. Symmetry Elementsg .
No plane of symmetry.
7-axes of symmetry : -
() 3-II fold axis.
(i) 4-111 fold axis.

No centre of symmetry. .

Forms present No. of faces Symbol
(i) Tetrahedron ' 4 (111)
(ii) Pyritohedron .12 (hko)
- (i) Trigonal tristetrahedron 12 (hlly.




124 , o A Text-Book of Geology

() Deltohedron 12 N CONE | . Crystal Systems and Classes 125
} Tetartoid or 12 B - (kD) - .
) TZtZrtohedral-Peﬂt..a' " : ’ - W 11TV ifold azis.
gonal-dodecahedron o - (i) 4-11 fold axeés.

Besides forms like cube and dodecahedrorj'ar'e present.
Tetragonal system. There are seven symmetry classes under
this system as :

3. No centre of symmetry.

. Forms Present, All the forms of the ‘normal class except. the o
Ditetragonal bipyramid are present in this class, in its place there is -

L - - ' : ‘ a tetragonal trapezohedron, whi ins eight. i
(a) {*I_o:mal class, D_ntetragonal, dlpyr_armdal class or Z:rcop symbolgis (kD). pezo é rén __w fch .contams eight faces and §ts
ype.. : . o
(b) Tetragonal trapezohedral class or trapezohedral class. (c) Ditetragonal pyramidal class. -Symmetry Elements :

" (¢) Ditetragonal pyramidal or Hemimor;.)hic class..

- @ Tetrdgonal-dipyramidal or Tripyramidal c.:lass.

N . (e)' Tetragonal scalenohedral class qr Sphenolldal cla'ss.

i ) Tetragonal pyramidal or Pyramldal-Hemlmorphlc class.
1‘ (2) Tetragonal disphenoidal or Tetartohedral ‘class. .

(1) 4-planes of symmetry.
(2) 1-axis of IV-fold symmetry (vertical axis).
-(3) No centte of symmetry. -

All the forms except the prisms of the normal class are repre~ '
- sented by half the number of faces (of the corresponding forms)..

| ) Normal Class. Symmetry Elements : o ‘Therefore the typical forms of this class will be :°
\‘v‘ ; (1) 5-planes of symmetry : S _ _ : Forms present - No. of faces . Symbol
‘\‘:‘l‘ o ' (i) 4-vertical (of which 2-diagon§1 and 2-axial). , (1) Pedion = - 0’1 -001
‘\“ ‘ . (if) 1-horizontal plane.. . . o 2) Tetragona)l pyramid 4 » * - hhl
b ’ ' 1st order -
R © (2) 5-axes of symmetry : : . ( .
i (2) >raxcs ob sy . . : (3) Tetragonal pyramid 4 . hol
L : (i) 1-1V fold axis. o 7 (2nd order)

it © (i) 4TI fold (of which 2-axial and 2-diagonal).

(4) Ditetragonal pyramid 8 hkl
;i I (3) Centre of symmietry present. :

d) Tetragonal-dipyramidal class. Symmetry Elements-:

C Ly Forms present- - No. offaces‘ Symbol ) )
N o g 2 001 (i) 1-plane of symmetry (horizontal). E .
L ’(1)) Basal Iinzaco(; . 110 (ii) 1-axis of IV-fold symmetry (vertical). S
i (2) Prism-lst oréet y : " (i tre of symmet resent. — : 3y
8 (3) Prisr-2nd order - 4 100 (iif) Centre ol sy Ty pres . ‘ : L
@ Ditetragonal-prism 8 * - hko , ~ Forms present 'No. of faces | Symbol | o | E
¥ '. © (5) Tetragonal bipyramid 8 (k) (i) Tetragonal-prism 4 - hko - . v
;‘}\ (Ist order) (hol) _ 11Ird order o b
%1'\ 6) '{;tge;goncf.l bipyramid 8 0 _ : ) Tetragogal?bipyramid 8 5 (hkl) _ N
z nd) order Co I1Ird order * ' ' ’ L
il . . . ’ hkl). : . : L
| '\‘.‘\l - Q) - Ditetragonal blpyra:m: l16 ; . El(emezxts ‘ Alonlg with the abotve( two t)trpi;al fg;trtr:lé,ézlol nt:le grtlt;z fg;r(r;s tgg '
! y hedral class. Symmetr o rmal classes present (except the aitel EiSI ‘ L
1“,:{} {b) Tetragonal trapezo T ‘. _ i g;':’tetragonal bipyramid). As this class consists of pyramids of Ist, : I
M v 1. No plane of symametry : - 2pd and 3rd order, it is known a8 Tripyramidal class. ‘ : : o {‘
l\‘* ' 2. S-axes of symmetry. \ ‘ t _ S (¢) Tetragonal scalenohedral class, Symmetty Elements : \ ‘
‘) L | (i) 2-vertical-diagonal planes of symmetry. {;
ii ] ' / 1
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(ii) 3-axes of II fold symmetry.
(iii) No centre of symmetry.

All the forms of the normal class are present heré, except the

tetragonal bipyramid and  ditetragonal bipyramid, which are

substituted by the following two typical forms : -

‘Forms present No. of faces . Symbol
(i) Tetragonal sphenoid 4 - k (hhl)
. (i) Tetragonal :
¢ scalenohedron 8 (ukl)

(f) Tetragonal pyramidal class. Symmetry-Elements : -

(i) No plane of symmetty.

(i) 1-vertical axis of IV-fold sy;nmett_y.
(iii) No centre of symmetry.

Forms present No. of faces Symbol
(i) Pedion - ' 1 . 0l
(ii) Tetragonal prisms : |
Ist order 4 110
2nd order .4 _ 100
3rd order 4 . hko

(ifi) Tetragonal pyramid :

1st order 4 hhi
2nd order 7 4 . hol
"3rd order 4 hkl

In this class, all the forms excepting the prisms are represented
by half the number of faces of the corresponding forms of normal

. class, and in the 3rd order pyramid it is in regpect of the form of

the tetragonal-dipyramidal class. ‘ _ ;
(g) Tetragonal disphenoidal class. Symmetry Elements :
(i) No plane of symmetry,

- - (i#f) 1-axis of rotary inversion of four-fold symmetry.
_ (iif) No centre of symmetry. )

" Forms present No. of faces Symbol
“Tetragonaldisphenoid : N
. 1st order » 4 hhi
2nd order 4 hol

3;d order 4 ' hkl
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Other forms like tetragonal prism of 1st, 2nd and 3rd ofder
-and basal pinacoid are present.

Hexagonal system, This system consists of the highest number
of symmetry classes, i.e., 12 classes. They are conveniently grouped
into two divisions, namely : :

(1) Hexagonal-division. -

(2)  Trigonal-division. : v
. _Sevén symmetry classes have been included in the Hexagonal
-division and five are grouped in the Trigonal division. .

"Hexagonal division. The se

xagonal ven symmetry classes as included
ander this division are as follows .

Normal class or Dihexagonal dipyramidal class.
Hexagonal trapezohedral class.
Dihexagonal pyramidal class.
Ditrigonal dipyramidal class.
Hexagonal dipyramidal class.
Hexagonal pyramidal class.
" Trigonal dipyramidal class.

NS h W=

(1) Normal class. Symmetry Elements :
(i)‘ 7-planes of symmetry ¢

!-hnrizontal, 6-vertical planes of which three are axial
aud three diagonal. -

{ii) 7-axes of symmetry :

1-VI fold axis of symmetry, 6-II fold axes of symmetry,
(iif) Centre of symmetry present. ‘

Forms present “ No. of faces Symbol
(@) Basal pinacoid 2 0001
(b) - Pﬁism of the Ist order 6 1010
(¢) Prism of.the 2nd order 6 1120
(d) Dihexagona!l prism 12 hkio
(¢) Bipyramid-Ist order 12 (ho 1)
{f) Bipyramid-2nd order 12 (hh 201 1)
() Dihexagonal bipyramid 24 (hk il)

In the above case, ‘h>k" and h-k=—i
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2. Hexagonalvtrapezohedral class. Symmetry Elements :

(i) No plane of symmetry.

(i) 7-axes of symmetry : 3 -
‘1-vertical axis of VI fold symmetry’, 6-axes of II fold
symmetry. ‘ ' -

~ (fii) No centre of symmetry. L
. All the forms of normal class are ‘present here, excepting the:
dihexagonal bipyfamid, in its place, there occurs.a _‘hexagonal.
traﬁaezohedron’ ‘having 12’ faces and its symbol is (ki ). '

3. Dihexagonal pyra_midal class. Symmetry Elements: -
(i) 6-planes of symmetry. '
(i) 1-axis of VI-fold symmetry.
. i#;) No centre of symmetry.

Al ihe forms of the normal class are present in this class, but
they are represented by half the number of faces of the correspond-

ing forms of the normal class.
4. Ditrigonal dipyramidal class. -Symmetry Elements : '

(i) 4-planes of symmetry, ‘of which one is ‘horizontal and.
three are vertical. S

(ii) 4-axes of symmetry :

" 1-axis of 1II fold symmetry, 3-axes of 1I fold symmeiry., '

_ (iil) No centre of symmetry. *

Forms present » No. fo faces.  Symbol
(@) Trigonal prism 3 , 1_0-1 0
(b) Trigonal pyramid ' 6 - 1011 (ho I
(c) Ditrigonal prism 6 hkio ’
(d) Ditrigonal pyramid 12 (hk i)

Excluding these forms, other forms of the normal class like:
hexagonal prism and pyramid of second order and basal pinacoid.
also oceur in this class.

5, Hexagonal dipyramidal class. Symmetry Elements : :
(i) I-plane of symmetry (horizontal plane).
(ii) I-axis of VI fold symmetry.
(iii) Centre of symmetry present.

. I_n this cla§s, all the forms of the normal class are present.
- excepting the dihexdgonal prism and dihexagonal bipyramid ; in,

| Crystal Systems and Classes
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thei
eir place two other forms are present as hexagonal prism-HIrd

Ofr d H 5
er {6 faces with symbol Ak i0) hexagonal pyramid of IIlrd order

(_12 faces with Symbql hk i ]), respectively.
6. Hexagonal pylfaniidal class. Symmetry FElements :. :
() No plane of symmetry. '
(u ) 1-axis of VI-fold symmetry (vertical).
. (it} No centre of symmetry.

_ Here, in this class, f. i ‘ |
ord s , forms like hexagonal prism 1st,’ '
er and hexagonal pyramids of 1st, and gndm3r§ Bl?cll]e(i' z:xl;cii 2]‘;3

pedion is present. But, it i
: . , 1t is to  be kept in mi €
pedion all the other forms are representgd by s?:](l-lf]‘:éetsl.lat exocpt the
) T.rigonal dipyramidal class. Symmetry Flements :
(1) 1-plane of symme_trj (horizontal). o o
(.Z‘l ) l-gxis of III fold symmetry (vertical).
{ili) No centre of symmetry. o o

The characteristic forms of this class are the three types of

o tri L OF
rigonal- prisms and the three types of trigonal pyramids :

(@) Trigonal prisms -

Ist ordgr _ 3 faces 1010

20d order 3 faces 1120

3lrd.order 3 faces hkio.
(b) Trigonal pyramids ' |

1st order 6 faces (ohl)

2nd order 6 faccs (hh 2h1)

3rd order 6 faces . (hkiD)
(¢) Basal pinacoid: ~ -~ o

' 2 faces . 0001.

The characteristic symmetry of hexagonal "division_is 1-axis

f VI- : . ; g
(s)yu‘g] :‘::;1 symmetry or fotary inversion axis of 'VI fold

Trigonal division. All the crystals of the trigonal diviSion #re

characterised by a vertical axis
charas of three-fold s is divisi
includes five symmetry classes as follows : ymmetry. ‘Thls lelSlf’ﬂ

I. Rh'ombohedr'al or Hexagonal Scalenohedral class.
2. Trigonal-trapezohedral class. ’
3. Ditrigonal pyramidal class.
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‘4. - Tri-rhombohedral class. , _
5. Trigonal-pyramidal class or tetartohedral class.

" 1." Rhombohedral or Normal class. Symmetry Elements :

@) 3-verti¢al,‘diagbnal planes of symmetry.

(ii) 4-axes of symmetry, of which 1-axis is of three-fold -

symmetry, and the three horizontal axes are of 11 fold
symmetry. S .
 (iif) Centre of symmelry present.

In this class, all the forms of the hexagonal division are present
except the hexagonal pyramid of lst order and dibexagonal bipyra-
mid ; insteaa two other ferms present are as follows :

(hohl)

(@) - Rhombohedron ' i 6 faces
(hkil) .~

- (b) Scalenohedral 12 faces
‘2. Trigonal trapezohedral class. Symmetry Elem.nts :
(i) No plane of symmetry.. ' . _
(ii) 4-axis of symmetry, of which one axis is-of I1I fold
symmetry and the rest three are of 11 foid symmetry.

(iii) No centre of symmetry. '
The characteristic form of this class is the trigonal-trapezche-
dron, which has six faces and the symbol is (hkil). Besides, there

are hexagonal prism {st order ; trigoual prism (hh 27 0) having - three

faces ; Ditrigonal prisin-6 fuces (hk'i o), Rhombohedren, lst order

(6 faces. ho h 1), Trigonal bipyramid 71nd order-6 faces (hh 25410 ; and °

‘basal pinacoid (0001). . : ‘
" 3. Dirigonal pyramidui ciass. S ymmetry Elements :
(i) 3-vertical, diagonal planes of symmetry..

(if) 1-vertical axis of Il fold symmetry.

(iii) No centre of symmetry. :

Forms present No. of faces " Symbol
" {a) Pedion i 0001
(b) Trigonal prism 15t order 3 - 1010
(¢) Hexagonal prism (2nd-order) - .0 "~ hh2ho
(d) Ditrigonal prism 6 - hk i o
{¢) Hexagonal pyramid | .6 :
(hh 20D

(hémimd'rphic) (2nd oxder) -
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(f) Trigonal pyramid (hemimorphi ho BT
v rphic) 3 ‘

(g) Ditrigonal pyramid = 6 oD

(hemimorphic) e (hkil)

Tbese are the forms present in this class.
- 4. Trirhombohedral class. Elements of symmetry :
(i) No plane of symmetry, o
(i) 1-vertical axis of III fold symmetry.-
(iii) ._Ce,ntre, of symmetry present.’ '

_ This class consists of forms like basal pi i "
i : sal pinacoid
prisms of Ist, 2nd and 3rd order, which are llJlavi:glﬁ-ia‘g::i lgf;g?.ﬂ

- there are also thombohedrons of 1st, 2nd and 3rd order having six-

fgces each. Pyramids are not occurring in this class.
S. Trigonal_ pyramidal glass. Symmetry Elements :

(i) No plane of symmetry. -
. (i) 1-axis of I1I-fold symmetry.
(iii) No centre of symmetry.

.are:

(a) V¥ rigqnal pyramid No. of faces Symbol
1st order o 3 face - (ho{;l.)g

2pd order 3 _face ' (hh2h 1)

| . 3rd order R 3 face. . (hkil)

 (b) Trigonal prism : : S

1st order " 3face 1010

Zpd -order ' _ 3 face ' llt2_0:

3rd order 3 face _ hkio
Ac) Pedion : - o S

1face . 000l

his Sy(s)i‘.l:Il;lo:Il;()sl:i]b]lJc system. It is customary to orient a-.crystal of
s mystom in 8 C t‘a way_thgt b'_-ax1.s is greater than ‘@>-axis. There
fs, 2 di sg ¢ of opinion regarding the relative length of the

; some crystallographers follow the “convention™ c>>a>b,

“wh
whereas other prefer ¢c>b>a. But all: choose the length' of the

b’-axis 1 241n3
éxisxgngih‘;qué _Inofhx‘s system the ‘b’-axis is known as ‘Macro
Xt 23 "Brachy axis’. _ There are. three‘ symmetry” -

- <lasses in this system as follows :

‘All the forms occurring in this class -are. hemimorphic. They
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1. Normal class or Orthorhombic dipyramidal class.
2. Orthorhombic pyramidal class. -
3. Orthorhombic disphcnoidal ;lass.
1. Normal class. Symm:tfy Elements :
=3 axial plane of symmetry.

(a) Plane. of symmetry
3 axis of II fold symmetry.

() Axis of symmetry=
(¢) Centre of symmetry=Present.

Forms present . No. of faccs ~ Symbol
(i,)'Basal pinacoid ’ 2 001 -
“(ii) Brachy pinacoid 2 © 010
(iii) Macro pinacoid 2 100 »
(iv) Prism - 4. 110, i.e., hko
Q) Brachy dome 4 okl
(vi) Macro dome - 4 _ hol
' -8 hkl

. (vii) Bipyramid
2. Orthorhombic pyramidal class.

(@) 2-planes of symmetry.
- (b) 1-axis of 11 fold symmetry. - -
{c) . No centre of symmetry.

v Form‘é‘»like brachy-pinacoid, macro-pinacoid and prisms are
occurring in this class and other forms like basal : pinacoid, brachy-
dome, macro-dome ‘apd pyramids are represented by haif the
number of faces of the corresponding foras of the normal class.

Symmetry Elements :

3. Orthorhombic disphenoidal class.

_ (@) No plane of symmetry.
(D) 3-axes of II fold symmetry.
- (¢) No centre of symmetry.

Symmetry Elcments :

All the forms of the. normai class except ' the 'bipyramid are
. of the bipyramid, there occurs a

resent in this class. In. place )
gisphenoid, consisting of four faces with the symbol (hkD).

Monoclinic system.' . Of thé three crystallographic axes of the
Monoclinib system, the “p* axis known as the ‘Ortho-axis,” and the

_ <g’-axis which rans up and away from the observer is known as the
‘ciino-axis’. : '

_This system consists of three symm

) Normal or Prismatic class.
A3)- Sphenoidal class.. - -

gtry'classes as:
(2) Dometic class.

Crystal Systems and Classes

-1. Normal class, Symmetry Elements :
- (i) 1-plane of symmetry., ‘ .
'_ (u) 1-axis of II-fold symmetry
(nf) Centrerof symme:try presen;.

Forms present : :
No. of faces

. {a) Basal pinacoid - Symé_al
(5) Ortho pinacoid 2 0ot
- {©) Clino pinacoid 2 100
(d) Prism 2 010
() Ortho dome ’ ; - hko .
o . hol
(f) Clino dome W t: b-axis)
- (8) Pyramid (hemfmorphic) P I‘:II:II

» D.omauc or %ghedral class. Symmetry Elements :
(.x.) l-plar, *y (ac-plane). - B

fu) No ax$ of symmetry.

(iif) No centre of symetry.

For, ]
ms present No. of faces - Symbol

{a) Basal pinacoid oo :
(®) Ortho pinacoid ! ' %00

() Clino pinacoid 1 100
‘(d) Ortho dome N 2 - 010
(¢} .Hemi clinodome : . 1 ) hol
- «f). Prism 2 okl
{g) Pyramid o _ ; . ﬁko
' : : -hkl.

'3. Sphenoidal or Hemimorphic class. Symmetry Elements :
(@) No plane of symmetry. | ' .f
(b) 1-axis of II fold symmetry.

() No centre of symmetry.

Excepting the forms like Basal pinacoid, Orthbpin_acoid and

ortho dome, other form
o me, r s are represented by h:
of the.caorresponding form of the normal cliss.a“"l'tl:l:ynal:?::li'gltl.ggs‘

Forms present
No. o .
(i) Sphenoid _ f faces . Symbol
(ii) Prism . 22, o hkl
' _ hko
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(i) Clino pinacoid - : 1

} 010
(iv) Clino dome - 2 okl.

The pyramid of the normial class, is substituted in this class by
the sphenoid. _ ' S . C

Triclinic system. _For a crystal of this system, the orientation
can be 2 matter of choice. To orient the crystal, any axis is placed

vertically, the Ionger lateral axis is made to. extend downwards to
the right and the front-rear axis downward to the front.  The angle

between ‘@’ and ‘b’ axis is denoted by 4P between ‘¢’ and ¢’ axis’ .

by ‘@’ and between ‘b’ and ‘¢’ by ‘@>. Usually ‘@’ and ‘b’ axis are SO
choosen that the ‘@’-axis becémes the shorter axis and is known as
is is known as “Macro-axis’..

This system includes two symfnetry classes as :

L " Normal or Pinacoid class. . » o
2. Asymmetric or Hemihedral or Pedial class.

1. Normal class. Symmetry Elcments :

(@) .No plane of symmc{ry.'
(b)) No axis of symmetry.
(¢) Centre of symmetry present. '

' All the forms of this class are pinacoids. | ‘
class includes two faces paraliel to one another-and symmetrical with
reference to the centre of symmetry. The forms present i this class
are -the basal pinacoid, brachy-pinacoid, ‘ortho-piraccid, prism,
macrodome, brachydome and pyramids. _ ’

2. Pedial class. Elements of symmetry :-
(t_z) No plane of symmetry.

v (b) No axis of symmetry.
{¢) No centre of symmetry.

In this class all the forms are pedions,
represented by one face only. Hence this class i

class. .

s known as Pedial-
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Each form of the |

i.e., the forms are

| . CHAPTER 29 _
'CRYSTAL HABITS AND TWINNING

The crystal habit of 2 mizeral isa term us,ed-to' dendte the

v::;ig:eif:é’:el:’spftnéﬂtthof faces and forms in its crystals ; in other
5 o the form or combination of forms . commonly

- occurring in crystals of that mineral.

. gm:gl;efnwt::tei exltef:‘mal form of a crystal is column-like, bounded by
when & crystal ca laCeS, it is said to have a prismatic habit. Similarly
1tis said t)é 05??13 ays .maximum development of pyramidal fac’:cs:
taper at twopo ~eSS;thmlmda1 _habit and pyramidal crystals usually
o becassiocs)‘f et ;:c(ljs. Vthenever a crvstal shows prominent flat
otystal beeomes rabulan evelopment bas_alv plane the ’lhabit of the

to crygt:i':tgll: a_occgr in 2ll possible sizes from the merest microscopic
in habit is due fgrtl; g1n tens of metres in diameter. . The variations
crys tallisation inclufi isrlxgn;)?::snt variations in the conditions attending
T ’ - 1 : i
tity of foi‘ei_gn material ure, temperature, quality acdfor quan-

sh owsI;irlnsiI;Sga]-b; lol_‘ljsef"’ed that crystals of a particular ieral

same faces the:g Sisaa \?i?f'}!csr,ezm in certain case, even though there are
. Py . ) ce in ¢ ] i H ‘q :

b_ucause of the differential deve]opmen?ztfa:h: ?’:::'e"s which is maioly

Twinni '
spocies n::;lll:ghw'g;v]o or morecrystals of the same or related mineral’
parts are in rev es intergrow in such a way that the individual
“tinned ,e’rse position to each other. Sach crystals are called
ed-crystals’. Sometimes, it also.appears as if one-half of the:

twinned crystal is produ i e
axis commrn to bgtb. f:ed by rotatxop of 180°, about some crystal’

Twinned cryst i ' '
ystals are characterised by ‘re-entrant’ angles, and

(a) Twin-piane, - It is an imagina; <
. - AN 1maginary plane which divi F'win-
crystal mth two halves such that one-halflzs, a reﬂelcctio(riluc,;‘(‘i :ﬁea ottvlvllel:".

() Twin;axic It is an imagi e o
i B aginary 1 bout whi . .
necessary to bring the twin to its ﬁntw%n?;;at: t which rotation is
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E Twinning-éentre. When twinning is defined with respect to
symmetry about a point, the referred point is called the ‘twin-centre.’

(d) Composition plane. i'l'hq. plane by which the component
crystals of a twin are joined is called the composition plane.

A twin plane is always.a possible . crystal face and the twin axis ‘

is normal to it. The composition plane usually but not necessarily,
coincides, with the twin plane ; when not qoincident, the two planes

are mutually perpendicular.

Typesof twins : -

(1) Contact twin. It éo_nsists of two halves united by composi=
tion plane such that one part is the mirror image of the other, e.g.,
‘Orthoclase’. . . ‘

(i) Penetration twin.  Here the tvﬁn_ appears as .if the indi-
viduals were crossing each other. Staurolite, pyrite, fluorite etc. show
this type of twinning. : .

In case of pyrite, this twinning called ‘Iron-Cross’.
(iii) Repeated twin .-

- (a) Polysynthetié or Lamellar twins. Here the twin - plz'mesv
arewparallel to each other, e.g., plagioclase feldspars, -calcite etc.

(b) Symmetrical or Cyclic twin. Here the twin plane does not

~ -remain par»llel but tends to produce circular forms.as in spirel, rutile

etc. Such twinning imparts as apparent symmetry of higher grade

than that of the individuals and accordingly this is also known as

mimetic-twin. .
e.g., Aragonite appears to be hexagonal.

In case of rutile, the cyclic twin is known as ‘Geniculatc-twin'.
In case of Gypsum, it is known as ‘Butterfly-twin.

']mpprﬁnt Minerals and their Characterisfic Twins :

1. Carlsbad twin Twin plane (010) Orthoclase and
‘ - i.e., clinopinacoid ~ plagioclases
_2. Baveno twin . Twin plane (021)‘ - —do—
’ i.e., clino dome
‘3, Manebach twin  Twin plane (001) - —do—
o i.e., basal pinacoid
4. Swallo-tails - © Twin plane (100) Gypsum

i.e., orthopinacoid

«Crystal Habits and Twinning

5. Pericline twin '

6. Albite-twin

or Polysynthetic

twin -

1. Cyclic-twin

or Mimetic twin
8. Maitese-cross

9. Skew-twin :

10. Geniculate twin

.‘fll. Iton-cr'oé’s :

. Thus twinning serves as a useful means of identifying certain
" wminerals. '

Composition plane .
is (010), and b-axis
is the twin axis

Twil;_plane is -
(010), i.e., the brachy

. pinacoid

Twin plane is (110), i.c.,
prism face. :

Twin plane is (oki),‘i.e.,'

" brachydome

“Twin plane is the

- pyramidal face, i.e., (hkl)

Twin face is (101)

Octahedron face is the '
twin plane

. Plagioclase
Plagioclase

* Aragonite
Staurolite
Staurolite

Rutile
Pyrite.
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1. Optical mineral‘ogy.
2. Propertics of minerals.
3. Study of mineral groups.
—Feldspar,, - —Quarz,
—Amphiholes, - —Pvroxenes, .
—Chlorites. —Micas, -
- -—Garnets, ~ —Carbonates.
OPTICAL-MINERALOGY

Principles of optics.  In the context of optical mirera’lpgy. it
includes refraction. double-refraction ard total internal reflecticn.

- (i) Refraction. - As we know. when light passes from one’
medium to another. there is, in general, an increase or decrease in
its velocity results and accordingly there .is also a change in the
direction of its propagation. When light travels from a rarer to a
denser medium, it is bent towards the normal on entering the latter
and vice versa. :

Refractive index is a ratio between the sine of the angle of

incidence and the sine of the angle of refraction, which is always a

consta~t for the two media concerned. The index of refraction

depends upon the nature of the substance and the kind of light ‘?Sedv
and increases with density and decrease in wavelength. Thus, since
the wavelength of red light is greatest and that of the violet light is:
the least, the index of refraction for the violet light is greater than
that of the red. The difference of R.I. between red and violet light:
is called ‘Dispersion’. : .

Methods of determining the . refractive index. I There are_several

methods of determining the refractive indices of minerals as follows :

(a) With test liquids (Immersion method), .
_(b)_ By Prism methods, -

Mineralogy

(c) By Refractometers, and
(d) By Polarising Microscope.

In case of 'determining the refractive index by _polarizing-; a
" microscope, the relative index of refraction of a mineral with respect
.- to the immersing medium—The Canada Balsam ;. or the two-

adjoining minerals in ‘contact is determined. The methods
commonly employed, are as — » . ,

(@) Central illumination or Becke-line method.
(b) 'Obliq'ue illumination mechod.

(@) Becke-live method. The principle involved is the total

reflection of light incident at more than the critical angle when
passing from a mineral of greater index to that of a lesser index In
thin section. Accordingly a  portion of the beam is deflected
towards the mineral with greater index which results in a thin band

of light visible just inside the boundary of greater index. This band
of light is called the Becke:line, which moves towards the miineral:

of greater refractive index when the microscope-tube is slightly

. raised and the reverse effect is produced when the tube is lowered.

(b) Obligue-ilamination method. Oblique illumination is made

by cutting off half of light by using a finger or card below the. stage..
Thus half of the field remains iJluminated and one side ofthe

_mineral will be dark and thz opposite side lighted. It has teen
.observed that of the rays pass from a mineral of higher index into a
mount of lower index, they are concentrated by refraction and form
a light band, if they pass from the mount of lower index into the

higher mineral they are spread out by refraction and so produce a.

shadow. In general “‘if the shadow appears on the side away from

‘the dark half, the refractive index of the mineral in question is-
. greater than that of the adjoining medium and vice versa”

(if) Birefringence. Excepting minerals which crystallize in the
isometric system or are amorphous all the minerals are anisotropic
i.e., a ray of light striking the surface normally or obliquily, breaks

. into tworays vibrating along planes which are perpendicular to each
~other. These two rays travel with different velocities and are

differently refracted. Both of these rays are plane polarized, in

" other words they vibrate in definite directions or 'in definite planes.

Such a phenomenon whereby there occurs a division of the refracted

~ light into two rays is called ‘Double Refraction’. -

If a transparent calcite rhomb is placed over a dot, two images '
-of the dot will be seen while observing from upwards. Moreover on

rotating the crystal one of the images remain stationary, while the
other moves around the stationary image. The stationary image is

‘called the ‘ordinary image’, produced by the ray called -ordinary ray

which has passed through the crystal as ‘if .it were an‘ isotropic
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medium. The other is known as the ‘Extra-ordinary’ image produj:e
by the Extra-ordinary ray. . B

* The extraordinary ray vibrates in a plapne containing ‘c’-
crystallographic axis, #e., within the principa} section and the
ordinary ray vibrates perpendicular to tbe principal section.

In every anisotropic mineral there is a direction in ‘which both

the extraordinary and ordinary ray travels with the same velocity.-

This direction is called the ‘Optic axis’. In an anisotropic mineral

. the velocity of ordinary ray is constant for all directions but that of -
" the extraordinary ray 'vari? with direction, becoming minimum or
t ,

maximum at right angles td the optic axis.

- Birefringence is a measure of the difference between the
maximem and minimum refractive indices of a particular mineral ;
in other words, it is the difference between the refractive indices of
the two-rays, i.c., extraordinary and ordinary ray. Calcite shows the
highest birefringence, which is 0142, because the refractive indi_ces of
the extraordinary and ordinary rays are 1°516 and 1658 respectively. .

According to the number of directions along which no double

Tefraction occurs, anisotropic minerals are classified into two

:groups :

(a) Uniaxial minerals. Minerals of teragonal and hexagonal
system.which possess only one optic axis. -

'_(b) Biaxial minerals. Minerals of the _orthorhombic, mono-
clinic and triclinic system possess two optic axes, along which no
double refraction occurs. ’

Birefringence also determinés the dptjc- sign of the minerals.
“In any mineral if the extraordinary ray is faster than the ordinary
tay, i.e., the refractive index of the ordinary ray is more than that of

-the extraordinary ray, the mineral is said to be negative.” Similarly

when the ordinary ray is fast, i.e., the refractive index of the extra-
ordinary ray is greater than that of the ordinary ray, the mineral is
said to be positive. Thus Calcite is optically negative and Quartz is
.optically positive. ' S :

Birefringence of some common minerals are as follows :-

Quartz  =0009, Orthoclase =0'008,
Kyaniie =0016, o Tourmaline=0°02,
~ Zircon =006.

Birefringence is used in determining the thickness of the

the interference colour,

Tt has also been observed that greater the birefringen_ce, higher

' ® . ‘
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The minerals showing double refraction are also called as-
birefringent minerals. ' ' :

Nicol prism. This isa dév,ice to produce and analyze polarized:

light through the principle of double refraction. It consists of a

rhombohedron of calcité whose length is thre¢ times. the breadth.
The top and bottom surfaces are ground down to give an angle of

. 68° with the long edge. The block is then. cut along the smialler

diagonal and cemented together again with the help of a layer of
Canada Balsam whose refractive index is 17537, which acts as a
rarer medjum for an ordinary ray (R.I. 1°658) and a denser medium
for the extraordinary ray (1°516). "Since the ordinary ray travels.
from denser to rarer medium, it is totally internally reflected, as it.
is so arranged that the angle of incidence at the Canada Balsam:
layer is greater than the critical angle for the Ordinary ray. But in
case of extraordinary ray, since it travels from rarer to denser:
medium it passes-through the nicol with little deviation and. vibrates
parallel to the short-diagonal of the crystal.

These are called nicol prisms which are used in the .petrological
microscopes both for producing and analyzing the polarised light.
and thus aids in the identification of minerals. :

PLEOCHROISM .
It is an important optical properties of minerals in thin-

section, in which the chamge in quality and quantity of colour is'.
observed on rotation of the stage through an angle of 90°,

: The colour shown by a mineral in this section results from the
absorption of certain ‘colours’ (wavelengths) from the incident

white light ; the resulting transmitted light being complementary in

colour to that absorbed. Thus pleochroism is defined as the varia- -
‘tion in colour resulting from differential absorption of wavelength in

different directions.

. 1. Isotropic substances. In isotropic substances, the absorp-
tion of light is same in every direction and there is no variation of
intensity acd colour of the light during the rotation of the stége.
Accordingly isotropic substances are non-pleochroic. .~ .

2. Anisotropic substances, These minerals show distinct
. .pleochroism; but it depends on the crystallographic orientation of -
- the section cut from the mineral. Different sections of the same

mineral show different degre of pleochroism. -

(a) Uniaxial minerals. -Basal = sections of (tetragonal and

hexagonal) uniaxial minerals are isotropic ; only prismatic sections

show pleochroism. The greatest degree of pleochroism occurs when

“the crystallographic direction' of the section are either parallel or

purpendicular to the vibration plane of the polarizer, in other words,
coicides with those of the ordinary and extraordinary rays. Thus.
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,.tge pleochroism is seen only in two directions and accordingly .

: i ‘dichroic.’ :
-minerals are said to be ic. . et at
jaxial minerals. Ifa section of biaxial mineral,
ight '(Zlg?;:x to an optic axis be exagmned ; it wxl!fbebfo;nvcl tl;zt t::;
l-ltfsorption is the same in every direction, and it will behave 2
al ] . : |
jsotropic section. o I
: i iaxi he variation- ©
gections .of the biaxial qnne_rals,_ the of
Inoggxl:: according to the three optic directions XY ai?gnzoi"
colort. h ‘X’ is the fastest and ‘Z’ is the slowest direc ;) n of
-a-inv:r‘rllliision of light. Thus absorption is three-fold in biaxia

minerals and biaxial minerals are, g,herefore, known as trichroic.

1t should be noted that pleoéhroism is the property of coloured

minerals only but all coloured minerals are not pleochroic. ln
mi

colourless minerals there is no question of pleochroism.

. . . 4
~hrol oes. These are circular  areas aroun

i glﬁiz;::l:;gﬂs,hﬁhich are dark *1 coloured than the relmqmcier ;):

mint 2t and commonly exhibit pleochrmsrq. Tl}ei- inclusions, o
e Oy s are the product of radioactive disintegration an

' :ﬁ:;fselflzsse:’re radioactive and produce the ionisation effect on the

surrounding portion. S . a‘
?]eochroic haloes are observed in muscovite, biotite, tourm

0y dl E 2 7 td

‘haloes, however, are destroyed above 500° and thus help in deter-

‘minirg the upper limit of formation of suph minerals.
' EXTINCTION

When the vibration directions of the ordinlzlx_r%z t gﬁc}l‘ee\);i%?gtriccl);
s of an anisotropic mineral are paralle 3
gire)éﬁgagss of the nicols in a petrological micrescope, ngr ;;gshl; gzzgﬁ:
i 1 is said to be in extinction. . 1m
the &)8 Ane gt whi he polarizer also passes the
t that light which can pass the p _also ses |
ﬁxfi;‘:afiagut is stogpped by the analyser, as 1'§r ll;_as a gl_bga;tlxeon% gxrggg;r;
: : i ; en
icular to that of the. polarizer.. 1his p :
?ggrf’e?ic:rlles during the rotation of the stage of the mlcroscogz i(ctotiz
thin section) through an angle of :36¢° under crosse :

position. o o
An isotropic mineral is always in the position of extinction

“between crossed nicols. In. case of anisotropic minexiiil,Ottll;:rtvg;
adiacent positions of extinction are separated from eac

90", | ,
There are four types of extinction as foliows :

i inction, - tio darkest when
). Straight extinction, If the section becomes darke .
its len(;zzh (which is usually parallel to c-axis) or a prominent cleavage

E

) . and

- these colours are known as interference colour.
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direction is paraliel to any of the cross-wires, the éxtinction is
‘straight or ‘0°*. » ' ' o

(ii) Obliqgue or Incliped extinction, When a imineral is in
extinction with the cleavage or crystal boundaries lying oblique to
the planes of vibration of the two nicols, i.e., inclined to the cross-
‘wires, the extinction is said to be ‘Inclined or Oblique.’ All the

Biaxial minerals (Orthorhombic, monoclinic, triclinic) show oblique
-extinction. :

(iii) Symmetrical exinction. . This type of extinction is shown
'by minerals  with squarish outline or rhombic cross-section. In this

. case the mineral section extinguishes with the planes of vibration of

the nicols being parallel 10 the diagonals of the rhombic pattern.

(iv) Wavy or Undulose extinction. In this case it appears as a
band or series of bands of darkness crossing a single crystal unit
during rotation. It may be owing to strain in - mineral,. that the
mineral fail to extinguish completely. Quartz often shows wavy

' _-€xtinction.

- Extinction angle. The angle between a crystallographic direction
the position of maximum extinction is called the extinction.
angle. Ordinarily the angle is measured with reference to cleavage
direction but in the absence of cleavage, crystal outline, prominent

-crack, twin plane etc. are taken into account for the measurement of

extinction angle. ",

_ Interference colonr. . Anisotropic minerals- in positions inter-

‘mediate between the positions of extinction show some -colou:s

whi_ch is the outcome of the interference of the two rays of light
having the same vibration plane (after their ‘emergence from the
analyzer) but one is retarded with reference to the other ; accordingly

These colours depend upon the thickness of the mineral
section, birefringence of the section, crystallographic orientation

_ -of the section etc.

[Note. Ordinarily a section is 0'03 mm thick].




CHAPTER 31
SIMPLE POLARISING MICROSCOPE
L ¢ - -

It is an optical device used to study minerals and rocks in thin -

sections. It makes use of polarised light for the puspose of identifi-
cation of minerals. It is equipped with the following mechanical
and optical parts: : v ‘
1. Mechanical parts :
(a) Base or foot.
(b) Pillar, attached to the base.
(¢) Joint for making the upper part of the microscope inclined.
(d) Arm, attached to the upger end of the pillar.

(¢). Tube, attached to the upper part of the arm, about 10" in
length with slots for inserting certain optical devices, such
‘as mica plate, gypsum plate, quartz-wedge etc.
(f) Stage, which is a circular disc with a hole in the centre.
: above which the mineral section, i.e., the slide is clipped.

(g) Adjusting screws, the tube can be moved up or down by

means of two screws known as Coarse and Fine—adjusting.

SCrew.
(k) Mirror Arm and Fork to rotate and turn the mitror.

2. Optical parts :

(a) Mirror, one side plane and the other side concave to-

reflected light.

(b) Lower Nicol-prism, i.e., polariser to _prodﬁcé plane polarised

light.

(¢) Tris Diaphragm lessens illumination of field, if slightly -

- closed.
(d) Condenser, to increase the intensity -of light.

(e) Objectives, two or more lenses of different focal lengths,.

used to magnify the image of objects.

* Simple Polarising Microscope : 3 145

(/) Upper-nicol (Analyser) or the Upper Nicol Pris;n used to
analyze the plane of vibration of light which passes through
the mineral section. - :

(g) Eye-piece or ,Ocular/. It is with cross wires at right angles
and a system of lenses fitted into the upper end of'.the tube,
which magnifies the image of objects. R

(h) Bertrand l_ens. Itis used to magnify interference ﬁgurés.
Optical Accessories : o _

. (a) Quartz wedge. Itis. used for. the determination of inter-
ference colour, optical sign and nature of vibration-direction of the
mineral. - o L
(b) Mica plate. Also known as quarter-wave plate or glimmer

plate, which gives a pale neutral gray interference colour, when put
into the slot of the tube, used for determining the optical sign of &

- mineral. : - ,

(c) Gypsum plate, "Also known as sensitive-tint plate, as i
produces sensitive violet red interference colour of first order ; usec
for determining the optical sign of a mineral. '

-(d) Bereck compensator. An optical device made of calcite.

Through the examination by a Petrological-microscope, the
following characteristics of a mineral section are identified.
(i) Colour. o S
(i) Form of a mineral, i.e., whether euhedral, “subhedral or
anhedral. .
(i) Cleavage. '
(iv) Relief of a mineral.
. (») Refractive index
~ (vi) Inclusions of any other substance.
~ (vii) Alteration. \ 't
(viii) Pleochroism. -
(ix) Interfererce colour.
(x) Extinction.
(xi) Extinction angle.
(xii) Twinning. '




CHAPTER 32

PHYSICAI. PROPERTIES OF MINERALS

r
4

Minerals. generally occur in aggregates of more or less imper-
“fectly developed crystals. ‘Structure’ is the usual term used to

_ denote the state of aggregation or shape of the mmerals which may -

be of the following type :

(i) Crystalline. When the mmerals are in the form of imper-
fectly developed crystals.

(ii) Amorphous or massive. When the mmeral does not possess
crystallmc form. :

(iii) Earthy. Itisa umform aggregate of exceedmgly minute

-particles like those of chma-clay

(iv) Columnar. An aggregate o( more of less parallel rmperfect
pnsmanc crystals, e.g-, amphibole.

) Bladed. An aggregate of ﬁattened imperfect - prismatic
..rystals,e g., kyanite.

(vi) Fibrous. An aggregate of fibres, which may or may not be-
separable, e.g., asbestos.

(vii) Foliated. An aggregate of thin separable sheets ; also
“known as micaceous, €-8., micas.

(viii) Lamellar. Mineral made up of separable plates or leaves

~ which may be curved or straight, e.g., gypsum.

(:x) Tabular. When the mineral shows broad fiat surfaces as
feldspar. -

(x) Granular or sacchroidal. An- aggregate of crystallme
-particles of about the same size, e.g., chromite.

{(xi) Oolitic. 'An aggregate of small spheres (fish scales).
(xii) Pisolitic. An aggregate of large spheres (shot like).
(xiii) Botr)mdal An aggregate like bunch of grapes,
(xiv) Aclcular. An aggregate “of needlc-like crystals,

~etc.
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(xv) Reniform Kldney-shaped aggregate.

: (x"') Mammi“ary It consists of larger and ,
~ prominences, e.g., Malachite. 8 mutually “’““f'-““l

" (xvii) Stalactitic. . Cylindrical or conrcal form of
generally due to deposition by dnppmg water. mmerals

2. Colour. It depends upon the absorption of some and reﬂ
tion of others of the coloured rays which constitute white llg;::
Some minerals show distinctive colours as follows.

(a) White

‘ . Calcite, Barite, M ite '
Chalkete. » Barite : agnesrte,- Aragonrtef Opal, Talc,

 (b) Blue. Azurite, sodal'ité‘ Covellite, Lazilite, Lazurite,
Apatite etc. B

(c) Green. Fluorite, Beryl, Malachite, Microcline, Olivine,

Epidote, Chiorite, Serpentme etc.

.. (d) Yellow. Sulphur, Marcasite, Chalcopyrite,
Citrine (Quartz), Siderite etc. ' :

(¢) Red. Realgar, Jasper, Orthoclase, Pyrope, Zircon, Cinnabar

Orpiment,

‘(f) Lead gray. Galena, Graphite, Molybdenite etc.
. (g) Steel gray. Hematite: ' '
(k) Brass yellow. Pyrite. :
‘ (i) Colourless. Halrte, Quartz, Calcrte, Zeolite etc. -
Variation in colour may be due to _

(i) Surface alteration, (i) difference in composmon (m) pre-

sence of impurities and, (iv) mclusron of foreign matter.

3. Streak. It is the colour of the powder of a mineral in small '
amount and sometlmes it is quite different from the ‘colour of the
C mineral in mass.” For example,,

(a) siderite shows the, streak colour as whrte s
(b) hematite shows the streak colour as cherry red’ '
(c) chalcopyrrte shows black streak colour.

4. Lusture. Itis the appearance of the surface of a. mineral in

reflected light. Lusture also depends upon absorptron ‘and reflection
of light. Lusture of minerals differ both in. intensity and kind
depending upon the amount and manner of reﬂectron respeetwely
Lusture may. be of the-following. types. - . '

(a) Metallic lusture. Gold, sliver, copper. galena. graphne,

molybdenite etc.
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(b)_Non-methllic lusture : o | g _

(i) Vitreous lusture. It is the lusture of a brpkgn glass, e.g.,
Quartz(.ii) Greasy lusture. It 'is lusture of an oily glaSs_, eg.
Nepheline. - . | o
(i) Resinous lusture. ‘The lusture of resin as ?n sphalerite.
(iv) Admantine lusture. ¢ It is the lusture of a diamond.

j is inerals possessing fibrous
v) Silky lusture. 1t is shown by minera ot
sttuctuge)like,asbestos; fibrous gypsum, ﬁbro_us calcite etc.

-(vi) Pearly lusture. It is the lusture of a péar13~a§ in tglc, opal,

-~ gypsum, kyanite etc.

(vii) Earthy lusture. vI_t_is a dull lusture as of kaoline, chalk.

When the degree of lusture is more, the surface shines like a
mirror and it is known as splendent or brilliant Justure.

5. Diaphaneity. It is the degree of ;ransparency of a mineral
and is of the following types :

(i) Transparent. When almost all light falling on a minera!
is transmitted through it. -

(ii) Semi-trans parent. When the objects are seen through, but
the outlines are not clear. :

(i) Transluscent. When light is transmitted through a mineral
‘but the objects are not seen through it. - .

(iv) Sub-transluscent. When merely the edges are trans uscent.

(v) Opaque. 'When no light is transmitted through a mineral,
it is said to be opaque.

' i i inerals exhibit

6. Phenomena depending on light. Some minerals e |

colo'\ilz which are not in the minerals themselves but are. produced

by the effects of certain structures present in the minerals on white
light. These are as . : .

(1) Play of colou}. A series.of colours are seen at yarious
angles like a rainbow. :

(i) Change of colour. Succession of colours produced when
the mineral is turned about. A -

(#1) Opalescence. 1t is a pearly reflection from the interior of
a mineral. :

(iv) Irridescence. It is the brilliant colour shown by copper and

. mon-metallic hypersthene.

- cleavage. The atomic structure of mineérals do

v ‘of the rhombohedron as in the calcite group of minerals.
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(v) Schillerization. 1t is a kind of metallic colour shown by

"(vi) Fluorescence. Those minerals w
to ultra-violet light, emit light are known a

- (vit) Phosphorescence.
of light after a'substance has
electric radiation etc.

hich after being exposed
s fluorescent. -

It is the property of continued emission
been subjected to rubbing, heating or

7. Cleavage.
of breaking along definite smooth planes. The presence of these
‘planes is a simple indication of the difference in strength of bonds
between atoms in the crystal : thus the property of cleavage is inti-
mately connected with the atomic structure of minerals.

In number, there may be one or as many as six directions of

¢ 1 ] S not permit cleavage
in five directions or in more than six directions. -

Types of cleavages :

_ (i) Pinacoidal. Parallel to the pinacoidal faces. It is unidirec-
tional : : : :

" (a) ‘@ pinacoidal. Kyanite.
(8) “b’-pinacoidal. Gypsum.

(¢) ‘c’-pinacoidal. Also knewn as basal, cleavage, 'é.g, micas
,graphite, talc, etc. :

In feldspar, there are ‘b-._pinacpidal’ and ‘c-pinacoidal’

1 cleavages -
-nearly at right apgles. .

) (i) Prismatic. I{b_,rallél ‘,to fn_'ism faces. It is. bi1Qirec;ional,
‘which may or may not be at right-angles. Pyroxene and ‘amphiboles
show this type of cleavage. - ' '

(i) Cubic. Itis tri-directional at right angles as in galena, -

halite etc.

(iv) Rhombohedral. Itis _tri-directiona], 'parallel to the faces

(v). Octohedral. Parallel to the faces of an octahedron. It is

-4-direction as in case of diamond and fluorite.

(vi) Pyramidal. 1t is 4-direction, . parallel to the‘ pyramidal

- faces, e g., scheelite.

(vii) Dodecahedral. Parallel to the faces of the dodecahed:on.

it is in 6-direction, as in sphalerite.

8. Fracture :

(i) Conchoidsl. When a mineral breaks with curved concavitiei,
more.or less deep, as in a broken glass, e.g., Quartz,

_This is the property that somé mincrals exhibit
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) . (#) Even. When the fracture surface approximates to a plane. .18 Elecﬁieity . o
- (iii) Uneven. When the feacture surface is rough. : o : (a) Pyroel o ' ' : .
- : : e o , yroelectricity. The development iti .
‘ (iv) Hackly. When the surface is studded with jagged eleva- charges of electricity on different partg-ot?%heoiap;selt;g:t:ld “!,11: getive
tions and depression. - -~ - ‘ . o ‘ temperature is suitably altered, is called pyroelectricity, e.g Q::ﬂ'ztf
) . ) . . . . I - : . e y C:& .
asb (v) Splintery. When the mineral separates out in fibres as 1 | char (b) Piezo-electricity. The property of development of electric~
bestos. o : _ - charges on crystallized mineral by pres ion i ’
. Fracture is, thus, the character of the surface obtained when & - piezo-electricity, e;g.,TourmalinZ,pQuas’:tt or By ,tgnsx_on is called
mineral is broken in a direction other than that of the cleavage. (¢) Photo-electrici ‘ L
Eaa S _ - v o radiati 0-¢ ecmczty. Wpen. some minerals are exposed to.
« 9,b':‘enacity. It is the beliaviour of a mineral under stress and - ion they produce electricity, e.g., fluorite, ’ )

: v _ 14, Radioactivity. Minerals containi

: ; , : : y. | s conta i i

: . (i) Brittle. When. parts of mineral separates in powder, e.g. E ‘(":g'ughtts are called radioactive, because gﬂ%&?ﬁﬁggﬂ?@ég’i‘m‘_ .

L calcite, e : o nter’ is an instrument used for the detection of radioactivity. e

l . (i) Sectile. - When a mineral can be cut with a knife, but the : o

| -slices yield under pressure, €.£- Graphite, Gypsum etc. . - :

\ ~ (iii) Malleable. When the mineral can be cut with knife which

1l ‘fiattens out under a hammer, e.g- gold. : : '

| (iv) Flexible. Whena mineral bends without breaking even

¥ when the force is removed, e.g., micas, chlorite etc. -

l\ _ (v) Elastic. When the mineral attains its previous position
after the withdraw! of the force, .8, mica. A

~ 10, - Hardness. It is the resistance of a mineral offers to abrasion.

| ~ or scratching. _ . : :
il\\ o Mob’s Seale of Hardness. ' I v . o T ‘ ’ -
\ 1. Tale.. -2 Gypsum. ' o ' ’ »
‘ 3. Cakite. -4 Fluorite.

| S. - Apatite. ". 6. Feldspar.

| 7. Quartz. 8. Topaz. .

'Sdcnohetet’ is an instrument used for determiniﬁg h‘ardﬁess.

L n Specific gravity. It is the ratio of the weight for the
I mineral to the weight of an equal volume of water. It is determined
3 through : . S ' o
L . (a) Walker’s steel yard balance. For large specimen.

1 _ (b) Specific gravity bottle (Pycnometer). For small mineral
t grains. S \ : o

' (C)V'Chemlc_al balance method. For small fragments of minerals. : : : ‘_j

12, Mngnetié property. A mineral capable of being _at'tr'acted' . ‘ : i
| . bya strong maguet is called magnetic, e.g., magnetite and pyrrohite. R ' ‘ - '

|

‘l ' N 9, Corundura. -10. Diamond.
o

|

]




CHAPTER 33

PROPERTIES OF MINERALS
I8

i erties of minerals, i he various charac-
Optical properties of minerals, involve t arious ©
teris’ticspwhichl::an be observed through the petrological microscope
and they include . '

1. In Polarised Light :
- ' —Ruhedral, Perfect

' —!—Subhedral
: (q) Form \-—Anhedral— Zig-zag outline

(b) Colour and pleochroism. _ R
() Relief, whether positive or negative through Becke-line
method. _ :
" (d) Cleavage and fracture.
(e) Inclusion.
2. Under Crossed-Nicols :
(i) Isotropism/ Anisotropism. »
(if) Birefringence and interference colour, -
(iii) Type of extinction. o ,
" (iv) Extinction angle, if any. , v
(v) Twinning and zoning. ‘
~ 4vi) Alteration, as seen by the microscope.
" (vii) Association.

All these optical properties may be seen from the principles of -

-optics described earlier.
Chemical Properties of Minerals : .
Reaction with Acid. Excepting silicates and ferromagnesian

minerals, usually; most of the carbonate-minerals and sulphide-

minerals produces effervescence whenever they come in contact with-

acid.

The following' chemical phenomena 2aré usually found with
minerals of various categories : » ' :
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(¢) Isomorphism. Chemical compou’hds which have an
analogous composition and a closely related crystalline form are

- said to be isomorphous. The members of an isomorphous series, -

show a gradation in chemical composition, -crystal forms, specific
gravity, refractive-index, etc. ‘from -one-extreme to the other. The
plagioclase ficldspars constitute an excellent example of an isomor-
phous series. ' : . :

(b) Polymorphism. This is the phenomenon in which substances
containing the same chemical composition differs from one another
by some physical properties like system of crystallization, hardness,
density, etc, It is of the following types : e

(i) On the basis of number of po‘aymorphic forms :

(1) Dimorphic. When the chemical compound exists in two-
distinct forms, e.g., calcite and aragonite, Pyrite and Marcasite, etc.
(2 Trimorphic.  When. the chemical compound exists in
three distinct polymorphic forms, e.g., Anadalusite, kyanite and

sillimanite ; Ratile, anatase’ and brookite ; “orthoclase, microcline
and sanidine, etc. :

The polymorphic forms in case of elements are known as
allotrope. - - e .

(ii) On the basis of revetsibility : _
(1) Enantiotropy. When the polymorphic subtances are inter-

. changeable, it is called enantiotropy, for example, Diamond=Gra-

phite and Quartz=Tridymite. : : N
© (2) Monotropy. When the changeability is from “one subs-
tance to the other but not the reverse, .e.:g‘.";Ma‘rcasite#Pyrite.
Besides the above, 1t is to be noted that the high temperature
polymorphs have higher. degree of symmetry. than -its lower tem-
perature polymorph which has lower degree of symmetry.

(c) Pseudomorphism. A mineral is said to exhibit pseudomor-
phism when'it falsely assumes the outer form of a different mineral
crystallizing in_another system. It is due to: 1. Imcrustation’
3. Infiltration, 3. Replacement, 4. Alteration, etc. :

(d) Homeomorphism. Some minerals closely resemble others |

. in crystal habits although they are different in chemical composition.
If the geometry -of the arrangement of the dissimilar ions is the

similar appearing crystals may.result, e.g., Rutile and Zircon, which
are teiragonal but have different chemical composition. -Sach

_minerals are called homeomorphs and the phenomenon as hiwmeo-

morphism.

: (¢) Paramorphism. Itis the phenomenon in which a crystal
whose ifiternal structure has changed to that of a polymorphous
for%ithout any change in the external form. Thus rutile changes
to brookite and aragonite changes to calcite. :




| CHAPTER u o |
STUDY OF COMMON ROCK-FORMING
' MINERALS -

I3
%

. As we know, minerals are the individual units of rocks forming’
the crust of the earth. Thus rocks constitute the storehouse of

.minerals. On the basis of usefulness, all the minerals can be grouped

into (i) Economic minerals and (i) Rock-forming minerals.

The rock-forming minerals form a greater proportion of the

rocks and are produced by normal mineral forming processes. Within
“the three major categories of rocks, the different rock-types are .

characterised by theit own typical mineral assemblages. Silicates are
by far the most important group of rock-forming minerals. - Most of:

them and all the important ones can be grouped into ‘groups’ or .

“families’ having members of physical, chemical as well as optical
similarities. Non-silicate minerals are much less important as rock-
forming minerals. Of the 2000 known mineral species about 50 are.
rock-formers of which only about two dozens are most common.

. The rock-fqrmin g minerals may be classified as follows :
1. Group-forming silieates} os
2. Non-family silicates | Score Minersls
3. Non-silicate minerals.-

1and 2. The silicate minerals are classified into various
groups on the: basis of the structural groups tney contain, ie.,
according to their atomic-structure. Their fundamental wunit in

~ building of silicate-minerals is the $iO, group in which the silicon

atom is situated at the centre of a tetrahedron, whose corners are

occupied by. four ‘oxygen atoms. The various striuctures may be.

regarded as being derived from a tetrahedral unit (of SiO,) by linking
them together with the elimination of an oxygen atom at each

linkage. There are mainly seven types of silicate structure, viz.

- (a) Neso-silicates. The structure is that of independent (SiOg-
tetrahedron. e.g., Olivine, Zircon, Garnet etc. -

(b) Soro-silicates. Two tetrahedra sharing one oxygen, ie.,

8ig0;, e.g., Melilite.

Felpspar etc.

| follows.
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(c) Cyclo-silicates. These are closed rings Of tetrahedra,.

 shating two oxygens, i.e., the ratio between ‘Si’ and ‘O" is.17:3.
There are three types of rings,also as :

(i) each of 3-tetrahedra sharing an oiygen atom, e.g,

: _Benitoite, » Co
(i) each of 4-tetrahedra sharing an oxygen atom, e.g., Axinite.

(ii‘i) each of 6;tetrahedra éharing an oxygen atom, e.g., Beryl.

(d) Ino-silicates. These are also known as chain structure an'd‘ ,

are of two types: . '

) . (i) Single-chain structure, In this case two. oxygen ‘atoms of”
* -the silicon-tetrahedron are suared, Si:O=1 : 3. These constitute

continuous single chaias of tetrahedra, e.g., Pyroxene. :

. (ii) Double-chain’ structure. These are continuous double:
chains of tetrahedra alternately sharing two and three oxygen. The

“ratio of - silicon to oxygen is 4 : 11, e.g.,- Amphibole. These are .

also known as Band structuse.

(e) Phyllosilicates. These are continuous sheets of tetra-

- hedra sharing three oxygens. Ratio of silicon to oxygen is 4: 10, e
‘Mica. - Also known as sheet structure. yE 10, e.g.,

(f) Tekto silicates. These are three-dimensional frame-work of

tetrahedra with all four oxygen atoms shared. Also known as Frame
‘work structure. Ratio of silicon to oxygen is 1: 2, e.g., Quartz,

Accordingly the following major silicate families have been:
recognised :

(a) _Qlivine group.
(¢) Felspathoid group.

- (¢) Amphibole group.

(6) Silica group.

(d) Pyroxene group. .
(/). Mica group.
Other silicate groups which ‘ar_e less abundant, are
1. Garnet group. 2. Epidote group.
3. Zeolite group. .- 4. Kaoline group.
5. Alumino-silicates.

The other silicate minerals which do not form groups are as.

(i) Zircon, (ii) Sphene, (iii) Topaz, (iv) Staurolite, (v) Beryl,.
Dumortierite etc. - :

" (v) Cordierite, (vii) Tourmaline, (viii) Talc, (ix) Serpentine. x}

+
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3. Non-silicate minerals.. These are oxides, hydroxides, carbo-

' nétes-, sulphides, sulphates etc. Among the non-silicates the oxides

are most important since many of them occur as minor accessories of
rocks. ’ :

olivines are the common constituents of igneous rocks. of different
igneous types. . o ‘ .
- In case of metamorphic rocks minerals like kyanite, sillimanite,

* staurolite, andalusite, chiorite, garnet etc. are commonly. fo.und.

. As the sedimentary rock are formed due to the 'co,xsolidation of

the weathering products of the pre-existing rocks, they may corntain

- any mineral or assemblage of minerals. Study of th_,e_ srl»:c;frlz
minerals which are commonly treated as rock-forming mirncra v

dealt separately.

Minerals like quartz,. feldspar, micé, amphiboles, pyroxenes and

- 'CHAPTER 35

'SILICATE STRUC TURE

/
!

The class of silicate minerals is of greater importance than
any other, for about 257 of the known minerals and nearly 409, of
" . the common ones are:‘silicates’. The silicates make up 90% of the
earth's crust. Of every 100 atoms in the crust of the earth, more
than 46 are oxygen, over 27 are silicon and 7-to 8 are aluminium.’
The crust has been pictured as a box-work of oxygen-ions bound
"together by the small highly charged silicon and aluminium ions.
- The interstices of this more or less. continuous silicon-oxygen-
aluminium net-work are occupied by ions of magnesium, iron,
calcium, sodium and potassium. The prédominance of alumino-
sificates and silicates- reflects the abundance of oxygen, silicon and
aluminium. C : ‘ ' '

All the silicate structures, so far investigated.show that the
silicon atems are . in four-fold co-ordination with  oxygen, "This
arrangement appears to be universal in these compounds and the
bonds between silicon and oxygen.are so strong that the four

" oxygen are aiways found at the corners of a tetrabedron of nearly
constant dimensions, and regular shape, whatever the rest of the
structure may be like. ' :

The radius ratio of the four valent silicon jon to that of
oxygen ion is equal to 0318 [since Si {radius)=0'42A and oxygen

is present in the silicon-oxygen bond, the total bonding energy of

neighbours. Hence, the strength of any single silicon-oxygen bond
is equal to just one-half the total bonding energy available in the
‘oxygen ion. Each ozygen ion has, therefore, the potentiality of
bonding to another silicon ion and entering intc another tetrahedral
grouping, thus uniting the teirahedral groups through the shared

of the oxygen ions in the tetrahedron, giving rise to a diversity of’
- structural configurations. ’ :

Sharing of one oxygen between any twe adjacent tetrahedss.

. may, if all oxygens aie so shared give rise to structures with & very

(radius)=132A). It indicates that four-fold co-ordination will be the
stable state for silicon-oxygen 'grouping. Although clectron-sharing '

the silicon ion is still disturbed equally among its four closest oxygen -

oxygen. This sharing may involve one, two, three or all four -
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o - tructure. This linking . (@) Each of the three tetrahedra share : ' i
. of connectivity, such as quartz s cation. It . ra shares an oxygen atom. I
?glfgagmon by sharing °f.°xy8e£ ‘ﬁﬁ°§;ﬁ,ﬁ??§:ﬁ:§ﬁﬂ the : (b) Each of the four tetrahedra shares an oxygen atom. |
‘has been observed t}h%tl' tgxixl'ligl:ie:n aid vige-versa. It has long been ) [Each of the six-tetrahedra shares an oxygen atom.
s 't%e td gl%;e;i?calt’e Ypinerals in _igneous rocks display a f“;:ﬁi - ppa Lhese are all having the formula which are multiples of SiO,.
ot 4 predictoble sequence of crystallization, begmn(lingthence - The simplest is the Si;0, ring represented -among minerals only by -
rogn and p;o essing through pyroxene to amph ibole anc | tion  the rare titanosilicate, Benitoite (hexagonal)-BaTiSizO,. ST
olivine az Tgis %:quence is in the order of increasing pdyn;enzﬁ. 10 o . _

i -~ The SiOqe rin ith i
o mica. 1€ 5140y ring occurs together with BOj-triangles
'tof the silicate tetrahedra. . on and the extent of -groups in complex structure of gth’e triclinic mineral ‘az%initeffnd (OH). §
Depending on the degieetggfglyngﬁzls:itlligte frame-work may - The Si¢0,4 rivg, however is the .basic frame work of the
oxygen-sharing bEtWECT tg 2 separate multiple tetrahedral groups, K -;om'm_on -important minerals like beryl and tourmaline. The
_consist of separate tetrahedra, tlgree-dimensional box-works. _(;ngoqal SigOss rings are arranged in planar sheets parallel to
.chains, double chains, sheets or th . od and : g 001) in beryl. These sheets are so firmly bonded by the small
. Up to the 1930s, the analyses of silicates were n:;?{:preo:hetical . ‘cgg)lil;um ;tlllq I;alurrlun_m.m ions with their high surface density of
‘their fofmulas generally written in terms of a number me g l:m ortho- | o ge and high polarizing power that only poor cleavage. results.

.- s Si0O,, was termed r ' | :
;oxy-acids of silicon. T;l “‘ts ,.otl,f“;e _gﬁ’of orthosilicic acid H,SiOy ; the ffl?l dtourmaline’ however, the rings are_polar.
silicat; and comsidere nod a metasilicate and corisidered to be a . the fur anfle?,ta structural " unit

. wiite, M%Sl_cl)."c-zaigﬁi emsioa The silicate structures, SO far o -Character of the tourmaline crystal.
-salt . wi metasilici . t :

recognized are of the following types * o - The cyclosilicates are also known as ‘Ring-structures’. -

1 Neso-silicates. These are independent or isolated SiO,- 4. Chain stroctures. _-Thése are also known as ‘iné-silicates’.

: ionic bonds are Qi : : S

: o each other only by ionic ' . -Here SiO,-tetrahedra are joined together to form chains of indefin
tetrahet?r?. tWhthtl'la]a?a.t}z:;l;nd 'lsheir ctructures depend chiefiyonthe | egeeny J g . ins of lqde ite
4through interstii . : .

size and charge of the interstitial cations.

ies ts co
‘Considering the valencies of the elemen
groupcftnissldg?ngd that silicon bas four positive and each oxygen has

AT This polarity of" ‘
leads to the well knowr polar - .

L . : -+ There are two-principal modifications of this structure vie!din !
mposing the 8i0, . somewhat different compos_i\fion: ' - yielding ‘

: : ies 1 L ‘Single chains, in which Si: Ois1:3 ch teii d"b R

) h e eight megative valencies in (a) ¢ i i . scacteried by the ‘j
e, ¢ ,valen:;e;. wgg]lgsﬂtll:g‘oarz 11asg four negative valenc:est 1‘1“ o pyrosenes and pyroxenoids. : v | ,
2;102131;1 ﬂ}; E{i(\)l?r?e structure, cations (mainly Mg) lie between the {

. € . (4} Double chains, where alternate tetrahedra in .t.wo aréllel ~
-tetrahedral groups and contribute the necessary -+ve’ charges to o single chains are cross-linked and the Si : O ratio isp 4:11,

make the structure electrically ngutral. . . ., . ) sngle chainsare crosslinked ax
' " Minerals. Olivine, Garnet, Zircon, Si_llimanﬁte, I?::mte,An‘ alu-
site Staurolite', Phenacite, Topaz, willemite, Sphene etc. .
, acterised by isolated

(a) Smg'le-cham.Structures. ‘The chains consist of a large
number of linked SiO, groups, each sharing two oxygens and have ‘
the composition n(Si,Q). Here the excess negative charge on the

; - ' 2. Soro-silicates. The soro-silicates are chat

. ‘0, tetrahedra sharin.g . SiyOs chain is balanced by the valencies of other cations. - The chains

b ‘ - .double-tetrahedral groups f°-fmeﬁinbyr;tvf§ o?l(s)ﬁicon to oxygen 's -~ run parallel to the ‘c-axis’ of the mineral and are bonded . together

i . a single apical oxygen. '{h:h]:r:; ofg ‘_¢. As the chargeis —6, | by the calcium and magnesium ions which lie between:them.

i _ 2: 7.d_Th1?I'n1i13;: a?e r:;Ze ded to balance it. ., \b) Double-chain structure. These are also known as the

5N : three diva corals of epidote group.. Melilite Band-structures’. Here the alternate tetrahedra are’ arranged in

SE _ Minerals. Idocrase, minera SS ONOM):H;O); Hemimorphite * two parallel ways and these chains are indefinite in extension and - ;
i (Ca,MaSi:07), Lawsonite [CaAly( 1,0, (O )AL - «<longated wsually in ‘c’cr '

- o [ZnSi;0,(0H),. H;0] etc: o rieidron shares. two of : E : .

o . 4. Cydlosilicates. When ea_._;;h ,?;?r‘;t’etft‘?:;' rrr?;y Be linked into " 'Sh?«?t-strucltures (Si,0yp).  Itis also known as ‘phyllosilicates’.
; , its oxygen with 'n,exghbqu:;ng.,-}e' r0a='=1 : :3 ' THf ce p’éssi‘b’le “closed It -is formad when the Si0; tetrahedra are lmkqdiby three of their
e ‘tings. ~They have ,?t‘,:_ ifinglrhay ot o . corners a.r:d.extcnd indefinitely in a two-dimensional net-work or
b cyclic configurations o this Xin% »

_ ystallographic direction’ and are boufid by
metallic ions. - ' . ) ‘
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sheet, which has a silicon and oxygen.ratio of 4 : 10. This is the
fundamental unit-in all mica and clay-structure.

The sheets form a planar net-work responsible for the principal
characteristics of minerals. of this type—their pronounced pseudo-
hexagonal habit and perfect basal cleavage parallel to the plane of

_the sheet. Most of the minerals of this class are hydroxyl bearing.
‘Most of the members have platy or flaky habit and one prominent
cleavage. They -are generally. soft, of relative low specific gravity
and may show flexibility or even elasticity of the cleavage lamellae.

. £ o . .
Depending on thé mode of co-ordination of the hydroxyl

Nesosilicate
® Silicon
O Oxygen

Sorosilicate

O

~—Cyclosilicate

(1) 3-member ring

{iv) 4-member ring

Silicate Structure

- (i) _6-meﬁ1bef‘ ring

" (i) Singla chain

v (i) Déuble chaife

— (@ . .
X ) Chain sirucivre.

Fig. 352

group there are two types of configuration; one is called the
dioctahedral sheet and the other is called the trioctahedral sheet.

6. Tectosilicates. It is also known as ‘framework structure’.
When each of the four oxygen atoms of each tetrahedron is shared-
by another tetrahedron,. it results in the formation of tectosilicates.
Here every SiO, tetrahedron shares all its corpers with other tetra~
hedra giving a three-dimensional net-work in which Si: O=1 2.

Here the bond is stable and strong and the .frame-work is:.
electrically neutral and does not contain other structural unit, There
are eight different ways in _which the linked tetrahedra may share
oxygen and at the same time build a continuous electrically neutraf

three dimensional net-work. o

Minerals.” Members of the Felspar, Felspathoid, Zeolite, Quarta
group of minerals etc. show this type of silicate structures.
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\ 5. Hardess 65to7

,1 , 6. Cleavage .. Absent

\: . 7 o 7. Sp. gravity - 32t043

; CHAPTER 36 ‘ : 7 . 8. Fracture . Conchoidal

\‘ S . 9. Twinning ~ Rare.

;‘1 OL!VINE_ 4. Optical properties : - :

- - ) ) : v o (¥) Colourless and non-pleochroic. o

[~ ' B ¢ , . ' : ' (if) Ref. index. High positive relief, High Ref. index.
| 7 “This is a group of rock-forming silicates. The minerals are olive- - ' ' (iil) Bi-refringence. Strong 0°037.

. -green or brown in colour. All these minerals crystallize in orthorho-
| ‘ S

(i) Extinction, _Straight.
g .mbic system. -

o ' ) 5. Varieties. - The gem-quality of olivines are referred to as
| 1. Atomic structure. These are neso-silicates which essentially - peridot. _ : O
i E consists of a series of isolated 5104 tetrahedra which are, linked by '

A means of metal cations 6. Alterations. Olivine commonly - alters to serpentine

‘ i : ) . « {antigorite) and secondary iron-oxide. In basaltic rocks, the altera- _ s
o 2. Chemical composition. The group includes minerals which tion of the outer iron-rich rim of olivine produce a brownish red R
a ‘may be represented by the formula R,SiO;, where R=Mg or Fe. .~ mineral called ‘Iddingsite’. : :
o “The members of this group belong to a continuous series of solid-

solurions between Forsterite Mg.SiO, and Fayalite Fe,SiO. Common 7. Occarrence. - It characterises the ultra-basic igneous rocks

together,

: Pl AT tween them with excess Mg and the formula as dunites, peridotites serpentinites and basic_rocks like norite,
x _91';"“9‘;[‘122321:?&? ;Z)‘ SiO,. 5 Ve : gabbro, dolerite, basalt, etc. The common associates are chromite,
1 Is represen. S : o _ spingl, pyrope etc. Olivine and quartz (primary) never occur
g Various members are there in the isomorphous series, in which . N . _

:the end members are forsterite and fayalite, viz.

% - , .. Forsterite is formed by dedolomitisation or contact metamor-
BE - sForsterite Fojnoy Fag 6 109 ~ph;lsm of magnesium rich sedimentary rocks as dolomitic limestone
| , | | ~tich in silica. . o |
:Chrysolite - Fogg 1o 70% F20 10309
ik Hyalosiderite  Fog910 z0% Fasg 6 509
‘ Hortonolite - Fos0 10 30% Fagg ¢ 702,
. Ferrorhortonolite  Foqg 4 400, * Fagg40 909, ‘ .
o . : ) \
Fayalite Fojor00% - - Fas0to100% _ _ R '

<Other allied minerals : o
Knebelite FeMn,Sio,  Monticellite CaMg8iO, , ' o .
Larsenite PbZnSio, Tephorize Mn,SiCy, , '
-3. Physical properties :

L 1. Crystal system Orthorhombic
L 2. Colour Olive green

v 3, Streak . Colourless

i 4

1: '

. Lusture _ Vitreous lusture
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PYROXENES

.

L _

'- o ‘ - -. P .' ) v . ‘- .. - - hain
These rocks forming silicates contain th§.S|,0. single. ¢
structure (inosilicates). These are anhydrous silicates of Mg and
Fe and thus are predominantly found in ferro-magnesian rocks, i.e.,

in basic and ultrabasic rocks. The following minerals haye been
included in the pyroxene group :

- 1, Orthorhombic :
‘(@) Enstatite MgSiOs. -
(b) Bronzite (‘Fe’ rich enstatite).
(c) Hypersthene - Mg, FeSiOs.
~(d) Ferrohypersthene "FeMgSiO;. -

(e) ‘Eulite Mg content 10 to 307.
(f) Ferrosilite FeSiOs.
(A) 2. Monoclinic : S
(a) Clino-enstatite Mg,Si204.-
(b) Diopside CaMgSi; 0.
(¢) Sahlite Ca(Mg, Fe)Si,Oq-
(d) Hedenbergite CaFeSiy0q.
(¢) Augite - (Ca, Mg, Fe, AD,AlSi,0e.
(f) Pigeonite (CaMg)(MgFe)Sizos.
(B) Alkali-pyroxenes : :
(a) Aegirine NaFeSi,0q.
_ (b) Jadeite NaAlSi,0,.
" {(c¢) Spodumene LiAlSiQOGJ _
(d) Johannsenite CaMn, SiZQG.v

3. Triclinic. They are not related structurally to the pyro-
xenes, although chemically they have identical f{ormulac. They

have a single chain of linked SiO, tetrabedra, which is not the -

simple chain of the pyroxemes. They are commonly known as

Pyroxenes

Physical Propert

fes of Pyroxenes.' These are usually prismatic
~ crystals, - - . :

1. Colour. Nearly black or green of various shades.

- 2. Lustre. Vitreous to subvitreous. Hypersthene shows a kind
- of metallic-pearly lusture termed ‘Schillerisation’.

3. Cleavage. 2 sets, prismatic at angles 87° and 93°.
4. Hardness. 5 to 6. :

5. Sp. gravity. Low to moderate.
6. Twinning. Contact twins in case of monoclinic members.
. Optical Characteristics
" (a) Orthopyroxenes :

(i) Green and pleochroic (except in enstatites).
(ii) Ref- index. High. Optically +ve.
(iit) Interference colour. 1st order.
_ (iv) Extinction. Parallel.
(b) Clinopyroxenes :

(i) Colourless to pale green and pleochroic.
(i) Ref. index. Higher than Canada Balsam.
(iii) Int. colour. 2nd order. . .
(iv) Extinction. Inclined, 45°.
Varieties : o _
(}) Diallage. Translucent and is-fibrous augite.
(ii) Omphacite. Fdli_ated diopside, found in. Eclogite.
(ifi) Kunzite. Gem-variety of spodumene.
(iv) Hiddenite. Emrald green spodumene (gem-variety).
Occarrence. Mostly found in basic rocks like Gabbro and their

“ hypabbyssal and volcanic equivalent,ultrabasic rocks like—peridotite,
. pyroxenite also contain predominantly pyroxenes.. Hypersthene is

characteristic .of norites and  charnockites.

Spodumen occurs- as
large crystals in pegmatites. _ :

165
“pyroxenoids”, and include minerals like Wollastonite k_CéSiO,), :

- Pectolite [CagNaH(SiO);] and Rhodonite (MnSiO;), Bustamite
MaCaiO. . ‘ )

\
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AMPHIOBOLES

-gtructure.

L

.

‘These are hydroﬁs ferro-magnesian silicate minerals and along
with pyroxene constitutes about 1/5th of all the known rocks. '

‘Atomic structure. ‘Inosilicates characterised by doub19 chain

Calcium, Aluminium as well as Alkali metals.

Physical properties :

Chemical composition. Hydrous silicates of Magpesium, Iron,

1. Form. Some minerals of the. group are - distinctly ortho-

rhombic, and monoclinic, others are triclinic in their crysta

Jlisation.

[Accordingly each group shows different characteristics under micro-

scope). g

(a) Orthorhombic. (i) Aﬁthophyllite (MgFe),(Sig011)(OH)s.

(B) Momoclinic

() Cummingtonite
(iti) Tremolite

(v). Hornblendé -
(vii) Tschermakite
(ix) Hastingsite
(xi) Lamprobolite
(xiti) Glaucophane

(c) Triclintc. Cossyrite.

(ii) Grunerite
(iv) Actinolite
(vi) Edenite -
(viti) Pargasite
~ (x) Kaersutite
‘(x#i) Arfvedsonite .
(xiv) Riebeckite.

colour. '
‘3. Lustore, Vitreous.

4. Cleavage. 2 scts, perfect, prismatic (1 10),
and 124", : |

8, Harlpess. Stnf

2. Colour. Most of the members are greenish black “in

" at 56

Amphioboles

6. Sp.gravity. 25t035
7. Twinning.l Contact twins are common,
Optical properties ¢ ' '

" (i) Green colour and commonly pleochroic.
(i) Ref-index. High. -

~(iit) Interference colour. '{Or.t hoam;{hiboles‘}z’m'l order.
Clinoamhiboles -

(iv) Extinction. Orthoamphiboles parallel. -
Clinoamphiboles 10° to 20°.

Va_rieties :

(i) Smargdite. Foliated actionolite.

(ii) Uralite. Secondary tremolite-actinolite.
(iit) Asbestos : :

- (@) Amosite—Fibrous anthophyllite.
(b)) Actinolite—Asbestos proper.
_ (¢) Crocidolite—Fibrous riebeckite.
(d) Chrysotile—Fibrous serpentine.

(iv) Nephrite. Fine grained tremolite-actinolite.

Occurrence. Mostly occur in metamorphic rocks and also in

. igneous rocks. Crocidolite occursin highly siliceous metamorphic -

rocks.




CHAP'I'ER-39
FELDSPARS

{

This is the most important group of the rock-forming sllxca.es
'l‘hey constitute about 2/3rd of the igneous recks.

Atomic structure. Tektosilicates :

“Chemical composition. They are alum no-silicates of pota<s. n,
sodlum, calcium and bariurm, and may be' regarded as isomorphous

- mixtures of the four.end members given below, of which .he first

)1 ee are common while the fourth is rare..
1. Orthoclase and chroclme KAlSi:,Os.

2. Abite -~ NaAlSiO,.
3. Anorthite. ' - CaAl,SiO%.
4, Celsian . ' © BaAlSi,04.

The three lsomorphous series are :
.‘(a) Anortheclzse series. Between a-‘K-and a-‘Na’ feldcpar
®) Hyalophane ' series. Between a‘K’ feldspar and a-‘Ba’-

. 'teldt} -8r with K> Na.

(c) Plagioclase series. Bctween albite and anorthite :
(i) Albite ' (ii) Oligeclase
(iii) Andesine (iv) Labradorite
(v) Bytownite (vi) Anorthite.
“Physical Properties :
(i) Crystal form. Orthoclase is moqocllmc Mic:eline and

~ other plagioclases are triclinic.

(i:) Colour. Orthoclase is flesh-red in colour. Microcline is
green in colour and the colour of plagioclases ranges from wlute to
gray.

(iii) Lusture, Vitreous or pearly (play of colour is marked).
(iv) Cleavage. 2 sets—one parallel to (CO1) face and other to
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. (010). " The angle between the cleavages is 90° in case of orthoclase v

but less than 90° in other members.
(v) Hardness. 6 (snx) ‘
(vi) Sp. gravity. 2'5 to 3, according to calcium.content.
(vu) Twinning :

(@ (1) Carlsbad—‘c’ axis is the twin axis and (010) the
cOmposmon plane.-

(2) Baveno. (021) is the twin plane Ge., clxnodome)
(3) Manebach. (001) is the twin plane.

These three are comr‘nonlyrfcund in ortlloclaae.

(b) Micrecline

(1) Albite. Twm plane (001) twin axis perpe-ldlcular to this.
Q). Pericline.law. (010) composition plane, twin axis is the

-~ b-axis.

(c) Plagioclases :
They show all the above twinning types.

Microscopic characteristics :

1. Form. Subhedral to anhedral.

Cleavage. 2 sets. _ '

Bi refringence. Weak (Ref. index=low), i.e., 0°009.
Twinning : ' :

PwN

.(i) Orthoclase : simple twinoing.
(ii) Microcline : cross-hatched twinning.
~ (iii) Plagioclase : polysynthetic (or lamellar).
5." Extinction angle. 15 to 30°.  Michael-Levy method is

‘used to determine this.

Varieties

(1) Sanidine. A high temperature potassium feldspar (in

- volcanic rocks).

(2) Adularia. Low-temperature orthoclase.

3 Moon stone. Opalescent adularia or albite.

(4) Aventurine. Gem variety of albite. '
_(5) Amazon stone. Bright green microcline,

- Occurrence. Alkah-feldspars ie., orthoclase, mxeroclme and
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albite are common in acid igneous rocks like granite, grano-diorite,

syenite etc. in sandstones and in gneisses (metamorphic rocks).
Plagioclase occurs in intermediate to basic igneous rocks.

Important Features of Occurrence :

1. Perthite. I_ﬁtergrowth between Vorthqclas;e/micx_'ocline and
albite or obligoclase. But-albite Datches found in microcline mass.
crystallised in predomi-

2. Antiperthité. Microcline is found
nant albite (as ground mass). . ‘
3. Graphic. Intergrov@th between quartz and orthoclase
feldspar. o ’ : »
© 4, Myrmekitic.
feldspar. ,

Intergrowth'betﬁleen quartz and ﬁlagioclase

5. Zoning. Variation of composition marked in .the marginal

region of feldspar-minerals in zones.

:

CHAPTER 40
QUARTZ

Quartz is a member of the silica group of minerals, which have -

tekto-silicate structure and the chemical composition is SiOs. The
atomic structure as is found in the crystalline .varieties does not
apply to silica-glass (i.e., Lechatelicrite). The crystalline variety
occurs in the following distinct forms : ’ o

(i) Quartz N (7)) Tridymite

(iii) Cristobalite (iv) Coesite

(v) Stishovite (vi) Keatite,

There are the three crystalline polymorphs of silica. While

quartz is a low-temperature polymorph formed below 870°C, trydi-

mite is formed between 870° to 1470°C and cristobalite is formed at

‘a temperature above 1470°C.

The non-crystalline variety of silica occurs as
(i) Lechatelierite (ii) Opal, and
(iii) Chalcedony. ‘
Physical characteristics :
1. Form. White quartz is a member of the Hexagonal system,

Tridymite belongs to Orthorhombic system and Cristobalite belongs

to Isometric system.
Sﬁeak. White. .
Lustore. Vitreous to sub-vitreous.
Hardness. 7 (seven). -
Cleavage. No cleavage (an important characteristic).
Sp. gravity. Low, f.e., 2'65. o
. Twinning. (/) Common twins are Dauphine type, 8 P -
tration twin with the ‘c’-axis as the twin axis. v ” i ene
(i) Brazil type.: A penetration twin with - (1120) as the twin.
plane. . _
(iif) Japanese law. Contact twins with (1 122) as twin plane.

anaw

~3
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ﬁ. Electtlc-ﬁongty. Quartz is ‘piezo’ as _well‘ as ‘pyro’~
~electric. : C : ‘ '
9. Colour. Quartz is colourless but the non-crystalline varie-
‘ties are coloured. . . . _
 Optical properties : - - ' - o " CHAPTER 41
MICA

. (i) Non-pleochroic colourless. - ,
(i) Ref. index. Low -+ve, Birefringence=0"009.
(iii) Polarisation colour. 1st order gray or yellow.
(i) Extinction. Wavy ‘(Glassy varicties are isotropic). In .
: Brazil-twinned plates-‘Airy’s spiral’ is seen. : o ) Micas constitute an important o :
| . ) . : oo . orta. 1 mi
L . Polymorphs of quartz. Besides tridymite, cristobalite, - ccesite, as ferromagnesian 'silicates,pnextn'ift ?;%;tgg: tg?t:gg m:nerals,
! stishovite, there are two modifications cf quartz, viz., a-quartzand * and pyroxenes. They form a link between felspar and ,fzirs]p:tlll:o‘l;s :
! 8-quartz. . ] ‘ ' l&ea-,kthex llghctl coloured constituents of the igneous rockspandotlh:: 3
.- (@) o-quartz. Low-temperature quartz, formed below 573°C. rk coloured minerals. o ‘ . |
' : . . ¥ . 1. Atomic structure., ~The ' cilicates which . ;
. (b) B-quartz. High-temperature quartz, formed between 573° - _ : re. . These are phyllosilicates which possess o
_and 870°C (found in volcanic rocks as phenocrysts). ' the 540y sheet structure. : : S possess !
e o ) . . . "~ 2, Chemical composition. Th | it 'l
Varieties qf qnarfz basing on-colour : - , of K, Na or Li, with Mg or Fe in dgii ;l'fn lelgg;":ltt:d alpmmo silicates . é
(i) Rock-crystal. Clear and transparent. 3. Classificatio - ) - l
i . . . n. S : . . {
‘.\ ‘ (il) Amethyst.. Violet. | '_ | _ _ . @ Dioctaed ome clgssnﬁc?tlon of mica groups are as ] g
(i) Citrin. Pale yellow. - B B T ral group. Muscovite. | |
. , _ _ + (8) Trioctahedral group. Phlogopite and Biotite. [

(iv) Morion. Black quartz. Accond:
’ . Fi i i a - . According to other classificati see
(v) Cat’s eye. Fibrous variety, showing op: ‘lescence dqe to micas are taken into account and thet;o::é atshé compos1tgon of the

‘the presence of titanium.
(I) Muscovite group. These are aluminosilicates of alkali

w (vi) Rose quartz. Pink. - : \
} - " . metals with . i 1
| (i) Milky quariz. White. | | e ithout Mg or Fe ; and are colourless. It includes members
S " Non-crystalline variety. Excepting silica glass ‘Lechatelierite’, o : , S ) o '
| the other two, i.é., opal and chalcedony contains some water S (9) Muscovz.te. K-aluminosilicate with (OH).
" 8i0y.nH,0. : L it) Paragonite. Na-aluminosilicate with .
: : (iii) Lepidolite. K-Li i1 (OR).
“ Opal is of some varieties like Fire opal, siliceous sinter or . ) p idolite.  K-Li-Al silicate with (OH). _
a ‘ ~ -geyserite, diatomite, etc. | ' 7 : » contéilrll) Egtlgeg;ggp. Iél addition to the alkali metals, they also
_Chalcedony is having varieties like agate, jasper, sard, chert, “members : are dark in colour. They contain the following i
flint, chrysoprase, blood stone (i.e., carnelian), horn stone etc. ) Biotite. } . o
_ o N - . i) Biotite. K, Mg, Fe, Al, silicate with (CH)
Occurrence. It is present in silica rich igneous rock. It is the (i) Phlogopite. K, Mg, Al silicat b ( ). 1
: - - . K, Mg, Al, silicate with (OH). ]

‘basic material of sandstone and is found in metamorphic rocks_ like

goeisses, schists, charnockites and Khondalites. - (iii) Zinnwaldite. Li, Fe-Al, silicate with (OH), - -

4, Physignl properties :

. - (@) They crystallise i L - '
-pseudo.-hexagobxlzalr.y 8¢ In monoclinic system but the forms are
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(b)) Moscovite. Colourless.

(¢) Biotite. Dark coloured.

(d) Lusture. Pearly, splendant.

(e) Cleavage. Perfect basal cleavage.

(f) Hardness. 2to3. '

(g)- Sp. gravity. Low. _

(h) Twinning. Rarely seen. _

(i) Special characteristics. They possess unique. combination
of properties of elasticity, toughness, flexibility, transparency,
resistance to heat and property of splittings into thin films.

5. Optical properties : _ _ o

(i) Muscovites colourless to pale green, Biotites dark brown.

(i) Coloured varieties are pleochroic. »

~ (iii) Ref. index. High.

(iv) Bi-refringence. Strong,i.e., 0033 to 0°059.

(v) Extinction. Parallel. S

6 Varieties ;. .

- (i) Sericite. Secondary mica -(muscovite).

(i) Fuschsite. Cr-bearing mica.

(iii) Gilbertite. Fl-rich muscovite. -

(iv) Rbscoelite.f' Vanadium bearing muscovite.

(v) Damourite. Secondary muscovite by hydrothermal altera-

tion of feldspar.
(vi) Lepidomelane. An iron-rich biotite.
(vii) Vermiculites. Altered biotite.
7. Occarrence. Muscovite occurs in acid-igneous rocks.

‘Biotite occurs in all igneous rocks, particularly the acid and inter-
‘mediate ones. ' ‘ '

In sedimentary rocks also fhey are _preécnt as an authigenic

constituent.

In schists and gneisses (metamorphic rocks) micas are the
usual constituents. :

Important characteristics. Micas show a peculier -optical

‘property known as ‘birds eye structure’, which is noted as the extinc-.

‘tion is approached.

_ Percussion figures are also the characteristic features found in
mica, when any pointed object is pressed against it. .

- CHAPTER 42
CHLORITES

These are micaceous minerals whi ' in ¢ |

_ X ich are green in
gave.dcleavage _flakes which are flexible ‘but not elasticC(-)l'?"liz ?d
o;.vgl tof alkali metals and rich in ferrous iron. They sh.ow axt r:
‘o sheet structure and are hydrous. The important species of chlo¥iI:e

. groups are as follows :

1. Clinochlore. 2. Penninite. 3. Prochlorite.
Physical properties : '
(i) They all crystallise in the monoclinic system

- (i) Cleavage. Perfect. S
(iii) Hardness. 1 to 2'5,

(iv) Sp. gravity. 2°5 to 3.
(¥) Twinning. Not recognisable in handspecimen
Optical properties : ' )

{(a) ‘Green in colour and pleochroic.

'(b) Ref. index. Higher than Canada Balsam.
{c) Birefringence. Very weak=0001 to O'Oll. '
(d) Interference colour. First order, '
{e) Extinction. Parallel, .

VYariety :

1. Chamosite. An iron-rich chlorite.

2. Chiorophacite. tta ’ '
volcanic glass, phlaelte. A chlotite formed by the alteration of -

Occarrence. These are always second

metamorphism or ,
minerals. h)drqthermal al

dary resulting by the
teration of - ferromaaielian




CHAPTER &3
" GARNETS

L ,
isis . f six minerals which are isomorphous in
' natur;r hz‘;,sn:ls ‘:xe\gg ugcc%r pure as represented by their chemical
com osition. ’ o 3 o
\ pl Atomic structure. These are neso-silicates, formed of
' indepex.xd@m SiO, tetrahedra. e N
Chemical composition. The general formu’a for the garhy
is R -%'R.SP;%,,, whgt‘::s RM can be Fe't, Mg, Mn* or Ca, and R
::san l;e Fe*t, Al or Cr.

3. Classification. Mainly there are two groups as :
(i) Pyralspite. Containing three members like :
(a) Pyrope. MgsAly(SiOgs.
(b) AImandite. FeaAla(Slq‘)a.
(¢) Spessartite. MnzAly(SiOy)s.
.+ (i) Ugrandite. It consisting of three members like :
" (a) Unvarovite. CasCry(SiOgs.
(b) Grossular ite. CaaAlg(SiOQ);-
" (¢) Andradite. Caalfe,(Si_Od)a.
4. Physical properties : S
(i) Garnets are _externally’ cubic in form (Rhombododeca~
hedron). o ‘ | | |
(i) Any colour except blue ; grossularite, uvarovite green,

pyrope, almandite, and spessartite are deep red to black in colour,.

while andradite is black in colour.

(iii) Lusture. Vitreousto sub-vitreous.
- (iv) Cleavage. None.
(v) Hardness. 1.
(vi) Sp. gravity. High. -
(vii) Twinning. None.
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5. Optical properties :

) Non-pléochroic. cplourless,'sdmetimgs pale pink ‘ip' cqloi)x-

_Uvarovite is green in colour..

(ii) Ref. index. Very high.

(iti) Under crossed nicol. Dark, i.e., isotropic.

6. Varieties:

" (i) Melanite. Black andradite. -

(i) 'Sclxarlomi'te{ “Titaniferous andradite. -
" (iii) Demontoid. Clear-green andradite. - § :
- (iv) Hessonite. Alsoknown as cinpamon stone is a yellow—

. brownish variety of grossularite. .

(v) Topozolite. Yellow-andradite.

'Occurtence. Garnets are usually metamorphic “minerals, “brt
some also " occur in igneous and sedimentary rocks. But-everywhess
they are characterised by their typical rhombododecahedron and.

. trapezohedron forms. .




CHAPTER 44
CARBONATES - -

(.

: “The carbonate mmerals do not form
while some are hexagonal in crystalhsatlon, others are orthorhomblc

_crystals and still some. others are massive in nature.
1. Hexagonal carbonates : '
The more .impoﬂant members are : T ,
(i) Calcite. CaCOs.. (ii) Dolomite. CaMg(COs)s.
.(iii) Magnesite. MgCOs. (iv) Siderite. FeCOj. -
" (v) Rhodochrosite. MnCO,. (vi) Smithsonite. ZnCOs.

" {vii) Ankerite. (Ca, Mg, Fe)COs.

Physncal properties :
(§) All are rhombohedral crystals - »
(ii) Colour. Calcite is colourless, dolomite is often tinged with

-«yellow, Magnesite is white or colourless, Siderite is yellowish brown,
Rhodochrosite is piuk, white-green colour is found in Smithsonite

.and in case of Ankerite.

(iii) Lusture. Vitreous to silky in fibrous varieties.
(iv) Cleavage. Perfect, rhombohedral (3 sets).

(v) Hardness.. Calcite-3, in others it is 3° 5to 3.
.(vi) Sp. gravity. Low. :
Optical properties :

(i) Non-pleochroic colo'urless.

(i) Ref. index. - Low.
(iii) Bi-refringence. High, ip calcxte it is 0°18.

(iv) Twinning. Polysynthetic.

(v) Twinkling is usually observed.
(vi) Extinction. Depends on the orientation of the scchon

. Carbonates

a. homogeneous group,

_ Varleties : : .
* (i) Iceland spar. Transparent calcite.
(ii) Satin spar. Fibrous calcite,
2( )Orthorhombic carbonates. . The common membe:s are
: i) Aragonife. CaCO, @ii) wi
} )s.. o Witherite. BaCO,.
.‘ (zu) Cerrusite. PbCOjs. ' (iv) Strontianite. SrCOy.
Physieal properties : - '
. (i) Colour.” White, yellowish and grey

(ii) Lusture. Vitreous but cerrusite shows admaatine lusture, ‘

(#ii) Hardness. S5 in case
of
cer;usnte,wntheﬂte, and strontianite. aragomte, 3t 4 m case of

@iv) Sp. grawty. High in cerrusite (6), in others 3 to 4
(v) Cleavage. Distinct in some cases and poor in others.

Optical properties. Nothing important.

Occurrence. Carbonates are usually “secondary minerals,

commonly occur as gangue minerals in
ores of h
But in sedimentary rocks they are quite impor ty(h'othermal orlglm

Important charsc
with acxgs. ant terlsties All the carbonates react actively
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PETROLOGY




- is ‘called ‘lithology’.: - Stones - mclude the rocks that are necessarily’

PETROLOGY
., ,(Introdyctory Coricépt) ;

. Itisa. branch of Geology, whrch deals thh the study of’ rocks,
and includes :

: (a) Petrogenests, ie., ongm and mode of occurrence as well _as. |
natural history of rocks. -

(b) Petrography, x e dealmg wrth classrﬁcatxon and descrrptron;
of rocks. .

- The branch of petrology deahng with the study of stones alone :

e

hard, tough and compact.

As we know, rocks are. neccssarrly the constituents cf the:

'earth’s crust. Rocks are composed of minerals.. Some rocks -are

‘monomineralic, composed of one mineral only while most of the:
rocks are multiminerallic’ coasisting of more than one - mmeral '
species as essential constituents. .

. ... Igneous and metargneous rocks constitute 95/ of all the rocks-
of the - earth’s crust.. Sedimentary and metasedlmentary rocks

“constitutes 5% of the rocks of the carth’s crust.-

CLASSIFI CATION‘ OF ROCKS

Accordmg to the mode of orrgm, all rocks are categorrsed into- -
three major groups:: .

1. Igneous Rocks or Prrmary Rocks. '
II. Sedimentary Rocks or Secondary Rocks :

III. Metamorphic Rocks. . . : i
1. Igoeons rocks. These are the rocks formed by the solidifica-

", tion-of magma either underneath the surface or -above 1t accord-

ingly they are divided into two groups :

(a) Intrusive bodies. Which are formed underneath the surface
of the earth.
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(b) Extrusive bodies. These are due to the ‘consolidation of
magma above the surface of the earth These are also- known as
Vol:anic-rocks. s

On the basis of the depth of formatxon, mtrusrve rocks are of

- ¢wo types:

RO PIutomc rocks, whlch are formed at very great- depths
(i) Hypabyssal rocks, Whlch are formed at shallow depth

Umportant Features of Igneons Roeks :
L Generally hard, massrve compact with mterlockmg grams
2. Entire absence of fossils.
30 Absence of bedding planes.
4, Enclosing rocks are baked.
s, Usually contain much feldspar.

3 | Sedlmentary tocks. These rocks have been denved from

the pre-existing rocks, through the processes of erosion, transporta-
tion and deposition by various natural agencieslike, wind, water,
-glacier, etc. The loose:sediments, which are depostted undergo the
processes of compactnon and the resulting products are known as
sedlmentary rocks." :

) On the basxs of place of formatlon, sedrmentary rocks are of
two types :- o

(i) Sedentary rocks, that are the resndual deposits, formed at

- the site of the pre-existing rocks from which they have been derived.
These arc pot formed by the process of transportation.

(i) Transported, in which-case the disintegrated- and decom—.
‘posed rock materials are transported from the place of their origin
and get deposited at a suitable site. - According to the mode of
transportation of the: deposxts these rocks are sub-dnvnded into three
types as ; ,

{a) MechamcaIIy deposzted Clastrc rocks.
. (B). Chemical precipitation. Chemlcal deposits.

(c) Orgamcally depasued Orgamc deposnts -

lmportant Features of Sedimentary Rocks ;

1. - Generally soft, stratxﬁed, i.e., characteristically bedded
2. Fossils common.

3. Stratification, -lamination, cross-beddlng, ripple marks
‘mud- cracks, etc.:are the usual structures.

4.‘. -"No effect on the enclosing or the top and bottom rocks.

-5 Quartz, clay rmnerals, calcnte, dolomrte. hematlte are the
mmmon mmerals

3. Metamorphnc Rocks
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L, Metamorphie rocks These are formed by the alteration
. ot' pre-existing rocks by the action of temperature, pressure arded by -
_sub-terranean fluids (magmatic or non-magmatlc)

o 'lmportant Featnres of Metamorphle Rocks :

‘1. --Generally hard, mterlockmg grams and bedded (lf denved
: from stratified rocks) _

2. - Fossils are rarely preserved in rocks of sedim’entary origin
- except slates.

3. Foliated, gnerssose. schistose, granulose slaty, etc are the
. common structures. .

4, Commeén minerals are andaIusrte srlllmamte, kyamte,
- cordierite, wollastonite, garnet, graphrte etc. S

A Nlltshell of Classification:

_ —Plutonic rocks
‘ _—Intruswe—

1. " Igneous Rocks ~ ’ —Hypabyssal rocks
E - —Extrusive, i.e.,'volea'nie rocks.
o —Sedentary ' '
2. Sedimentary Rocks — v ' ;ClaStie,
| -I—Transported —|—Chemical

—Organie.

IMPORTANT ROCK TYPES OF INDIA '
._l Igneous Rocks Types

(}) Granite—with its volcanic equivalent, i.e., Rhyolite.
(i) Syenite—with its volcanic equivalent- Trachyte
* (i) Nepheline-Syenite (and phonollte)
(iv) Anorthosrte o
(v) Granodiorite and Monzonite.

‘-(w) Gabbro, diorite and norite, and their volcanic equwrlents
basalts (deccantraps), andesrte etc :
_ (vii) Peridotite. :

(vu'x). Carbonatite.
2. Sedimentary Rocks: =~
() Sandstone (i) Shale
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(iii) Limestone and dolomite -~ (iv) Saline rocks
.. (v) Laterite. » R L
3. Metamorphic Rocks : °
@ Gneiss )
(iii) Quartzite
(v) Charnockite
(vii) Gondite - (viii) Kodurite
(ix) Slate . =& © (x) Phyllites.
MODE OF OCCURRENCE. -
FORMS OF IGNEOUS-ROCKS.
¥ jgneous bodies, depends

(if) Schists
. (iv) Khondalite .
(vi) Marble -

_ The form, i.e., the size, shape of the

mostly on the 'f,ollowin g factors : -

(i) Mode of formation.

(if) Viscosity of magma,
() temperature, and
(b) composition of the magma. - ‘

- (iii) Relation with the surrounding country-rocks, i.e.,
(@) physical characters of the invaded rocks,
(b) weight of the overlying rockmass in case intrusive
bodies ’ e : o

“(¢) structure. -

. The intrusive and the extrusive roc

which are characteristic to them. o
The forms assumed by intrusive bodies depend upon major
geological structures as faults, folds, bedding -planes, etc. Accord-

ingly there are two major categories of forms of the intrusive bodies :

1. -Discordant-bodies. 2. Concordant-bodies.

1. Discordant-bodies. In this case an intrusive mass happens
to cut across the structures of the pre-existing roeks of the country. '
There are different types of discordant forms in unfolded regions as

well as in highly folded regions.
(a) In unfolded regions :

. ) D ykes._ Tl}ése discordant igneovs bodieé exhibit a cross-
cutting relationship with the country rocks. Dykes commonly occut
in groups and such group may be of radiating, arcuate or any othef

pattern.

which in turn depends on the

ks exhibit typical forms,

& =

. Petrology -. : : : :

- Since for the formation of dykes the m'.,mg is to be sufficiently

mobile, the composition of the dyke
obile, the c  the dykes are mostly basic, i.e. riti
Dykes are évidences of regional tension in the !ruit xft{:fn’ g:gera':'e‘:

‘of igncous activities. Larger dykes produce baking and hardening

eﬂ'ect on cither side,

(i) Ring dyke. A dyké_. vof"ércuate out crop ; oecurrixiﬁi more B

pr less in tl;q fqrm of a complete or nearly complete circle.

(lii) Cone-sheets. These are inwardly dipping (in the form of

- inverted cpe;iial cones) dyke-like masses with circular out crop.
(6) In high folded regions : - S

(?) ‘Batholiths. These are the largest intrusive bodles . Mbs't..,

batholiths are found in belts of deformation within ‘the earth’s' crust

and are graniticin composition. These. are widening downwards . .

‘to unknown depths.
Batholiths of comparatively -smaller dimensions  are called:

R ‘Sf ’ . H
ocks® and stocks of circular outcrop upon. the surface are known as -

bosses.
. the_t:p zl'll:;é::m:;n:: &f the country-rock occurring upon or near
‘pendants’. intrusive. masses are known as ‘roof-

circular outcrop.
(iii). Harpolith. Sickle-shaped'ﬁasic bodies formed by éﬁ‘étch-

- ing of the strata after or during injection. :

‘ (iv) Chonmolith. Any irregular intrusive body

. Any deep-seated i i dv. i : : '
size, is'knowne!:s 'I)I:‘tio;nl}.t rusive body, irrespective of its shape and

. 2. Concordant bodies. Th: '
Yies. ese are i i i '
parallel to the structures of the country-rc;:lt:;uisi:v;hit::?xdtlﬁzytc]::gu:u "

() In unfolded regions :

magma(lt)ha‘s;d]ﬁs These are thin parallel sided tabular. sheet of
sity, unconform'itr?gnetrated along bedding planes, planes of -schisto-
They may attai;esé:;c'orgg‘:;‘t’iafe‘ also doleritic in composition.,
attitude of the rock beds in whichoglé;noznge depending upon the

(i) Laccolith.  These intrusive bod:es have their lower sur_facéi

flat ; .
ot 0 3 i o secumuision o o
Qverlying rocks upwards to make wgg&gs;gg%a::hmh Ppushes the

(lii): Lopoliths: These are g8 : '
huge dimensions and are of basic tgcgt::basap‘i’g i!:lo mpos Whi‘tcil:mgw o

(i) Ethmolith. Thg'se are funnel-shaped basié_» b"'diesbwnh ‘




i
{
i
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|

" “They are basaltic in composition.

- “products of volcanic activities are the usua
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_ (iv) Bysmalith. - Sometimes ‘the magma breaks. through, the

: o'w}exlying-‘rock' beds- and the igneous -mass after ‘consolidation is
~known as bys_malitt_x. : S o o

_ () In highly folded regions : . ,
, (i) Phacoliths. These are crescentic shaped igneous bodies.
occurring along the crests and troughs of folds of the country rocks.

Forms of Extrusive Bodies : o o
(i) Concordant. Lava flows and pyroclastics which are the
1 forms of extrusive

igneous-bodies.
" (i) Discordant ; »
Valcanic neck. Itisa mass of igneous_roc]
.consolidation of lava and pyroclastic m’a}erlals in

rock.produéed by the
the channel 'qf

~ -eruption of an extinct volcano.

STRUCTURE OF IGNEOUS ROCKS

The structures of igneous rocks are large scale fea
are dependent on several factors like : - ,
" (a) Composition of magma.
(b) Viscosity of magma. - : o
(¢) Temperature and pressure at which cooling and consolida
" tion takes place. I '

(d) Presence of gases and other volatiles.

Igneous structures are mostly classified into three major groups,

as follows : ‘ : o

L. Mega-structures.
3. Micro-structures.

tures, which

2. - Minor structures.

1, Mega-structures. These are usuallv 'formed in the flow .

- -gtage of the magma (i.e., in the extrusive rocks), and incluae :

. (i) Vesicular and amygdaloidal structures. ‘When lavas beavily
.charged with gases and other volatiles are erupted on the surface,
the gaseous constituents escapes from the magfaa as thete is a
.decrease in the pressure. Thus, near the top of flows; empty cavities
.of variable dimensions ‘are formed. The individual openings are
known as vesicles and the structure as a whole is Known as
vesicular structure. ’ o S

I, however, the vesicles thus formed are subécquently ﬁllcd_ in
‘with . some low-temperature secondary minerals, such as calcite’
zeolite, c_halc_;edon-y‘ etc., these infillings are called ‘amygdales’

- to cooling, a few sets of vertical

Petrology.' e AR
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Lavas containing amygdales are said to ha’ve"amygdal_oi"dal strﬁctur’e

: .'l'hese_ are the usu_;al characteristic of basic lava flows.

(i) Cellular or scoriaceous structure, By the bubbﬁng Oﬁf ";fl

- ‘the gases, from a lava heavil ged - wi )
. ases, .a 1eavily charged - with volati d g '
constituents, numerous cavities are formed with thtlaa!slcl:!’id?ililga'%i?:p g:"

the lava. When the cavities a
[ e 9 [} 1 [y Che Te: Very muCh . b - ‘
pumice’ or ‘rock-froth’ is applied. Such .struct:re‘;ng?:t’k;g:vxtierx

- cellular or scoriaceous structures and are characteristic -of highly-

siliceous lavas. .

(iii) Lava-drain- tugnels. ‘S<.>m. imes while the

_ 1 . Sometimes while the uj \
:l:.e te!‘x; : cl,::: ﬂt;c;gs&l‘lga‘t;:,‘ the mte;io_r may still rém:inuglﬁ%r; s‘a’%::
the peripbers of drains out through some weak-spots lying at
d;ain.tunnel;y of the flow, tjhe resulting structure is known as Igava--

. (iv)- Bleck-lava. Since: | * acidi » .
.. () Block-lava. Since lavas of acidic composition '
. their high viscosity, do not flow to greater di-stanceg.'ih‘ey afztégl;glfdtﬁ

fication are found t a’
found to offer a very rough surface. Suc '
are known as block lava. "It is also known as ‘aa’ stnré(illluéava ﬂowg. |

~ (»)-Ropy lava. ~Lavas of basic compbéition are quite mobile. -

because of their low viscosity and they can flow to greater distance
S.

and after solidification offers very smooth surface. - Such lava ft
‘ . ows.

(vi) Pillow stractuse. It comsists of isolated pillow shaped.

"  f masses piled- one’ upon another.. These
- of lava-into rain-soaked air, beneath icc-'Shee:s'P?:‘?::de{eixtlr':gs;g: :

se . . g .
diments or in sca water. Spilite, a lava rich in albite (i.e., sodium
! ., .y . © .

- rich),.characteris,i_ically‘exhibits' pillow structure.

(vii) Sheet structare. The development of one set of well defined

- joints, sometimes brings about a slicing eff
" “rock body. If all such shices ase ng effect on the massive igneous
-be sheet structure. s are horizontal, the structure is said to

(viii) Platy strubcflll‘er - ‘This is Iso. T _
. g Ak . also. dde to ' : .
‘rﬁf;mnc:nsé;ir?{:ifm?ﬁ whlclll‘ gives rise’ to only tl;;atgse ven:,lt?pt!tlx]: nrtc o{
stracture, b L roe Such a feature is known as placty-

(ix) Columnar structure. Asa congequence of contraction - due-

gbout the formation of columps. joints develop. Such joints, brin
ut the lorma ns : ; ’
thombsic or hexagonal in outlize. Which may be square, -"F?Ctaﬂgularg,',

* (x) Flow stroctave. Subsequent to eruption of Iaﬁé bu.pon. the'

- surface the viscous, varieties )

| ) , varieties flow from one place: ¢ i
ﬁiﬁndﬁ?lﬁvafda ;: g:t::v:ttempt_ to do so, tl’;ea c:itsgigli?a?tlgart‘cvﬁg
_ th out in the form ’ . icles.
-Sometimes the already crystallised pa'r-ticlesr n:v?tiﬁ?&gcz?}giag&cfrsé
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., arringe_d parallel to tﬁe direction of ﬁow of the lava. They naturally

indicate the direction of flowing of the mass, prior to its consolida-

" tion. These -are also known as directional ~structure or mofe
~ eommonly flow structure.’ e _ _

- (xi) Rift and grain, These are due to jointing. In’ granites,

| fhree mutually perpendicular, equally spaced joints, which are taken

jnto advantage while producing cubical blocks, are known as “mur

A0 . But for processing of the blocks down to smaller dimen-
' ";(i)cl)lt]xtsmtghe mutually perpendicular closely spaced joints (one lgqg;zontal

_and the other vertical) are taken into advantages. These joints are
" “kpown as rift and grains. : .

2. Minor structure. ‘.i'hese structures are formed in ‘the fluid

stage of the magma (i.e.,, in the intrusive rocks) and include the

following : »
in oliati i : i ks are
\ Primary foliation. Sometimes many plutonic. rock
charact(c?résed by,yf01i'!a_tion resulting from the parallel arrangement of

| . platy and ellipsoidal mineral grains,

.+ Banding in rocks. These are also known as }a_.yercd rocks
onsist(ilrlx)gB:f ahgemating' bands of different composition. "It may
:esu'lt from‘l‘ame!lar flow, from settling of minerals from'a crystallized

‘magma Of from Successive lnjectigns. : B
| (iii) Schlieren. These are somewhat wavy, streaky, irregular.

sheets, usually Jacking sharp  contact with the surrounding igngous -

¢ > alter i tion or may represent
. They may be _alte:ed_ inclusions, segregati !
::z%lf:sentratizn gf residual fluids 1into layers in a rock thgt had

‘otherwise crystallised. - S o
3. Micro stmctﬁi'és. These are formed due to reaction between

- already solidified crystdls and the rest ‘of the magma and include the
- “following @ - o ' ‘

¢ ction ri N e reaction between an already

i) Reaction rims. When the reaction betw!
érystall(iz)ed mineral and the rest of the magma 1s incomplete, the
corroded crystals are found surrounded by the products of reaction

" je.,some new mineral. Such zomes are known as reaction-rim.

jon ri fe.p imary magmatic reaction,
: n the reaction r1ms are,producefl by primary m )
fz:; are known as ‘corona structures and ‘kelyphitic borders’ when ‘

secondary. o ‘

(i) Myrmekite structure. It is produced by an intergrowth of .

Quartz -and plagioclase feldspar where quartz ~oceurs as blebs' or
drops in plagioclase. » o o

(i) Graphic structure. It results from an interg:oW.th of quartz
and orthoclase feldspar. - : _

(iv) Xenolithic structure. Occurrence of {i oreign rock fragments
within an igneous rock gives rise to xenolithic structure. - The xeno.

Petrology

Aiths are Said,fo,be 'cognate’.when they are genetically relate 4 to

‘enclosing rocks and ‘dccidental’, when they are fragments of country-

- rocks without having any genetic relation with the enclosing rock.

(v) Orbicular stracture. These are spherical .segre'gationé'

" consisting of concentric shells of different mineral composition and
texture, which occasionally occurs in granitic rocks, -

_ (vi) Spherulitic stracture, - Its essential feature is simultaneous
crystallization of fibres with -radiating arrangement about a common
‘centre. The large spherulites are known as “Lithophyse’. 1n basic
‘lavas - and intrusions, they are called ‘vorioles’ and the rocks contain-

- ing them variolites.

(vii) Perlitic-cracks. These are cutved, concentric 'lihes of

- fracture, often seen in volcanic glass. These are simply due to

-contraction of the glassy mass on cooling.

" TEXTURE OF IGNEOUS ROCKS

Textures of igneous rocks describé the actual relations between

.crystals or that between the crystals and the glassy material present
within igneous rocks. Rocks have been formed under diverse
physicochemical _environment, and textural studies indicate the

- cooling history of the magma. Texture of igneous rocks is a function

«of three important factors :

(1) degree of crystallisation, i.e., crystallinity. -
(2) size of the grains (or crystals), i.e., granularity.
(3) fabric, which includes - "
(i) shape of crystals. , N
(ii) mutual telations-of grains or -of crystals and glassy
_ matter. R :
1. Crystallinity s

@ Holocrystaliine. 'When an igneous rock is made up of
- imineral grains only. o - I - o

(b). Hemi-crystalline. When a rock contains both Crystalline-
-as well as glassy matter in variable proportions.

| - (¢) Holohyaline.  When the igneous rock consists wholly of
glass. - o . o S
‘The degree of crystallisation depends on the following factors:
(i) Rate of cooling. S ' ' _
(ii) Viscosity of magma (i.e., composition of the magma and
' the presence of volatile components), : '
(iii) Depth of cooling. '
(iv) Yolume of the magma. .
¢
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3. Gragularity. It refers to the grain size of the grystals.
L eous rocks. These are - L the.
pr.esen(t ;F' g;;:f:;:o“s;vhen individual crystals are ylsxble to the»
naked eyes and are
iy Coarse grain. the g ) s

('g Medium grain. - Grain size is 1 mm to 3 mi. diameter
: ((l:) Fz'ne. grdin 'Grains are smaller than 1 mm 1n & o

ii . . :

When the gréin_ size is 5 mm or above. .

(b) . Aphanitic.. ' When individual grains cannot be Qistingm@ed.

‘with unaided vision and-are

" G) Micro-crystalline. then individual cry‘St.a-is are difﬁlngulsh-- R
© able onI‘y under microscope. . ‘

Crey Mora-crystalline. ‘htermcdié_te in range. S
: (") Memo:f};stalline. When..ing_iividual cx:ystal;a_re too \smalL
o (lél)agt}gfy- distinguished, even under thF m.lc.tos y;le |
tobe inl')) Giassy. ‘When there is 00 crystallisation atall.. o

7- = T l' . d .
In general, pegmatitic and .plutonic rocks are coarse . grained,

h byssal rocks are medium grained and volcanic rocks ate either .
a o

fine grained or glassy. -

In most natural glaéses there are found number. of gminute. -

bodies of various shapes which represent the beginnings of crystals.
They are g

- (@) Crystallites.

' icrolites. : . Whi

tling,)apgégfi;’té to their mineralogical nature. -

> Terms like éloi:’uliteﬁ, margarites, longulites, trichites, scopulites.
are use:ll;'to describe various forms of microlites. _

Tﬁes? are embi'yo crystals.

Devitrification, It is the process of conversion of g'assy

‘material to crystallised state. Perlitic ctacks in crysgal; are evigences.
'I:fatheir original glassy con@xtxon. .
| 3, Fabric: _ , )
.(') Sﬁape of the graios.. It refers to the degree of develog
l . . .
ment of crystal faces and are :

(a) - Euhedral. - When the mineral grains arc found to have

developed a perfect crystal outline.
or automorphic crystals.

‘develégldsul'ﬁ:g;agfe also known as hypidicmorphic of hypauto-

These are known as idiomorphic

* morphic crystals.

(¢) Anhedral.” When the cryéia_d faces are absent.

. Pctrolbgy

_ is the characteristic texture of lamprophyres.

Minute crystals, which may exhibii thg crystal.

- and hypabyssal rocks.

Whe-n,.the_ crystal. outlines have partially -

. .Dnature.

v With reference to the thiree " dimensions in space, cryitals ape
classified as L -

. (@) Equidimensional. ' Crystals found to baye dovdomd

-equally along all directions in space. . ,
* (b) Tabular. When bgttei developed in two directions. :: -
(c) . Prismatic. When better developed in one direction only.
(if) Mutual relationship. Tt refers to the relative size, shape

and dimensions of crystals and their relation to one another. This

may be : v
(a) Equigranular, and
(a) Equigranular :

(i) Allotriomorphic.
Synonymous terms are
sacchraoidal. =~

(ii) Hypidiomorphic. Here all the crystals are subhedral. . »
* (iii) Panidiomorphic. Here  all the crystals are cubedral. This

) Inequigranq_léf. .

xenomorphic, aplitic, mosaic, sugary,

In case of aphanitic rocks, they are

(@) Micro-granitic.
grains.

) Orihopyric.‘ Crystals are mi:roscopically euhedral.

(¢) Felsitic. Grains are too small to be identified in thim
sections. : ' .o

() Inequigl_'ahulér. In this case the grain size shows a marked

difference from grain to grain.

This is also known as seriate texture,
and are of the following types : : ‘ B .

I. (i) Porphyritic texture. In this case larger crystals ué
enveloped in a groundmass.which may be micro-granular, mero-
crystalline or even glassy. This texture is characteristic of volcanic

Its origin may be-attributed to. & - . :
(@) Change in physico-chemical condition.
(b). Molecular concentration.
(¢) Inmsolubility.

(if) Glomero-porphyritic. Here phbenocrysts gather at one Spoi. .
o Gii) Vitrophyric. - When the groundmass is glassy in a porphy- -
ritic texture, it is caliéd vitrophyric texture. : :

(iv) Felsophyric. Here groundmass is crypto crystalline in

IL. (i) Poikilitic texture. In this case, smaller crystals are
enclosed in the larger ones without common orientation. Tha

ios

In this case all the crystals are anhedrali

Consisting of anhedral and subhedrad

G
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enclosing crystal is known as ‘oikocrysts’ and the enclosed ones are
calied ‘ahwdacrysts.” '
- (if) ‘Ophitic texture, 1Itis a type of poikilitic texture in which *
euhedral “plagioclase’ ‘crystals  are partially or completely sutronnded
" by anhedral augite crystals. This is the characteristic. texture of
dolerites. - o _ o _
. Gii) Sub-ophitic texture. 'With equal size of feldspar grains and
_ augite, the enclosure is partial and it-is known as sub-ophitic. '
“(iv) Granulo-ophitic. ~Here grains ‘of plagioclase are enclosed
within a large patch of pyroxene, and the latier in turn 18 made up
of a number of pyroxene grains. P :
(v) Hyalo-ophitic. When diversely oriented grains of plagio-

~clase occur within the glassy groundmass. o
- - ¢vi) Ophimottling. Ophitic texture confined to separate areas.

, 11, . Intersertal and intergranular texture. When the plagio-
clase laths are arranged in a tringular fashion and the polygonal
“jntefspace left between the crystals is having glassy infillings, it 18
known as ‘intersertal’. However, if the interspace is filled in with
_mineral grains, it is called ‘intergranular’. These are commonly found
in basalts. 2 - =

“JIV. Directive textures. These are produced by flow in magma
during their q.r_y’stallisation. ) :

) Trachyticv textare. Produced by subparallel arran'get_ne'nt
of plagioclase along the direetion of flow of lava. Without evident
ﬂo_w¥ it is known as Felsitic texture. - _ :

N ,‘ff.:-(ii)' H}'alopilitic. Also known as felty, which is due to appre- -
ciable admixture of glass and feldspar needles within the body of a
rock. -

. (iti) Intergrowth : o
¢a) Graphic intergrowth between orthoclase and quariz.
(b) Perthitic intergrowth between albite and orthociase.
{c) Mpyrmekite growth between quattz and feldspar,
(d) Granophyric is the graphic texture found in hypabyssal and
% -golcanic rocks of grapitic composition. . -
As described above, these are important and common textures
.of igneous rocks. : :

CHAPTER 46
MAGMA
* (Its Composition and Constitution)

- Magma is a natural rock fluid b ’

N ; ‘ encath the earth’s crust
which may consolidate to form and igaeous rock. When magma i;
erupted to the surface, it is known as lava, the consolidation of
- which gives rise to volcanic rocks. ’ :

~ Composition and Constitution. - Magmas consist of mi

'sohds, fluids and dissolved gases. Essentially they are t“,;?;xgg;e:iﬁf

', cate melts containing large quantities of water and varying. amounts
of highly reactive fluids and gases in solution. These reactive fliuds
‘ﬁ’l“de such things as hydrochloric acid and hydrofluoric . acid.
tio?xgs,n;?sd?§é?:;thn31:e :J :isxed: gox%pozition. Although the composi-
tions o undi ‘ ny al '
by compositiogn 12 oubtedly vary, many are close to the

(a) Chemical ‘co_n':p.osition: o

(i) In terms of oxide :

S0,  59% ALO, . 15%
Fe,0, 3% FeO . ¥5%
Ca0 5% | NaO  38%
MgO  ¥5% K0 3%
HO - 1% . TiO, 1% |
P.Os  03% MnO 1%
co. 01% . -

(#%) In terms of eléments Oxygen, Silicon Aluminiurmr Ir

. . hd b » t] ’ Y OD,

?alcmm, Sedium, Potassium, Magnesium, Titanium, et& They
n?g:gx:r constitute more than 997 of the fized constituent of auy

el
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_ (b) Mineralogical composition ¢
Feldspars o 59%
Pyrbxene and Amphibole 17% |
Quarte 1%
Mica 4%
)
.~ Others _ ‘ 8 /,. N
'l'htough the processes of _diﬁ'eréntiation and ass_nmnlatlon, the.

same magma may give riseto diverse rock types. o |
- of is W "'that magmas
of magma. It is well known that mIgt
becorrgiy;::’.lg::?g:ks by .s%lidiﬁca_atiop without crys]talhz:ftflﬁ c(tlxzi"
" ‘formation of glass) or by_crystallization with the loss of much of
their volatile materials. The crystallization of magma is g
- by several factors like : . v .
‘ (i) ‘Temperature (rate of cooling)..
© (3i) Viscosity of magma.
(iif) Composition of magma.
“(iv) Concentration of volatiles.
" (v) Pressure (depth of cooling). o
/ nsist of a number of components and’

i ] i t
e multi-component. . Unicomponen
- allization can be /better studied.

d multi-component system..

- 7 Magmas usually co
therefore.most igneous 10¢

- rocks are extremely rare. The cryst
in a unicomponent, bi-component an
“uni ot a,.

the study of unicomponent magma,
- eneration of crystals is slow is.

_ Unicomponent-magma.
ijon’ in which the rate of’

the tempefature region in which the g
.called the metastable region apd the reg
crystallization is rapid is the labile region. o
been observed that slow-cooling,
coolings leads to_the formation.

According to this study, it has
rocks are of finer grains than.

ieads to coarse grains wl;ereas rapid-
of glass. Besides, multl-c_o_mponent
the one of simpler composition. .
ciple, i.e;, ‘“melting.

i ' tant prin
Bi-component magma. - The. impor ) e s lowered:

point of any of the components in a bi-componén

ariable extents due to:the presen _an f
'?t?:v c?tltnc;rvone” is the guiding principle 1B the ciystallization of bi
" component magmas. Bi-component magmas show

relationship and method of crystallization‘_ag -
" 1. Butectic crystallization. . - '
2. Solid-solution or Mixed-crystals.

esence of variable amounts of

two types of

AMogma . o - 197

- Eutectic relation. In this case the two components havi
distinct and different freezing points, shows decrease g? tleg: frl;aegzg
-points at various stages of their combination. At a particular point. -
of their cox_nbmatmg, and ‘at a- particular temperature these two -
‘components crystallize together. This temperature is called the.
“Eutectic temperature’ and the point of combinatibn-show)ing a speci—
- fic percentage of both the components in the mixture (i.e., compo--
sition) is called the Eutectic-point. T . po-

two mirieral and résults in a peculiar graphic-texture.
. e.g., Perthite. Orthoclase : Albite 42: 58
Graphic. Orthoclase : Quartz 72°5 : 27°5.

This type of crystallization gives rise to the intergrowth of tfx_é

Solid solution Sométifnés it -is obse hat both » '
ion. S, bserved that both the .com-
ponents of a binary magma are isomorphous and miscible in ali
proportions in the solid-state forming homogeneous crystals. The
‘best examples are plagioclases and pyroxenes. ’

In a temperature composition diagram (to iJlustrate this ¢
fgsxt)a;l_l;ztauon) there ﬁrfl tw;lo curves—solidus (and liquidus. ’ll'heyxlzjleelczf ‘

int curve is called the solj i i i
catied the Hquidus. he so vld_us and the freezing point curve is

Such crystals do not melf at a defini ‘ i
. 4 : ] te temperature but meltin
- 1s spreading over a range of temperature, the lower limit is fixed bg

~ the solidus and the upper limit by the liquidus.

_If a mixture of the two-components havi icul -
_ 1 f the | : ving a particular percen-
- tage of their vcombmatxoq start - cooling down, the crystallxx?zation
Wlll only start when a particular temperature is reached. .

o If’t? ma%matic mixture of
composition ‘P’ is cooled t
1400°C, the crystals of composi(: 1400
“tion ‘Q’ will begin to form. As

the temperature continues to fall

the liquid gets enriched with the
albite (Ab) component . by the A
withdrawl of anorthite (An)rich -
crystals.’

Ab=100 0-ab
~ In this way, the continuous An-0 - 100-an
vcrystta.ilhzat_l%n of  solids, their Fig. 461, C
Teaction with the melt and consequent changing over to ne solids
. d ¢ € wer solids

-of ever changing composition continue till the composition of the

::gctl phase is the same as that of the original composition of ths
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In the 'case of “such solid-solution relationship, with rapid

i osition, in
ystalt not change to a different comp v
rlyxs::? rz?t% of cooling and therefore zones

.= : ] ]
cooliDE e Wi e of differen
S i i temperature (at which it was form-

yositior ate tothe temper >
ﬁﬁ?&%’}ﬂﬁﬁeg"aﬁﬁﬁ the early formed crystals. _The gxamplgs are
best found in plagioclase crystals. - ,

Thié' is also known as continuous reaction-rel_at:on.

Y ‘ i ow peri=
Besides the above, binary magmas a}st_) i;c;gaeetges sh P |
tectic relationship, in syste_.léps like forsterite-silica, ﬁagmas i
' g ! ternary ‘
i ¢ magma, These are ! r hich
the iega‘?i::;g:nl:;weengll the three components may include

solid-solution and/or eutectic characteristics. 7

ization has been explained by
- the crystallization of magma :
variox;l;hg‘::sologists through laboratory experiments
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CHAPTER 47

BCWEN’S REACTION PRINCIPLE

According to the studies made by Dr. N.L. Bowen on thé

crystallisation of and the reactions. which take place in a basaltic '

magma as it is cooled, he enunciated the reaction principle. Bowen’s
reaction principle illustrates how a magma may solidify as a single

" rock-type or may give rise to many rock types.

~ " As crystallisation of magm#_'}prQQeeds there is a tendency for
equilibrium to be maintained between the solid and liquid phases.
To maintain this equilibrium, ¢arly formed crystals react’ with the

‘liquid and changes in composition takes place. The sequence of -
crystallisation as has been worked out by Bowen (1922), is known as

‘Bowen’s reaction series’. In this series, the minerals are so arranged

that each is supposed to react with the magmatic fluid so as to produce
the one placed below it. .

In fact, there are two parallel series—one series to represent
the transformatfon in structure and composition of the ferro-
magnesian minerals with the falling temperatures and the other series
represents the cooling and crystallisation of minerals of plagioclase

group in the magmatic fluid with the decreasing temperature. The -

reaction for the ferromagnesian minerals is called the ‘Discontirinous
series’” and that of the plagioclase minerals is called the ‘Continuous

- Reaction Series’. Both these two series converge and merge into a

single series, which also forms a part of the discontinuous reaction

_series. The minerals.in the reaction series indicate, in general, the

order-in which each mineral crystallises-from a cooling basaltic
magma. : : - ‘

) Unless the early formed crystals are removed from ihe melt or
if its composition cannot be further changed (i.e., magmatically

dead), reaction between the magma and the crystals formed will take
_place to produce new minerals. o S '

" THe temperature range, for which the Bowen’s Reaction Series
has been worked out,is from 1100°C to 573°C. '
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SPINELS
v‘ . .t
1100°C—Olivirie Anorthite
N 7
Mg-pyroxene » Bytownite
Fe—p;rldxehe. Labradorite
“Hornblende. Andesine.
" Biotite Olifo’clase'
N Albite
T4
~ Potash fil’dspar
. Muscovite
s13°C— o Quiftz
‘ | - Zeolite

Water:tich solution

After thé crystallization of the minerals of the Spinel-group, at

:a temperature of about 1100°C, the first signs of crystallizationﬁof sili-

.cate minerals begin to take place. , o
- Discon:inuous reaction series. The_ﬁrst mine.ra} to crystallize
%n the Discontinuous Reaction-series is Mg-olivine. " As stoor}
«as olivine is formed and uniess removed from the tsxea_h_oh
" . action, reacts with the magma so as to produce a mmeralllth :;1 :(1:1 b
-the phase is saturated under the existing _temperatu_rq. T usd wtlh’en he
:falling temperature olivine is conve_r_ted. into 'Fe-d“',ll{lethzn 3 fhente
:Mg-pyroxene (clino-enstatite). This will continue ti  the v l;emical
‘olivine is converted into pyroxene, under ideal physico-c mical
_condition. The two minerals thus related by reaction are called
*reaction-pair’. ) 4 ot Ca-pyroxens
In this way, Mg pyroxene gets converted in -
:and then to amgl’libolg (hz’)mblende) which in turn gets transformed
to biotite, with the falling temperature.

i i . extensive is
The greater the degree of fractionation, the more Ve ]
the i‘eactiogn process. When the reaction between crystals an%lgqm;l
. goes into completion, the minerals of the final rock are obviously

those formed late in the series ; as the early formed minerals were

dissolved and absorbed during the reaction. But if the reactx;;lr llS
incomplete because of too rapid cooling -0t other ulelasgns,l oek)s(
membeérs of both reaction series may remain as relics in the final r

 magma.
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and reaction rims are formed surrounding the early formed crystals.
“Thus olivine is surrounded by pyroxenes, pyroxene by amphibole and -
-amphibole by biotite-mica. ' :

Minerals of discontinuous series characterised by incongruent
‘melting, i.e., they have no definite melting point, but upon heating
‘bréak. up into some other minerals and liquid. For example, Mg-
pyroxene breaks up into olivine and liquid.

Each mineral of a discontinuous reaction series may itself be a.
member of a continuous reaction series and both kinds of reaction
series may co-exist within the same magma.

Continuous reaction series. This 1s the series consisting of plagio-
tlases which begin crystallising more or less simultaneously with oli- -
vine or a little later. In this case, the first formed crystals are those
richest in lime ; as reaction goes on and the temperature drops, the
crystals became progressively more sodic. This implies that the
reaction is normally progressive and a continuous series of homoge
neous solid solutions is produced. ‘ '

This fact is well recorded in zoned plagioclases in which the
core which is more calcic is surrounded by successive soda rich zones,

‘Partial failure of reaction between olivine and liquid results-in
the enrichment of the liquid in silica, and the final crystallised product
may be a mixture of olivine, pyroxene and quartz. 'In this case the
quartz is called a released mineral. Rocks containing released
‘minerals are called doliomorphic.

Importance of Bowen’s reaction principle :

(1) It illustrates how a magma may solidify as a single rock
type or may give rise to ‘many rock types.. The primary basaltic
magma may solidify as a gabbro copsisting of olivine and calcic
plagioclase or it may give rise to rocks varying from dunite through
-gabbro, diorite, tonalite, -granodiorite to -granite, depending upon
the degree of fractionation and the extent to which the early formed
minerals are removed from further reaction with the melt.

(2) The atomic structure becomes more complié‘ated from early

. formed minerals like olivine to the minerals like quartz, zeolite etc.

(3) The early formed crystals are more dense than the late-
formsd minerals of the Bowen’s reaction series.. ’

(4) It indicates the process of fractional _diﬁ'erehtiatibn in
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CHAPTER 43

DIFFERENTIATION

K

It is widely accepted that therc is only one parental magma of

basaltic composition. and all the different varieties of igreous rocks
were supposed to “have originated from this magma of uniform
composition. The origin of diverse igneous rocks with regards to
mincralogical composition ard texture can be attributed to two
causes : : .

I. Differentiation 1I. Assimilation

‘1. Differentiation. It may be defined as “the process whereby, '

a magma originally homogeneous splits up into contrasted parts,
which may form separate bodies of rocks or may remain within the
boundaries of single unitary mass”. The process of differentiation,
is usually favoured by two factors : '

(@) Rate of cooling.
(b) Settling of early crystallized heavy minerals.

Stages of differentiation. According to Tyrrel there are two
stages, in the first stage, there is preparation of units such as
crystals, liquid submagma etc. In the second stage the prepared
units are separated and accumulate separately to form distinct
masses. e

Differentiation in an'igneou‘s magma involves processes like :
1. Fractional crystallisation.

3. . Filter pressing.
5. Gaseous transfer.

-9, Gravity separation.

1. Fractional crystallisation. With the cooling of the magma,
crystallisation begins and earliest minerals start crystallising.
Differentiation may be brought about by at least two distinct
processes : o - :

(@) The localisation of crystallisation aided by diﬁ'usiqn and

convection. :

4. Liquid immiscibility. -

Differentiation. o - B 203

(b) The localised accumulation of crystals in ‘several different.

ways, with the concommitant” segregation of the liquid -

‘magmatic residuum.

_ Crystallisation may be.localised at a cooling margin, where the:
temperature is Jower than the central parts of the magma. Thus-
~-two phases—a solid and a liquid are formed. ' .

" The concentration of the molecules of the growing crystals at
the site of-crystallisation is supposed to be due to (a) free ionic
diffusion of that substance from all parts of the magma, (b) by
convection current with a concommitant movement of other sut-

_ stances in the opposite direction. But these: suppositions were
later on found untenable. : -

v During crystallisation, there is a tendency for equilibrium to
‘be maintained  between the solid and liquid phases. To maintain
equilibrium, early formed crystals teact with the liquid and changes
in composition take place. In case of plagioclase, for instarce, the:
first formed crystals are those richest in lime ; as. reaction proceeds
with falling temperatore, the crystals become progressively sodic..
Thus a continuous series of homogeneous solid solution is produced,
which constitute the ‘continuous-reaction series’. o

o Certain ferromagpesian minerals on the other hand react )
with the melt to give rise to a new mineral with a new crystal: .

structure and a definite composition. Olivine, for example, may be
transferred to pyroxene, and pyroxene to amphitole. Such abrupt.
changes constitute the discontinuous reaction series.. : '

{ Mg-Olivine \ /Anorthite)l O
oo Fe-Olivine\ Bytownite | S
%8| Mg-Pyroxene\ /Labradorite ‘! &
g8 Ca-Pyroxene\ /Andesine rtwE
£ Amphibole\ / Oligoclase | 8 e
€51 Biotite\  “Andesine | 2w
25 N : J 8
%] K-Feldspar <}
o4 Quartz -3
Muscovite =
L Zeolite

Certain minerals in igneous rocks are associated because they

- crystallize over the same range of temperature. Early high-tempe-

rature minerals of both series generally crystallize together. As 8
result while some minerals are characteristically associated with some

specific minerals, others are incompatible with them.

“Bowen’s Reaction Principle’ illustrates how a primary basaltic

_magma may solidify as a gabbro or it may give rise to rocks varying
from dunite 'th.rougb gabbro, diorite, tonalite, granodiorite 10
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- granite depending upon the degree of fractionation and the - extent
" to which early formed minerals are removed from further reaction
with the melt. . ‘ L S »

- Thus two magmas of identical initial composition but cooling
at different rate produces - different rock types. In the absence of
volatiles the normal minerals of the discontinuous reaction series

. cannot form. a

“The product of early crystallisation are concentrated at one
end of a differentiation series and the products of later crystallisa-
_tion, at the other end. . o .

2. Gravitational »settli{i“ig. 1t is the tendency of the heavy

- minerals to sink to the bottom and those having lower specific

gravity than the melt tise¢ up and- float at the top of the magma .
chamber. The perfection of this process depends on the size, shape .

.and specific gravity of individual crystals and also on the viscosity
.of the magma. Olivine, seems to be the most important mineral
.affected by this process and its gravitational settling forms stratifica-
-tion in igneous rocks. : '

3. Filter pressing. As crystallisation continues a loose mesh
.or frame-work of crystals with residual liquid in the interstices will
ultimately be formed. ~ If, at this- stage, deformation of the mass
.occurs, ecither by the lateral earth pressure or downward pressure of
+the lifted strata, the interstitial liquid will be squeezed out. The
1liquid will tend to move towards the region of least pressure. Thus,
‘this process of separation of solid crystals from the fluid magma is
known as ‘filter-pressing and is found to be very helpful in bringing
.about effective and appreciable differentiation in magma.

4. Liquid immscibility. A mix of two different components
‘may be homogeneous at a particular temperature, but with falling
.of temperature both of them become immiscible fractions - and
separate from each other by the difference in-specific gravity. In a
similar manner, components of an igneous magma may be perfectly
miscible at higher temperature but with gradual cooling the magma
mass may separate out into distinctly different and mutually immis-
.cible components. ~ - . -

-5, Gaseous transfer. Being excellent solvents, volatile consti-
‘tuents continually go om collecting the otherwise sparsely dissemi-
‘nated metallic and non-metallic constituents as they rise upwards
‘through the magma chamber. Again the escaping gas bubbles may.
-attach themselves to growing crystals and float them upwards. The
~volatile constituents are eapable of making selective transfer of

material from lower to_ higher levels. In this way, pronounced

heterogenity may develop in magma.

_ Thus, differentiation is a major process that is responsible for
‘tbringing about diversity in igneous rock masses.’ o B

CHAPTER 49
ASSIMILATION

Assimilation is an important factor in bringing about diversity

in igneous rocks. This is the process whereby rockmassés are in-

corporated by magmas, there is also commingling of two liquid.

" magmas. Since these processes involve the re-mixing of rocks, they
represent the reverse of the differentiation: processes and hetero-
-genity re_sult; when the mixing is incomplete and non-uniform.

The laws of assimilation are governed by the same general
laws of f_racnona‘l crystallisation. Reaction between magma and
wall-rock is.a normal accompaniment to igneous intrusion. In the-

course of this reaction the magma becomes contaminated by incorpo-

‘rating materials originally.-present in the wall-rock. This broad:

process of modification is described as assimilation,

The incorporation of foreign rock matter by a ‘magma occurs .

in three ways as o ‘ :
(@) Mechanical incorporation without chemical reaction.

(b) Reactions involving partial solution of the incorporated-

matter and the precipitation involving the . replacement of -

_one solid phase by another. :

(© Total dissolution involving total disappearance of the
- solid phase. - : ’ . -

In general it is a complex process of reciprocal reaction between
magma and invaded rock. During the process of reaction, due to
ionie exchange between liquid and crystals, minerals -are changed
into those crystallive phases with. which the liquid was already.

" . saturated. The end product is a contaminated igneous rock. which

was-at no time entirely liquid and which is made up of materials
contributed partly by the original rock and partly by the wall-rock.
The rocks formed in this way is naturally of hybrid origin, which:-
are particularly common along the borders between intrusive and
invaded rocks.. . : S

Factors aﬂ'_ecting as;imilatidn : _ ,
(/) Temperature of the magma at the time of intrusion.
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G Présen_ce or absence of notable degree of supetheat, i.e.,
the stage at which the inclusions are tapped in.

(iii) Com_positionvof the inclusions.
(iv) Concentration of volatiles in the magma..

(v) Conditions which facilitate or retard the escape. of
volatiles into tbe»suttounding-tock's. . :

~ Since the-- melt. reacts - with - the minerals which are formed
earlier at a higher temperature, and gives rise 10 the minerals which
‘at the monient are in equilibrium ; as in Bowen’s Reaction Series.
These reactions are exothermic, that is, they proceed with the
production of heatand not the absorption of it. Only those inclusicns
- made up of minerals belonging to the lower series can be directly
dissolved ; the heat required for dissolving the inclusions is supplied
by the crystallisation of a thermally equivalent quantity of those
phases with which the magma at that moment is saturated. :
~ According to the above observations, a general rule has been
enunciated (by Zirkel) “in acid magma acid inclusions are not
assimilated but basic ones are ; likewise in basic magma  basic
inclusions are not digested but acid ones are”.

There are some petrochemical considerations underlie the
geaction between magma and wall rock : : ,

{a) Suppose,a magma of granitic composition has started
reacting with the wall-rock of gabbroic composition ; in such a case.
labradorite and augite of gabbro are earlier members than oligoclase
~and hornblende of granitic magma. A complex reaction takes place

whereby the minerals from the walls ‘of gabbro are changed into

horablende and oligoclase, minerals which are in equilibrium with -

the melt at that particular temperature. This is the assimilation of
basic igaeous rocks by acid magma. o , .

(b) Assimilation of acid’ inclusions by basic-magma. Basaltic
magma is capable of melting acid igneous rocks, as its temperature
is much above the melting ‘point of acid igneous rocks. In such
cases the members of the late-crystallization go into solution by the
magma. To supply the necessary heat for . fusion and reaction, an
equivalent amount of the members of early crystallization get
precipitated from the liquid. ;

(¢) Assimilation of sedimentary-rocks by basic magma. Since
sedimentary rocks are mostly composed of quartz, alkali-feldspar,
clay minerals and calcite which are low-temperature minerals, they
are completely incorporated by basic magmas.

Assimilation of calcareous inclusions desilicate the magma by
crystallizing out various lime silicates as-melillite, garnet €tc.-giving

)

‘ 'rqlssimila!ian
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_tise to a silica ol na sagl
appear. | ilica poor alkaline-residue and cause felspathoids to

Incorporation of argillaceous matter mey give rise to cordie

. ‘zrnte. sillimanite, spinel, garnet, anorthite etc.

Partial digestion of sili s i i
) al di ceous inclusi i ims
-augite, hypersthene, cordi_erite,'.ﬁiagiOclaé‘)en:t:how reaction rims of

(d) Assimilation of sedimentary-rocks by acid-magma. It

feads to a paralle] dev Y -FOCKS
the magma. paralle] development of minerals in'the xenolith and in

(e) Assimilation of met i s by ’

‘ 5 ition amorphic-rocks by basi - Si

ot ; asic

thz :g‘e%ipgécé::icrgisla;?nel::}er _alt;:re_d ilgneouz or nsedil:)z%?a?y 1'?:1(:;::;=

the ef nilation of such inclusions are guide i heir
mperature of formaiion as well as mineralogical cognl:;aies(iltigg their




| " CHAPTER 50 -
" CLASSIFICATION OF IGNEOUS ROCKS

[

. Igneous rocks show. great variations both in chemical and
mineralogical composition as well as textural characteristics. There
is no general agreement among the petrologists as to the classification

of igneous rocks. ~Di_ﬂ'eyent classifications have been proposed. oo

the basis of

1. Mineralogical composition.
2. Chemical composition.
-3, Textural characteristics.

4. " Genesis. '

5. Association.

1. On the basis of mineralogical composition. " Since the relative:

amounts of the various minerals in a rock can be measured or esti-
mated with a fair degree of accuracy, this criteria is given more:
emphasis for the classification of igneous rocks.

"The minerals occurring in igneous rocks may be classed as
(a) Essential, (b) Accessory, and (¢) Secondary.

The first two are the products of magmi\tic crystallisation-
whereas the third one is formed by the alteration of the primary
minerals, i.e. (the 1st two), through the processes of weathering,
metamorphism etc. | o

(a) Essential minerals. These are the major constituents of the

rock which help in the diagnosis of the rocks types. The disappear-
ance of these minerals would cause the relegation of the rock. to

another type. )
'(b) Accessery minerals. These are the minor constituents of a

~“rock and their presence bas no bearing on the nomenclature of the

rock. . .
The minerals commonly cccurring in igneous rocks may be

broadly classified into felsic and mafic varieties. Felsic is a 'term’

derived from feldspar, felspathoid and silica and mafic is similarly

LA
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derived from ferromagnesiaﬁ minérals, like biotite, pyroxzene,
amphiboles etc. B ’ .

‘specific gravity, comparatiﬁrely\-of, late crystallisation.
" The mafic minerals are dark coloured, higher specific gravity,

Felsic minerals are light in colour, low melting point, ‘low

* higher melting point and are early crystallised minerals. i

. Terms like lericocratic and melanocratic refer to light coloured

" and dark coloured minerals respectively. Usually the felsic minerals:

are leucocratic and the rocks containing more of mafic minerals are:
melanocratic. The rocks which are pitch dark in colour are. termed.

-~ ‘as ‘hypermelanocratic.” - Mesocratic rocks.are intermediate in colour..

2 Chemical composition. The most important chemical classi- -
fication have been proposed by four American petrologists, Cross, .

- Jddings, Pirsson and Washingtdn. Here the chemical analyses.are.

calculated into a set of hypothetical minerals called ‘standard’’ or.

‘norm’, which are divided into two groups :

Salic Minerals Femic Minerals _
Acmite, diopside, apatite;.
wollastonite, hypersthene,
olivine, sphene, ilmenite,
magnetite, chromite etc.

Quartz, orthoclase, albite,
anorthite, leucite, nepheline
corundum, zircon etc.

On this Basis the rocks are classified as follows : -
1. Salic to femic minerals into five classes.

) 2. Quartz to feldspar and of acc‘essory"minerals to other

‘femic minerals into orders.

3. Salic '-Jlka_ligS to femic alkalies to famic-limes into rangs. 7

In their chemical composition, the igneous rocks vary . between

" wide limits. - Thus rocks like granite may contain about 70 to 8%

of silica and very little quantity of iron, magnesia and lime while at

_ the other extreme end, there are rocks like peridotita, dunite, cc.

which often contain about 35.t0.40% of silica and larger quantities
of iron, magnesia and lime. Thus igneous rocks may be classified
as : - - ‘

(b) lntermediaté »
(d) Ultrabasic rocks.

(a). Acid

. (¢) Basic
(a) Acid-igneous -rocks. These rocks have more than 65%

of the silica content, .e.g., Granite, Grano-diorites. ' :

() Intermediate rocks. These are having 55 to 65% of silica.
e.g. syenite and diorites. . o ,




' (t) Basic rocks. . Here the silica conten.tris between 44 to 55 A,» .

e g., basic.

) Ultrabasic rocks. In this case, silica content is 'Iljei?ls_a ;2:;;
44°%,. Rocks like anorthosite belongs to this catcgor?}.1 Dlirabasic
’ roc/l:s' having higher magnesian contents are knqwn as

‘Shands.and Holmes classified the. igneous rocks as

' rocks.
(i) Supersaturated rocks. Also knovs;n as oversaturatec?
Here, the excess of silica crystallize as quartz.

] i ilica to form
Gi) Saturated rocks. - They have just sufficient silica !
the stable silicate minerals but no free quartz.

U ' [ tain i i ilica and
(iii) Under-saturated rocks. They contain ;ﬁi?g;g;?:) rsesent. |
minerals like olivine, nepheline, leucite etc. are :

o _ i
3. Textural classification. 15 i: (l;éogtclguf?:jzg gfq tt}:]eiecggclk ;g
i . and the mode : ¢ focks.
kzég%vﬁfg{;‘ ihn;r?g’rz (@) Plutonic (b) Hypabyssgl, gnd (c) Vo
rocks, o :

' 7 itions
The plutonic rocks are formed uader ;eﬁ?ghse:;%d t.ggmri;tt I foi’
12t ature and pressure are' very I ¢ fate of
Whoell"ectl;; :/Zl:;pesrl’;t\s Henge their texture is holocrystalline
cooling . € exture,
coarse,

. H d
- The hypabvssal group includés the rocks of dykes, sills and

1pies i i ition in the
" small laccoliths ctc., which occupies intermediate Ppositio

i ir texture is
crust between the plutonic and volcanic rocks. ?hel.l‘ ¢
;usually merocrystalline. :

' d -on the surface
i s on the other hangl are forme
f th 12:;;‘1,3:1?; l&:: ::)( sr:;id rate of cooling their vtexture becomes
O (4 E 1 %
“holohyaline and fine grained. «

' int ike inera- -
‘Reteni classification. It takes into accout, factors like m

p . nd 15

i ures are as -
| presented in\a tabular fOl'm. The lmportan.t
e ! . 7 feat

follows:- -

2nd.
| i) Class—1: |
Group-A—Acid Igneous chks;. -
" Group-B—Intermediate and Basic Rocks. .
Group-C—Alkaline Ignepus Rocks.l |
Group-D ;Uitrabasic _and Ultrgma_ﬁcs.
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(i) In Group-‘B’, there are two subégi'oups, one is characteris- -
ed by essential alkali feldspar and the other by essential plagioclase,
In Group-‘D’, there are

two Tsub-groups on the basis of
Presence or absence of felspathoid. -

(i) Class-IL There are two sub-groups on the basis of
Presence or-absence of felspathoids. :

. Thus the igneous rocks have been classified. A list of the
Yarious- important igneous rocks an

S ( d their plutomic, hypabyssal and
volcanic equivalents, are as follows : o ‘

(i) Granite. Alkalifels

par predominant—Rhyoiite.
@ii) Adamel_lite.

- Plagioclase * Alkalifelspar—Rhyodacite.
(i) Granodiorite. Plagioclase predominant— Dagite,

(iv) Syenite. Alkalifelspar dominant—Trachyte.

(v) Monzonite. Alkalifelspar : Plagioclase—Trachyandesite,

~ (vi) Diorite. Plagioclase dominant—Andesite,
(vii) Gabbro. Plagioclase

of labradorite type—Doterite (Hypi-
‘ byssal)—Basalt (Volcanic). _ e

(viii) Nepheline syenite.

Felspar + Felspathoid—Phonolite.
(ix) Anorthosite. :

Only labradorite type “of felspar—Limburgite,
(x) Theralite. Ultramafic with felspathoid—Tephrite. :
(xi) Ijolite. Ultramafic with felspathod-felspathoid base.

Y
i




-  CHAPTER 51 . o : | X
‘-COMMON IGNEOUS ROCKE OF INDIA ' - . CHAPTER 52 B U
S — — ORIGIN OF SEDIMENTARY ROCKS

= | . jastban, i he Hiinalayan
L - -anite. In the Eastgrn-ghats, Rajasthan, in t ]
3 \ range';:1 .tth?:o:ks are in abundance. They mostly - contain, ortho-

< : horablende. " Sedimentary rock . d K ich consti
muscovite and small amounts of , ‘ A\ Ty s are secondary rocks, which are .constituted
; clase, quaft_z, e , o occur in.abundance in - of sediments. The sediments are formed by the mechanical, or
; 2. Basaltic rocks. As decc:;lrtr;razi’ ots. Their mineralogic v chemical activities of the natural agencies like running water, blowing
| _ Gujarat, Madhya Pradesh, ?daehf:;ite 2, B imes a little olivine. ' | Xlsrnlgé Pel;golatmg water - (anderground), glaciers etc., which causes
: contents are usually plagioclase, . : o T cgration as well as decomposition. of  the pre-existing rocks.
3 ¢ 3 Pegmatites. In Bihar, An dhira Pradesh and Rajasthan. he products of decay are transported to some depositional sites by

the natural agencies, where they get deposited  and -with subsequent

. g ‘ i ¢ usual minerals. 3 \ ) ,
.. Felspar, Quartz and mica are th v ~compaction form sedimentary rocks. The secondary rocks usually

’ L ¥ -rocks and are believed to accumulate under t vari f i i diti d
4. Lamprophyres. These are dyke-roc L _ a great variety of physico-chemjcal condition an
- have arisen from the same general body of magma. M_°Stg. v - consequently show great variation in mineral, chemical composition as
. in the coal-fields where they are more. promlpent.1 Ix} ca;;or‘nblendé well as in texture. Weathermg_ls the most important process that .
lamprophyres—biotite is the dominant-mineral. In T : . ‘Operate in the formation of sedimentary rocks. -

‘amprophyres, hornblende is dominant. In Augite lam_prophyres—_-
augite is dominant. But their occurrence is rare. ,

' ARO) ite. astern Ghats, they are found, in Bankura ‘ L (i) Mechanical diSinté,gration, associated with physic‘al' '
of Wei't Bgsgar;h;?::;lpﬁlcﬁ Compbx of Tamiloadu, Banpur, Angul . . factors. ' o "

of Orissa. Dominantly composed of labradorite feléspat. | (if) Rock decomposition, associated with chem'icéllfacto.rs.

. (iii) Biological weathering associated with the activities of .
.organisms. - :

(i) Mechanical disintegration, It is'due to frost action, thermal »

expansion and contraction, aided with gravitational forces. By such |

‘mechanical disintegration, reduction of size and 'disaggregation of
" ‘rocks takes place.

~ Weathering takes place by three methods as

(i) Chemical weathering. The effectiveness of the chemical
-constituents of the atmosphere (as moisture, carbon dioxide, oxygen
-etc.) depends on the composition of the rock and the size of the

- ‘particles that make up them. Important proeesses are oxidation,
‘hydration, carbonation etc. ’

- (iit) B_iolo'gical. weathering, It is due to the physical forces o ”

i

exerted by roots on the adjacent rocks and also due to chemical

activity of its products of decay. The ‘decaying products of plants
_and animals produce various types of acids and alkalies which play
" eoles in the decomposition of rocks. ' :
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‘ Products of weathering :
‘(a) The first product of weathering is a mantle of broken and

' i i i ition called the
- < ed material of varying thickness and composi alled the
: ::;.;Eg?swhich covers the areas except. those frqmv which it is

removed as sO0n as formed.

()] Soluble salts. These are carried away alongwith the
transporting media in solutions. —

(¢c) Colloidal substance. These are carried by ground water and

- stream. These are like A(OH)s, Fe(OH);. etc.

(d) Insoluble products. It includes clay minerals, quartz grains,

undecomposed feldspar with some chemical resistant minerals like

i ) i i t the site of weathering
rcon, tourmaline etc., which are found at of .
:gcclolater transported to the sites of deposition by geological -agents.

Deposition. It may be mechanical or chemical, according to -

i ' i ited first and the
ich mechanically transported material gets deposi )
:’olﬁxcble materials get deposited through the process of chemical

‘precipitation. Sometimes, the activity of bacteria is believed to be

‘effective in the deposition of ferruginous soluble substanceg like bog-

" iron ore. - '

i e envi sition the ciuality and
ording to the environment of deposition t ¢
quantﬁ;cof thegdeposition is effected. Besides the assemblages of sedi

mentary rocks differ from environment to environment. While the

continental environment includes-ﬂuvial.tile, es;;uarine,_lllzclés;:‘rlii?g ég:.;l:
i ian, ial etc., the mari

and salt water), deltaic, aeolian, glacial etc., !

includes—shallow wate"r, deep water abyssal etc. envnrogment. |

. natural agencies and sometimes they are found a

" ‘areddish, porous and concretio

“to yellowish or whitish and the rocks become earthy or clay-like. It

CHAPTER 53

CLASSIFICATICN OF SEDIMENTARY ROCKS -

Sedimentary recks are due to the inte

of weathering; so any classification to be acceptable must take into

- account:: (a) the genetic aspect of the sediments, (b) their textural

-characteristics, - (¢) th:ig. mireralogical composition as well as
(d) their structural peculiarities. The present classification which is
the most acceptable one has been proposed by E.W. Spencer, and

the basis of classification is the mode of formation of the sediments.

Sometimes the products of weathering are carried down by the

tu S [ ! t the place of theix
origin - Accordingly there are two classes as o ) :

1. . Residual deposits. 2. Trahspdrted deposité.

1. Residual deposits.
deposits. These are formed due to accumulation and consolidation:
of those materials which were left as residue during the operation

. of the weathering Processes and transportation. These are the

insoluble products of rock weathering which still mantle -the
rocks from which they have been derived. '

‘They include the following rock types :

.~ (i) Terra-rosa. These are the insoluble residue of clé

-other matter left behind after solution of limestone. Y gnd

(ii) Laterite and bauxite. In tropical and sub-tropical regiong:

nary material is found to cover vast
f a mixture of hydrated ferric-oxide
In varying proportions. These are:

areas. They generally consist o
with hydroxide of aluminium
called laterites. :

When the aluminous content predominates the colour lighten§ '

is called bauxite.

.2. Transported deposits. These are formed from the matérial's
that -have been transported both mechanically by traction, and
suspension and chemically in  solution. - Besides, some organic

gration of the products

These. are also known as: sedentary
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~ traction, i.e., by rolling or creeping.

" usually transported in suspension.
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processes also- play active roles in the Vfortnation of transported
deposits. The transported deposits are classified into two groups:

(a) Clastic rocks. _'(b)‘ Non-clastic rocks.

(a) Clastic rocks. These are detrital or fragmental rocks and
are carried and deposited by mechanical means. On the basis of
mode of transport and grain size, the clastic rocks are classified as

follows :

. () Rudaceous rocks.. .Very ‘coarse grained. rocks where the-
size of the grains are those of bo\ulders. These are transported in
Also known as rudites.

(@) Conglomér;xtes—fragments are rounded.

e.g.,
) (b) Breccia—fragments are angular.
_ (ii) Arenmaceous rocks.” These rocks consist chiefly particleé of
sandgrade. They are transported in saltation. Also kpowr. - as
arenites, e.g., sandstone, arkose, graywacke; grits etc, ‘
(iii) Silt rocks. Here the constituent particles are finer than
common sand and coarser than clay.. They are transported by
suspension, e.g , loess. : . : .

(iv) Argillaceous rocks. These are made up of clay particles,
e.g, Clay, Mudstone, Shale etc.’

b) N(m-cla'stic rocks. These are
precip.taticn as well as by biological means. Thus they are of two
types : ' ‘ ' o

(i) Chemically deposited sediments, and ‘

(ii) Organic sediments.
(i) Chemical deposition :
(1) Evaporites. 1tis only due to eva
-are like salt and gypsum.

. (2) Through reaction between the components c_:arried in
-golution ; siliceous, calcareous, ferruginous and carbonates deposits

:are produced in this way. The examples are .
. 1. Siliceouns deposits. Chert, flint, siliceous sinter etc.

poration and the deposits

2. Calcareous and carbonates
sinter or travertine. -

3. Ferruginous deposits, Iron salts, hematite, geethite siderite

- ete.

(i) Deposits of organic origin. These are the products of
d under suitable conditions.

accumulation of -organic matter preserve

s

formed due to chemical

—limestone, dolomite, calc= -

Classification of Sédiméntary'Rocks S are

A rock of organic origin may be built up directly from thé béginning

as : . Lo Y
as a quite solid material as in the case of coral rocks and algal

- .limestones. In other cases the deposition may be bio-chemical or

bio-‘mechanical’. They are mainly of five types :

-1. Siliceous. Radiclarian ooze ; diatoms are lowly plant

. organisms which secrete silica.

T2, : '
.bioch'emicglal;ilc;eous' Due to biomechanical processes as well us
cesses these deposits are formed. Fossiliferous lime-

stqne, phalk, marl etc. are the examples.

3. Phosphatic, As lci ate b ‘

> itic, . calcium phosphate i ili aj

or is "util :

orggg;:g::’a ‘t::speclally fish and brachiopoda, the r;;egm?yo?e{;lgg
cumulate on the sea-floor forming phosphatic deposits..

‘Guano"' is directly of organic origin.
_ 4. Ferruginous. By the activities of bacteria, e.g., Bog-iron ore
5. Carbonaceous. Coal formations. o ..

- s




| CHAPTER 54
STRUCTURES OF SEDIAENTARY ROCKS

Sedimentary rocks are the secondary rocks, in “which ' the
presence of different layers, beds or strata distinguishes fhem f{rom
the igneous and metamorphic rocks. Sedimentary sttuctures are
both organic and inorganic in origin. Depending on the mechanism
of formation, the inorganic structures are classified into ’

" L. Primary. I1. Secondary structures’
. 1. Primary structures. The primary structures are due to
mechanical action of current and show the following characteristics.2

~ (a) these structures show palaco-current condition,
'(b) rate of supply of sediments, . ‘
(¢) mode of transportation,
{d) environment of deposition, and
(e) top and bottom of beds etc. ‘
The primary sedimentary structures include the following :
, (i) Bedding or stratification. Insoluble mechanically trans-
. ported material is deposited in layers on the surface of accumulation

which may be horizontal or inclined. Stratification may be the
result of variations in composition of different layers, colour of

layers, textures of the layers and porosity of the layers. These are
most conspicuous particularly in the rocks formed under water.
Glacial; chemical and biological deposits lacks stratification. Aeolian

deposits seldom show bedding. o )

If the individual layers are extremely thin the structure is
known as lamination and the layers as Jaminae. There are two types

. of laminations : . , 7
© 1. Dimietic lamination. Where the contact between (wo
laminae is sharp. : :
2. Symictic lamination. Here the contact

is rough. ,

between the laminae

- and-broad rounded troughs.

© waves.
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The plane of contact is known as laminating plane, e.g., varve

are inclined to the major i Laeorg
discordant, ajor llne‘.s of stratification, they are said to be

() Cross-stratiﬁc#tion" ‘ ‘
_ ) | . Here the b : ie sli '
oblique to the major - bedding planes a:l(‘iis %?ufr.ﬁiun-dlt); hlz')fgrgshtz'

con i
cordant bedding. Mostly found in arenaceous rocks.

It is formed due to ch i ’ .
of str ) € to change in the velocity and direct; '
0" streams,  The oblique lines of a cross-beddséda Illayg;,rezﬁt;v(:;so fn?(e):;

-+ the upper concord i ‘hi
tavgentiaily " ant bedding at a higher angle and lower portion

. I - » y ‘ . 9 .
n. wind formed current beddings, the laminations are curved

- and of larger maeni
larger magnitude. The cross-stratification is also known -as.

current bedding or false bedd;
oun - false ‘edd{ng etc. When th
\ § converge at a point, it is said to be wed ge-cro:st;?a&tiﬁiiag?;tnom

(#if) Torrential bedding. It shows an alternation of coarse

current bedded material and i
g 1al ‘and finer horizontal lamin .
foreset beds are stralght ar;}d" they characteristicz;ll;e deielz) tli]: -

alluvial fans.

(iv) - Graded bedding. In this case there is a gradationvof gr-a;,in

:llxzai If)‘rg_on:l tca(::atr:veirt ;t 1:he ,botton? to finer at the top. . It is having a
" is known aq turbidi: ¢ underlying strata. This in consolidated fgrmr
es. Graded beddings are seen in ‘Graywackes.’

. (v) Ripple marks. These are minute undulations formed due to -

.
F ’ N » € .

‘1. Oscillation or wave ribple 2. Current riﬁple. '

1. Oscillation ripples. T'lll‘flse are syrﬁlmetrical with sharp crests

‘broad rc ese are shallow wat

are indicative of a stagnant body . of water freq‘::nify f:t;ti‘tlﬁ:d all;g'
: (. .

2. Current ripples. These netri ' vin

- These are asymmetric i i
paralll long, mote or less_cquidistant rdges. trending i stiaighs
crests and tronmics rounfi edl.rectlon of current.” Here both the

materli:cllu:?utshl;pfles clcl)ntain ﬁper‘ materials at the crest and coa.
‘ roughs but in the case of aeolian ripples c:ﬁénéér

materi
erials are found at crests. Ae_olian ‘ripples are invariahly

asymmetric in nature,

(iv) Mud-cracks. These cracks typically develop in clayey

| ge_dnments due to prolonged exposure to the atmosphers., These are:
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also known as shrinkage eracks or suncracks. They are wider at the
top but tapers towards the bottom.

~ (vii) Rain-prints. These are shallow depressions surrounded by
a low-ridge formed by the irepact of the drop, hailstores, bubbles

etc.

(viii) Imbricate structure. . In conglomerate and pcbble beds
_fragmeﬁts baving a noticeable eiongation are sometimes deposited
with the long axes of the pebbles lying more or less parallel to” one
another, leaning in thedirection of current flow. ' S

© (ix) Tracks and trails. These are markings. indicative of the
some animal over soft sediments. Trails are the- winding passages
through which long bodied and short bodied animals moved.

(x) Convolute bedding. Here; the sedimentary lamina are
contorted into a series of anticlines separatcd by broad synclines.
Distortion increases upwards but it is confined to one¢ bed and is
-often abruptly truncated by overlying sediments. :

I1. Secondary structures,. These are the products of 'ichemibél
action contemporaneous with sedimentation or shortly thereatter and
includes : :

(a). " Concretions. They are spherical to _elliptical bodies,. -

usually small and of diverse chemical nature than the rocks in which
they occur. They include nodule},—oolites,_pisolites, geodes etc.

(b) Solution struc‘tures.' Irregular openings commionly in
calcareous rocks and are produced due to ground - water action
e.g., yugs. :

~ Organic structures. Fossils impressions, as well_as petrified
remains of animals or, plants are ‘the common organic structures
found in sedimentary rocks. :

Sole structures. These are the structuies preserved on the base
of a bed which is sharply differentiated Jithologically from the bed
‘below, e.g., sandstone overlying a shale. They also include flute cast
{which are grooves eroded by turbulent fiow and later fllled with
coarse sediments) and groove casts formedonthe surtace of sandstone

~ layers, tracks and trails, prod marks, etc.

. _oxide, which'is called ‘bauxite’.

CHAPTER 55

RESIDUAL DEPOSITS

Residue left as insiiu afte ering .

. . _ u after weathering follow .
it:;'gﬁblg;vis dnsq to residual deposits in d%xe gé:r\;eed--‘l)-{, transpor-
Touks products of rock weathering, which still m I 1 cse are the
rocks from which they have been derived. | mantle the original

‘ The residual deposi : £

. i posits are formed because o ' '
’?\fe I1lxt1$sc;1uble products of rock weathering vwht;nth&raccumulanon
re removed by the transporting a enc © Other consti-
is a decrease in volume, a Stirely

As a result there

weathering. ' ﬁ'egted almost entirely by surficial chemical

‘ Mode of formation. F i esidu
following conditions are i-eql(l)il;'etclie: format.n on of residual deposit, the

((i; ‘Humid-tropical climate. -
ii) Presence of rocks, where ;
; ks, some of the consti
" so]uble;and a majority of constituents shouﬁ;1 %é“il:: t1s bare
(iii) The relief must not be very great. e cluble

(iv) Long continued crustal-stability is essential.
(v) There should be conditions for good drainage.
Under conditions of poor drainage clay minerals like kaolinite

-illite, montmorillonite etc. a elined we

s | G, re formed. If there are well defi d

and dry seasons and faxrly good dra,_inage, the ::(l’ay 'Irlninerals a :
1

deco i
‘ mposed to form laterite. | But with an evenly distributed rain

fall through out the i Xi ob ara

throug year, iron-oxide tends to - D d in the

solution because of aeration leaving behind r:lainl; "S:qu;'i:;:ux; b :i "
| y r-

‘Thus the examples of resi deposits : '
bauxite, mples of re§1dug1 deposits are clay, laterite and:

.~ Besides, Terra-Rossa forms " o0d 6% -

: y Ee S a good ex ' :
gfar:gs“tf of which is the insoluble residue of c;‘airmargg o?tf i
atter left behind after solution of the limestone. er mineral |

Residual deposits sometimes contain valuable ore deposits and:

. the process is termed as residual concentration.
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.. The size .analysis results. are represented in form of tables. .
histograms or frequency curves as well as by statistical methods. In o
statistical meth ’ '

CHAPTER 56

TEXTURE OF SEDIMENTARY ROCKS
. { ] -

' ¥ size, shape, packing and fabric
The wore x‘ltt:mgt? iit:rsrézﬁ;he Since thrt:.- sedimentary. éoc(lég
o comlpmtl;l:assiﬁed as (1) exogenetic or clastic rocks }?gus 2
are Dy ocks or the chemically precipitated am(.“% ous,_of
endigfllilr?gcror’cks aceordingly their texture are also classifie
crystalline , ace :

two broad categories.. _

ods the following measurements are made :

(@) Measurement of central tehde'ncy.

, ‘Which determines the
and refers tot

average size of the distribution he overall competency

of the transporting medium. K

(vb)b Measurement of dispersion. It determines the turbulance
_-of the transporting medinm or the amount of reworking of the sedj-
~mexnt has undergore prior to final burial. : S

‘ (c) Measurement of skewness, It -detérmihes whether the
coarser and finer admixture occur in same prOportiqn, in a sediment.
(d) Measurement of kurtosis,
‘flat-toppedness of a distribution.

- Geological Significance. The size analysis indicates the fol-
lowing : ' : o

It determines the peakedness or

1. Provenance :

(1") Composition of the sourc

e rock is an important factor
" that determines the extent to which the component minerals are

susceptible to weathering and’ liable to pass on to the products and
reduced in size and shape. : :

(i) Besides the .coarse or fine texture is also a function of the
source area. : : »

1. Clastic texture. It includes elements like P b'.
(D) Size, (1) Shape, (III) Sphericity, (IV) Packing, (V) Fabric.

in size i he (i) mode of
i n size is dependent on th ) )
h(ez)insn(ei.i) z:teur%rglf the source rock, and (iif) kind and distance

:)vt? atl:anspogr’t and the nature of deposition. ,

. 2. Transport. As we know, more the distance of transport,
finer is the grain size. Besides, the . character of the sediments are .
also goverried by the mode of transport, ie., traction, saltation,

‘suspension, which'is a function of .the kinetic . energy of the trans.
porting medium. Higher the energy,

i sediments are described as

ize character of the ‘sediments al I s

i Br:aigley,in?;iu:n or fine. . The size grades of t.he clastic parti
‘g;gs‘egncthe wentworth scale are indicated as follows :

‘ the coarser particles can be
. o . ‘transported. I :
Equivalent rocks ‘ : -
Size Name 1 v : 3. Depositional epvironment,
‘(bi) >256mm . Boulders Boulder 11 Rudaceous 4. Palaeo carrent. The coarser sediments carried in rolling are
in diameter _ : L Rocks ~deposited in basin margin, whereas'the finer sediments are gradually
i~ 256 mm Cobble - = Cobble carried to the'centre. As such there is a regular- variation in. grain
(i) 64 to 256 m " Pebble Pebble size from the margin to the centre of the basin. . ' , '
— faes oo c ) . T -
Liii)- 4 to 6_4 gxm . Granule ) 5. Trausporting mediam. Graded sedimentjs are the result of
(iv) 2 to 4 mm - Granule Stone ' Arenaceous long continued transport,. while ill-sorted sediments of 3 rapid and
; : , . : A Rocks confused deposition like glacial deposits, Acolian deposits are apt
) oL om " Sand Sandstone Ji v to be well graded and unifqrm. ‘ : S
L ) 2 to 16 o : 6. Tectonics of depositional site. _With an increase ‘in the rate ;
il ’ 1 . Siltstone Jdo of subsidence of the area of deposition, the grainsize decreases and:
s ovi) 1%mm 10 55 MM Silt Sl , ;ﬁzgc‘i]sacwus the average sorting is poor. Under stable condition, .the grainsize is ]
ik | - | , | | S L
{1 L mmorless:  Clay Cliystone L

|
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224 .
o detgmined by _tt'ie texture of the material available for reworking and T - — !
sorfing steadily improves. ' 3 o - Texture of Sedimentary Rocks . _ i
1. Shape. - Itis defined as the sharpness of corners and edges‘ ' (@) C . ' . 225
ofa clastic fragment. Accordingly the shape may be angular, sub- o pitatiOn) ‘ frg:tq;hsﬁ textare. They are formed du . o o
angular, sub-rounded, rounded, well rounded, etc. The shape- of the. - aggregate of cryst urated solution. and the ¢ to direct preci- : B
sedimentary grains is determined by : . : ® rystals, g result is an interlocking - :
' . . ' ' 3 o . Non-crystallin — ‘ :
(i) Original shape of the mineral, (ii) Stability of minerals, and. . , fgrm a gpla_tin.ylsike l.l::astse xm.;g.‘.* When colloids coagulate ’ oo
_ the water in it and eveniuafly ha;aeg:Iat;n-OUS mass may lose som?g‘- | {

(iii) amount and nature of transport. e
- Nodular, oolitic, spherulitic textuto form an amorphous mass

: 1\ ; ) s : . H i
1I1. Sphericity. It1$ defined as the extent to which a particle . concretionary, : res
\‘ approaches a sphere. It depends on (i) distance of transport, ' ' ;exture§ ar;y’bgﬁ;%(gd:‘;: tl;gl_iigorm, r_xod;lx;:r.thc?oli?i(: rg%lg.s' Many
o crystalline textures as describeg aggg‘: idal origin and they shg\:vs 211:)?:

2y ~ (if) mode of transport, and (iii) provenance.

(i) Longer the distance of transportation, more chances of o
being reworked and therefore more the degree of round-~ . ‘ ‘ - -
pess. Besides, wind produces perfect rounding, glacier
» Jves the least. :

(ii) ~he mode of: transport like traction, saltation and suspen-

sion produces particles of variable roundness.
ally the elongation quotient is maximum in meta- ’ ' - : .
less in igneous rocks and very less in o ' - ' o I o
sedimentary rocks. Thus when the source rock is of ' o B

i ‘ metamorphic origin, the sphericity of the clastic grains is.
R _ not that much pronounced. ‘

(iii) Gener
morphic rocks,

: IV, Packing. Itis the manner of aggregation of sedimen- :
P tary grains, which are held together in -place in the earth’s.
-gravitational field. There are Six methods of packing out of which
ing is the most compact and tight whereas.” .

|
! ‘\ ~ the rhombohedral pack C A
the cubicpackmng is the loosest possible packing It determines the

\ :l'x; ' nd permeability of sedimentary rocks.

porosity an

V. Fabric. It is the arrangement of the clastic particles in.
sediments. It i§’ defined as the orientation of the grains or Tack of
it with which the ‘sedimentary rock is composed. Pebbles, sand .

grains, mica-flakes etc. are the most useful fabric elements, also ' : : 5 ' : _ R !
some fossils like gastroped shells etc. It determines the palaeo~ ~ ’ ’ : R . ;,‘
. . : i

current direction.

formed as a result of deposition.

through chemical reaction. They are transported chemically by . _

getting dissolved in the transported media but reappear due to ' o _

_precipitation or evaporation. ' It is of two types ¢ - ' . . : ' ' ;
(a) Crystalline texture. ' ' : R : - o
) _Non-crntalline texture. P

2. No,n-clastfc textares. Itis




CHAPTER 57

MINERALOGICAL CHARACTER OF
"CLASTIC SEDIMENTARY ROCKS

L.

It is well known that minerals are in equilibrium - with the
environment in which they are formed and hence stable. . Some are
stable over a wide range of temperaturé-pressure conditicns. while
others yield rather readily. Different silicate minerals of which

most of the rocks are composed have different stability. The stability -

of minerals is .approximately in the reverse order to that of their
crystallisation from a magma. It is  therefore, commonly cbserved
that rocks of basic and magnesium varicties breakdcwn much
faster than the acid and ferruginous-ones, '

The mineralogical character of the sedimentary rocks are
therefore mostly grverned by the. stability-characteristic of the
minerals. ; : .

The most stable minerals, which are found quite atundantly
in the sedimentary rocks arc quariz followed by muscovitie. :

The various feldsp:r, along with zircon rutile, tourmaline
? o b 9

 gronazite, garnet etc. arc fairly statle.

Biotite. hornblende, apatite, ilmenite, magnetite, s{aurolite,
Lyarite, topoz, sphene €Ic. ate minerals of the ‘least-stable’ category.

Mir erals like:aunite, hypersthere, vdiopside, actinclite, olivine
etc. are highly unstzble. ‘ -

. In view of the stability characters of the minerals, in
most of the sedimentary rocks we find the ~ minerals like quarlz
and muscovite whereas the presence of unstable minerals like augite,
hyperstiiene etc, is rarely found. R -

‘In general, the sandy rocks consists largely of stabler primary
minerals.. while the fine grained clayey materials .are coustitoted

mostly by the ferromagnesian silicates and feldspars.

-trial-shallow water deposit.

* CHAPTER 58

SAND STONES

mcks.Saprtli;t;n::x})qlong to the arenaceous group 'of sediinentaiy
" rounded; of sand-;;:tcleo{ Soenial Pasticles;usually but not necessarily
together with a Le., the size range is 1/16 to 2 mm) held

‘ - matrix or cement i i3
average sandstone’ is as follows : The m.me.ral composition of an

Quartz 68%
"Mica 6%
" Miscellaneous 49%,.

Feldspar 12%
Carbonates 117

The classification of sand '
N e stones
dike Pettijohn, Krynine, Dott etc.
three major groups of sandstone as

1. Arkose.

L
follows :

proposed by"va'rious geologists
indicates that - chiefly theregare

2. “Graywacke. 3. Quartz-areni_te.r -

Arkose. The important characteristics of Arkose are as

‘ (@) Mineral composition- It is . imari

. _ . composed primarily of fi

?;rdelquartz.r Generally . quartz exceeds 'feldspa::-. Thcy ?Ll:slgj??;
gely potash feldspar., -Other constituents form 5 to 159, of the

rock . L. . . /
and are mainly micas. The composition of an arkose corres-

ponds to_that of granitic rocks from which it is presumably derived.
(6)" They are typically light pink or light gray in colour. _ ‘

(c) Arkose commonly shows curreat-bedding and are terres-

(d) The cementing material i wical apd e -
is less than 15% or absegn iy ial is cheinical ard the detrital matrix

(e) Itisa product of oxidising environment.

(/) When feldspar ¢ i o ,
feldspathic arkose. par exceeds quartz in an arkose it is termed as

(g) Of all the sandstones, arkosé constitute only aBout'iS %.
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2. Graywacke. They show the following important character-
istics : : o ‘ .
(a) Mineral composition, “These rocks are composed mainly - o » o
of rqck-fragme_ms. In this_(:a?e feldspar exceeds quartz. : o ' »
| (b) Graywacke is darkin colour. o - ' o ‘-.C. . _
; © It commo'gly shows.graded bedding and are mostly sub- ‘_4HAI TERSY
marine, deep water- eposit. » ’ ‘ : S JLICE : S
(d) These are the sandstones with high detrital matrix co o OUS DEPOSITS

ntent

"and no chemical cement. . _
_ (e) Itisa product of reducing environment.
(f) The matrix has the composition of slate.and imparts both 1 These are deposi . , . : - ‘
4 ness to the rock. Like slate, . Processes viz. posits formed through ’solutnon by two distinct

the distinctive colour and general tough
the matrix consists of a fine grained mix

and quartz. _

ture of white mica, chlorite , . _
/ . v (1) Chemical. - @ Ofganic

1. Siliceous deposits of chemical origin, Quartz is insolubl
e

: (g) Of all the sandstones, griywackes constitute about 50%. " but other forms of
o s ) . . } . O HH N .

: (h) The composition of graywackes corresponds to the basic .- . waters but essentially ze;l:f;a aﬁre .lt:a“'l}f soluble in natural alkaline

.rather_ than true solution. stlica 1s transported in colloidal

L igneous rocks which are the source-rocks. _

3. Quartz arenite. These are also known as orthoquartzites, - = Siliceons siter

n . . - ) -« .
In volcanic region, sometimes hot springs

ERE
il _ which are pure sandstones and show the following characteristics : ‘ bring up silica and deposit |
| . A v o . osit it i , - :
v (¢) They are composed of quartz to the extent of 95% or - g”ﬁl_ce_s of eruption. Thrx?s m;telr?a'lhgol;lglslgds ?nd terraces about the
L e s i e e | oo s, T cepotion”s iy due oo el
. ) . N ) A S M N s 4 n -
" (b) They are presumed to be associated. with the peneplana- : precipitation of silica ut certain algas and organisms also inrx']tizlz{fe

tion stage of geomorphic cycles. _ Chert and . »
. . ° ", . . . T | ) { ert a H . N . .
(c) In this case the detrital matrix is absent or less than 157 . . . * masses, whi c!1]1' &Iixtsist'rh?y occur as irregular nodules or tabul
» ; | of minutely—crystalline or cryptocrystalli :;

at the:nn_)st. o . o . . silica.  Most cherts were deposited directly from th
- (d) Here the feldspar as well as the rock-fragments constitute , m the sea water
even less than 5%. ’

17 (e) Theymaybe derived from the lit
-t arkosic sandstones. In the former. case they are charactefised by
' metamorphic quartz and chert particles ; whereas in the latter case
the chert is absent or nearly so (under 5%) and the quartz is igneous-

‘\
‘ \1 - quartz. .

replacing carbonate rocks wi i
Treanontly torparoc w1fh Whlgh they are closely associated and

2. Organic siii ; ol )
tation by orgga:lfi‘;zhcegps deposit. They result from direct : precipi
and bodily coutribui which extract silica as opal from natureilpwe ct’pl-
algae, sponges are ftzhteo the siliceous deposit. Radiolarians diatoms,
silica, . organisms involved in the dep(;sitjon ot" .i,'

hic sandstones or from.

(@) Radiolari
: . an oozes, Thes
animals : € are a grou inele-
- relative in‘:giﬁlﬁ-ﬁonstmct skeletons of silica, whli)chOfo i S
1lity can sink to greater depths,and formw;g%!iz)olafh'elr
rian

ooze. The radiolaria
red clay’. tolarian 0oze are closely associated with the ‘Abyssal-

(b) Diatoms ar : ; :

: € microscopi : g ‘

orname : roscopic plants, wh : i

which ﬁi?md’aiglh erical and discoidal body c0mplg£ed schrest_l_mmute_ i
_ y gives rise to siliceous deposits after their dle;xct:;l and -]
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| CALCAREOUS DEPOSITS
V'Calcareous deposits-may be of chemical as well as of organic
origin. R . B
1. Chemical or inorganic-limestone. They result by precipi-

tation- through evaporation, "qhemical ;gact»ion or by other physico-

chemical means. _ ‘
" (a) Travertine or tafa. These are fimestones formed by the

evaporation -of spring and stream waters containing calcium casto-.

nate in solution. . : 7 . _
() ‘Kankar. Ttis a nodular iron-rich calc-sinter, formed by
_capillary action. v o _
(¢) Stalactite and stalagmite (dripstone).
' (d) Oolitic limestone. =
- 2 Organic-calcareous dppbsits :

(('z). Fossﬁifqrous limestone. These ate formed from the shells
of marine animals\‘and also by corals. . '

() Chalk. Ttis a fossiliferous limestone composed -of the

‘s}}t;)ls of protozoans (si_ngle-celled animals, i.c., the foraminifera €1c.)-

(¢) Marl. This name applies to mixtures of shélls and shell
fragments with muds and sand. Thus it is.an impure limestone. '

- . CHAPTER 60

' METAMORPHISM |

solid ]:(l)?:tintwm};,is-m is the mineralogical and structural adjusimeﬂ't of
sobd 1o :-t’(zi physical and chemical conditions: which have been
(1o at’ depths below the surface zones of weathering and

cementation, and which differ from the conditions under’ which the '

rocks in anesti R, ‘ |

‘the solind l'tj\lon originated. - Thus metamorphism is the response of
hem c: ocks to pronounced changes of temperature, pressure and
chem col environment. N 2 T

Metamoarphi Cq s 7 o L '
amorphism stands mjdwiy between diagenesis and general

© melting 1 4
. g of rocks. Important features of mctamorphic changes:

=\ 1 . R )
(i The bulk chemical composition of the metamorphic Tock

- is the > - y o :
. same as that of the rock from which it is formed. Thus meta”

1 - .
morpaic changes are isochemical changes. -

, phic»r(:c)k’;rhe structural and textural characteristics of the metamcr- '
are the outcome of the structure and texure of the

pre-existing rocks and te it
. mperature- the
metamorphic changes. poralito-PLEsITE, condition of ¢

(iif) The changes in metamorphism takes place in an essen_tiavllvyf

» _solid medium. . :

Metamorphic rocks which ived F 7
. _ ch are derived from igneous rocks are
known as Orthometamorphic rock, and those which are derived from

 the sedimertary rocks, are known as parametamorphic rocks.

- Agents of metamorphism. The agents which are mostly respon-

. sible for bringing about metamorphic changes are as follows :

1. Temperature.
2. Pressure : . .
(a) hydrostatic or uniform pressure,
. (b) directed pressure or stress.
3. Chemically active fluids. '

: 1. Temperature. It may be i ) 1
) ature. y be supplied by geothermal gradi
magmatic heat, frictional heat and by radiozu:tiveg dis’integratigdn. l’i“t‘:c'
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: temperature range within which metamorphic changes take -place is
from 200° to 700°C. However, in certain cases a_temperature of -

1060° to 1200°C inay be encountered.
. Temperature accelerates the processes of -reaction, increases the
voiume of the rocks, remove volatiles and moisture "contents of the
rocks. S _ o
‘The following types of metamorphism are said to be the result
of temperatures effect on rocks : v v
(i) Pyrometamorphism. At 800° to 1000°C, in the immediate
viciniy of the intrusives. = . . P -
The induration, bacféing, burping and fritting effects of lava
flows and intrusions- on neighbouring rocks is known as Caustic
metamorphism or optalic metamorphism. T v
| (iz‘)-'Contact metamorphism. It occurs around larger intrusives
at comparatively low-temperature, It includes : ' :
(@) Normal contact matamorphism. Where rocks are simply -
crystallized without new mineral formation. : '

b Pneumatolyt'ic,'additive or metasomatic. The composition

of the rocks is vastly modified depending on the additicn of material
from magmatic emanations. :

(¢) Injection metamiorphism. Here with the ictrusion of

‘magma or its residualliquid may alter the intruded rock substantially.

(iii) Auio-metamorphism. It is the mineralogic readjustment

(iv) Retrograde metamorphism. Also’ known as diaphthoresis,
where mineralogical rearrangement of high temperature’ wusenblage
to a low temperature cne takes place.

2. (a) Unifurm pressure. = It is.the hydrostatic pressure ‘which
increascs with depth.  Uniform pressure and temperature can both
dominate tcgether at great depths. There is a reduction in the
volume of the rock and a charige in the mineralogical composition. It
is known as Plutonic Meétamorphism, e.g., Granulites, Eclogites.

Load metamorphism. It is due to the vertically acting stress of
superincumbent rock masses-aided by high temperatuic.

(b) Directed pressure. It is produced mostly by orecgenic
movements, It dominates at or near’ the surface. It results in
crushing and granulation of minerals, without the formation of
any new rineral. It is also known - as dynamic metamorphism or

cataclastic metamorphism, e.g., Mylonites.

blage to the falling temperature as the body of -
the igneous rock-cools. It-includes uralitisat_ion, serpentinisation etc.
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Where both heat and st omi :

L v . ress- dominates, the met
Bt Sesonl, Motamorbin, Tir e ey
. : : oth in mineral compositi ' ]
lg is also known as dynamothermal meta'norpr}r:iz_t'rf.1 tion and texture.

3. Chemically agﬂvg_ﬂuids. These are from the following

© sources : :

~ (a) Meteoric water. . (b) Juvenile water,

w ". . . r . .
258 me (;?;l"ifl:veﬁi;ﬁlt&r:k'gl sor}nll: cases in solation and also serves
i vahdritat ich chemical changes occur with  Chemi
activi IC: Ange: with ease. Chemical
ty is more pronounced in the vicinity-of the igneous intrusions.

GRADES OF METAMORPHISM

The dégrees of metamorphism or grades depehd’ upon the .

,?‘::g: dtn(:-n gwt]:)i(;ll:ett};; ;geal:ts were in operation diring the process.
diny _ ure, pressure condition, there are usuall
,three grades of metamorphism and . accordingly there are threg

. zZomes : . :

1 Epizoné It is the zone of lo . norphi .
3 e - w-grade metamorphism,
temperature ranges from 160 to 300°C, pressure is low r?o n;?)d‘:avrhaetise

Itlis charcterised by the presence of the ‘hydrous minerals. - ‘

Sericite, muscovite ri jotite, t inoli
* andalusite et’c. _SCOVlye,‘chlorlt.e, biotite, talc? actinolite, -epidote,_

Rocks. Sjat : i i i vi i
biotitech s .aes, phyllites, chlolete-schxsts, muscovite-schists,

R 2. MeSOZOlle This is the zone of Inedb ium gIade me
. . P " - t - tamior-
phl»m, where the temperature range§ from 300 to 500°C, -
it ]

pressure is moderatély high, i i [
Doty s thoderaté Sy gh. It occurs at an intermediate depth, i.e.,

Minerals. ~ Biotite, andalusite, cordierite, quartz, hypersthene,

almandine, orthoclase, ilmenite etc,
Rocks. Phyllites and mica-schists,

3. Katazome. It is the zone ig '
. of high. grade met i
where the temperature ranges from 500 to 6%0°ég, presssr:ﬂogggfnllt,

-occurs at a depth of 9 to 13 miles. It is characterised by anhydrous

and antistress minerals.

Minerals. Biotite, : ifeldspa; i Y :
silimanite. kyunit, etlc.’ alkalifeldspar, plagioclase, quartz, garnet,

Rocks. Gneisses of various types, hornfels ete.
In case of Regional metamorphism, the following grades have

“been identified :

2. Zone of biotite,
4. Zone of staurolite.
6. Zone of sillimanite.

These zones are according to the progressive grade of regional

" 1. Zone of chlorite.
3. Zone of garnet.
5. Zone of kyanite.

metrmorphism.




CHAPTER 61 -

METAMORPHIC STRUCTURE

i .
i . . b

) - The metamorphic structures are determined . by deﬁni{é
mechanical conditions and also by recrystallisation. Relict (rémnent

of the origiral structure)  and crystalloblastic (metamorphic
o crystalline structure) structures .may exist side by ~side. The
L - relict structure may be used to trace back the nature of the original
[ . ‘rock and the me gaitude of alteration it has undergone. Five n;ajor
L types of metamorphic structures have been recognised as follows &

(i) Maculose structure.
‘(iv) Granulose structure. ‘

(i) Cataclastic texture. ’
e (i) Schistose structure.
e o (v) Gneissose structure.

‘Metamorphic rocks derived from the sedimentary rocks are
known as parametamorphic rocks. Those which are derived frem
gravel rocks are known as ‘psephitic rock’, from arapaceous recks
are called psammitic rocks and those from argillaceous ones are
said to be ‘pelitic rocks.’ ' : S

_ (§) Cataclastic texture. It is produced under stress’ and im
absence of high temperature, whereby rocks are subjected to shearing
and fr2g nentation. Only the durable mineral partly survive the
_crushing force and the less durable ones are powdered. Thus, when
resistant minerals and rock fragments stand out in a pseudo porphy-

ritic manner in the finer materials, it is known 4s -‘po-rp‘hyroclastic.
" structure.” Phenocrysts are called - ‘porphyroclasts * Argillaceous
rocks develop slaty cleavage, harder rocks may be shattered and
crushed forming crush breccia and crush conglomerate. When the

mylonites  Since these structures are formed due to cataclasis, they
are, as @ whole, known as cataclastic structure.

(ii) Maculose structure. It is produced by thermal- metamor-
‘phism of argillaceous rocks like shales. ~Here, larger crystals of
andalusite, cordierite and biotite are sometimes well developed

rocks ate highly crushed into fine grained rocks, they are known as

giving a spotted appearance to the rocks. The well developed
crystals are known as r‘porphyroblasts’ with increasing degree of
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~ metamorphism, the spotted siates pass i emiely i -
granular Yock e nowa a!; Hornfel: s pass 11}to extremgly fine grained:

_ (iii) Schistose structure. ‘Here th  v or | : ;
A jcture.. - Herc eplatyorﬁak mi e
e S i A il o e
o, - planes;  under the effect of th ‘o
dominating - during metamor 2, , of the stress
; : phism. The longer directi
parallel to the direction of maximum nger _ directions are
: 1an tress. Schistosity is the
property or tendency - Sr histosity .is the
Split along foliatios pslla xfef a foliated rock, whereby it can be readily

(iv) Granulese structure This is i : '
: ye. h > StrL . s is found in the rock -
of equidimensional minerals like quartz, fcldsparr»:ng ;;?f:::g

;Il‘lt;s% f';e formed by the recrystallisation of pre-existing rocks, under
granob‘aqlt)'ressme and great heat.- The typical texture is coarsely
. lastic. These - structures are also known as. ‘sacchroidal,

Quartzites and marbles are typical examples of this structure.

(v) Greissose structure, It i ‘ '
L. Av) Lmels . is 2 banded struciure due to alter-
nation of schistose (dark coloured) and granulose (light coloureeé)

_ bands and. is produed by Lighest grade of metamorphism, typically -

by regional metamorphism. The bands. differ from one anotber in

colour, texture and mincral composition. Gneisses typically show

this type of structure, hence the name.




CHAPTER 62

METAMORPHIC TEXTURE

4 )

The texture of the original rock which has undergone metagorl;
phism is sometimes found to exist in the me,tamorphnc rocks. 1 :tca .
textures are called ‘relict or palimpset texture.’ In describing f?x io
morphic textures the terms ‘blastic’ or ‘blast’ are used as a su )

Tepresent the metamorphic equivalents. (Of igneous textures of

similar look. ' ‘ o »
. : ; - '

Recrystallisation of “minerals produces - a ‘crystalloblastic
texture’, which is similar to- the holocrystalline texture oflg;,]ne_(_)tl_ls
rock. If during metamorphism a texture- similar to porphyritic

comes into existence, the same is described as ‘porphyroblastic
texture’. ’

. im i ) a porphyritic
In case of. palimpset textures, if for example a p '
igneous rock is metamorphosed and the original texture contmugg
to occur i metamorphosed ones, the resulting texture will t!:>e cslaé
to be ‘blasto-porphyritic’. Thus, palimpset textures are prefired by
¢ ’
blasio®, - .

Similar to the igneous texture where the miner.al,s have chfect-
crystal outlines, such grains are called ‘idioblastic’, if not xenl(:-
blastic’. Where the recrystallised mineral grains are_f’oun_d t/o e
equidimensional, the texture is said to tiae. granoblustic ; ’Htl f““g
lexture’ is a term commonly applied to ‘S shaped or *Z im;}cd
trails of inclusion in poikiloblastic crystals, especially garnets an

staurolites found in regionally metamorphosed rocks.

MINERALOGICAL COMPOSITION OF
METAMORPHIC ROCKS

(i) ‘Stress and anti stress minerals. Stress minerals ?re n%r;_-
duced as a result of stress and have a st_abl_e exxs.tcnci:_ton v l?dote'
stressed conditions. Kyanite, ga.rnet,.ch!or;toxd, Smutro')icx’nibnpc.mls R
zoisite, glaucophare, anthophyllite ctc. are comnion stress als.

i g ‘hich are formed conve-

The anti-stress minerals are- those \\hl.C‘._. '1]ru e et

niently under uniform pressure. These mirerals ahe f. e of
withstanding high shearing stresses.  Such minerals therefore

) sedimentary rocks.
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occur in highly deformed rocks. They- may include—sillimanite,
cordierite, anorthite, felgpathoids, andalusites, alkali feldspars etc.

_ Aatistress minerals are of lo'w-density while strgss minerals: in.
general are dense. : .

(if) ‘The follo 4ing are the'typic"_al metamorpic minerals :

Aluminosilicates like andalusite, kyanite, sillimanite, stauro- .
lite, cordierite, epidote, tourmaline, talc, chlorite, zeolites, graphite,.
pyrite and pyrrohtite etc. _ T ’ : .

METAMORPHIC CLASSIFICATION .

Metamorphic rocks have been classified on the basis of several
factors like : . :

1. The parent rocks from which they have been metamor-
-+ Phosed. . ’ ‘ o
2. ‘Structure, texture and predominance of agents.

. 3. Mineralogical assemblages etc.

- However, the first and the last factors are quite significant in
the classification of metamorphic rocks. : '

In case the parent rocks are of igneous origin which have sub-
sequently undergone some or other metamorphic changes, the
resulting rocks are known as _ ' '

(a) Orthometamorphic rocks or Meta-igneous rocks. o

When s&dimentary rocks undergo metamorphic changes, the
resulting rocks .are said to be (b) Para-metamorphic rocks or Meta-

On the basis of the mineralogical assemblages also attempts

_have been made to classify the metamorphic rocks. As we know,

whenever metamorphism is ideally complete, the product is an

“ (i) The initial composition of the rock and thé extent to

- which material have been added or subtracted during
- metamosphism. . - .

() The degree of metamorphism,

Accordingly the facies concept also ‘came into being in meta-
Morphism. It has also been observed that the number of mineral
assemblages produced by metamorphism is between two and six.

0 the basis of type of metamorphism, i.e., whether contact meta-

’
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y is the fange of
i ional metamorphism as weil as e
3:.'5:}?3::&: ?‘gll?:;ing classifications have been made :

1. Contact metamorphism :

Q) Albite-epidote-hornfels t:ac_ies.
(i) Hornblende-hornfels facnes. ‘
(iii) Pyroxene-hornfels facies. |
(iv) Shnidinite facies. - . ‘

These four facies have been distinguished in the ascending

i isti . nel'al .

assemblages.

eg obis i i 'n‘ ded in
R [ i here are six facies “inclu

2 ional metamorphlsm. T :

is oraer as

(i) Zeolite facies. (ii) Green-schist facies.
(ii;‘p ‘Glaucophane-schist facies.  (iv) Amph.xbohte. facies.
(v; Granulite facies‘. (vi) Eclogite facies.

i e been repre-
i i logical assemblages have '
’dA‘:);hitFeOS:?c}fle?:;élig?L;gés. Accordingly metamorphic rocks
sente oy Lt S
are classified.

. . i . s
Besides the above, some geologists classify metamorphxc rock!
esi , SO
into two broad categories :

(¢) Foliated, and (b) Non-foliated..

"} TFoliated rocks. These are characte{ised Ib:)(r)“a;:?;zllci::
) ent of slaty minerals, such as the n(.liwarse'e Foliation, is
arrangemd ring regional metamorphism. The deg (of foliation
pwdllmtegd Ltlo t%\e intensity of metamorphism. The folia
is rela ! .
:Jltimately ciangad into bands.

: . . S.
The most common examples arc slates, schists and gneisse
e . .

e the
i i cks. In these rocks _
fol iated. metamoyphlc ro _ ocks _the
i gb) "1\'1?::5 are equidimensional, hence there 1ls nots;r;::g;f;hism ™
mmeml E/;gstly they are the products of thermal meta
tation. vy &
contact metamorphism.

S .
Morble, quartzite and hornfels are some of the commo
examples of this type. :

- sand are visible but they have become fir

“equivalents of shales 5

" duced by mediu
argil

' CHAPTER 63

'PETROGRAPHIC CHAnAcrfmsncs OF
' METAMORPHIC ROCKS

Quartzite. Quartzite is the metamorphic equivalent of quartz
sandstoazs. * Som

etimes the: boundaries of the original grains of

Thus quartzite is a light coloured, medium s

typical vitreous lusture and conchoidal fr

pecific gravity, showing
structure.  The principal

acture and sacchraoidal

s

constituent is quartz and this is a non-
foliated metamorphic rock

» . Itis produced
metamorphism of arenaceous

by thermal or regional
quarfz-veins,

rocks such as sands; sandstone and

Slate. These are the most_prefectly fo'liat,ed'/metamorphi
Tocks. Thes: are gray to -black, fine
finely divided

-

c
grained rocks composed . of
micaceous minerals as micas, chlorite etc. with minor

quantities of quartz, feldspar etc. - These are .the metamorphic

> ! ) nd mudstones. Carbonaceous matter is usually
found associated with. slates,

The rock is characterised by the
development of exiremely good close-spaced cleavage planes, which
are called ‘slaty cleavages’. '

Schist. These are strongly foliated rocks of medium to coarse
crystalline texture, Foliation or schistosity is caused by parallel or
n:arly parallel alignment of micaceous minerals, The most. common
minerals in schists are quartz, feldspar and micas. These are pro-
m- to high-grade of regional -metamorphism of
CCOUs or quartzo-argiilaceous sediments.

~ Gaeiss It is a ‘typical foliated mctamorphic rock usually
having alternate dark and light streaks or bands. The light coloured
bands consist predominantly of light coloured m
feldspar etc.

micaceous anéd/or
minerals.  These rocks represent
f regional metamorphism of quartz-felspathic rocks
(eranites) or quasi-argillaceous sediments. o

mly cemented together,

inerals as quartz, -
» whereas the dark bands consist of
“the accicular ferromagnesian
highest grade o
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Marble. ‘This is a non-foliated metamorphic rock, which is

the metamorphic equivale

nt of calcite, limestone or dolomite. It

is a soft, compact, sacchraoidal. rock. The texture i§ massive

granular. .
Horpfels.

1t is a hard, compact, fine grairiéd rock composcd

principally of quartz, micas, iron-oxide etc., in which the typical

~ parallel texture of regionally - metamorphosed crystalline schists is

absent. These are non-foliated, dense ‘and usually dark  coloured

metamorphic rocks.

-

PART VI

| EcoNomic GEOLOGY
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CHAPTER 64
IMPORTANT TERMINOLOGIES IN
- ECONOMIC GEOLOGY

_ Ore-deposit. If ‘a:'mineral-depo_sit is of sufficient concentration
to be profitably worked, it is called an ore deposit. - :
- Ore. Anoreisa term applied to that part of a metalliferous
mineral deposit, which can be used for profitable - extraction of one
or more metals. The economic minerals of an ore is called ‘ore-
minerals’, ’ o : :
~_Gangue. The term is used to
assoicated with ore-minerals. .. The usual gangue minerals are quartz

and other forms of silica, calcite, dolomite, siderite, - barite, felds-
pars, garnet, chlorite, fluorite, apatite, pyrite etc. and sometimes the

.indicate the useless material

. gangue material is the country-rock itself in which the ore minerals
" occur. ‘ : : '

Tenor. The metal content

of an ore is called the tenor of the
ore. It is generally expressed i

n percentage of the metal.

.




_ CHAPTER 65
OUTLINES OF PROCESSES OF FORMATION
| OF ORE-DEPOSITS

[

As we know, an ore is composed of ciiei
which can be utilised for _alpr,oﬁtal‘le extrac
metallic compounds or meials. . _
of mirergls.” They occur as solid masses, _olr t_rorS A
earth’s crust is-composed, or as local accumul 1? ior.
such as veins, pockets or impregnaiions & TOCKS.

“The processes of formation of mineral depesits ere grouped

_into three main types:.
(A) Magmatic.
(C) Metamorphic,

Each type of these processe
processes associated with them.

(B) Sedimettary.

- Verions processes assoc activ
‘Pr:‘maryg’uineral Deposits’. Theﬂse are also called fh)\ﬁggfﬁ:ring
Mineral deposits arising out of the processes © »
activities of several geological agents 4
Deposits’. These are closely assccia A
cesses of formation.  Metamorphic —miner
come of metamorphic processes acticg upqn
mineral deposits or rocks. , . S

(A) The Magmatic process of formation of min
include the following processes :

1. Magmatic corcentration.

2. Pegmatitc (pneumatolytic).

3. Contact-metasomatic process.-

4. Hydrothermal processes.

5. Sublimation.

' trati ; sts of
i ntration. As we know, magma CODSS
ftade of constituen ‘ch are in mutual solution.. As the

a multitude of constituents, wh

minerals and gapgue,
ion of one or mcere
A . icts

e entire crust of the earth consis :
b cks of which }he
f varying size,

s i es a idiary
s includes a pumber of subs
Mineral deposits fom_xed due to itlhg
iated wi matic - activities are calle
ated with magmatic T posits.
re cailed ‘Secondury Mineral ~ the adjace
ted ‘with the sedimentary - pro-
al deposits are the out-
an earlier formed

eral deposits.
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magma approaches the earth’s surface its temperature and the external
pressure drop, with the result of crystallization and differentiation of
minerals in a definite séquence. The formation temperature of
different magmatic deposits varies from 1500°C to” 330C°,

The magmatic deposit are classified into two major groups, viz.,
(i) Early magmatic deposit, and (i'} Late magmatic deposit, . The
early magmatic deposits are believed to have been formed simul-
taneously with the host-rock, whereas the late magmatic deposits are

‘:formed towards the close of the magmatic_deposits,

The early magmatic deposits are usually formed by
(a) Simple crystallization without concentration.
(b) Segregation of early formed crystals.

(c) Injection of materials, concentrated elsewhere by differenti-
ation. ) : .

- (@) Dissemination. Tt involves simple crystallization' whereby
early formed crystals are found disseminated throughout the host-
rock. v . .

i Diamond pipes of South Africa, the Uranium minerals in the
‘Singhbhum granites in Bihar (Jaduguda) are the examples.

(b) Segregationi. This type of magmatic Goncentration is often

due to the gravitative crystallization of early formed heavy minerals,

€.g., Bushvelid ' chromite deposits (South Africa), chromite deposits

- of Keonjhar (Orissa).

(c) Injection. ‘In this case, the metallic concentrates instead of
temarnin:: ot the place of their original accumalation, get injected into
s0iid rock-masses It occurs at the residual magmatic
stage, e.g., Magreti.e deposits of Kiruna (Sweden).

) The late-magmatic vd'e_posits arc the consolidated parts of the
1goeous fractions that remained after the crystallization of the ‘early

formed rock-silicates. These deposits: are formed by the following
. : | o S

‘processes :

(@) Residual liquid segregation. Basic magmas undergoing

g -different_’iaiion may sometimes. become cnriched in iron and titapjum,
_This residual liquid may drain ¢ut from the crystal interstices and

consolidate without further movement. The host rocks are usually

_anorthosite, norite, gabbro etc, e.g:; Titaniferous magnetite bands of

Bushveld complex.

(b) Residzal liquid ijeciion. In such cases, residual liquid
may })e squeezed out towards places of less pressure into the neigh-
bouring rockmass or the interstitial iiquid may be filter pressed out

forming late magmatic injections, e.g., Titaniferous magnetite deposits

in Adirondack region of New York.
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l juid se i i a of an ore-
‘ miscible liguid segregation. Sometimes magm an ore-
a‘nd-sigfga?encompositign breaks down during cooling into two 1mmis

i “to fi iqui tion deposits, -
i ions which accumulate to form liquid segrega sits,
’ :l:.l.e Sftrl?;gﬁir::sminlerals‘ usually associated with platlnug, gold, sﬂve}r B

copper etc. | o o -
(d) Immiscible-liqni(};inieétion. The iramiscible liguid accumu

. . . ot
lations - before consolidation when subjected to disturbances, g

_ injected into the surrounding rocks, forming immiscible liquid-injec-

tion. Nickeliferous sulphide deposits of Sudbury (U.S.A.) is an impor-
-tant example of this type. :

its ' - towards the very exd
titic deposiis. These are formed: towards the very
of éotlzs'olli)gggilgnl ;f thg magma, in which the residual fraction is bighly

: marlien, A
. enriched with ~ volatile constituents.- Pegmatitic liquids may

s i igneous
squeezed out to fill in the cracks and fissures 1n the parent igne

joini untey | .d form pegmatite veins or
dy or the adjoining countgy rocks, an 1 3
ggkzs? Thcsejare usually formed between 500°C to 800°C.

'Deposits of mica., feldspai', ‘beryl, lithium 'mir:ielrigéls deelz)% Slttlsz
mineral like cassiterite are inclu@ed in ﬂllxe peé;‘rnnales _
Bzsides, columbium, tantalum, thorium are the €x ples.

3, Contact metasomatic deposits. _In thtg tr}x}(:ggggga};oori dg:‘
invading magmas, alteration and repl‘a,cement o 1 OO to ibe
due to invasion of magmatic emanations may sOme o . This
development of mineral deposits of economic l;m}:\ ancs o a8
process of formation of mineral deposits has bee o by
pyrometasomatism by Lindgren and as contact-metaso! 1- b
Bateman. o

In this case, the enclosing country rock is altered by the heat

: AT ] apma
and other chemical constituents of the mvadlpgb :ntruselrv:tuxr.'t; gand
forming new minerals under conditions of high temp

pressure. The deposits are usually resulted in calcareous rocks. The.

O, © .
temperature of formation ranges from 400°C to 1000°C. "

" The gangue minerals in these d_eposits compélfek an a:]sl;ai?l}ala;%g
of high temperature metamorph}c_mmera}ls, call; 1s q;r;dm o end
usually silicates of iron, magnesium, calcium and alumi »d

ing upon the nature of country rock.

‘Thus deep seated batholithic masses of intermtediate g]?:]ls):rs\lztel(;g
' i ithi i bonate - country ro
occurring within pure or impure car serve as
i i ] rocess of contact me
the most suitable locations, where the p e/
i ffici d to the development o :
tism can operate efficiently and lead el O eposits
its of economic importance. Thus contact m atic depo:
g?g o;étrmed in nature. Examples are deposits of cg.ssﬂente, zine,
magnetite, graphite and sulphides of copper, iron, lead etc.

its, As i jagma duc to the
4. Hydrothermal deposits, ‘As we know, a magma
alteration )c,)f physicochemical - conditions gradually cools down,

- pressure may force the g

‘of iron, zinc, nickel, gold, silver, lea
the hydrothermal solution.
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producirg rb.qk-forming silicate_minerals under different bonditions of

- temperature and - pressure. It also

-residual solutions enclosed wi
from the Bowen’s reaction serjes. -

2 gives rise to a segregation of
thin that parent rock, which is obvious

- Oliving ‘Anorthite

- Pyroxere . Bytownite
‘Amphibole - Labradorite
. ‘Biotite. Andesine
2 TN L Oligoclase.
: N - Albite
N -7
N/

s : Z
Potassium-rich feldspar
' R o
Muscovi{ie (mmica) -
‘ Quartz

.. Zeolite group of minerals

. Hydrothermal solution
Thus towards the end of the proccss of crystallizatio
widely dispersed gases and metals have collected nea

intrusive body. In moving up, the gaces coze and st
magma and collect some of the met

v

i, the once
r the top of the
5 ream through the
als in'their journey. At this stage

» ases and their dissolved rare elements to
leave the magma chamber an

d to move along zones of weakness
towards the surface. Such fluids may begin their journey upwards
as liquids or gases which later becomes liquid and this hot water
solution is known as hydrothermal solution. ' '

" " Such hydrothermal solutions are imporiant in the formation of
certain kinds of mineral depcsits, as they

TR ! : carry out metals from the
consolidating intrusive to the site of deposition. -~ - o

They are mostly epigenetic-deposits. Since hydrothermal -solu-
tion is originated from the magma, its temperature is -about 350°C
and it is"hder very high pressure. It is acidic in nature containing
non-metallic and volatile constituents mostly. Metallic constituents

d etc. also find their places in

. Causes of deposition : - )
1. Changes in the temperature.
2. Changes in the pressure of the system. s
3. Exchange reactions between the substances in the solution, =
4. Exchavge reactions following m:ixing of solutions.
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Exchange reaction between solution_ahd wall rocks.

Changes in the pH of .ti\e'xi_l'ejc‘l'iﬁm (which determines the
acidity/alkalinit_y,of the medium). _

7. Coagulation of the colloids, which isbrough about by
“exchange reaction, by breaking down_ of cgn?ple);lor;, by
the action of-electrolytes arising from exchange _reactions,
and sometimes by supersaturation or super-cooling of "the
solution. ' o o
‘8. TFiltration effect, which helps in the precipitation of com-
ponents when hydrothermal solutions filter _through
poorly perieable rocks and mineralize th_e rocks in front

of such barriers. = - : :

CLASSIFICATION OF HYDROTHERMAL DEPOSITS
On the basis of the following two factors: the hydrothermal
deposits are classified : . -

(a) Temperature of formation.
 {b) - Mode of formation. » o |
On the basis of temperature and pressure, the depth o
‘-forma(t‘i?)n and the distance from the magmatic source, the hydro-
“thermal deposits are of the following types : .

S w

F

s . e ! . t
/) Hypothermal deposits. These deposits are formed at grea
depths,( lr)learyplhe intrusive and within the temperature range Qf
200°C to SOU C : .
i v i : depth of
i) Mesothermal deposits. They are fqrmed at a
1500-4(()(1)2)"'met_res below the surface and within the temperature
sange of 200-300°C. The pressure ranges from 140 to 400 atmos-
. phere. B - -
see’ * i . K y N low ) ept S
Epithermal deposits. . These are formed at shal 1
(furthg:lzlwag from the surface). The temperature range is from 50°C
to 200°C. _ :
) ! i ' Jow tem-
iy) Telethermal deposits. These are formed under | i
’fperat-.gr;)and pressure, far away _from the parent igoeous body wlh
which their genetic relationship is not well established. 7
‘ otherm i d by high-tempera-
Xenothermal deposits. These are forme
ture - o&? forming fluids expelled from huge igneous 1ock mas_ses(i
which have intruded into shallow depths. Thus they are c‘r_\gract?pse
by high temperature, shallow depth of formation and rapid ccoling.

(b) On the basis of the mode of formation, the hydrothermal
deposits are of two types ¢
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@ Ca\_ri;y-ﬁlling deposits. (ii)‘ Replad‘eméﬁt deposits.

(i) Cavity-filling deposits. Cavities occur naturally in the
-earth as fractures or fractured zones along which the crust has been
‘broken, sheared or displaced. In the cavities, the metallic minerals
" that are carried by the hydrothermal solution get- deposited under
epithermal condition. . :

‘Cavities are of two types :.

. I. Ori'ginal cavities, which include pore spaces, crystal lattices,
—'yesxcles, lava drain channel, cooling cracks, beddirg plane ard
igneous breccia cavity., = : '

2. Induced cavities, which include volcanic pipes, shear-zone

‘cavities, solution caves, collapse breccia, tectonic breccia and cavities -

due to folding and warping.

Deposition of layers of d'iﬂ'erent minerals upon the walls of a

cavity leads to the development of crustification. Layers of crystals

“which are developed within 1he cavities, give rise to what is called

«comb structure. The open spaces left after the filling up of the

<cavities with mineral deposits are known- as vugs or drosses. 1If
- «cavity filling deposits are composed of one mineral only and devoid.

of crustification, they are said to be massive. S
The cavity-filling deposits often include the fillings of

. fissure veins which range in shape, size and form between wide

limits. The terms' like stock-work, saddle-reef, ladder-vein, gash

wveins, pitches and flats etc. are used accordingly.

Masses of country-trocks are often enclysed within the fissure

yein deposits and are known as horses..

@) Metasomatic replacement deposits form, .when the hydro-

thermal solutions react with some mineral or substances in the
crust, dissolving  one substance and replacing it with . tbe ore
mineral.. Mostly these . deposits are formed under hypothermal
condition. : - ’

The chemical composition and physical characteristics of the
host rocks or minerals and the composition, temperature and
pressure of the invading mineralising solutions determine the
efficiency of the process as well as the extent "and kind of

" ‘replacement.

Metasomatic replacement deposits are characterised by :

(@) Presence of remnants of the country-rock.

(b) Presence of .pseuddmorp‘hs of replacing minerals after the
' replaced ones. . o

{c) Absence of crustification etc.
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5. Sublimation. This process is generally associated with

~ volcanism and fumaroles. These are sublimates deposited at or near

the surface at low temperature and pressure due to the sudden
cooling of the vapours emanating from volcanoes or fumaroles.
These deposits are generally very small and rather superficial and sre
seldom- useful from the économic point of view. The sulphur

“deposits are the best examples of deposits formed by this process..

" (B) Sedimentary processes ¢f ore-formaticn. As we know, the
combined action of sharp temperature fluctuat’ons, wind, water freez-
ing in rock crevices and plant roots penetrating into the rockmass,’
decomposes great blocks which gradually split into chunks, then irto
smaller fragments and are finally reduced to ‘detritus and sand. In
addition to mechanical destruction, primary minerals are subjected
to chemical alteration, of which water is the principal agent. The
products of weathering are transported by various.geological agents,

and finally the transported detritus gets deposited in various condi-

tions of aqueous medium, to. give rise to sedimentary formatiors.
Five important processes are associated with the sedimentary
mineralisation, viz. : '

‘Residual concentration.
- Mechanical concentration.

Oxidation and Supergene Enrichment.

Remobilisation by meteoric circulating water.
5, Sedimentation.

Bowo

1. Residual concentration. - The term ‘residual concentraticn”
indicates the concentration of ores as residue. Residue left as insitu

after weathering, followed by transportation sometimes give rise tlo .

valuible ore deposits. These are the insoluble products of rock
weathering, the process which removes the undesired constituents of
rocks or minerals. . The residue may continue to  accumulaie until
their purity and volume make them commercially important.

" Of the three modes of weathering, the chemical mode of
weathering is of paramount significance for the formation of residual
deposits. :

Factors Affecting the Residdal-'Concentratio,n :

(i) Climate. The climatic conditions determine the course
and intensity of rock-decomposition. Dittler has shown that a
temperature above 20°C favours the process of chemical decomposi-
tion of bed rocks where SiO, goes into solution.. The hot climate
of the tropics creates the condition for residual concentration.
Besides, an average amount of regular precipitation 1s most favour-
able for the formation of a mantle waste and sub_sequently residual

concentration.

be destroyed by erosion.

~ breaki

- developed residual de

- kyanite deposits in

~ water, or air by which the heayv

- garnet etc. are set free in in

+ further, the minute
. ultimately deposited as sedimentary
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(i) The presence olf.rdcks or lode taini ni
i sence of r ¢ § containing valuable minerals.
ofbwhlch_ the undesired “constituents are solublg and the desired
substances are generally insoluble under surface condition. '

(iii) Long continuéd crustal stability is ial in
. » ] al stability is essential in order that
residues may accumulate in quantity and that the residues may not

- (iv) Existence of proper' drainage is an important factor.

{v) There should be availability of reag

o ents to bring about the.
ng down of silicates and solution of silj ' ganel °

ca.
.(vi) Local relief. The'o

of residual deposits are
country topography, that ensu

- pitation down to the water table.

ptimum conditions for the formation

The relief must not be very great or ¢ ble residue will
- be washed away as rapidly as fo¥ngled. e, vahueble residue: wil

(vif) Since it takes much ht'ime: to. form mature, thick and well

: , I posits, the acid - rocks because of their relatively

g;_g;)%sil‘umma-'contem are the suitable rocks to": produce residual
1LYy, -

’

or & vUt}der these conditions, for example, the feldspars of syenite
s granite decomposes upon weathering to. form ‘bauxite’, which
persists at the surface, while other constituents.are removed. '
Hematite, man%mégse ore, bauxite, residual clays, ochres,

: ' India are some of the examples of residual
f:tr;;:?tr;tratlcn._ Residual ‘deposits are usually associated - with-

2. Mechanical concentration It i e f '
] A _ tion. It is the process of natural
gravity separation of heavy from light minerals by means of moving-

. ML ier minerals become concentrated.
into deposits called ‘Placer-deposits’. : '

As we know,

o during the proces " we - resis
minerals like. qua g the process of weathering the resistant;

rtz, gold, é)lla_éinulm,' magnetite, cassiterite, ilmenite,.
: i tvidual grains. Erosion now steps i
and .the detntus‘ 1s ‘swept down ‘tt%e slopes "and ﬂinto thet I\?:at:erxlf'
lct;:mnels; Mechanical separation in running water or along sea or
t% ee ibeacfhes SOItS the det,rit_u.s according to the specific gravity and-
: size of grains. The_—hea'nest.particles tend to collect in the
ower part of the asserted detritus, the quartz grains are carried:
and easily moved scales of clayey- substances are-

beds ; t i : j
by the electrolytes in the sea water. s ; the colloids are coagulated:
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provicded by the existence of an average hill--
res percolation of the meteoric preci- -
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- Thus, two stages are therc in the formation of placer deposits :
(i) The frecing by weathering of the stable wminerals from
" their matrix. and ' :
(i) Their trapsportation and concentration.
Requirements for mechanical concentration :
(a) The valuable \mi_n'erals should be of high specific gravity.
(b) They should be chemically resistant 10 weathering.
(¢) They should be of adequate durability.
{(d) There should be a-fcontinuous supply' of placer minerals
for concentration. -
: In the formation of placer deposits,
qeisurely way the processes of crushing an
Factors Affecting Formation of Placer Deposits
‘ ) Speciﬁc'gravity of minerals.
" (i) Specific surface of the particles.
(iii) Shape of the particles.

(iv) The ability of a body of ﬂowing water 1o transport the
particles and the viscosity of the transporting medium.

nature employs in her own
d concentration.

Tybes of placer deposits :

(a) Eluvial placers. -Placer deposits along hill slopes are
formed due to weathering and erosion of the country rocks contain-
ing low-grade deposits of the desired materials and are kpown as
cluvial placets. . '

(b) Deluvial placers, When the weathered and disintegrated
material is shifted down hills deluvial (scree or talus) placers are
formed. : _

(¢) Proluvial (colluvial) placers. Accuniulation of the material
at the foot of a slope can lead to the development of proluvial
placers. : - _

(d) Alluvial placers. Rufining water is the most important
agency in the formation of alluvial placers. Irregularities on the
floor of the chanpel in the form of natural barriers oOf riffies
encourage deposition of plaer deposits. Besides, at 1he_meand~:r-
ings of the river and at the confluence of tributasies, alluvial placers

are formed.
~ (¢) Asolian placers. These are because of wind - action, by
which the lighter sand particles are blown away lcaving behind 2
mass of coarser dufritus containing valuable minerals. '
(f) Beach placers: These are formed along the shores of lakes
seas and oceans, mainly by the wave action. .

. .'oxidation :

P
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. There are essentially four factors whi ' ignific
in the formation of placer deposits, they alr‘::1 :F\ave much significance
- (i) Geomorphological factors.
.. (@) Climatic factors.
(iii) Hydrographic factors ‘which is associ ith t
¢ 3 which ssociated with i
action and the deposits at the meandering oflthe :?:err::é

the junction between the tributaries.
(iv) Tte:ctonic factors, which is associated with the rejuVenétion
of the base level of local and general erosion, creating

conditions for recurrent cycles of i i
‘ , ¢ erosion i
development of alluvial placers. - ol agtmty for

3. Oxidation and supergene enrichment i - ‘
; IXid, 1nd S| . ent. This si
- as ‘Infiltration’ deposits also. This involves wqatheriggogs i:ai:eimlilgg

of the upper parts of a mineral deposit (zone of oxidation) and

redeposition . of the ore-minerals at lower levels (zone of secondary
R b a N

or supergene enrichment).

_The portion of the ore-body lying  above the

dqscnbed as' the zone of oxidation, s%nce within thisv;ttgé :?1212::
minerals forming the deposit may be oxidised readily in presence of
air and water. - By the rcaction of the surface water containing free
oxygen with the ore a solvent is formed. This solvent js very re%.ctivg

" and is helpful to oxidise the whole of the rock up to the water-table.

Because. of oxidation, there is a . break-up in iron-sulphides (¢ g

. pyrite) giving rise to ferrous and ferric sulphates, sulphuric acid

sulphur and ferric hydroxide. -Of these : ic
_ 1 ferric - . . products ferr
and sulphuric acid act as solvents and cause oxidatign anlg igllll)l]:?ot;

" of other ore minerals lik_e galena, sphalerite, chalcopyrite, chalcocite

etc. o ‘

Thus there are two main chemical changes within the zone >of

(i) The oxidation, solution and rem(‘ival‘
‘mi : d of
- ‘'minerals. - - © the valuable
(i) The transfermation, in-situ " of 'ﬁlet_axlli ;
idi » J ¢ min
oxidised compounds. | erals into .

© Since oxygen has-no action on gold as well " as other insbluble .

n}lline'rals'like.Ca§siterite, wolframite etc., these minerals remain in
the outcrop without any change and are enriched upon contraction '

- of volume. Much of the soluble minerals are naturally removed by

running water. Newly formed compounds are precipitat
i y ! recipitated due to
reactions bgtween solutions, by hydrolysis, by cocagulations, as well
as by reaction between the solutions and solids.” . '

Factors controlling oxidation : :
“(a) Water table. Sivxllce‘oii,dation takes place above the level
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.Rof water table, the position of water table aﬂ‘ec}s oxidation to a

-greater extent. 7 -
(b) Low-rate of erosion. ‘

(¢) Warm-humid climate | with »evenly' disﬁbuted rainfal]
favours oxidatign. | ,

(d) To some extent the chemical composition of the rocks-

:and the associated structural features also control oxidation.

Two types of deposits are maihly formed because of oxida-

‘L. Above ivafer tabie, tl;ere is oxidised deposits. ' ‘
li - Deposits of supergene enrichment, formed below the water-

table. In the case of the Ist type, the deposits are formed because

of evaporation, saturation, and reaction between solutions bringing
-about their precipitation. .

i tin the oxidised
13 type, the valuable minerals presen ! ¢
I%t?iéi?t]xgd%%wn because of oxidation. They begin to g?clilos;;
?r? l':;31’egsecondary zone to make this z%ne tlenrgched_mthigzi;l :vtrickled
1 - . g0 m .
he oxidised solution wi _
- .due to the fact that when t sidised solution with minerals trick ¢
ondary zone which is below tel ; t
desox‘ch? ;gag?:b?:coiner{ and there they undergoddegoswﬁg has :fxgoelll'(gl:g
ion of the pre-existing ore-body, in. gene
:’;T;.hidzg eaprfe)rt;ln"ecipitated, is known as the zone of supergene-.
enrichment.

f s rich cipitation of the
' e of supergene-enrichment the precipi of |
metalfi[; ﬂsl\?l;?:?des is affected following Schurmann’s law in the

llowing oraer—silver, gold, coppet, bismu.tl.\, lead, zinc, mckel,
f:?)bgn“ ifon etc. according to increasing solubility.

idati i nd consequent downward move-
; Gossal:l. "vgﬁ;gt?{;o%iﬁ?;ll: I}ezd to the ?:onpcntratxon of _\és,el‘ess
T~ olf » tirials'and some of the dessicated products of oxdl a}t]mg
re?lduaaen:?lrface where the ore-body bad its putcrollz ard thes
'?Sg()exther form @ hard mantle known as gossan or cap-rock.

incipally imonite, gangue minerals
is made up principally of limonite, gangu )
and s;rrg: ggtg s?lrnleloxidlsed products of the ore minerals. Sometimes,

false gossans are, however, produced as-a result:- of precip:tation o :

i f the
extraneous ferruginous solutions upon the ‘exposed surfaces 0
“country-rocks.

But in the majority of cases, gossans supply nlmany 1§§1tghzri_a:)g:
i as to the size, character .and minera _fion, o 3, ¢ A
1qferencese deposits. Therefore gossans are considere Kol
Ehda%‘; o(;‘roxidised as well as enriched zones beneath the surface.

- ~of ‘surface waters giving rise to
" < borates, nitrates etc.

- between the solutions

. manganiferous deposits are usually due to s
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Thus the process of oxidation and ._secondlry enrichment
produces the following : o - v i
' (@) Gossan, v - »
(8). Zone of oxidation and leaching.
(c) Secondary zone of enrichment,
(d) Zone of uuriched primary ore ete,
~ 4. Process of remobilisation b

] Y circulating meteoric water, This
- process involves the solution of mat

erials dispersed in the adjacent
rocks by ground water and their subsequent concentration under

.suitable physico-chemical conditions. _ .
' This process.operates at moderate depth . to shallow. depths,
-under modsrate pressure and low temperature (ranging between 0°C
to 100°C). These deposits are formed by ground water, and occur -
‘mainly in sedimentary - rocks like—limestones, sandstopes and
 shales, in the presence of some reducing agents. - o .
_ ~ The occurrence of some manganese deposits in the Keonjhar
District of Orissa are believed to have formed by this process where
by manganese at one level has been remobilised to the other and its .

subsequent concentration at that level. Other examples are—phos-
- phctes, barite, celestite, pyrite, flint etc, - e

: S. Sedimentation: The
following types of deposits :

) Evaporation deposits.

process of sedimentation gives rise. to

These are formed by .'e\)apdratibn
deposits of salt, anhydrite, gypsum,

(i) Chemiéallyf deposited materiéls, Which- is due to- reactioﬁé

in bodies of surface water, are sometimes

of sedimentation. Calcareous, ferruginous, -

uch processes.

(fii) Organic deposits. Accumulation of organic maties whether

ue to chemical reactions or due to as.such transportation and
deposition by the geologic-agents give rise. to deposits i

) ke bog-iron
ore, coal, phosphatic, siliceous as well as calcareous deposits of chalk,
fossiliferous limestones etc. o

resulted in the process

; The mechanically deposited materials like placer dcpbvsvits are
also due to sedimentary processes. . The diamondiferous-conglome-

fates as occur in the Vindhyan system of India are.the examples of
such deposits. . ‘ ' :

Thus ‘sedimentation’ gives rise to deposits both
mechanical means as well as through chemical reactions
through organic—chemical

chemicai actions). -

through
and also
actions (i.e., by bio-mechanical+bio-
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. © Metamorphic-processes. As we know, three "importact
factors like temperatare, pressure and chemically active fluid play
les in bringing about transformation of the original rock

dominant ro r te : 1al ;
and mineral deposits. These metamorphic changes are sometimes

responsible in giving rise to important mineral deposits, which are

conveniently grouped into two classes ¢ :
) Metamorphosed deposits. These are formed as a result of
existing mineral-depcsits, due to which the

ore acquire new-textural -characteristics like granular, schistose,

banded etc.

. .
Through the process of metamorphism the original minerals .

usually - get anhydrated, and transformed into new-minerals. Thus
hydruxides are transformed into haematite

" fimonite and other iron-b
. and magnetite ; pst

lomelene and mar}ganite are replaced by braunite
~ Certain ferruglnous and manganiferous -sedi-

and hausmanaite etc. a ;
d give rise to 1ron and manganese

ments undergo metamorphism an
ore deposits. : ' )

It may also so happzn that during the process of metamor-
phism, the originally dispersed ore mineral get segregated givir g rise

" to workable-economic deposits.

(if) Metamorphic mineral deposits. These deposits are . formed '
due to recrystallisation and/or recombination of certain mineral
constituents of the rocks during regional or contact metamorphisim.
Regional progressive metamorphism has the greatest significance in
the formation. of metamorphic deposits. The shbape, constituiion
and composition of mineral bodies are altered in corscquence of it.

The most cCOMMON e:gamples’of tbe non-metallic minerals
which are formed through this process are graphite, garnet, kyanite,
sillimanite, asbestos, steatite, etc. '

) Metallic minerals like corundum, rutile, ilmenite; magnetite,
uranium, pyrite, native copper (Jake superior type) etc.

) TheAtype'of'rn'ineral deposits resulted are cepenéert on the
facies of metamorphism. .

PART VII

 ORIGIN, MODE
- OF OCCURRENCE AND
~ DISTRIBUTION (In India)

AND ECONOMIC USES




_CHAPTER 66
GoLD

-

The cconomic gold minerals are :
(i) Native gold (metallic gold), ,
(i) Gold amalgam (gold alloyed with silve r).
- : : . . ' Co (iii) Tellurides, Sylvanite, calaverite, petzite and nagyagite.
| . ' : ’

) Origin. " All primary gold deposits are formed usually during
the last stages of the chilling of the magma, which rise along fissures
Lo the upper layers of the earth’s crust from great depths. The gold
is transported together with the magma from the depths of the carth
in hoi aqueous solution and vapours.. In due course, these solutions
get solidified with the falling of lemperature, giving rise to ore

: E bodies mostly in the form of veins filling fissures in rocks. :

: . . ] : . . ' - These veins generally consist of quartz with a small admixture
v T o , o , of “other minerals and particles of gold in the form of fine grains,
‘ : platelcts and flakes and sometimes crystals, wires, filaments and so :
on. Big chunks of gold are called ‘nuggets’. The tellurides and auri- !
ferous sulphides also occur jn veins. - !

~of various geological agents undergo mechanical disintegration and

chemieal decomposition: The weathered- products while being ;
: carricd down to the depositiqnal site undergo the processes of ' 3
: : : mechanical concentration and all these processes giverise to placér-
' ’ gold deposits. The factors contributing to the concentration of gold

1 placers are its high specific gravity and resistance to chemical
alicration through weathering. '

In the course of time, these rocks and veins under the action

’ Mode of occurrence. Most of the primary gold deposits occur

B :  in the vicinity of acidic igneous intrusions and have been formed by

hydrothermal solutions as replacement or cavity-filling and ‘a few
have been formed by contact metasomatism. '

In India, gold occurs as primary veins or lodes or as placers.

The other modes of occurrence of gold deposits in various '
parts of the world are as follows ; .
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- (i) Magmatic deposits. South Africa (Waarkral).
(if) Contact metasomatic. Utah (U.S.).’
(ii) ‘Residual concentration. Brazil, Au_st_ralia.

- Distribution in India :

i. Kolar-gold-field, Itissituated in the state of Karrataka

-'and'has “four productive mines—Nandydroog, Champion Reef,

Mysore, and Ooregaum. The Champion Reef mine is the deepest
mine in the world. In these cases, the lodes are localised along or
in vicinity of stratigraphic coptacts of granular, fibrous and amphi-
bolites of the schist belt. The_lodes are made up of quartz-vein
zones in altered and mineralised wall rock. The mineralising solutions
responsible for the development of the auriferous veins of South
India, were probably derived from the magma which gave rise to
champion gneisses. The principal process, which led to the develop-
ment of the auriferous veins, was cavity-filling and metasomatic
replacement of the wall-rocks is said to have assumed a less signi-
ficant role.’ o o

2. Hutti gold-field. In Hyderabad, auriferous veins ‘occur i
the Hutti-gold-field within the schistose rocks of Dharwanan age.

3. Ramgiri gold-field (Andhra Pradesh). .
4. Wynaad gold-field (Partly Tamilnadu and Partly Kerala).
5. Chotanagpur region, Kundra-Kocha Gold-field. '

The a]luvial placer gold deposits occur in Assam (Subansiri

river), Bihar (Subernarekha), the Son, Deo and Ib-rivers of Madhya -

Pradesh, in Koraput:anid Sambalpur districts of Orissa etc.
Economic uses: ' ‘

-~ standard of exchange. R S
.(if) In alloy-state with other metals, it is mostly used - in
ornamentation. , _ -

~(iii) The industrial uses of gold alloys are in dentistry, chemical .

" plants, thermocouples, ‘watches, X-ray equipment, photo-
graphy and in some medicines.

i) Gold is.a precious metal é’nd constitutes the international

CHAPTER 67
L " IRON

'Bein7g one of the most widely distri ' nits i '
; 3eing ) y distributed elementsin the earth’s
;:lrtust }rt?n' rarely occurs in the free state as it enters into the compo-
-oflt%n o m%llir}y rocks and minerals, It consists of about 4'6 ‘percent
€ earth’s crust. In nature, iron occurs in four. principal forms,

vk, oxides (hydroxides also), carb. i i
» DAICES ANyQroxic §0), onates, sulphi s
The chlef econormic iron ore minerals are phides and s111cate_s

Magnetite . FesO, - (Containing 7249 of iron)

ZH.emante - Feg,05 . - (Fe=70%) '

-élmom_te .. 2Fe,0,, 3H,0  (Fe==59'8%,)

oethite Fe;0;, H,0 (Fe==6299

‘{Spathic-ore)- . ; € : 4)

Siderite FeCO, (Fe=482%)

Pyrite , - FeS, (Fe=462%)
-mi.nergllsl.amos“e and thuringite gre ‘examples -of iron-silicate

O. o) . .
process :;g:m, Iron ore deposits are general}y formed by the followiqg

(i) Magmatic. Magnetite, titanif; v ! ite. e.o. —Ki
(Sweden), Keonjhar and M .titaniferous magnetite, e.g.,—Kiruna
Hassan (Kamatika) ote, | roban) \:(Ori_ssa), Salem (Tamilnadu),

(i) Sedimentary 'Hemat%'té depoéits of Bihar Orlissa M
) M - p : > 3 adh a
Pradesh, Maharashtra and Karnataka.” Siderite deposits of econong,ic

- importance are usually sedimentary deposits.

(iii) Replacement. Magnetite, hetﬁatite, deposits, e.g., Lyon

~ "Mountain, Newyork. -

(i) Residual concentration. Laterjte formations in the Eastern

-:ghats of Ipdia.

(v) Oxidation. Limonites, e.g., Rio Tinto, Spain.

Besides the above, contact metasomatism also plays some role

‘in the formation of magnetites and specularite.
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-Regardin'g the origin of vast deposits of Banded-Hematite-

" Quartzite and Banded Hematite-Jasper, there is a divergence of

opinion and several ‘theories in this connection have be'e_n pro-
pcunded ; the most important ones are as follows :

(@) Chemical precipitation theory.’ Workers  like Jon;.s,
Percival and Krishnan suggest chemical precipitation to account_tocl;
the origin. According to them, 1ron-ox|de.and silica were deposite
under submarine conditions by rhythmic chemical precipitation
from meteoric as well as magmatic water.

Wazalwar and Nandy regard the ferruginous shales to be
rcspor(nlgble in-the formatjon of iron-ore deposits by processes of

“oxides by actl
"by igneous action.

i beli ' ’ v ' he
Dunn believes that BHQ and BHJ are formed by t _
's"e'cOné?ry silicification by thermal activity of the volcanic tuffs and

flows now represented by ferruginous, chloritic or carbonaceous
shales or phyllites of the area.

i ] jion of iron oxides and hydro-
: ching, replacement and concentration ) [ ) .
L by 2 on of circulating meteoric water, aided ir certain cases.

) Sakamoto attributed the cause of banding in the pre-
cambr(i?n Si?on ores to a cyclic deposition of colloids due to a
periodic change of pH value in the depositional medium. I_-Iet %o_lnts
out that iron migrates in an acid environment ?,nd precipita ?k 111_1 a
neutral or passive environment, whereas SiOs migrates in an alkaline
medium and is precipitated in acid environment.

Mode of occarrence, Iron-ore deposits occur as magmatic
deposits "as bedded-deposits, as residual concentration deposits or
sometim’es as nodules and - concretions in ;hales associated with

~ coal-seams.

Distribution in India :

(i) The biggest iron-ore field of India is sitnated in the

Singhbhum district of Bihar and the adjoining districts of Keonjhar,

- Supdergarh and Mayurbhanj of Orissa. The massive-ores where

i t ranges from 66 to 70% occur on top of hill ranges.
'tll'll:e ;r}g;ycg?:e;ay begas rich as hematite and as low as 50% ggoles%
in iten. The biscuit or laminated ore contain about 55 to 667 o
iton. Blue dust ore, which is an extremely fr_!able and bmllcac;c;_us
hem'atite powder contain about 687 of iron;’is formed by leaching
process from BHQ. There also occurs lateritic ore.

i ini : i Bihar are Barbil,
) mportant mining centres qf Orissa and Bih: 1
Gua 'll;‘::lai,pJoda, Kiriburu, Suleipat, Gorumahisani, Noamundi,

Barajamda etc.

(i) Madhya Pradesh. - In the Bailadila hill ranges.
" (i) Mabarashtra.  Ratnagiri district.

o
Iron:
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(iv) Goa. Bicholim—Pale in Goa.

v (v) Karnataka. Bababudan hills in Chikmagalur. district, and’
in Sandur, Bellary, Hospet districts as well as Shimoga and Chital-
drug districts. Important one is that of ‘Kudermgkh’. '

(vi) Andhra Pradesh. . Cuddapah, Kurno‘d%‘,"‘: Chiibor,-j Nellore,
Anantapur, Warangal and Adilabad districts. 7 :

13
i

(i) T_a.'nilhnd_u. Salem district, and Tir'uchié'rapalli district.
(viii) West Bengal. - Deposit of lateritic - ofes mostly occur in
West Bengal. ‘ . : [

(ix) Assam. "Iron stone-clay are found" as nodules }fmd thin
beds in the coal measures of Eocene age and in the Tipam saries of
Miocene age. . »




CHAPTER 68
COPPER

£
b .
It is the most important non-ferrous metal and was the earliest
metal used by man. v .

inera four princinal
Ore-minerals. In nature copper occurs in )
farmes, viz., sulphides, cartonates, oxides and as native copper. Tgf
" these the bulk of copper is obtained from the sulphide ores. e
.chief economic ore-minerals however, are_

Composztion _ %af copper
1. Native copper . Cu 1000
2. Sulphides: |
- {i) Chalcopyrite " CuFeS, 35'57
" (ji) Bornite or erubescite - CusFeS, _ 63‘3
i) Corvellite CuS _ 32:; |
‘(iv) Chalcocite Cu,S . '
(v) Enargite . CnzAsS, 7 48.3
:(vi) Tetrahedrite CugSb,S, 5271
3. Carbonates: v - . .
(i) Azurite . - 2CuCO;Cu(OH), 55°1
(ii) Malachite CuC03Cu(OH)g 573
4, Oxides . ‘
(i) Cuprite _ Cu,0. . _ ss:.
© (i) Tenorite CuO 79
(iii) Chrysocolla CuSiOzH.O - 36

To be economically exploited a copper ore should contam at

least 2'5% of copper. In modern times ores with 17, of copper
are also used.

Copper - | : 265

N copper deposits are . formed through hydrothermal solutlo'rs, either

as cavity-filling or replacement deposits. But replacement has been
a more dominant process than cavity filling.

- Only a few deposrts have been formed by magmatic concen~

tration or by contact-mietasomatism.

The process of oxidation and supergene ennchment also plays
dominant role in giving rise to workable deposrts of secondary

* copper sulphide ores :

-Mode of occurrence. Copper deposits may occur as
(a) Disseminated ore bodies. Where the copper minerals c.re

T generally dispersed in a large volume of rock They are generally of

low grade. The porphyry-copper deposits.of USA are of this type

"(b) Massive, irregular or lenticular ore. bodies, whxch are
formed by the process of replacement.

(¢) Vein deposrts or lodes. In which the copper bearing
-solutions - percolating along shear-zones and. rock-fractures deposit
copper - minerals with changes of temperature and pressure
forming fissure-veins, e g.,— Copper deposits of Singhbhum.

(d) Deposits following stratigraphic beds, as is the case wnh o

the deposits of Khetri (Ra_)asthan)

Distribution ;

{i) In Andhra Pradesh, the most 1mportant copper deposrts
are the Agnigundla-deposits.

(if) In Bihar, in the Singhbhum district, a copper bearing belt’
of about 80 miles long occilirs: Here the copper ores occur as
veins in the. country rock consisting of mica-schists, quartz-schists,
chlorite-schists, = biotite-schists, granite and granite-gneisses. The
'veins are best developed along a. zone of over thrust, where they
form well defined lodes, as seen at Rakha mines, Mosabani and
Dhobani. Individual lodes normally consist of one or more veins

" - one inch to two feet thick, the average bemg 5t07 mches

i) In Madhya Pradesh, the 1mportant deposit is the Malan

“Jhakhand copper deposit, where copper ores occurs in the form of

veins within dolomitic limestone,

(iv) The Khetri copper deposit of Rajasthan is one of
the important copper deposit in the country. This belt has 3-richly

~ mineralised sections—Madhian, Kolihan and Akhwali. The copper
ore bodies occur in phyllites, slates and schists of the Ajabgarh -

series (Delhi system) as irregular stringers, fillings of schistose planes

-‘and fractures and disseminations in the host wock. The minerali-

Origin. All large copper ore bodies are closely connected with

.~ -sat L ] n hav
igneous rocks mostly of an acidic nature It is mostly belreved that .8 ion in Rajasthan copper belt is epigenetic and seems to ha e
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occurred under -mesothermal conditions from post-Delhi (E;i'npura)—

granite magma. - . ‘ _
| (v) Other important copper deposits of the cquntry are as
follows @ . : ;
(a) Himachal Pradesh. Kang;a, Kulu va ey: .
| (b) Mysore. Chittaldrug, Hassan, Bellaty districts.

(3] West Bengal. Darjeeling, Jalpaiguri districts.

' i ' sits which are found
ikkim. Rangpo and Dickchu deposits Which &1 =
to o(c‘glr ‘S;:k’a’;sociatiogx? §vil the metamorphic rocks _bglongmg o

the Daling series. _
. s. - The metal is of great strial tance,
i 115 g et sty B B
i hus it is’ tly used in electrica ufact ) ooy
ii:z c;at:)%i'-naﬁo;go;rg psed in buildings, automobiles, air plar

naval ships, house hold utensils as we

reat industrial importance,

CHAPTER 69

MANGANESE

1l as in metallurgy and paints. .

The chief sources of manganese are the oxide-minerals.  There
are a total of 156 mangancse .minerals of which 44 are found in
India. -+ According to the composition of manganiferdus ores in

. Tegard to the.proportion of manganese to iron, it is customary to use

the term ‘mangancse ore’ to those containing over 40% of manganese.
The most common economic minerals are ' :

1. Pyrolusite -  Mno, Mn-63-2%

(the harder coarsely crystalline variety is termed polianite
which occurs in groups of needle-like crystals) ‘

2. Hausmanite Mn;0, 125%
. 3. Braunite . Mn,O4 : 64'3%
4. »Man_ganite Mn;0g, HO | 624Y
5.. Psilomelane . Mn,0;, 2H,0 45to 60%
(the earthy, loose and soft variety of impure psilomelene with:
" pyrolusite is called-wad) '
6. -Rhodochrosite MnCO; 47°6%,
7. " Rhodonite - MnSiO; 4199,

_ Other important manganese minérals which are of specially
Indian origin are as follows.: A

Sitaparite, Hollandite, Jacobsite, spessaitite etc, .
Origin. Manganese ore deposits may be formed as follows :

1. Hydrothermal deposits. It is formed by magmatic hot-water-

_ solution. ‘

2, Sedimentary deposits. Due to chemical precipitatior.
3. Residual deposits. Due to residual concentration.

' 4, Metasomgtip replacement. Through the action of under—
ground water containing manganese. : '
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5. Metamorphosed deposits. Due to metamorphism of the a _ s |
. -above said deposits. ' , . _ Other important distributions are :
| On the basis of their mode of occurrence and association with - * (i) Bihar. Barjamda,and Singhbhum district.

- . different kinds of country-rocks, however, the Indian manganese ore
-deposits have been classified as : _

. (a)  Gonditic ores. Which are associated with metamorphosed
-manganiferous sediments. - : |
(b) Koduritic ore. These are produced due to reaction

(#i) Karnataka. Residual deposits occurring  within the:

country rocks of Dharwarian age. -
Economic uses : o
(i) It is one of the important ferro-alloy metals.

‘ _prod ACHO . (i) Wide application. in steel industrie
the country-rocks and an invading magma of granitic ‘ oo S es.
~2§'tn‘1”;g;1itio?1. The .h);brid rocks, thus produced are called kodun_tes. o - (iif) In chemical industries for dry batteries.
. (¢)- Lateritoid ores. f"l'hese are produced due to metasomatic ' agent.gm Asa decolourisgr in glass igdustry and also as oxidising.
replacement and residual concentration. ' : , .'I.‘h : R ’ B ' |
‘ ) ) : _ €. manganese ores, on the basis of their ;
f occurrence. Manganese deposits occur 2s bedded aoth A C manganese contents. ;
sedi‘mx::;!od:;osits, metamor%hosed deposits, residual derosits o may be classnﬁ ec! into the following grades. , |
-or hydrothermal deposits. S v (Z; Chenycal g rade . . - 82:87% of Mn. |
Distribution in India. In India, extensive and rich manganese : ( I\I.Ietallurglca‘l grade : o : |
:  deposits occur in Madhya Pradesh, Orissa, Bihar, Andhra { ~ Firstgrade S - more than 48% of Mn. -
- Pradesh, Maharashtra and Karnataka. § S Se?opd grade - 45-487; of M.
; _ According to the genetic classification of ‘Indian Manganese . - . Thirdgrade _ less than 453 of Mn.-
S ‘Deposits’ by Supriya Roy the followings are the types of deposits -(¢)  Manganese ore grade: - © 351t0 45% of Mn.
:and their area of distribution : - | ) rertuginous Manganese.ore o
: , grade : % of
1. Syngenetic deposit : . - e a0

- ‘ o o (e) Manganiferous iron ore grade less than 10% of Mn.
() 'Regionally metamorphosed manganese sediments, associat- :

i For trade purposes, Indian Mangnese ores ar i
.ed with pelitic and psammitic rocks and very often with manganese- v » 11 lang res are classified as :

silicate rocks (Gondites). Example : Mansar. formation of Sausar - (a) Battery grade ‘ " 80-86% of MOy,

-group of M.P. and Maharashtra. o | i (b) Peroxide grade i 78% MnOu 145, Fe. .
) Regionally metamorphosed manganese sediments associat- ’ () High grade ‘ 4610 48% of Mn,

.ed with marbles and calc-silicates, e.g., Mn-ore bodies. in Lohangi o (d) Low grade | 38 0 40% of Mp.

marbles of Sausar group of MP and in calc-silicate rocks of o

. e | . (¢) Ferruginous grade -35¢ '
‘khondalite group in Andhra Pradesh and adjacent parts of Orissa & grade..  30-357 of Mn.

~ (Kodurites).

(cj Cohtact-mefamorphic deposits of Gujarat. - Due to tpermal
-action of granitic intrusive on pre-existing manganese sediments, ,
-:associated with impure limestone. : '

. In the paints and pigments as well as i liser industr:
. : in _
© also manganese is used. . - o Fertiliser .industrics

" 2, Epigentic.
S (@) Redsidually concentrated ,deposits of. Goa, Keonjhar-
U ‘Bonai (Orissa) etc. » :

~ (b) Replacement and cavity-filling deposits. By ‘meteoritic
water, through precipitation from ‘gels’ or solution.




'CHAPTER T0
CHROMIUM

Itis an import_aht alloying element in the manufacture of stee_l;

_ Chromite is the only ore-mineral of chromium.

Chromite—FeO, Crs0s, Crs05=68'0% and Cr=46'66%.

Origin. - Chromite deposits are magmatic segregations in.
-ultrabasic igneous rocks of Archaean ~age. Chromite. is associated
only with highly basic or ultrabasic rocks like peridotite, saxonite,
.dunite and pyroxenites or their alteration product, serpentine rock. =

. Mede of Occurrence. Chromite deposits occur as lenses, -

masses, veins and disseminated grains in host rocks. The deposits
are regarded as the early or late magmatic 'segregation or injection

product. _

Distribution in India. The largest éhromiite deposit in the

country is located in the Sukinda-ultrabasic belt of Cuttack and
Dhenkanal districts of Orissa, and also in the Keonjbar district of
the state. The belt extends over a ‘distance of about 20 km. the
width of the belt is about 2 km. The ore bodies are lenticular in

. shape, and occur as lenses and. patches within the ‘lateritised ultra-

basic rocks. The following type of ores are found to occur viz.
(i) massive ore (ii) barded ore :
(iii) disseminated ore ~ (iv).ferruginous lateritic ore
(v) powdery or friable ore - {vi) copglomeratic ore '
(vii) placer ore etc. :
The teserve is estimated to be about 8 million tonnes.
The other important deposits occur in :

(i) Andbra Pradesh. Kistna district (Kondapaile).
(ii) Bihar. Singhbhum district. . s
(iii) Karnataka. Chitaldrug, Hassan and Shimoga districts.
(iv) Tamil Nadu, = Salem districts (S;,_i_ttampundi). . ;
Economic uses : _
(i)' In the metallurgical industries in the production of vatious
non-ferrous alloys of chromium and also in the form of ferro-chronie
for manufactering chrome steel.

' (i) In refractory industries, due to its high resistance against
corrosion, high temperature and sudden temperature changes and its -

-chemically neutral character. _ _ . _
(iit) In.chemical industries, for the manufacture of chromium
compounds like chromates and bi-chromates and chromic acid etc.

N

‘and aluminium compounds, they become differentiared

CHAPTER 71

ALUMINIUM

Aluminium consfituteS about 807 perc . ;
. ) ) . J percent of the earth’
:ix'lli((l: ;z -thgTrtxll:st ellbundatt_)t elem;nt next in importance to g;;l;esn C;l:nsc;
§ . only ore, from which aluminium is extra i

s e oy O M| wal cted
bbau;zte » Which is not a minera] but an aggregate chiefly of ls‘bcl-ill'led
boehmute, and a little of kaolinite. ‘ ' e site,

~ ‘Bauxite’ is a secondary product in betw \Ghydra
.Eiﬁsgor% Hzmd tri-hydrate * gibbsite, i.e., betweene‘fﬁyg‘)ﬁ%ﬁdf“‘j
aAlu?m-:x"'umzo)"d~Thus.It is 2 generic term for rock rich ian 2hydr?)l1]1s'
2 ')sioixtic ;)[);lu::t (612032[.-1_30)., The ore bauxite has a typical oolitic
cozﬁmon e : :«, urf, apd it is als.o"f.ound in-an amorphous form. The
S ona uminous minerals which are found to vceur in associ
Wit bauxite are Gibbsite (hydrogillite) Diaspore, aud Bohexrxtfuon

Presence of about 50% of ALO, i i ‘
o P , 2 is consid :
limit of a good commercial Lauxité. : o ered_ 0 be the Jo_wer

Origin ¢

1 Bauxite de si i ide ; ] 'Ih | -
.« 0sits are sometimes Cons.
. : : ) ldered to b e out
COT I CL i i !
) fl; ‘.)f chc.glf@l delmeﬂtatloq. AC_COl'dlng to S'Om'c geOlOgi‘?IS W.th
CO; llded weai \.rmg, Ih_ SOdlum, ca lcium‘,' pOlaSSiuln 1[1a0~uesiul1n’
) g=3 '

and iroa coateat of magmitic rocks separated leaving behind

aluminium and silica to form kaolinite.
\,

Sulphuric acid, the usual prpducf })f the oxidation of pyrite and

- other sulphides, destroyss the strong bond between aluminium 4 d
1 4n

silica of aluminosilicates and aluminium is separated in

sofudle salts.  Dijution b i form of
‘ salts. [ y atmaspheric water lessen acidi
sulpburic acid solution, thus making - possible the pre::}ilgit;tcifx;tyax?g

depositi g ini i
‘positions of aluminium of solution. Then, again the organic acid
acy

: present in the wat : i ,
ater of most rivers “and lakes combine with alumi-

niu .
ium to form soluble compounds which are transported by rivers

-over large distances without being precipitated.

BeCaUSc of the ,V_ariOuS chChCmical moblhty Ofifon inahganese
( n,

‘inshore-zone’ of basin. Solubility studies have shown, that pH i7nt0 tghg

-1s conducive 10 the formation of bauxité. - The formation of bauxit
Luxite
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" humic acid and tapid rainwater are the reagen
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. i i i lation
0‘ cc(’“‘s ; ! ; Whl h .varies i re
‘ S "“ s€a water the pH Value O] C I '
d pthl Bauxite be,gins to accumula_.te nearer to the Shore
to d€ . d ’

2 Residual concentration is the process -whereby- ore

i entration lt.ls_t  pr / . ore
d ’ ts are :':)rmed as residue, left as in-situ after weathering foll
eposi ) ‘

L b

. ' ved.
d which still mantle the rock from which they have been »denve
and w ' ‘

. . 4
know, under ordinary conditions o]t;( \r{eé:thﬁgr;g :gd
S o erate climates, the silicates of the alka ‘;I s, lime and
s iltli:ln}zeg feldspar) lose their base and gain T,
min XA o v ' 7 |
%l;ldrous aluminous silicates.

. “it i t water, carbon-dioxide,
"As Cooper states 1t is probable. tha A involved”._Carbﬁgﬁ.
rganic acids break up silicates and the resulting 2

i \Cti ich
acid and o The chemlcal_ reactions which

carbonates are competent s]olvent.s.
usually tzXe place are as follows :

( Argsub's(onfclay

- } Ny i 01—1) —sjlicic. acid
(1) 6H,0-+COx-+2KAISi0s 3 4SI0(OH): s
. S | KoCOg=2alkali'

o 15O, ' 04+ AlSi,0fOH)s
. (il) 2 KA]S]303+H2C03+HzO"){(l-ngSl(s)‘:'(infSOlutlon)

(iil) nH,O+ AlLSHO(OR),~ALOy nH,0-+2S10(0H):

(bauxite)

. e . It . .te’_
Under conditions of poor drainage clay f-'-mmer::: h&zﬁtag;ﬂed
illite mgntomotillonite etc. are formed. If there _
illite,

istri infall,

: ; ly distributed rainfall,

. form laterite. But with an even in solution

d‘ecomposelcli ttgéfgéar’ ironoxide tends to_be separa_t::;lmmhidwxide.

%11 at\?:: 1(1,%‘ aeration, leaving behmd1 mqmlzs a‘.:l;lllllsl;lut wents predomi-

ec ‘ ite’ he alumino :

ioh i xite’. When the alu on ock
Whtlch lS]:::a]éf:o(liour);mllightens to yellowish or whitish and the r

nates ,

becomes early or clay-like. .
Mode of occurrence. = Bauxite deposits occur as

. irg Cras
(é) Blanket deposits. That occur at or nez;{ :(l):serf:appxrg _
flat or undulating sheets or lenses under some SO

(b) Interstratified deposits. - Which lie on ero;ional surfages» and

invariably occupy unconformities.

i icted to limestone
its. These deposits are restricte eston
or dol(glnlt,:c l‘?lt"l:leeym::;'le shaped like huge teeth with many projecting
roots. ' _

" commonly associated with- laterite,

- district,

etc.

Aluminium
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(d) Detrital deposits. Which are produced from the prc-existiﬁg
deposits. They may be talus accumulations, stream gravels or more
or less unconsolidated low level 'surfgce layers. - -

Distribution in India. The richest deposits of bauxite are

) which occur as blankets or
cappings in the - high plateaux of our peninsula. Plateaux at an

 altitude of 900 to 1000 metres are generally regarded as good homes

‘of bauxite deposits. -, T IR I
Andira Pradesh.” "V‘ishgkapatnzim; “East and west Godavari
Bihar. Ranchi and Palaman districts (Lohardaga).'
Madhya Pradesh. _Katni'andvAmarkVamak plateau. .

" Tamil Nadu, - Shevaroy hills bauxite of Salem, . -

" Makarashtra Kolba bauxite, .. - -

- Ghjarat;  Jamnagar ard Kaira deposits.’
. QOrissa. - Extensive ard hu
occur in Koraput, Kalahardi

- Economic wses ;-

" () n'the maru

ge deposits of bauxite are found t>
-Bolangir and Sambalpur districts. .

. fecture of alum, alumirous sulphates and other
~ chemicals., - ' . ' '

(/i) In the cons

) U In truction of air-planes,. avtomobiles, electricai
. appliancés ete, . . . » : ’ -

(i) In the manufacture of containers, utensils and machinerios




CHAPTER 72
- LEAD AND ZINC

| -
v

The two metéls lead and zinc rarely occurs in- native state, théy

generally occur in combination

with_ other elements. The ore

i if 1¢ i to occur in association
1s of lead and zinc are usually fouqd ]
?N‘iltqlef;ch other. The followings are the important minerals of lead

and zinc :
Lead

. Galena-PbS-Pb 86°6%
_Cerussite-PbCO3-Pb 77°5%

 Anglesite-PbSO;, Pb 68'3%

_ Zinc
Sphalerite © 1 - ‘
Pr % zos, Zn-61%
Zincblende ) :
Smithsonite ) '
- Or > choa’ Zn'sz%
Eng. Calamine')

mimorphite S :
He Orp w' 22n02$i022H20,
Americanname- »Zn-54'27%,
Calamine

Zincite-ZnO  J

. I i i . . ] 1 i 1 ]y ] 1 ] . 1
es Te 1()r[ne(l (l‘[e ‘(l) ()l)lna(;l “le'a; 1 a"sn] Ic vla(‘:en\ent b 7
Of!gln. ° ! o : :
+ONes Q ,v p 5

‘hydrothermal solutions.

"Mo e of occurrence. Most of the lead ore mibes of the world
are c\c(; Zins-ore producers and nearly all zinc ore deposits carry

- qead ore. Both lead and zinc otre

bodies usually occur as veins and

massive ot tabular lodes, and as disseminations, mostly in limestone
ass

or dolo nites. Majority of these

ores occur as cavity-fillings and

replacements formed by low-tem perature hydrothermal solutions.

Distribution in India. The most important lead-zinc deposits |

.of economic value in India is the

Zewsar deposit of Udaipur district

f Rajasthan India’s reserve of these ores is meagre compared to
lfs) a)a> ' i

‘her needs.

In the zawar area, the Mochia Magra, Barai Magra and

Zzawar Mala hills contain most €x

tensive deposits.

. sphalerite is more or less evenly distti.buted. " The gangue is dolo-’

Lead and Zinc

dolomites, whereas adjoining phyllites are almost barren. The lead

" and zinc deposits are confined to the upper series of the Aravalli-
- rocks in the zawar area. The localisation of the ores are structurally
- .controlled by the shear zones.- The ores occur in shear zones and

follow shear planes which are the youngest .tectonic feature in the
area. ' ' : : ‘

Most of the ore-shoots are found to occur as ifiegular steeply
dipping and thin parallel tabular masses. Galena is generally
concentrated in some particular portions of the deposits but the

mite and quartz.

Evidences 'pbtaihed so far suggest the fOrmation of the Zawar
lead-zinc deposits from hydrothermal solutions at about 250°C.

"The ore minerals consist of argentiferous galena associated

‘'with sphalerite containing a small percentage of cadmium, pyrite,

arsenopyrite and chalcopyrite.

Pyt The ore contains 1°5 to 2% of lead
and 4'5 to 59 zinc. )

Other important occurrences in the country are as follows :

(a) Lead copper ore deposits in Agnigundla area o

f Guntur
district of Andhra Pradesh. :

{b) Lead-zinc copper belt of 3-km long in Ambamata-Pevi
~ area of Gujarat and Rajasthan. ' P

(¢) Sargipalli area’in the district of Sundergarh (Orissa). _

The estimated reserve in the country is about 9 ‘million tonnes.
Economic uses : '

(i) Lead is used in the construction of accumulators, for lead

piping and sheeting} cable covers, as pigments in glass -

making; in medicine etc.

(ii) Zinc is used for coating, galvanising iron and steel pro-
ducts, in the manufacture of pigments and alloys with
other ‘metals (like brass, bronze, german silver), in the
manufacture of batteries and electric appliances. Besides,
they are widely used in textile industry, timber preserva-
tion etc. e T LT
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‘ The Zawar mine is located in the Mochia Magra hills. The'
principal rock types of zawar area consists of phyllites, slates, mica-
schists, dolomites and quattzites of the Aravalli system.  But mine-
. ralisation of lead and zinc sulphides is solely confined to the




~ “generally magnesium,

. cHAPTER B

o The tef?’m ‘Mica’. coversa la;ge:groupt of .r.ock-forr_n'iﬂg-:qxineials,
“Natural’ mica forms “hexagonal crystals . of ‘varying. size,- the
distinguishing
. Minerals. Minerals of the inica-gr_ou_p”a"re composed. of -the
__orthosilicates. of aluminium, with potassium. and hydrogen and

iron, sodium and rarely rubidium and caesium.
*“The main mica minerals are the following : IR
s @) ..Muséovite, also known as white-mica or‘_potash-micav.
(i) Biotite, known as black-mica of magnesium-iron mica.
: (iii')' Phlo'gopite, ie., Amber xi_licg or magpesiumfmica.
_"(iv) Lepidolite—also known as lithium-mica.
» Zinnwaldite, also called 1'it‘hium-i_ron‘mica." ‘,
‘(vi) Roscoelite, (vanadium-mica).
(vii) Fuschsite, i.e., chrome-mica. '

Origin. The micas, which are usually associated with acid
igneous Tocks,
zation of rock-forming silicates. They are mostly formed as peg-

" matite deposits, consisting of very coarse grained igneous rocks.
- -occutring as'dykes or veins. . - : PR : : _

Mode ef occurrence. Mica-minerals occur in igneous, sedimen-

tary. and metamorphic rocks formed under different geological

© ~conditions.: -While muscovite - -occurs - in. pegmatites of acidic

. pature, phlogopite mica is restricted to basic-pegmatite. Lepidolite
~ oceurs in pegmatites associa_tted' with_topaz. Commercial biotite is
found to.occur-mostly in biotite-schists. o

" Distribution. India js the most important mica-prbducing'

country in the world and it supplies about 80 7; of the world require-
‘ments of block-mica. The occurrence of muscovite-mica is associated
“with the rocks of Archacen age. The ‘three most important

COCUITEnces are

feature of which is their ability to split: readily into
- :.separate leaves. - S . -

“are formed towards the end of the process of crystalli- . ‘

. Miea o o M

(i) the Koderma Mica Belt in Bibar,

(i) the Nellore Mica Belt in Andhra Pradesh,
_(iii) the Rajasthan Mica Belt in Rajasthan. _

Koderma-mica-belt. It is about 32 km wide and stretches from

‘Gaya district through Hazaribagh “and’ Monghyr to Bhagalpur
district for about 145 km. - In this mica belt, the deposits of mica -
are_associated with the pegmatite veins which traverse through the
schistose and gneissose country rocks. - The pegmatite veins . contain
mica-deposits at places where they traverse through t(he mica-schists: -
The blocks of muscovite which occur within the Bihar-mica-belt are

- generally reddish in colour and are, therefore, known as ‘Ruby-
mica’.”" Lo JE T TP SU PP

- (i) Nellore-mica-belt. 1t _has'a 'length of about 100 km.’
between Gudur -and. Sangamn. The country rocks are ‘Archaean-
mica-schist and Hornblende-Schist which are intruded. by pegmatite
veins. Here muscovites are light green in colour. S
,, (ifi) Rajasthan-mica-belt, It is a quite. wide bclt and produces.
197 of the total Indian-preduction. ' Here the. mica bearing peg-
matites are intrusive mainly: to Tocks of the gneissic complex ani
also into Aravalli-schists: - PR ,

- Uses: S S
- (i)-As an insulating material in electrical industry.. - v
(ii) Muscovite, . phlogopite ;spl'it'tings are used in making of
. build-up-mica or micanite and_other insulation product,
for both heat inisulation and also ¢lectrical insulation.

"+ . (i) In powder-form it is used in lubricatingpils‘ahd decorative

_wall papers. ..~ -




CHAPTER 74
GYPSUM

4

Gypsum is a hydrated calcium sulphate, which cryéf'allizes in

the monoclinic system. The mineral is having the chemical compo-

sition as CaS0,,.2H,0, where CaSO, constitutes about 79'1% of the
mineral and water is about 209%. The material should not be

‘called as gypsum, if it contains less than 64°5 9 of CaSQ,, 2H:O by .
" weight. It belongs to the class of mireral deposit called ‘Evaporites’.

Varieties. There are five v,ar;i’eties of gypsum as

(a) Pure gypsum or salénite, whichiis crystalline in crazacter
and is transparent. - A

(b) Albaster; a dense, massive, g;anﬁlar, transluscent variety.
(¢) Satin-spar, a fibrous variety having silky lusture.

‘(d) ‘Gypsite, an earthy, soft, impure variety containing abun-
. dant small gypsum crystals scattered through clayey or
sandy-soil. :

(¢) Rock-gypsum, -a coarse  granular, compact, massive
variety, which usually occurs interbedded with sedimen-
tary rocks, and is usually impure.

Origin. It is believed that gypsum is formed by the action of
sulphuric acid produced by the oxidation of pyritic matter, on
limestone and marl: For this reason, well developed crystals and
plates - of gypsum are found associated with clay and limestone. It
may be deposited because of evaporation of water in saline inland

_ basins or lagoons, when 379 of water has been evaporated.

According to the ‘solar diagram’ of Kurnakov, the order of
crystallization is (i) Gypsum, (i) Halite, (iii) Epsomite, (iv) Hexa-
hydrite, (v) Carnalite and (vi) Bischofite. _ .

It is'suggested'tbat anhydrite is deposited from water at a
higher temperature than gypsum. -

Mode of occurrence. The important commercial deposits -of
gypsum are those of rock-gypsum which occurs as beds with sedi-

Gypsum . ' o L
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mentary focks and are deposited from the olution

menta ! PO e solution by th ora-

;l:-):fgf sea:i-water. Gypsnte.and albaster - occur as bezs .orele:::ﬂ‘:d
rmed by the evaporation-of sea-water. ‘Salenite’ and ‘satin-.

spar’ occurs as g POrTT IR
solution. beds _ and lenses and are due to crystallization from

Distribution in India. ‘The most importaqt sburées of ‘gypsilm

are in- the state- of Rajasthan. i
vroclrc_-formations of Joqﬁﬁiur’ regrzém.T hey are conﬁngd v ghe Tertinty

-(a) Rajasthan. Beds of “half t ‘ »
) R gypsum, half to two met i
g:cr:;.llz 'alt srv;ral places around the Great Indian Desert ofe Ig;as:glacnk :
ticularly in the districts of Bikaner, (Jamser .deposit), Jodhpu;

- (Nagaur deposit), Barmar and Jaisalmer districts.

(b) Tamilnadu. In Tiruchira istri e g

i ilnadu. ; polly. district, where S

([)}.tcigzs_ as,dthm_ ‘lr_regular veins in the clays and limestonegyo%' :gg
ur and Trichinopoly stages of the cretaceous system.

e ((lg) J-’.?mmu-Kashmir. In the district of Barmula and Doda,
e Tpos_.ts occur as lenticular bands in the pre-cambrian Salakhal
schist or with ugmmulatlcfllmestoxlcs of Eocene age. '

(d) Himachal Pradesh. Deposi i

( ach adesh. Deposits, associated with Krol-lime-

gl(lme and d,osom!te and also with the Subathu series : reported il'rom
amba, Mahasu and Sirmur district. , o T ‘

Besides the above, gypsum deposi nd
, t €, gypst posits also found to ¢ i :
states of .Gujarat, Uttar Pradesh, West Bengal, szdlf;:rl’;:;]dc?tlxe

' Aqdhra Pradesh etc.

of CCLES?ISI': }Eniﬂs ?Ezd as 3' bltxlildingf material for the manufacture
; production of various i
pottery and statutary industries. S types of plasters, in.

It is used as a fertilizer and alsc in the .pai '
t : . ; | also used in the .paint,. rubb '
paper-industries, as well as in the manufacture of ‘Il?’l;sté-r of P:;i;nd

1




MAGNESITE

- .Hassan district.

{

-

“Maguesium does not occur frec in nature. It is: the lightest-

metal known and is found in a large number of minerals. The
magnesium minerals of economic importance are. .

Magnesite = - MgCO;, MO 478% "
" Polomite  ~ MgCO; CaCO; .. = "~
~Brucite . .7 Mg(OH)

‘Periclase | MgO

Serpentine - . HMgsSi:04

Olivine -~  Mg8i0o, - -

Carnalite  KCl, MgCly(6H:0) =
- Spinel- .. - MgAlLO,

" Among the above minerals, magnesite is the .only important

ore-mineral of magnesium. There are two main varieties of natural

" magnesite (i) crystalline or spathic and (i) amorphous (cryptocry-

stalline) or massive. In general the -amorphous variety, though less
common in occurrence is purer than the crystalline variety.

Origin :
1. By residual concentration.

2. It is generally believed as Sir Thomas Holland puts it that
magaesite was formed by the action of supsrheated CO, and H,O
which were derived from magma. . The superheated CO, and H,0O
acted on the peridotite, dunite ‘and serpentine converting the
magunesium silicate to magaesite. It is also believed that SiO; which
gets liberated occurs as chalcedony or quartz within magnesite. ..

H,MgSi0, +H,;0+CO; -> MgCO; +8i0;+H;0
Serpenite ) _ Magnesite

Mode of occurrence. Magnesite occurs as irregular veins and’

fracture zones in serpentine masses.

Magnesite " 281

‘Distribution i India. - In India, the principal magnesite deposit

-are found in Tamil Nadu (chalk hills and adjacent areas in Salem

© - -distriet and in Tirachirapalli district). = The other occurrences are

(a) Kiunataka. /Dodkagqyd\aﬂd’ Dddkatur areas in Mysore and

()

_ dist;ict.')' Uttar kradeshj Someslﬁvar anc‘ljB‘a_gg‘shwar. avriears:i‘n Alm__oré i

'Economic uses - ; :

5 j({)‘ Powder for flash lights, photography-and firé works.:"

7 (W) Alloys wsed in air planes. 0
" (i) Metal as dcoxidiser and desulphurizer of Ni.- . . .
= () '.As.'fgf;;_xq‘toxjyfmaterial, like furnace lining etc.




'CHAPTER 76

KYANITE

It is a member of the aluminium-silicate group of rr}xnerals,
where three minerals like andalusite, sillimanite and Kyanite have
been included. All these are characteristic metamorphic minerals,
having the chemical co mposition—Al1,0;810, where Al,O4 constitutes
about 6293% of the mineral. But they differ only in the their
crystallographic characters and other physical properties.

Origin. = Kyanite is belicved to have been derived from thf1
argillaceous rocks metamorphosed under moderate temperature an
high stress. It isa characteristic mineral of regional metamorphic
rocks of medium grade and is absent from normal contact aureoles.

Mode of occurrence, It occurs as disse__minated crystals in
schists, quartzites and gneisses pr__o@uced by regional metamorphism
and also as surface deposits containing pebbles and boulders.

Distribution. Important deposits of Kyanite occur in the
Singhbhum district of Bihar, alonga belt 80 miles in length, stretch-
ing east along the western part of Seraikela, through part of northern
Singhbbum and Kharsawan into Dhalbhum. The Lapsa-Buru
Kyanite deposit, which is the largest Kyanite deposit In __thc world,
is situated in this belt. Along this belt, kyanite-occurs in the fo.rm
of boulders and pebbles. The country rock 1s m:ca_t-schnst. Acpordmg
to Dunn, kyanite rocks represent a smaller area in the entire belt
which were even more basic than a normal clay and which was most
probably a bauxite clay and no free quartz had been formed, when
the process of metamorphism converted the clay into kyanite.

Kyanite deposits have also been fgund in Purulia district of
West Bengal and in Ranchi district of Bihar. ‘ :

Kyanite of a semi-precious variety is known to occur in asso-
ciation with calcite in the hills of Nam‘aul, I?atlala and is used in the
local market as a gem-stone, known as brug’.

Uses. Kyanite after being caleined and grained to powder is
used as a refractory material, as well as in ceramic industries. Trans-
parent kyanite is used as ‘gem-stone’. : :

~ Panna.

' CHAPTER 7T

DIAMOND

Diamondis a crystalline modification of pure ‘carbon’. Depend-
- ing on their crystallisation, the transparency of the crystals and the

presence of inclusions, there is a number of varieties of diamond,
which are as follows :

(i) Diamond (proper). ' Perfect "crystals,- transparent and are
used as gem-stones. - o . ,
(if) Bort. Imperfectly crystallised diamonds with inclusions.
(i) Ballas. Spheroid aggregates with a radiated structure.

) (iv) Carbonado, Also called as black-diamond, which is fine-
grained, compact and opaque. : :

__Crigin. From the study of primary deposits of diamonds, it
‘has been established that they are ‘formed in gas-saturated ultra-
basic magma. This magma is capable of dissolving great quantities
of carbon, which is the source from which diamonds crysiallise.

While some scientists believe that diamond crystallises in the magma ’

chamber before the. eruption of magma, others believe that diamonds

are formed when the magma rises to the surface and rapidly cools.
in the channels and pipes, which serve as conduits. :

~ Mode of occurrence :

(@) Diamond primarily occurs in ultrabasic intrusive igneous.

" rocks like peridotite and kimberlite, in a disseminated manner. The
, mogher- rock.usualgy occurs as pipes, necks or dykes. Altered
peridotites, in which diamond occurs as crystals very sparsely

disseminated is called ‘Blue-ground’. -

(b) Diamond placers occur more frequently as eluvial placer
and alluvial placers. A classic example of this variety occurs in-

(c) It also occurs in stratified conglomerates. In the Vindhyan

-formations as well as in the Kurnool formations, diamond occurs as-

pebbles in theé sandstones and conglomerate.

Example : Panna
(Madhya Pradesh). P
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Distribution in India : | o
1. In Andhra Pradesh, diamonds are found to b: (‘:;)?:gi; e
-with a'bed of conglomerate ellt thl?iba?: ot;v l&;gl(:g::rer;: e aar
tem). The best known locality is : in . ar
:l)i’:tiennét), where good diamonds arefoundv--to/ occur. . -
2. In Madhya Pradesh, e,spediai}l}y»;in Panna, diamond o©
4in four district geological formations, iz, . o
-(a) agglomeratic tuff of Majhgawan Pipe (Post-Kaimu
age), -t
®) conglpmeraterd,eposi_ts,.H’_‘ o
"“(c) deep-alluvial deposits, and ~
) ‘shallow-alluvial deposits. S
is i ' been
3.  In Orissa, diamonds _haye_; en found |
alluvium at Hirakud in Sambalpur:dl:stnct.. .
Uses. The refractive-index of diamond is high (241, 10 4%
this a‘long.With its hardness ‘'make it economically m:bxasive. he
Excepting its use.as gem-stone, it is: also used as “andiamond ipped
‘pringipal i dustrial uses are. indiamond-drill, in diar o e
P ruine dressing_abrasive  wheels, boring. and - CUtling

‘= ing and dressing _ ‘
::tl;lfs?ll.;gg a%loys, bakel_ite,_hgrd..rubber etp. _

in

found m the Mahanadi

43),

' CHAPTER 78

T COAL

Coal is one of the principal mmeralfuels ‘ As;b defined by
“Stutzer and Noe ‘coal is a combustible rock which had its ‘origin in

the 'Elcpumu'lation and partial decomposition of vegetation. Palaeo-
botanists have shown conclusively that coal had been formed usually -
. from land plants, - - . . T L T

" Composition. 'Chemically .cpais are composed of _orgaﬁic and.

Mineral matter. Their 01ganic mass consists of carbon (60 to 90%);

hydrogen (1 to 12750), oxygen (2 to 20%), nitrogen (1 to 3%) and

“-slight emounts of sulphur and phosphorns; The - proportion of"

- ¢ these slements.progressively varies with the advance of “coalification
- process starting from

] piant'material (with the carbon content steadily
1ncreasing and hydrogsn, oxygen contents decreasing).  The chemical:
composition of coal is determined either by the ‘Proximate Analysis’

~of the “Ultimate Analysis’. A general evaluation of the quality of"

1 s of the data furnished by the proximaieé« .
~analysis regarding moisture. content, volatile ‘matter content, ash.
~ Percentage, fixed carbon, heating value of coal etc. :

‘coal can be made on the basi

Fixed carbon is the value obtained by subtracting the ‘sum of
the percentages of moisture, volatile mattet and ash from 109, i.e..

. . . 100—=(Moisture percentaée
Fixed carbon percentage= | +Percentage of volatile
o e »'\ -+Ash percentage} +
Fixed catbon = o
_ Volatile content * '
' The heating ‘value™ or - calorific value of coal represents the

Fuel ratio==

- ‘amount of heat liberated by the complete combustion of a unit

weight of coal. ' ‘The value is represented in two standards of urit as

(i) British, Thermal Unijt (B.Th.U.) and (i) Calorie. _
Origin. It has been established that ‘coal had its origin in the .

accumulation of vegetal matier, which has been subjected "to a

_variety of geological processes bringing about marked changes in the
- physical and chemical composition. The changes are revegled by



- support of this theory_'ar_eras‘follows i
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the gradual darkening of colour, increase in compactness, hardness

and carbon content and decrease in moisture and volatiles.

Two views have been advanced to explain the origin of coal,
viz., (@) Growth in-situ theory,. (b) Drift theory. A

Growth in-situ theory. This theory states that the coal-vegeta-
tion was fossilized practically on the site of growth, either due to
tectonic movement or due to some other reasons. Evidences 1n

1. A vast amount of plant materials is accumulated ‘in-situ’
in the present day swamps. . » :
2. Many fossilized tree-trunks are found in erect positions
" with their roots firmly fixed in the underclays that lie
v . beneath the coal seams. S - .
3, A comparatively pure state ‘of coal-seams indicates that
the  material accumulated without getting mixed with
adventitious material and had not been transported along

- with sediments. B S

()] Drift-theory. - The drift theory is however strongly held by
some geologists, which states that the coal-seams have been formed
as a result of drifting and subsequent accumulation of the plant
bodies away from their place of growth. :

The evidences in  support of . this theory may be stated as
~ follow : . .

1. No underclays, representing the soil at the foot are asso-
ciated with the coal. ' :

2. Stems with roots in upright position are not found.

. 3. Beds of coals are observed to branch- out, which is the
) characteristic only of drift matter. '

4. --Coal-seams occur in association with sedimentary rocks
and itself behave like a stratified sedimentary rock.

5. Presence of ‘channel sands’ indicate criss-cross movement
of water through swamps.

~Formation of coal. The process of formation ‘of coal is complex
‘and involves both bacteriological and physical agencies. According
to A.M. Bateman, the following things are essential for the forma-
tion of coal : : .

(a) Source materials. Plants and trees are the chief source
material. : v o
(b) Places and conditions of accumulation. The extensive dis-

tribution of individual coal seams implies swamp-accumulation, on
broad delta and coastal plain areas, on broad interior basin low

Coal - ' -

naturally. » .’h"ere'the_ aréa ‘should: be .swampy
are (é) Climatic condition. The‘ favourable -CIitﬁatic ‘ canditiens :
() 'miid-temperafé to'sui;-tropical clixﬁate,- '
(if) :)vlllttht };I;o;i:;:l‘t’e to heavy rain-fall, well di;tr‘ibuted through-
conl’ aSstages of fd?matioyf There are  two siéges of fdrmatioﬁ of.

@) Bio-éhemical s'tége and the . L
; v ro .
tion or Peat-forming stage, process is known as humifica-

(ii) Geo-chemical - sta; : ' :
takes place. ge Where' the process of coalification
. (i) Humification process. The changes o
: plant-debris during this process are (;:11113 ttlgeicsheb acélclght apout in_the
‘tion of .thel‘substances_hke resins, lignins protZi:nd decomposi-
_ g;ef;ctt:rlip ant;. These changes are brought about bs’ thglulosq ete.
swampy c;ndailtlion: thﬁ' mmicro-organisms which idegll etha'cn““Fy
B y © . This process is also called ferment Yion ave n
result is the formation of a porus, fibrous and fri niation and the
Peat’. ‘ od friable mass called

i " A necessary step in the process !
. . : of hu
foog 2 aresed wufore conmpiet desirueion enues o 1
promoting bacteriaat% his Is accowpolished by means fat oy
© ptevent further deca 2t mmakes. the stagnant water o
prevent [ y of vegetable tissues and i toxic, which
and accumulation, permits their preserval

mification is that the

(if) Coalification. P:at o - ‘

L n. pcat once formed, :
lcon.dmc;ns_at depth, in the earth’s crust od ll(lillcller the prevailing
| pocgaltcails agﬁ?trs, is t'ransformed_ through various staze:(; various geo-
bilurninéu; cs}m_erted to lignite, lignite to bituinio coal. Thus
Rk mi: cozal into anthracite. This series of nous coal and
bl uminous »anthracite is called coalification _peat=lignite—
coal increases at a place with depth. - The rank of the

‘Moede of ' :
. M de of oceurrence. Coal occurs as a sed;
-association with sandstone, carbonace and 4y rock in

fireclay in a regular successi aceous shale and ocegs;
gular succession and with repetitj OCeasionall
petitions. Tertis y
) ary coal,

in certain cases, found to occur as in-situ deposits, B t G
: u ondwa
na

coal occurs as drifted deposi
s as drif posits.  Igneous i i i '
dykes and sills dre present in the COa% sealxl;smtruswns i the form of

~sives are of mica-peridotite, lamprophyre and b?s‘::geé'gllly_tthe intru-
' erites.
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_Jands that hvavev been base level ' i} o |
should be a basin like struci;i:%? etc. Thus the.coal bearing horizon
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Distribution of Indian coal. Coals of India béldng to two.

'p:i,pcipal geo_logiqal_ pgriqu

(i) The Lower-Gondwaﬁa Coals of Pérmién ‘age,‘ and

(ii) Tertiary coals of Eocene to Miocene age.
' The greatest period of coal-formation; in India, is the Permian.
The important coal-bearing formations are collectively known' as.
Damudas and belong to the Lower-Gondwana system. .. The Lower-

. Gondwara coals account for more than 98 % of the annual produc-
-tion of coal, which are -generally . of Bituminous-rank ; whereas in

Tertiary coal-fields lignite predominates.

Gondwana coals. The Gondwana coals-kare"largely confined to

the river valleys like the Damodar, Mahanadi, Godavari etc. The

workable coal seams are confined to the. Damuda group of the-
Lower Gondwana, wherein they occur in two main horizons, (a) the
Barakar measures of the lower-permain age and '(b) the Raniganj

measures of the Upper Permain age. The coal seams of the Barakar’

measures are more important because they are of better quality and
occur in all the fields, wh'ereas coal seams of Raniganj measures
occur principally in the Raniganj coal-field oniy. v

Barakar coals (of the Jharia coal-ficld) possess low moisture,
fow volatile, high fixed carbon, high ash, low sulphur and low
phosphorous content. "In comparison to this the Raniganj coals.
contain high moisture (3 to 10%,), high volatiles, medium fixed

* carbon, medium ash, low sulphur and low phosphurus contents..

While' the Barakar coals are good coking and stcam coals, the
Raniganj coals are poorly coking but excellent steam. ceals.

Amongest the important IOWer—Gondwar\.a coal-ﬁeld_s of India, k

mention may be made of

) Ranigaﬁj cqal-ﬁelds of West-Bengal.
(2) The. Jharia, G_iridih and Bokaro coal-fields of Bihar.
(3) The Talchir coal-field of Orissa.

(4) The Umaria, Sohagpur, Mohapani, Korta and Pench-
valley coal-fields of Madhysa Pradesh.

(5) The Singreni coal fields of Hyderabad.

(i) Tertiary coals. They principally éccur_ in Assam, in the

Himalayan foot-hills of Kashmir auzd in Rajsthan (Paina in Bikaner)

in Eocene strata. Besides, lignite deposits are -found to occur in’

South Arcot district of Tamil Nadu, in Kutch of Gujarat and also
in the state of Kerala. The Neyveli lignite field of Tamil Nadu
(which is of miocene age), is the largest lignite deposit of South
India. ’ L

In India, coals of super-bituminous to anthracite variety occut
in the Eonene formation of Kashmir alopg the Himalayan foot hills,

' o o S ' 289 .
as well as in dwar, . ' » '
temon. in the Loyver Fiondwana st;ata in the Eastern, Himalayan
" Uses: -

1. Coal'is'a pr
power). .
2,

2 }t is, als‘c;l used in the production of water gas
. In metallurgical operations 5 of ;
4 ?;f metals like iron;,) zinc etc. for the- purp ose o f extractions
. - Gasification of coal which lea th 7
. R ead
gas, tar, coke etc. . s to’the_,
5.

Different types of varni .
duced from coals. nish and

Points to remember.

- : ‘Coals are compc o oa .
bands. These:bands are termed as vitrain, ¢ oate dor ot Tumbet of

germicides are" also- pro<-

‘The.se bands l}ave different degree °f’lustu/ clarain durain, and fusajn,

re and friability.

ima;;)" source of heat and power (thermal

pi‘oduétion of coalt’




' CHAPTER 79
PETROLEUM

.
(S

i Petroleum is the term which means ‘rock-oil’.” This is one of
the important ‘mineral fuels’, and is a complex mixture of hydro-

> carbon compounds with minor amounts of impurities, viz., nitrogen,

sulphur and oxygen. The liquid petroleum is called ‘crude oil’,
petroleum gas is called ‘natural gas’ and the semi-solid to ‘solid
forms of petroleum are commonly known as asphalt, tar, pitch,

. bitumen etc.

Origin. A number of theories have been put forwarded for the
origin of natural petroleum and depending upon the primary source
materials the theories may be grouped as

{I) Inorganic theories. (1I) Orgenic theories.

'(I) Inorganic theories : ' . ) )

(a) Brethelot’s alkaline-carbide theory. Agcordmg to !um CO,
might react with alkaline ‘metals contained in the interior of the
earth at high temperature with the formation of alkaline carbides.

‘These on contact with water liberate zcetylene which through sub-

sequent processes of polymerisation . acd condensation forms
Detrolenm. o :

() Mendelecef’s carbide theory. It is believed that iron carbides
‘within the earth on contact with percolating water form acetylene,

whicii escapes through fissures to the overlying porous rocks and
there condenses. This theory is based on laboratory experiment,
but the presence of iron-carbide within the earth has not been estab-

lished definitely.
(c) Moissan’s volcanic theory. He suggests that- volcanic

~.explosions may be caused by the action of water on sub-terranean

carbides, and'mzq’lead to tke formation of petroleum.

(d) Cosmic theory. Taking into account the presence of small
quantiues of hydiocarbons 0cca_ssior_1ally in mcleo;ntes,_Sokolov
considers petroleum to be an original product resuiting {rom. the
combination of cerbon and hydrogen in the cosmic mass during the
consolidation of the earth, .

. faction of anmimal remains. Nitrog

- ‘bacterial action plays the most effect

and enclosed within the sediments i

- petroleum to accumulate in commercj
\

Petroleum

21

(ID) Orgasie theory :

(@) This has been put forwarded by Engler. His theory ic
on_the fact that by destructive :distillatizn ots g:l;-bll:l;g:?ti lsrg?lsgi '
sxmllarvto natural petroleum could be obtained, » & produe
According to him, petroleum is formed by a process of put‘te-:
en thus eliminated and residual

fats get converted into petroleum by earth’s heat and pressure

_(b) Vegetable origin.theéry. On the basis of certain facts as

deposits of petroleum found in iati i
1 et) m . close association with sedim ’
-deposits containing diatoms, seaweed, peat, lignite, coal, oil-sh:ﬁ:tagt"

the above, other facts also support the theory :

.. known vegetable ‘origin, this theory has been propounded. Besides -

(i) Oil and coal appea;
vegetable origin.
(i) The large amopnt of methane
v explained as produced by the deca
(iii) Oils closely resemblin
‘coal, lignite etc.

r-to have close relationéhib indicating a

in natural ’gas- can te
y of vegetable matter.

g petroleum can be distilled from:

{iv) Microscopic vegetable remains h en

i egetal ave been i :

‘ oil even though it is rare. noted m- crude
(q) Animpl-origin t_h_eoi‘y. Since 95

‘occur in marine sediments it is assumed

marine organisms buried in sediments, -

percent -of the oil-fields
that oil was formed from
It has' been suggested that

s on | . 1 ive role in the conversi
organic material into oil. . It is now commonly presumed thexsthIIti?g

primitive -forms of life like diatoms, algac etc. which were mixed up

] n the sea-b i
source material for petroleum. sea-bed, were-the primary

Mode of occurrence. Four pre-requi‘sit_esb are -,n_ecessa'ry for
al quantities in an area :,

1. The oil originates in\a'sourcc 'bed,‘ and a marine sha's

.

2. The oil then migrates to reservoi  ar
en ; permeable reservoir rock
. to hdo. this, it may travel for long distances both Ver:ic:ﬁ;l
gg]. orizontally. The source beds tend to lack the permea-
ility necessary for profitable extraction of the oil.

3. A non-permeab

bed : lg layer must occur above the reservoir

4, A favourable structure must exist.
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i tion. .Oil is found to oceur in. ',pptoug -and pexingaple )
.rocks l\liiicgemglri:ls, ‘sandstones, limestones and carbonate rocks which

; : . oy . A ,
have served as reservoirs for oil and are called ‘reservoir rocks’.

igration of eil is 1l : aut e to compac-
_ . The migration of eil is thought to be caused due t ‘
tion:of,sedim%nts during diagnesis due to which - currents of wag:;_
are set up in the source zocks and the-oil is squeezed alongwi

water and enters into the porous and permeable rocks in the

immediate vicinity. _ - ‘ .
" Since oil is lighter than water, the oil tends to float on top of

the water. If- the sandsténe unit was formed under marine water, -

it ali i water in its pore-spaces. The oil slowly-
it already contains salt water in its pore-spaces.

moves 3’p' around the sand grains until it reaches the top of tﬁc
sandstone unit. -Gases that have been produced are lighter than. the
oil and tend to move to the top of the oil-accumulation. The greater

_ the porosity, the greater the amount of oil thata reser¥oir rock can

contain and the larger the pore space the gieater t‘he‘amount of oil.

" Reservoir-trap. It holds the oil and gasin place so that they

o ¢ until released by drilling.. It is also known as ‘cap-
ggck?ozvheiﬁ?pmay be an impervious shale, clay, demnse limestone, welk

cemented-fine grained or - shaly-sandstones that a;e__eﬂ'ective cap-

rocks and they seal the reservoir trap. .~ 7
The occurrences of petroleum deposits are classified into two

- broad-categories 3.

" {q) Surface occurrences _(b) Sgb-su_rfa_;; occurrences.
(@) Sarface occurrence. Petroleum occurs at the surface of thQ
ground in the following ways : : ,
() seepages, spring and bitumen, |
(i) mud flows and mud volcanoes, R T
(iif) oil shales or kerogene shales. _ .d _ .
b) Sub-surface occurrence. Petroleum mostly occurs under the:
imper(mlable cap-rock of a reservoir. The ba.mer__wh_lcp helps in
the accumulation of petroleum is called an oil-trap. Oil-traps are
classified into the _fol]_owing three types : C
\_ - (§) Structural traps. -
(if) Stratigraphic traps. = o
- (iti) Combination of ‘stratigraphic and structural traps. |
@ Structural traps. These are caused by folding or rupture
and displacement of the rock units. They include closed anticlines,
domes monoclines, terraces, synclines, faults, fissures, salt domes,
igneou’s- intrusion etc. The process of strata deformation may be
4:ompr'cssioi1al, gravitational, intrusional or rej_uvcnaicd uph?l.m_g. .
(ii) Stratigraphic traps. - These are_forme_d_ by, conditions of
sedimentation in ‘which lateral and vertical variations in thickness,
texture and: porosity of beds result. - They include unconformities
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(angular unconformities are more effective), ancient shore-line san ds,

_.shoe-string-sands, sandstone lenses and bars etc. E '
(iii) Combination - structural-stratigraphic traps. Here - are

" included these reservoirs where structural, stratigraphic and litholo-

gical features are significant in controlling the accumulation, migra-
“tion and retention of oil and gas. They include both deformational

as well as erosi_or’ial features, for example bald headed structure,
traps with burried hills etc. . : »

Distribution in India.. In India, deposits of petroleum and
natural gas are associated with the belt of tertiary-rocks in Assam,

Gujarat as well as in the offshore. regions of Bombay High and in

the Cauvery and Godavari deltaic areas.
Assam : K L . ,
- (i) Digboi oil-field. Where the Tipam sandstones of Mio-
- pliocene age is the oil-bearing formation. '
_(ii) Nahorkatiya oil-field. In the Brahmputra valley, where
the oil-bearing formation is the Barail series of Oligocene age.

Bésides the above, the other important oil-fields of Assam are -

‘Mor_an oil-field’, ‘Rudrasagar oil-field’ and ‘Lakwa-oil field’.

Gujarat : ' '

(i) Cambay-basin. Where the main oil-bearing sand is of.
oligocene age. Here a majority of the wells are only gas producers.

The other oil-fields of importance are Kalol oil-field, Nawagam
and Sanand oil-field. o ‘ _

(ii) Ankleshwar oil-field. This is the most important oil-field .
discovered so far in Gujarat. The producing sands are of ‘Eocene-
age’. ‘ o ’ '

Bombay High. About 115 miles off Bombay, in the Arabian

. sea, a huge oil-deposit has been struck in limestone rocks of miocene

age. This has proved to be the richest oil-deposit in the country.
The deposit is estimated to be around 4 billion-tonnes.

Andhra Pradesh. In the off-shore regions of Tamil Nadu and

- Andhra Pradesh, a number of oil-deposits have been discovered by

ONGGC, recently. Among them the deposits of ‘Nagapatinam’ is
-the most important one, from the commercial view-point. . -

Besides the above, a number of discoveries have ‘ali'eady been

~ made in the states of Tripura, Gujarat, West Bengal etc.

- Uses ;.

(i) The chief use of petroleum: are as fuel particularly in
. transport operations. , .

(i) The petro-chemical derivatives of ‘petroleum have a wide
range of uses in agricultural, industrial and medicinal
industries. = . a . ' .

(iii) It is also used for the purpose of generation of heat and
power. ‘
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- CHAPTER 80
- PRINCIPLES OF STRATIGRAPHY

. key to the study of the past”.

Stratigraphy, also knoﬁ?n'as"Histo.x;ical,Géqlogy’. is the study of
- the stratified rocks that aims at unraveiling the geological history of

theearth. : _
Thése_, studies are based on the following few principles :

1. Law of superposition. It states that “‘an overlying bed or

lamina is younger than that underlying iz ; under normal conditions"".

2. Doctrine of uniformitarianism. “The study of the present is_va'

3. The gec')log‘ical event‘s‘of the past a_ré m'ostly' indicated by the

_ rock units from their lithological and palaeontological characteristics.

Rock units are distinguished from each- other by their colour, texture,
composition, fossil contents etc. The smallest rock unit is.a bed ;
a number of individual beds together form a . formation ; a number of

formations - together constitute what is known as a group ;-finally - '

an assemblage of associated groups constitute a Super-group.

, 4. Facies. When a particular system (with reference to the -
geological time-scale) in a country is represented by different kinds of

rocks in its different localities, it is said to possess different facies. .

- For example, the cretaceous system of India is represented by
geo-synclinal deposits in the type area of Spiti, marine transgressional

‘deposits in the Coramondal coastal areas, fluviatile and estuarine

deposit in Madhya Pradesh and igneous rocks’ of volcanic nature
in the extrapeninsular region. v

- 5. Homotaxi§.‘ ‘Tl.le six.pil_a_.rity of position of strata -or system
+ In a sequence not m‘lplymg similarity of age is termed homotaxis. ’

Whern gevlogical formations are equivalent in ége but situated

. wide apart in different districts, countries or continents, thev are
- said to be homotaxial. . :

.~ 6. Rock units' formed at different places exactly at the same
time are known as - synchronous-beds. In these beds the same species

* of the fossils are found.

1
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7. Contemporaneouns. Those rock units which are formed near
_ about the same time, marked by the presence of the same genera
of fossils, they are said to be contemporaneous. .

8. Geological fime. ‘Era’is the largest grouping of periods of
geologic time and each era covers many ‘millions of  years. ‘The
geologic periods, are formed of epochs and the epochs are in turn sub-
divided into ages. S o o

The geologic time is well correlated with the stratigraphic units.
For example, . A geologic period represents a system ; rock gqnts_
formed during an epoch is{lknown as series ; and the rock units wb;ch
are formed during an age are known as stages. -

9. Stratigraphic correlation. It is of three types like-lithostrati- .

graphic, bio-stratigraphic and chronostratigraphic correlation.
" The ]ithdstratigraf)hic corrélations are made by the foll?\ving
methods : o . L
(i) Continuity of contacts between units.
(i) Lithologic similarity. ' _ :
(iii) Stratigraphic position of a unit in a sequence of strata.
(iv) Well logs.
- (v) Structural characteristics.

The Bio-stratigraphic - correlation . involves the following

methods : N .
(i) Stage of evolution of fauna.
(i) Guide fossils, :
(iii) Faunal resemblance. i
. (iv) Position in abio-st}ratigraphic sequence.
Chrono-stratigraphic correlations are made with the help of the
following methods : : » T
(/) Quantitative chronology—radioactive dating methods..
(ii) Eustatic changes in sea level. '
(iii) Palaeontology.

CHAPTER 81

. CHRONOLOGICAL SUBDIVISIONS

Geologists have attempted in’ yvarious ways td estimate the -

age of the layers of rocks and the geological history of the earth. The:
entire life span of earth is called the geological time. Since the geolo--

- gical formations of Western Europe were studied first by the pioneers.

in the field of stratigraphy, the chronological sequence of geological
-formations, which they had established there is accepted universally
as the standard. = Thus the geological time scale . has - developed and.

this sqale within. its limits gives us a pretty idea of the sequence of”
. eveats in the history of earth. '

“The geological tim:e scale has. been bro'adly dividcd into six.

major divisions known as ‘Eras’. There are evidences that each era -

was ended by widespread geological disturbances called revolutions.
Each revolution includes changes like upheaval of the earth surface-
In certain regions and subsidence and ultimate submergence of some

' regions beneath tl;e seas. In each of the eras, there were lesser events.
- which were less widespread and less far reaching-in their effects than
- . the revolutions makiug the separation of eras. These events are-

called disturbances in the earth-crust. They also mark definite-
breaks in the geological and fossil records and divide an era into-

v _ periods, epoches etc.

- The various eras are :
'Archaean or Azoic.. _
Pre-cambrian or Proterozoic or Algonkian.
Palaeozoic or Primary. T
. Mesozoic or Secondary.
. Cainozoic or Tertiary.

6. 'Qﬁatemary. o

Vs e N

.. The geological time-scale with the evolution of life may be- .
. Tepresented in a tabular form as follows : ' '
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Era

_ ‘ . “Quaternary

Cainozoic

Mesozoic

~Palaeozoic

r

Period :
[Recent

__Pleistocéne

4
».

“Tertiary

(Cretaceous

Jurassic

| Triassic

(Permian

Carboniferous

| Devonian

Epoch

[ Pliocene

Miocene

‘Bocene

| Palaeo-
{cene

—

- . A Text-Book -of Geology
_Evolulibndry' Change .
Age of man

Extinction of large mam-

‘mals ; age of man.

Man evolving, mammals
abundant.

 First man-like apes.

. Oligoécne App,éafance - of. niod_em

mammals.

Diversification of placen- -

- .i'tal mammals,

Evolutionary explosion of

~ mammals.

- Dinosaurs reached peak
and became - extinct.
Modern birds common.
Rise of flowering plants.

Appearance of 1st toothed
bird, dominance of dino-’
saurs. 1st flowering plant
appears. ‘ v

" Extinction of primitive
amphibians, transition of
reptiles to  mammals ;

- gymnosperms dominant.

Exinction of ammonites
and trilobites ; dwindling
of ancient plants.

Amphibians dominant on
‘land, rise of insects, seed

“ferns and gymnosperms .- .

dominant.

First forest, first. gymno-
sperm, diversification in
fishes:

_Chroholbgical_,subdivisions o

| Silurian

| Ordovician
-
-

Lcambfian

Arthropods
first land plants.

30r

15t true corals and bryo-

zoans. It is the age of”

graptolites.

Age of trilobites.

Pre-cambrian—Pre-cambrian—Life is still not-prominant.

- Archacan—Archean—Complete absence of living organisms. , ',

Archaean rocks are mostly of igneous origin and are devoid of

fossils. It has also been observed that fossils of sh

> : ! simpler plants and
animals represent older rocks and those having more c%mpll)ex -forms.
are -comparatively - recently - formed. .The geological time scale

-represents the chronqlqgi'cal subdivisions of the earth.

abundant;.

il




" CHAPTER 82 _
INDIAN STRATIGRAPHY

Indian. Stratigraphy -

.
+.

For the study 'of the various stratigraphic units of India,

references are usually made to the tripartite physiographic divisions

i imarily ient rocks
i insula is made up primarily of very . ancien _
git: IK(flcl’;?x'aee:lquhea!x;‘élnPre-‘cambrian age, as well as Deccan traps and the

sedimentary formations of the Post-cambrian age. The Indo-gangetic

alluvial plains, which is the second physiographic unit of India,

( ‘extra-peninsula made up-
; s to the Quaternary era. The extra-, v ;
'g:il;nagrily of sedi%entar‘y formations ranging in age from cambrian
-to Pleistocene:: :

ARCHAEAN GROUP . .

Recently,' over 2500 million years age, has been more frequently -

imi ' ‘Archaean’ was
’ s the limit of the Arc_hean era. The term >
';l:frci)d?lced in-the Indian Stratigraphy by J.D. Dapa in 1872 to

.designate the geologicil formations older than Cambrian. According’

to Pitchamuthu (1965), the Archaean rocks of Peninsular India may

be divided into two principal types, ie., the Schistose (Dharwars)
‘and the Gneissose (Peninsular gneiss). :

The stratigraphic relationship between the schistose -and

. gneissos rocks of the Peninsular India has been the subject of much

i i Middlemiss
i n; while Bruce Foote, Oldham, Holland and lem:
'glesl?:vsznt)hat the goeissic rocks are forming the basement over \yhlct§
the sediments belonging to Dharwar Super-group are deposited ;
‘Smeeth, Fermor believe that Dharwar supergroup constitutes the
-oldest ’geological- formations in India. The basement problem is
still controversial. ' ,

Age. From radiometric age dating the age of the Archaean
rocks are estimated to be above 2500 million years.

" Distribution. They cover 2/3rd of the peninsula. The areas
’ occupli?:g gy the most ancient gneisses and sqhxsts are referred to as
shields as they have remained virtually undisturbed and unaffected
.by'changes. Peninsular India is a shield area.

1. Peninsula. South India, Madhya Pradesh, Rajasthan,

phyllite, marhle, anorthosite ete.

Si:iéliﬁhum, 'Eastem Ghat ran
areas of Archaean rocks.

, 2. Extra-peninsnlg. The archaean gneisses and schists etc. are
exposed along the entire length of the Himalayas from Kashmir to

Burina, known as the ‘Crystalline Axis’.
' B “ Ndme

_ Salkhala series.
Vaikrita system.
Jaunsar series.

Jutogh éndChail series.

() In Kashmir-Hazara Area.
(i) In Kumaon-spiti area
~ (iii) In Garhwal area
(iv) In Simla area -
(v) (@) In Nepal and Sikkim the
Schistose rocks (Archaean) "Daling series.

) (h) Gneissose rocks (Archaean) Darjeeling series.
(vi) Bhutaa’

Important features of Archaean rocks.
theére was no existence of life at the time of th
of the archaean era was marked by ‘intense
consequence mountains and plateaus were formed and were acted
upon- by denuding agencies. Their subsequent subsidence and
deposition - of sediments . from neighbouring land gave rise to
Eparchaean Unconjormity. . . .

Buxa series.

They are all azoic, i.e.,

The imporiant rock types are gneisses, schists, Qharnobki!es,
khondalites, gondite, kodurite, pyroxenite,

" In structure and composition, the archaean rocks are very
complex and are therefore known as basement complex, gneissic

~coaplex etc.

1. Archaeans of South. India. It was first studied by R.B.
Foote. The archaean rocks of South India, are known as Dharwar
system, and are best developed in Mysore and Southern Bombay.
They are constituted by schists, gneisses and granites. The schistose

focks are isoclinally folded and the -dip is towards east. The
Regional Strike is NNN.W.—S.SE. ° S .

(i) Classification. ‘
According to W.F. Smith : "

*(Younger) Chloritic Division~Chlorite and Mica sch.ist', Quart-
o 5 . zite, Marble, conglomerates etc.
(Older) Hornbléndic Division+ Hornblende schist, Calc-granu-
, : : * lite, Hematite, Quartzite etc. _

ges are some of the important type. |

eir formation. Theclose -
earth movements, as 3

hyperi te, quartzite, -




-~

Homblendic _dyk’es‘
Peninsular gneiss
© Champion gneiss )
— ——UNCONFORMITY——— ..

.'U.ppe-l' Dhal;war. (Sed’imeniary)' : 'Congl'ovmer‘ates, .calcareous.

silts, cherty and ferrugious silts and-;:]ay. .

T 4 O -

1 : > It
p O R 3

al i < ded iron
i ) ni Stose conglomerates, ban. A .

i il ceous genlSSCS, Schl '

consists Ol L1C L i "
stones etc. R

Lower Dharwar, -Upper part is made up o y t
icaceous qﬁartz*schists and gneisses, formed due to metamorphism
m 1a1 ]

i is up of”
of pre-existing -acid volcanic rocks. Lower part is made up. o

Hornblende schist, green stones etc.'the products of metamorphlsm
of ancient dykes and sills. o

—.——Base is not known———

ﬁama Rao has classified the exposures of Dharwarian rocks. -

into five distinct zones as. | |
(a)’ Eastern most zone. Known as Kolar Schist Belt.

’ (b) East centzal zome. Composed . of granulitgs’,v- gueisses,
- schists of varying composition.

(© Central zones. Composed of limestones, ferruginous rocks.

" and metamorphosed igneous rocks.

(d) West-central zone. Composed of banded manganifgrpus

‘and ferruginous rocks.

(¢) Western most zone. Composed of hornblende schist, with-
in which bands of hematite, quartzite occurs. :

s ¢
[ ian rocks of south Bombay exhibit the lowes
rédeTgt? 2&2?;31%‘:;&5111 while those of the Southem Mysore are
%f the highest grade. :

) ‘ - here archaean:
haeans of Madhya Pradesh. - The areas where !
| rocks 2é.reAgivtloped characteristically in Madhya Prz_ldesh and the;r

characteristic features are as follows : -
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| o oo . Po ke 1 t granite- () In Bastar and adjacent areas the rocks are made up of B
S () Rama Rao,  Felsite and Porphyry dykes closepet. granite. | origin, which e peen sy S1e? intruded by gacors

‘ oo (el .89_““)' " Chﬁnbcﬁfes - | o o masses. ' | o '

| Norite dykes

(i) In Raipur, the rocks are mica-schist, ph
and Banded-hematite-quartzite etc.

(i) In Bilaspur-Balaghat area, the oldest rocks occur to wards
the northern part and are known as Sonawani series, which
is -made up manganese - ores, calc-gneisses, crystalline
limestone, quartzités snd schists. . ‘ '

The Sonawani series is overlain by the chilpighat series which

is made up of trap rocks, grits, conglomerates, green stones etc, -

The stratigraphic succession is as follows : '

Amla granite
* Porphyritic and Augen gneiss
Schistose and biotite gneiss
Chilpighat series? o o
>Relatienship is uncertain.
Sonawari series J ’

It may noted that both Sonawani and Chilpighat series contain
- a manganese ore horizon and in part reprecent the Sausar series of
Nagpur-Chindwara, ' : :

yllite, quartzites

@iv) Nagpur-Chindwara. The chilpi recks continue westwards
and bifurcate, the southern

ate, strip ‘occupying parts of Nagpur and
- Bhandara districts are known ar Sak

y ! oli series. The northern strip
- goes into Nagpur-Chhindwara, knowr '

as Sausar series. -

Rocks of this seri

) es are granulites, marbles, schists and manga-
niferous rocks,

The Sausar series is divided into nine stages of which five are
well developed in Nagpur area and four in Chhindwsra aren.  The

rocks of the Sausar series generally- dip to the South and SSE.
The stratigraphic succession is as follows '

Sapghota stage
- Sitapar stage - ' .
Bichua stage . ’ '
Junawani stage.
Chorbaoli stage
Mansar stage—Gondites, Manganese ore etc.
Lohangi stage—M
Utekata stage '

arbles and Manganese ores.
Kadbikhera stage.
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() Nagpur-Bhandara area. This is the Sakoli series. The
rocks belonging to this series are -less metamorphosed than the
Sausar series.. The rocks generally dip to the NNW- and are made
ap of quartzites, dolomites, amphibolites, schists, pbyllites, conglo-
merates etc. - : } B e

The stratigraphic succession is as follows ¢
' Quartz-dolerite
Granites and pegmalites .
4

{ Crushed quartzite, pbyllite and slates.
o | Hematite-sericite-quartzites, - B
" - ‘'Sakoli series |- s o N .
: | Chlorite-muscovite  schist with chloritoid,
(jaspilite, phyllite, chloritic hornblende schist.
“Amphibolites, dolomites, schists and quartzites.

The lower part 6f the sequence of metamorphic rocks is to

some. extent similar to Cherbaoli, Bichua and Sitapar stages of the
Sausar series. o o . -

" 3. -Archaeans of Rajasthan.’Archacan rocks of Rajasthan oceur

{a) in the Aravalli range region in the form of a part of the
very large synclinorivm ;

(b) .ixi- the plain,s' 'lying‘ to the ‘east” of Ar‘avalli-»rangés‘ and - -

separated from the Vindhyan country further east by a
great fault, known 2as ‘Great 'Boundafy Fault, which
strikes approximately N.E.-S.W. ; _

A (c) in the desert regions of Jodhpur and Marwar to the west. -
it :

lmp:srtani '-featu@‘ilf be archaean and other pre-’cémbrian rocks
have together formed the conspicuous Aravalli ranges, which traverses
the country along a2 N.E -S. W. direction. :

‘Speciul attention is attached to the Ar?valli m_buntaihs where
the Dharwars were laid down in an ancient basin upheaved by

" orgen forces towards the close of the Archaean era.

T.he n.rchae‘an'stratigraphy of Rajasthan has been studied and
worked out by C.A. Hacket, C.S. Midd'lemiss, A.M. Heron and
many others. The stratigraphic succession is as follows :
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Pre-cambrian——Delhi system, » , L
=~——UNCONFORMITY —~—=
_r o . Raialo series "
———UNCONFORMITY ——--
Archaean———— . Aravalli system’ \

. —— —UNCONFORMITY———

Banded Gneissic Complex and Bundelkhz:md
L gneiss. ‘

Bundelkhand gueiss. It is also called ‘Berach gi'an'ite’ and may

possibly represent the granitic portion of Banded Gneissic-Complex.

The exact relatiop between  these two could not be established
directly since their junction is -concealed by the overlying Aravalli

- system. .

Aravalli system. They are made up of mos'tly> afgillééeoﬁs

materials. They show increasing metamorphism from east to west. - '

‘The basal beds are arenaceous which are overlain by shales, phyllites

~ and the associated volcanic rocks of bisic composition. o

) {i) Reddish quartzites_‘forming uppermost part of the Aravalli
- system are kaown as Ranthambhor quarizites.

(ii) Binota shales. On the eastern side of the Great Boundary -
- Fault, the unmetamorphosed Aravalli rocks are known as Binota

shales which are succeeded by ‘Jiran sandstone’.

(iii) Gwalior series. Arcnaceous rocks around Gwalior which
are. of the same age and are similar to the unmetamorphosed
Aravalli rocks are called Gwalior series. Here the grits. are called
Fhardeola Grit. ) ' : -

‘Ratalo series. It overlies the Aravalli system and is ‘made up

. of limestones. In Chitor area it is represented by unmetamorphosed
dolomite which are known as Bhagwanpura limestone. .- Stromatolites
are found in it. It is believed that Raialo series belong to . the -

period represented by Eparchaean Unconformity. .

* An outcrop of archaean rocks near Baroda is called Champaner
series, which contains quartzites, conglomerates, phyllites, marbles.

4. Archaeans of Eastern ghats. The Eastern-ghats regionbetween
Bezwada and Cuttack, which attains the greatest width in the Ganjam,
Cuttack tract, is composed of ridges trending ina N.E.-S:W. dircction,
This is also the regional strike of the rocks. T ‘ :
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The hills are made up of gneisses, charnockites and khonda-

lites. Thus the Eastern ghats is a belt of high grade metamorphism

" as .evidenced by the abundanee of garnet and sillimanite.. The
‘khondalites as well as the charnockites are rocks of granuylite facies.

The khondalites are also.named as Bezwada ‘gneiés,, Kailash
gneiss etc. i - : '

A hybrid rock called ‘Kodurite’ is also fournd in the Eastern:

- Ghats. The Kodurite rocks consist of felspar, spéssartite-andradite

garnets, rhodonite, quartz and apatite in varying amounts. They

are believed to have been produced by assimilation of manganese
ore and manganese silicate rqcks by an acid igneous magma. °

Fermor was of the opision that the khondalites and charnoc-
kites were formed at greater depths and tpat the whole Eastern -
Ghats belt was uplifted at a later period bringing those high grade
. metamorphic rocks to the surface. o

. Indian Stratigraphy .

- pelitic materials have been extensiv
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" The rocks within the thrust hosed
. with irust zone are metamorphosed shales
2{:& rgtandy hishzues in the main with subordinate metaeolcanics viz.
tite schist amphibole-schist, mica-schist tale-schist - etc. " The

s cahi . ely migmatised resulting in
mica-schist, quartz-in Sitahints ; Ing 1
felspathic gra quartz-iuscovite—biotite-schist and highly

granophyre inophyric rocks known as Sodabgranite.or Arkasani

felspathic

The iron-ore series is made. u crate on
o i ! > up of conglomerates, sandstones
limestones, shales, banded-hematite-quartzites and basic lavas. ’

Thé thrust zone of Singhbhum has been mi i
great extent. Important deposits of apatite, e ang of

- o

: ) magneti
copper ore are found to occur in this belt. gnetite gnd of .

il " - Near Koraput, an_igneous complex of alkali-gabbro, calc-
Cl alkali syenite and nepheline-syenites occurs concoidant to the folia-
L tion cf the gneissic rocks of the region. , :
‘ “1 ' _ 5. ARCHAEANS OF SINGHBHUM :
o The archaean rocks of Singhbhim have been studied by V. Bail,
v H.C. Jones, J.A. Dunn and A.X. Dey.  The archaeans of Southern -
i Singhbhum: are separated from those of the Northern Slnghbhum by -
a distinct thrust zone, running approximately East-West for about
100 miles. o : o : N

‘ The stratigraphic succession in. Singhbhum as a whkole is as
il follows: : v o
i Pre-cambrian ' Kolhan series o
. ==——UNCONFORMITY———

Newer Dolerite

e T

Arkasani g;anophyre or Soda-granite
Sipghbhum granite .
‘Chota Nagpur gneiss and granite

Archaean i - Ultrabasic rocks

Lavas (Dalma traps and Dhanjori lavas) f
Dhanjori Stage
———UNCONFORMITY———

& ~ Iron ore series.




CHAPTER 83

PRE-CAMBRIAN GROUP

4
L.

frer t io | ' ‘of rocks,
-After the formatioa - of the Arqhagan group ,
they were subsequently subjected to diastrophism, erosion and denu

dation, which led ultimately to the development of what is known as

‘Eparchaean unconformity’. The pre-cambrian rocks lheiv?ggge itgltl;
unconformity. In India the pre-cambrian rocks are

- two systems known as (1) Cuddapah system, (2) Vindhyan system.

The rocks of the Cuddapah system are older and structurally more
complicated than the younger Vindhyan rocks.

CUDDAPAH SYSTEM

Structnre.‘_ The huge Cuddapah basin is more or less crescentic

. . H S
in shape with the concave side facing the east. Enormous thicknes

. of the Cuddapah sediments (6000 metres) indicates that a slow and

quiet submergence was in progress all through their deposition. The

; ; whi tern
~ western side exhibits undisturbed sequence of rocks while the eas :

side shows steep folding.

The name of the Cuddapah systemr has been derived from the

Cuddapah basin of Andbra state, where it is best developed.

" Lithology. ‘The rocks of thé system are devoid of fossils and

1 lime-
include quartzites, indurated sandstones, slates, shales and li _

stones with some banded jaspers. -

mpo ic activit ailed on a large scale
raneous volcanic activity prevaile ) 1
during ?l?ﬁglvggr half of the system, the records of which are left in
a series of bedded traps and tuff-beds. -

The ‘stratigraphic succession of the Cuddapah basin as given
by W. King is as fellows :

' | —Made up of sedimentary
Kurnool system rocks of Vindhyan age.

— — — UNCONFORMITY———

" zites and shales and there exists an usnconf

. Other Outcrops s

- series are rocks of Cudda

~* Pre-Cambrian Group A
" Series S -Stages
[ o [’ Srisailam quartzites
Kistna series - oo '
(600 metres) | Kolamnala shales
I | Irlakonda quartzites
- ———UNCONFORMITY ———
1 Nallamalai . (Cumbum shales
series ‘ :

- (1,000 metres) { Bairenkonda quhrtzites«-

| " | . ———UNCONFORMITY———
Cuddapah : A - .
. system Cheyair (Pullampet shales (Tadpatriy
. series . e n .
(3,300 metres) { Nagri or Pulivendla quartzite
. ———UNCONFORMITY — ——
gP'apjaglmi

series

) { Vempalle limestones and shales:-
(1,400 metres) ( Guicheru quartzites

| - ———UNCONFORMITY———
Archaean—>Schists and Gneisses.

The Cuddapah system is made up of alternate layers of quart-
ormity between any two
successive series of the system. , -
» The Vempalle limestones have been intruded by dolerite and
basaltic sills which tange in thickness between wide limits, are
possibly responsible for the development of deposits of barites,
asbestos, etc. Limestone has been metamorphosed to marbles and
on account of - its being impure has developed .minerals such -ag
serpentine and tale. - This kind of marble is known as Ophicalcite®, -

1. Kaladgi series. Chddapéh rocks occurring in  Soutk
Mabharashtra in the Bijapur district, .

2. Chandrapur series, Raipur series and ‘Bijawar and Gwaljor

C pah age occurring in respective localities.
of Madhya Pradesh. R .

3. v' Kolhan series. Cuddapah rocks of Singhbhum. _
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4. Delhi system. Cuddapab rocks of Rajasthan -and its

| or Fluviatite origin. These rocks said to be devoid of fossils except : " ———UNCONFORMITY——— "
R - afew doultiul organic remains found in- Suket shales of Lower } '

B Vindhyan rocks it Rajasthan. . 1 C . ' [ Rohtas stage

. . Sl | ~—Diamondiferous Congromerate bed — "
tratigraphic succession 1s ‘ : . i o e g
S ( Ajabgarh series (younger). - : Vindhyan - | Upper- { Up. Rewa Sandstones V]
Delhi system- | - _ e v - System | Vindhyan | o ‘ Lo
{Alwar series (older) Sawagrits, shales and I | Rewa series. | Jhiri shal:s .
Jiran Sandstones of Chitor. | . (150 t0 300 | ' i
5, Pakhal series. - Cuddapah rocks in Godavari valleys. L .lpet;es) l Low. V_R,ewa Sandstones
, 6. Pengana béds. Pranhita valley to the west of Wardha _ R (Panna shales’ :
coal field Kuddaph rocks. - o _ o . L o
' Erinpura Granite and Malani Igneous suite belong to the _ : _ —Diamordiferous Conglomeratg.bed—_.
o Cuddapah system. , : ' . : . ' ' - [Dhandraul-quartzites
=5 - - VINDHYAN SYSTEM - - | o
v Epeiorogenic movements visited the poninsula after ~the ' IR B Sgrapl sandsttones and
b Cuddapah system.. The Vindhyan system lies unconformably on tht;,_ ' v o : onglomerates
Lo Cuddapah rocks and . constitutes an unmetamorphosed column of _ R S .
‘1 : ~calcareous, arenaceous and argillaceous sectlliments Tll11e Vindgyan _ . ‘ Uﬁi’r’igr Bijaigarh shales
b rocks are developed characteristically in the Sone valley and in . .
[N certain parts of Rajasthan, Madhya Pradesh and Andhra Pradesh. _ ' ggg;g) 300 UI:J ot S_tapdvstones and |
% : The Vindhyan rocks do not show any sign of metamorphism. They 1 . ' . | Quarlzites |
B retain their horizontally. L ‘ y Susnai breccia |
\ ‘ The lower part of the system is made up of calcareous ard ) o |
| _ argillaceous sediments 'deposited under a marine environment. The Low. quartzites and - f
‘ii upper part is made up principally of arenaceous rocks of Estuarine | shales ’
|
I

1’{ - Two genera of primitive bracyiopods' ‘Fermoria’ and

| : Kheinjua stages A
» “Krishnania’ have so far been described in"the Vindhyan rocks. , " Lower i | Semri serics | Poreellani o o
oy . : . . . . . . . . : emri ser : :
‘ i followzh-e stratigraphic ~succession of the Vindhyan system is as | Vindhyas | (300‘“)) 580 _ | Yorce énlte stages .

P . - : ' ‘ - | metres Basal stages :

I : Series . Stages . : : g »

i C ' {' Up. Bhander sand- - | . I B ‘| Kajarahot limestone

| T o | stones , _ N ‘ . v

b _ - : _ . , | Conglomerate bed

\‘ ¥ _ , : : ’ | Sirbu. st ale; . . Thelower Vindhyan rocks have received various names accord-

‘; \‘ : : ‘ Bhander -Il Lower Bhan der Sand ing"to the localities, where they are best developed. For example :

o . series . 3 - : ' . i ’ :

i ‘ | (450 metres) | stones - : (a} Bhima series. Vindhyan rocks developed in the valley of

2 _ 4 ] _ Bhima, in Gulbarga and Bljapur district,

P S _ | Bhander (or Nagode)

b) Kurnool system. Vi g S : "
i : | limestones ( ystem | lndhyan rocks developed in K_‘rnoo_l

- andJadjacent areas.
. | Garurgarh shales

.. (¢) In Rajasthan the lower Vindhyan rocks are represented by
Jlroh?m, limestone and breccia, the Suket shales, the Nimbhera shales
and limestones, These together constitute the Malani series.
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The upper Vindhyan rocks, developed in the Godavari valley

are known as Sullvai series.
Stratigraphy of Kurnool System :

A Text-Book of Geélqu-

- Series ‘ Stages

' o { Nardayal shales
lfKundélr "LKoilikuntala.w limestone
Kutnéol -systelﬁj } - ( Pinnacled quartzites |
(L'ovy. Vindhyan) ~ ¢| Panian Plateau quactrites .
[ Auk shales o )
Jamlamadugu | -

. R
Economic importance :
(@) diamond

(c) red sandstone

{ Narji limestone

Bengaﬂ;épai_li | Benganapalli

| Sandstone (diamond
| bearing

() limestoné
(d) flagstones etc.

- Geology of

- these - rocks differ radically from the u

'CHAPTER 84

PALAEOZOIC GROUP

The Vindhyan system of rocks brings the Purana Era in the
India to a close as the basins that received the sediments

of those times got silted up and no fresh basin came into existence

for a lo

,a long time after that to ‘receive the sediments of succeeding
- period.

With the commencement of the new era called the Dravidian
era, the extrapeninsula underwent movements of subsidence and "

deve‘.-qoed marine conditions in certain restricted areas.

. The geological formations developed during the ,palaebzoic :
Era are generally found to contain fossils. Therefore, in this respect,

< ) nfossiliferous formations of-
Pre-cambrian and Archaean ages. : '

. Palaeozoic rocks formed under marine environment, and

- 'containing distinct remains of organisms are developed characteristi-

cally in the extra-peninsula. In the peninsula, the palacozoic group
is represented by-: C

(i) Talchir and Damuda series of 'Permq-carboniferous age.
(i) The marine lower permian rocks near Umaria in M *.
(iii) A portion of the Vindhyan seqﬁence which- is possibly of

cambrian age. \

Salt Range, '[W‘est Pakistan]. _
In this area, the sequence commences with "Cambrian-rocks’
and so far no distinct pre-cambrian rock has been found to form the

basement. . Cambrian rocks overlain directly by the glacial boulder
beds of Up. carboniferous age. ’

Fauna. * Trilobites,” .Brachiopods, Foramilhn'fcxa,v Sponges,.

h ‘Echinoderms, Ga_stropods and Pelecypods. -
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Stratigraphic sequence : ,
" Permian . Productus limestone series.

Low. Permian
to | series -
Up. Carboniferous | Glacial boulder bed:

———UNCONFORMITY ———
( Salt pseudomorphshale
| Magnesian sandstone
: Neobolous beds
Cambrian i _
| Purple sandstones

———UNCONFORMITY———

L . " Saline series.

_The saline sesies is made up of salt marls: They are devoid
bedding planes. The top part ‘contains, gypsum dolomite and oil
'shale and also altered lava flows known as thwra trap. Massive
gypsum are called ‘Kalabagh Diamonds’. The age of the saline
-series is still controversial. : ‘

The. productus limestone series is sutdivided into three parts as

Series Stages
' {Chidru
{ Upper |
| ’ Jabbi
LKt_mdghat
: : . [ Kalabagh
Productus limestone | Middle ' .
' . _ Virgal
L . (Katta -
"~ Lower _
T { Amb
PALAEOZOIC OF KASHMIR -

A complete succession of palaeozoic rocks exist in Kashmiriand

- adjacent areas and appear to have been folded conspicuously in the

form of synclines and-anticlines. The cambrian fauna of Kashmir
differs from that of the Salt range and Spiti areas, :

[Olive series and Specked sandstones

Palaezoic Group 7z

The stratigraphic succession is as follows :
Middle and Up. permian Zewan bedsj
. . [ Gangamopteris beds
Up. Carboniferous to | :
Low. Permian | Panjal traps
. ] R
L Agglomeratic slates
) { Fenestella shales
Carboniferous
' L Syringothyris limestones
- Up. Silurian and Devonian -Muth quartzites.
Silurian :
" Ordovician
Cambrian

Arenaceous shales and limestone.
Limestones and slates, -

, Clays, limestone, quartzites.

In Hazara area, unfossiliferous palacozoic rocks made up of
conglomerates, quartzites, phyllites etc. together form what is krown
as. Tanwal series. It ‘may range in agse from cambrian to Up.-

carboniferous. It is overlain by the glacial Tanakki conglomerates
of Permo-carboniferous age. ' v

SPITI

The Haimanta system of Spiti overlies the Vaikrita system of .
Pre.cambrian age. .The lower Haimantas are greenish phyilites,
shales dnd thick bedded quartzites. The Mid. Haimantas are red
and pink quartzites and shales. The Up. Haimantas, also known as
Parahio series, are mainly grey and green - quartzites, slates, shales

- with thin beds of grey dolomites. _ ST

In Kumaon the Haimantas are represented by Garbyang series
consists of slaty to phyllitic, finegrained sandstone, calcareous
sandstone and argillacecus dolomite. .

The stratigraphic sequence in the Spiti valley is as follows §

: { Productus shale
" Permian Kuling system L -
' ' : _Calcare ous sandstone
- - -Conglomerate bed
. . . \[ Po series
Carboniferous Kanwar system | - o
‘ L Lipak series-
Muth quartzite

Up Carboniferous -

Up. silurian to Devonian |

Ordovician ‘Sedimentary rocks
|r Upper - Sedimentary
Cambriaa - Haimanta system ll. Middle Rocks
' ' [ Lower’ In all the parts.

The vpper part of Po seriés, contains a stage know

e up, ) : n as Thabo
stage which is-overlain by another stage ‘fenestella shales’ :

~e
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7 Witﬁ the close of the Mid-carboniferous, the Geology of India

has come to: the threshold of the last, the longest and the most
a B

" ‘eventful era called the ‘Aryan Era’, extending from the Up. carboni-

ferous to the recent period. - The important events occurred in
: .

‘ i s
.chronologiral order are as follow

he Hi giol : ted during the upper .
The Himalayan Region was conver I e
'carboxlxifert?xz time into a vast geosynclinal sea. Th;s sea is ca_lled

the ‘Tethys’.

ir Hi irpanj 1 to Hazara
ite of Kashmir Himalayas from Pirpanja ,
i 52. pr)‘?fh::aitoandladakh in the Northeast was the scexlle o{i th:
lnl;o:t 3iolent type of volcanic activity. The peninsula . develope

oumber of trough faults which served as receptacles for a great
nu '

thickness of fluviatile and lacustrine deposits to form .the rocks of
the Gondwana system.

3. The Hercynian or Variscan revolution took place at this

time.

4. The hybothetical continent, the Gondwanaland developed

fissures and its different parts began to drift apart.

' 1t lled out from the
tupendous masses of basaltic lava we ut ]
éarthss-intséri(?r in- different parfs of the globe. The Dgccgn.-tr:ap in
the peninsula is an instance of this kind.

i i ildi t set in and gave
. The Alpine mountain building movemen \
rise to6the Alpi-nepsystem, the Rockies, the Andes etc.

7. The sub-continent of India assumed its present set up.

- N - . ) . .d
. arts of the globe fell into the grip of a frigi
Jin at% alr:gr%fnr\:énie masses of snow and. ice covered them during
fL:hl::n pleistocene times. ‘This is called the Plexstpceng Ice-Age.

In India the mesozoic rocks generally_ lies confdrmably .atlm’e
the rocks of the palacozoic age. Mesozoic rocks have been divided
into three system as Triassic, Jurassic and Cretaceous.‘

.. during the Pre-cambrian -era, the peninsula

- (named after the Gond Kingdom of M.P.,
. studied by H.B. Medlicott .in 1872). The So

ccoarse sand. The Gondwana rocks were su
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. GONDWANA GROUP.

f the V'anhyan rocks

: witnessed no further
deposition of sediments for a pretty long time. -During the Up.

carboniferous period, however  there commenced a new cycle of
'sedimentation in interconnected inland basins of fluviatile and
lacustrine origin. This new phase of deposition of sediments conti-
" nued up to the end of the Jurassic period. These inland sediments
of Up carboniferous to Jurassic age occupying a vast tract in the
peninsula and together constitute the Gondwana Group or system

where they were first
uthern . continents of

Subsequent to the deposition and uplift o

the present day pamely Australia, Antarctica, South America and
India were during the Gondwana period united to

‘ _ gether to form one
coatinuous stretch of land, known as Gondwana land.

Important features. :

1. The deposition of Gondwana sediments commenced under
glacial climatic conditions, ‘ .

~2. Then there prevailed 2 warm and humid climate during the
rest of the Up. carboniferous and the. whole of the Permian. -

t 3. Throughout ‘triassic’, there prevailed a dry  and arid-
climatic conditions. » g :

RPN .
4. During Surassic again the countr
a more or less warm and humid climate.

5. Each individual cycle commenced "with " the - deposition of
bjected to  tectonic
disturbances - during the Mid triassic, Jurassic and Post-Eocene
Periods leading to the development of a number of fauits in them.

* They were also traversed by doleritic, lamprophyre dykes and

sills 'which in the Damodar valley area are said to be genetically
related to the Rajmahal-traps. o . :

Classiflcation. On the "b_asis of -the 'palaeontoldgiéal, strati-

y appears to have witnesséd -

A.M:M«A - ]



Gondwana Group 7 : _ S 3
- graphical ard lithological criteria, two types of classrﬁcatrons have : o A S oo :

o been proposed for the rocks of this sequence : . _ Do v ' fUmla _ .Low.. Cretaceous
‘ ' (a) The two-fold classrﬁcatlon have been proposed by CS. L ‘
Fox, M S. Krishnan etc., in which they have divided the Gondwana
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| -
- | Jabalpur - Up. Jurassic

.. Upper Gondwana 7 | . . '
: rocks on the basis of floral characteristics into Lower Gondwana . - " |'Rajmahat Up. Jurassic
E rocks characterised by Glossopteris flora and the Upper-Gondwana : - v , , Lo ‘
o sediments marked by the advent of the Ptilophyllum. flora. i [Kota - Lias
T These two divisions ars separated from each. other by shght S _ . . 3 (Maleri .Keuper and Rhaetlc
L ‘ unconformity. ’Ihrs classification is as follows : _ . . . : ' B
L Subdivisions - Series - _ Stages - Ages ' Mldf Gondwar:a ' .Mahadeva Muschelkark
L . . _ o - {Umia Low. Cretaceous : o (Panchet = Bunter _
D ~ _{Jabalpur -~ | - Low. Gondwana . (Damuda  Up. permian
] : ' L (Jabalpur = .Up. Jurassic ’ . o )
L v . ; - ' L ( Talchir Up. Carbomferous
“ R . |  [Kota Mid. Jurassic : '

. Upper Gerdwana | Rajmahal - | o Inspue of several views for and against either of the classi
\ f ' o " { Rajmahal Low. Jurassic . gcatlon the modern trend is more in favour of the two-fold classi-
| ) cation.

i . _ © {Mabadeva 'lr Maleri Up. Trrassrc , ' Important facts : - _ : .
| T {_Pachmari  Up. Triassic. - o (i) Talchir stage is. made up of greenish shales known as
[ - fe———UNCONFORMITY——— : ‘Needle sha]es

due to the characteristic. weathering which they
‘ v _ . ) - exhibit, S - : A

o (Panchet Panchet  Low Triassic ' S e

I ' ’ | | . v ; (ii) Damuda series contains coal seams of Permian age.
1 ) ———UNCONFORMITY ——— g 'd-(iii) The_Barakar stage is well developed' in the Jharia  coal

. . (Ranigapj Up.permian . .~ fiela. ' "
| Lower Gondwana | | g - (iv) The Barren measures is devoid of fossils and contaim

| Barren Mid. permian - _nodules of clay-ircnstone.
Damuda \| Measures

- (v) -Raniganj stage contains thick h'orizons of coal seams.
i v _ Barakar Low permian , (vi) Panchet series was deposrted in.an arid clima:i ic condition-
I : and is devord of ccal seams. |

Jl : _ Karhar- Low. permian
i N
!

| bari .(vif) Himgiri beds in Mahanadi valley ; Pali beds of South Rewa,,
| Taichir fRikba - Up. Carboni- Kamthi beds of Satpura in Mddhya Pradesh belong to Damuda:
b . » - ferous series. .
‘w ' ' - ' ) Talchir I;.E;OCuzrbom- E S iil) Overlymg the Damuda senes of South Rewa is the Panz-
o | Beulder - Up Carboni- - sorastage.
b ' ‘ [ bed - ferous '
R

“ o ~ (ix) Bap beds and Pokran beds in Rajasthan’ contain baul'ders
\ Vindhyan limest ] i i talli
: (5) The three-fold class1 fication has been proposed by Feist- ~ of Vindhyan limestone and are assigned. to the age of Talchir tillite.
e ~ mantel, Vredenburg, D.N. Wadia etc. on the basis of prevailing - _ (x) The Tiki beds of Rewa and Denwa and Bogra stages. aff
A chmatlc conditions and faunal character'stxcs of the Gord\\ ara era. Satpura are equivalent to the Maleri stage.
‘ The three subdivisions are as follows : '

|

|

\ ) - , _ _ (xi) Rajmahal stage is prlncxpally made up of lava flows..
| , : ,
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the Raniganj hills. , o o
(xiii) The upper part of the Kota stage is known asVCh_1k_1a.la. _
(xiv>) The Kota stage is well developed in Godavari valley.
(xv) Chaugan and Jabalpur s'ta'géﬂbelon.gsvto Jabalpur series. .
| (xvi) .The Barakar and Raniganj stages of the Damuda serics

(ﬁi)' Dubrai;inr ‘Sandstohe, belongs to the Mabhadeva .s'eries in

constitute the most important coal-bearin g,h-oriz'én-s‘ of the Goqdw_ana -

succession.

- (xvii) The rocks of the Gondwana system éonstitute' a total
. thickness of 6,000:to 7,000 ‘metres.

P) .

ji i ' - the Blaini Conglomerates
' jii) The glaciated boulder bed called the Blaini Conglomerates
of éﬁf;)ﬂills lying at the base is equivalent to the Talchirs. ,

(xix) The Tanaki Boulder Bed (Glacial) of Hazara is believed
to be contemporaneous with that of the Talchir. s .

' CHAPTER 87

TRIASSIC SYSTEM

 Lower Jurassic

~ The most complete section of the Trias is exposed in the Spiti-
Kumaon belt of the Himalayas north to its main axis. The best
known succession is exposed near Lilang, where the rocks are classi-

-fied as part of the Lilang system.

Important featares : -

(i) The.permian system of rocks like ‘Productus Shales’in’
‘Spiti is-conformably overlain by the rocks of the Triassic system..

- (if) It is entirely marine in character.

(#ii} The rocks of the system extend ové_r enormous distances

‘without any variation in their composition.

(iv) They consist of limestones and shales.

(v) Arid climatic condition and universal marine regression is |
characteristic. S - v

(vi) In the type area of Spiti, the deposits are marine g'eosjr;::

~clinal ; in the peninsula it is fresh water, fluviatile deposits.

(vii) On the basis of the fossil contents the system is divided

" dnto three series, viz., the lowest called the Bunter, the middie the’

Miuschelkalk and the upper the Keuper. N
‘ (viii) The ‘Lower trias’ is 13 metre thick, the middle one is 120

" metre thick and the upper trias is 1600 metre thick.

GEOLOG[CAL SUCCESSION »
Age Series - Stages

(Kito (or Megalo- [Tagling stage
and | don) - | .

pper Triassic { limestones [ Para stage
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| 'Upper"l'riassic ( Noric
~(Keuper) :
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[ Quartzite serics
vMon_otié shalé.
| | Coral ‘li-mestbﬁe‘
} Llﬁvayite beds
{_ [ Tropites beds

/
~—

Carnic | Grey 'béds

" | Halobia beds
- ’Daone\lablimestohe-

Ladinic B
' [ Daonella shales

- [ Up. Muschelkatk

| Low. Muschelkalk

‘'Mid. Triassic -
(Muschelkalk)

o
|
l
|
|

Muschel~
) kalk

I‘ Nodular limesioné
( Basal M uscheﬁcélk
- { Hedenstroemia beds

| .
| Meckoceras bed

Low. Tr{gssic' .
(Bunter) | Ophiceras bed
| . ‘
{ Otoceras bed
Permian Productus shale

The Lower-triassic rocks are priricipally constituted by lime-
stones. The otoceras beds which are the basal parts of the lower
triassic sequence is named after the characteristic ammonite genus
‘Otoceras’. The fauna of this bed is as follows : S :

Cephalopods. Otogér-as woodwardi, otoceras . draupadi,

otoceras parbati. ,
Brackiyopods. Rhynchonelia.
Lamellibranchs. Pseudomonotis griesbachia.
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The ophiceras bed contains the typical zone fossil ‘Ophiceras

" ‘Shakuntala’. The Meekoceras beds lies over. the ophiceras beds -

and contain the remains of the .cha; isti '
_ A 1 £ | aracteristic cepbaloped ‘Meeko-
<ceras-Varaha’. The Hedenstroemia beds which cgnstittplte the u;pgr

part of the lower triassic rocks are separated from the underlying

rocks by an unfossiliferous zon : i ;

ock ) fossilife ne of 1°5 metre thick. - The characte-
:‘il_stlc fossils of these beds are Hadenstroemia mojsisovicsi, Xeno-
< iscus, Flemingites etc. ~ : ) ,

The Middle-Triassic rocks aré mad i im »
_ e d r e up mainly of | t '
shales . and shaly limestones and they lig conforg’dagly ‘1)_1:'1:: 13‘3:3

triassic rocks. This series is highly fossiliferous. The Basal Muschel- -

.kalk ‘bed contains the characteristi i '

: . ¢ aracteristic fossil—Rhynchonella riesbach

gglgglltloptoc}a),. The overlying Nodular limestones congtain noi

ipor n;an . _ossn_ls.‘ The Lo?ver Muschelkalk  beds contain remains
onitic cephalopods like ‘Sibirites Prahlada’, Keyserlingites,

Ceratite, Spiriferina, Rhynchonella etc. The Upper Muschelkalk -

‘limestones are highly fossiliferous containing remains of cephalopods

- dike Ceratites, Ptychites rugifer and a few remains of Brachiopods.

Above the Muschelkalk stage li adini i
\ cl ge lies the Ladinic stage. There is
IIIV(I)u Srl?ltllcl::atlblg-chanée in the stratigraphical unit betweexgl Ladinicr.anld
'iowec elkalk stage. - The Daonella shales which constitute the

r part of the Ladinic stage contain important fossils like-

- Daonella indica, Ptychites geradi etc. The Daonella limestones

which overlies the Daonella shales isting ogsils i
erlie ) are co
Daonella indica, Joannites, Rhynchonella etc.nSlstmg of foosil: ke

- The Upper-Triassic system of beds are made up \ rinci ally of
}1mestones, shaly limestones, and quartzites thatqiéls)conflc))rm};bly
-above the older beds. - The. lower part is. known as Carnic stage
which is made up of three characteristic beds. The Halobia beds
contain fossils like-Halobia Comata, Joannites etc.. The Grey *beds
are characterised by the fossils like Joannites, Spiriferina, Rhyn-
»?hone_lla etc. The overlying Tropites beds -contain remains of
Tropites subbullatus’, Dielasma Julicum, Jovite spectabilis etc.

Above the carnic stage, there lies the Noric stage. having" four

- important beds. The lower most beds of this stage are called

Juvavite beds. characterised by the ammonites-‘Juvavite angulatus’.
The overlying coral limestone beds contain remains of crinoids,.
corals and brachyopods. The characteristic fossils are Spiriferina
griesbachi and Rhynchonella. ~ The “Monotis shales’ lie above the

- coral limestones and are characterised by ‘Monotis salinaria’, Pecten,

Lima, Rhynchouella etc. The quartzite beds are found above the
Monotis shales and contain ‘Spirigera-maniensis’. :

‘ The Kito (or Megalodon) liméstones, lying above the quartzite
‘beds, ranges in age from Rhaetic. to Lias. Itis unfossiferous in

'most of their parts and contain ‘Megalodon Ladakhensis’ ‘the
characteristic fossil. These limestones are generally . divided into
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' Iow»er-—‘Pdrastage'l and the upper-‘Z‘agling stage’. The fhi‘gher'u'nits ‘

within the limestone succession contains . specimens of Spirifering,
“Lima, Pecten etc. ‘These fauna clearly suggests the upper triassic

age for the ‘Para-stage’. -The Tagling stage’ is unfossiliferous and
is probably of Jurassic age. o Lo
| . JURASSIC SYSTEM ,

The Jurassic system wa?mmarke'd_ by extensive maﬁne transgres-

sion and humid tropical clfmatic conditions. This system shows a

more widely divergent facies. of deposits in different parts of the

country. In the Spiti area the deposits are marine geosynclinal ;

in Kutch they are marine transgressional deposits, within the ‘penin-

In the type area of Spiti in the Kumaon Himalayas thé Triassic -

system is conformably overlain by the rocks of the Jurassic system.
The junction between the two being so transitional that but for the
change in their fossil contents, it would have been well nigh impos-
“sible to mark off one from the other. = e

The upper portion of this system is composed of ‘shales indi-
cating ‘a shallowing of the sea floor towards the later part of the

period, whereas the lower portion is dominantly - composed of .

limestone.

In the'peninsula, mesozoic rocks ranging in age  from Mid.
Jurassic to Low. . Cretaceous are particularly well developed in .

- Kutch, where they exhibit a complete succession and a total thick-
- ness of about 2,000 metres. But it is to be borne in mind that here -

as elsewhere such rocks are the result of what is known as marine-
transgression or the invasion of sea on land ‘possibly due to the
subsidence of the peninsular block as a whole. L

In Kutch, the Jurassic rocks constitute the - oldest formation

-and at some places underlain by a few patches of rocks of pre-
- cambrian age.- The Jurassic rocks.in Kutch outcrop along thrée more-
.or less parallel anticlinal ridges running approximately east to west.

In Kutch, the Jurassic rocks are divisible into four series, viz.,
Patcham series, Chari or. Habo series, Katrol series and Umia
sgries. o - . . o .
1000 metges thick

400 metres thick

450 metres thick

400 metres thick

‘ ; _ _ ‘ )
In kutch, the underlying archaeans gneisses.and schists are

Unmia series

- Katrol series
Chari or Habo series
Patcham series

" overlain by 2000 metres of sandstones, shales, and limestones. The
geological succession of the Jurassic system in Kutch are as
follows ; R ' : :

- Up.J urasSicn:

"Up. Jurassic Katri)l

‘Middle to

 Uppér Jurassic

~ Middle J urass;‘c

© Triassic System = - : 32’

bAge. - S‘é(ies : o Stages:
o S '_Méﬁne sah&stones.
Bﬁuj beds ‘
Umia plant beds
Ukra beds

to ] Umia
Low Cretaceous -J '

Barren sandstones and .shales. _
Trigonia beds . |
- '| Ammonite beds
;Zamia shaleél L

{ Gajansar ‘Bgds

Up Kairoi
) rMidf Katrol -
| Low, Katrol

‘LKantkote sandstone

r Dhosa oolite or Mehba'dol._ite

|
| Atheleta beds
.} Chari |
or | Anceps beds
JHabo . ' o
SN | Rehmani beds.
( Macrocephalus- beds
{Patcham coral beds

Patcham | Patcham shell limestone

( Patcham basal limestone

o The,-Juragsic succession in Kutch comrhences with the Patcham =
series which- is made up principally of limestones, some sandstones’

" and shales, Tkge lowest beds, seen near Khera are known as ‘Kuar
- Bet Beds’ constituted of clastic sandstones and yellow limestones. .

. The Patcham basal limestones contain the characteristic fossils

. ‘Mggateut_his’; the ‘overlying shell limestones contain pelecypods
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(Trigonia and Corbula) and ammonites. The Patcham coral beds

- are characterised by the presence of remains of corals (stylina) and

ammonites. .

" Above the Patcham series lies the Chari series, which. takes its
name from the Chari village. According to the fresh fossil collec-

s

_ tions made from the Habo dome, and since the rocks belonging to

this formation are nowhere found in the vicinity of the village ‘Chari’

- . but are well exposed around the village ‘Haboae’ this series has been :

recently named as ‘Habo series’.. :

The oldest stage ‘of Habo " series is niade up of shales‘v’a_nd

limestones and is known ‘as ‘Macrocéphalus Beds’ characterised by

the presence of “Macrocephalites. macrocephalus’. Thé upper part
of the middle division of this stage contains a few layers of golden
oolites constituting the Diadematus zone, which is a calcareous
oolite and its grains are coated with thin films of Ferric oxide giving

them a golden colour. This zone is named after the common

ammonite ‘Indocephalites diadematus’.

The overlying Rehmani beds contain remains of a_number of

ammonites-‘Reineckeid  rehmanni’, Sivajiceras, Phyiloceras and
Lytoceras etc. The Anceps bed is characterised by .the presence’ of

_ the fossils ‘Perisphinctes anceps’. The marls and gypseous shales -

overlying the anceps ‘beds are called ‘Atheleta Beds’, containing
fos'sxls like ‘Peltoceras atheleta’. The top most beds of the Chari
series are the Dhosa oolites, composed.of green and brown oolitic
limestones. The important fossils of these beds are Dhosaites,

' Mayaites maya, Epimayaites polyphemus etc. ‘ » :

__ The Katrol series lies above the Chari series is composed of
~ different types of sandstones and shales. The Kantkote sandstones
‘is-the oldest stage containing fossils = like-Epimayatis transience,

'Torquatfsphinctes" torquatus. The - iower Katrols contain fossils
Waagenia, Streblites etc. The red sandstones from the middie

~ katrol horizon exhibit fossils like Virgato-sphinctes, Xairol.ceras,

Wa-agenia etc. The upper Katrol rocks contain. no fossils.” The
Gajansar beds are characterised by the presence cf fossils like

Belemnopsis geradi, phylloceras etc.

) The‘Umig series lies above the Katrol series. The bottom most
‘horizon- ‘Zamija shales’ contain cycads and other -plants. It is

followed upwards.by ammonite beds, which in turn are overlain by
sandstones. and conglomerates, It is subsequently overlain by .

Trigonia beds characterised by fossils like Trigoria ventricosa.

_Above it lies the _llnfossiliferous_Ukravbcds, but some plant remains -
are found occasionally. The Umia bed contains plant remains to a

major extent like-Brachyphyllum, Williamsonia etc. The Bhuj beds

are probably estuarine and contain ‘ptilophyllum and other plants
&losely related to the Jabalpur series, of Gondwana system. The
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marine sandstones which occur above this stage is characterised by
_-the presence of the fossils ‘acanthoceras’. : , :

‘Other ’Distribllntion :

- 1. In the Spiti valley, above the Kito Limestone, the upper
Jurassic rocks are found- to lie unconformably and are r'epresented
by the ‘Sulcacutus beds’.. Above the Sulcacutus “beds ‘lies, uncon-
formably the ‘Spiti-shales’ which ‘is made up of three stages, viz.,
the lower is called ‘Belemnite geradi beds’, the middlé is the ‘Chidamu. .
.beds and the upper is the ‘Lochambal beds’. ' :

“The geological succession may be rép_rgsented as_follows :
Age. ' Series ' Stages
a { Lochambal beds .
~ Up. Jurassic Spiti shales | Chidamu beds
|  Belemnites geradi beds

—— —UNCONFORMITY———

‘Up. Jufassicr' Sulcacutus beds .
' ——UNCONFORMITY ———
Low. Jurassic Kito o Tagling stage .
and and | :
.- Up. Cretaceous Megalodon |

o

Limestone [ Para stage -

~° CRETACEGUS SYSTEM -

The cretaceous system as developed in India has a uni'quenes_s

~ of its own in that it has the most varied facies of deppsus. No otber

geological system shows a more widely divergent facies of deposits,

in the different parts "of this country than the cretaceous and there

are few which cover so extensive area of the country - as the- prescnt
system does in its varied form : o '

1. In the type area of Spiti, in the extra-peninsula region the
deposits are marine geosxnclinal. ' ' : :
2. The coromandal coastal strip received the marine trans- '
gressional deposits, while right in the heart of peninsula, there exists
2 chain of outcrops of marine cretaceous strata along the valley of
‘Narmada which is also the result of the incursion of sea. _
3. In Madhya Pradesh, the deposits are ﬂuviatilg and
estuarine. . g o . . :
4. An igneous facies is represented, in both its intrusive and
extrusive phases by the records of a gigantic volcanic outburst in
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the peﬁinsula and By nmﬁerous intrusions 6t‘ ites, v
[ 3 ar nu ) of granites, gabbros and
other plutonic rocks in many parts of the extra-peninsular region.

The heterogeneous constitution of the cretaceous is a part -of

the pre-valence of very diversified physical itions ir i
g gie its'formationfy ver physical conditions in India at the

Disf?ibution. (a) In the peninsula, (5) In the extra-peninsula.
(a) In the peninsuls : ‘ '

1. As we know,.the peninsula as 2 whole continued to exist
as a landmass after the Vindhyan-period and only a few patches of
rocks of sedimentary origin of post-Vindhyan pericd were deposited
along the coastal tracts during a few subsequent periods of marine
transgressipn. The mesozoic succession in South India is represented

y marine cretaceous.rocks which are exposed in the ~Trichihopo]by,_

- Vridhachalam and Pondicherry districts;

Important features :

] (i) The cretaceous-rocks of South India rest upon a basement
of Archaean gneisses and charnockites, and are sometimes fringed

along their western mat in, by thin stri f - . -
wana age. 18 y th §7rlpsro rocks of upper Gon@

(i) Of the " three. pa’tc_lies, the one at Trichinopoly has "the
largest geographical extent, but the other two are much smaller.

" (#ii) These rocks appear to have been deposited as a result of
‘the Universal Marme_ Transgression which occurred during the
middle-cretaceous. This is known, as Cenomanian Transgression.

(iv) As it contains remains of a thousand extinct sea-animals,. -

Sir T. Holland calls this series of beds ‘A little museum of palaeo-

- zoology’. The fossil fauna from these'beds indicate that there are

at least four phases of marine transgression during this period.

(v) The cretaceous rocks of South India i i '
eta cks of t , particularly in the
type area of Trichinopoly exhibit a complete succession and a total

thickness of more than 1000 metres, ranging j i
ss of ina
Maestrichtian. ' » ranging in age. from Aptian to

The geélogical succcssfoﬂ is as follows :

' Age s ~ Stage
Danian _Niniyur formation *
“——UNCONFORMITY———

Senonian - |

to Ariyalur formation
Maestrichtian : -
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| Turonian o S
. to - . Trichinopoly formation
. Senonian - - o o :
| ———UNCONFORMITY———
Up: Albian T
to - Uttatur formation
Turonian : -
- ———UNCONFORMITY-———
Aptian ' . _
to ‘Dalmiapuram formation -
Low. Albian _ _ : :
———UNCONFORMITY———  °

Tripati and Pavulur formation.

' The cretaceous succession in Trichinopoly commences With
‘the ‘Dalmiapuram stage’, which was first recognised by ' Subbraman

- (1968) in the vicinity of Dalmiapuram, Bhatia and Jain (1969) "after,

detailed study of Ostracods from this unit and stratigraphical
observations made by them in the field suggested that these beds are

Aptian to Albian in age. The rocks of this formation consists of -
grey shales with abundant pyrite and marcasite crystals and -tiny

flakes of muscovites. They contain large number of ammonites,

“smaller foraminifera and ostracods. The earliest ‘marine - transgres--

sion took place in Aptian times resulting in the deposition of

- Dalmiapuram formation. . N

_ The Uttatur formations are composed of limestones, clays and::
.arenaceous rocks. This. stage lies on charnockites for the greater

part. The lower part of this stage is made up of limestone beds,

coral reefs and clays containing characteristic fossils like Schloen- -

bachia inflata, Turrilites, Acanthoceras, (all cephalopods) ;.

" ‘Rhynchonella (brachiopod), Arca, Lima, Pecten (pelecypods). etc.

ostracodes, also occur in this formation.

In addition, a few fragments of fishes, cycadeous woods, some

Uncoiled ammonites are characteristic of the Uttatur formation, .

which is formed during the second phase of marine transgression.

. The Trichinopoly stage is a shiallow marine formation coosist- -
- ing of sandstonmes, calcareous grits, occassional-shales and lime-
- . stones. The limestones of this formation is full of white sheils of
gastropods and . pelecypods and is locally known as ‘“Trichinopoly
- Marble’. The Trichinopoly formation is distinguished from ths
"underlying Uttatur formation by the presence of a large number of

granite pebbles in the gravels and conglomeratés. It has been
formed during the third phase of marine - transgression. The fossils
are-as follows : » oL I
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Cephalopods. Placenticeras, desmoceras, holoceras etc..
Pelecypods. Trigonia, Spondylus, Corbula, Ostraca stc.
Gastro})ods. " Cerethium, Turritella, Gosavia indica etc.
Corals. Trochosmilia, Astrocoenia etc, ’

The Ariyalur stage consists of mostly argillaceous sandstones

.and white sandstones. The fauna of .this stage resembles that of

the underlying Trichinopoly stage. The fossil ‘assemblages of this

“formation is as follows :

Cephalopods. Schloenbachia, Nautilus, Baculites.
Gastropods. Cerithium, Nerita, Cypraea.
Pelecypods. Cardita, Nucula, Gryphaea.
Echinoids. Cidaris, Hemiasters.

Fishes. Ptychodus, Otodus. '

' The final phase of marine trangression-'took place in lower
Maestrichtian times, during which beds of Ariyalur formations were

deposited. _

The Niniyur formation lies over the Ariyalur stage, and the
ammonites have been found to disappear in this stage. The beds
are made up of brown and grey - sandstones, shales and arenaceous
limestones. They contain the following fossils : '

Cephalopods. Nautilus danicus.

Gastropods.. Turritella.

Corals. Stylina.

Algae. Orioporella malaviae. ‘

2. Narmada valley. Marine cretaceous rocks  that developed
in the Narmada valley covering an extensive area from Gwalior to

Kathiawar are called ‘Bagh beds’. They consist of sandstone, shale,
marl, impure limestones and some quartzites. The lower part of

- the beds is arenaceous while the upper part is mainly calcareous.

The stratigraphic position is as follows : - :
: ' Deccan Traps

limestone’.

/Corallme limestone

Bagh beds { Upper <—_Deola Marl
. | _

| \Nodular argillaceous limestone

!

L Lower . Nimar sandstone

Metamorphics

'I'riassicS)—'stem ' o - o 33%

3. Madhya Pradesh :

Lameta bejls._ “These rocks are of ,esiuarine, lacustrine and
partly fluviatile origin. They consist of silicified limestones, argilla-

" ceous sandstones etc, They lie beneath the Deccan traps and range in
- age from Up. cretaceous to Low. tertiary. - : ‘

(B) Extrapeninsula : =~ L _
1. Spiti. The Spiti shales of the Jurassic system " are comforme

succession. is as follows : i
‘ - [Flysh '

"ably overlain by the Giumal series of Low. cretaceous age. The:

Cretaceous | Chikkim series
_ ’ N v - LGinxﬁ?l‘ series ‘_ ‘ .
- Up. Jurassic "~ Spiti shales .
The Chikkim series overlies the Giumal series and in turn is.
overlain by Flysh deposits. T . ‘

.2. Kashmir. The cretaceous rocks ‘are meagrel | devei -
between Burzil and Deosahi plateau. - Igneous actgivig duringg;g.f
cretaceous times in Kashmir shows itself as a great thickness of ash-

* beds, tuff and agglomerate and bedded lavaflows of basic compo-
“sitron. : ’ S '

3. Sind and Beluchistan. Cf;ataccous rocksv inclilding lime-
stone, sa%gstonedand shales are found in the Sind and Beluchistan
region. .- The sandstones are known as Pab-sandston i
overlain by Cardita-beaumonti beds. o - whwh are
" In Beluchistan, the limestones of this period are called ‘Parh |

_ Besides the above cfetaceoué rocks are also'fbund |
3 to have
been well developed in Hazara, Salt-range, Assam and adjoining

localities. - : .

‘Belemnite beds’ is. an important formation in the Salt-range

and in the Beluchistan the shales are called ‘Belemnite shales’ on

account of their containing guards of belemnites. )

Major geological events :

1. Initiation of Alpine-Himalayan mountain-building activity.' )
‘2. Continental drift and dismemberment of Gondwana land.
3. Igneous intrusion in the extra-peninsular India. |

4. The volcanic activities in peninsular India. :

o
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DECCAN TRAPS

Towards the end of,thé- Mesozoic period, after the formatioﬁ

- of the Bagh and lameta beds, the Indian peninsula was affected by -

‘intensive voleanic activity, due to which stupendous masses of lava
-and pyroclastic materials were ejected out, which covered a larger

. .part of the peninsula in its southern, western and central parts.and

“is of maximum extension next to the Archaeans. The lava flows

~.occur in general in the form of beds, obliterating the previous
" topography and converting the countries into plateaus. Because of -

'their tendency to form flat-topped plateau-like features and their
basaltic composition, they are termed -as plateau basalts. ~ Their
-step-like or terraced appearance is suggestive of the name Deccan
Traps to these volcanic formations. '

~ -General Characteristics :

(i) The eruption of volcanic materials was mostly through
the fissures and the Deccan Traps are believed to be the result of

fissure-type ‘of - eruption. But at a few -places, like Girnar hills, -

- Ranpur, Dhank, étc. The eruptions were of the central-type show-
ing differentiated rocks of various characters. :

- (ii) Thickness. The lava-flows generally occur in the form of
‘horizontal sheets ranging in thickness from seven metres to as much

as thirty metres. It has a maximum thickness of -about 3300 metres
near Bombay. : o : .

(iif) Areal extension. The lava flows flooded several hundred

- thousand kilometres of Western, Southern and Central parts of the

-country -covering an area of 320,000 square kilometers. They

occupy a large part of Hyderabad, Bo.nbay, M.P., Cutch,Kathiawar
.and Gujarat, , ' \ . S

@iv) Structufe. The traps show well-developed columnar joint-
ing caused by tensile stresses, the result of contraction due to
cooling. The columns are pretty long and polygonal in shape. The

. traps show a good deal of amygdaloidal structure. .

_ The step-like appearances of the out-crops are because of
«differential composition and weathering.

‘middle and upper divisions by different workers @

' Deccan Traps S s

. (v) Composition of texture, The traps are essentially a basic
rock of basaltic composition, and is a dark coloured or melanocratic
rock. There are very little signs of differentiation butin some
places like Pavagarh hills in Gujrat and the ‘Girnar hills of Kathia-
war differentiated rocks are also observed.” According to Washing-

. ton, the mineralogical composition of .;,thef trap-rocks are as follows : »

Quartz -- - 2to5% " Orthoclase - 5t07% -
Labradorite 40to 50%, - Pyroxene 3010 40% -
Iron-oxide 10to 1295 3 _ o
(vi) Inter-trappean beds. As the volcanic - eruption was not
continuous, a number of gaps are found in the lava flows. The
succéssive lava flows are commonly separated from one another by
sedimentary. beds, which were formed under water, containing

" wvaluable palaeontological and palaeobotanical data, throwing light'
" on the history of periods of quiscenc which intervened between the
- vyolcanic outbursts, - : o _

’

Ascording to Bése (1973), the Deccan ‘volcanism was probably-

~ related temporarily to the Gondwana-rift and dispersal of the Indian
- block. : R

(vii) Stratigraphic relations of the traps. In other words, the =

-stratigraphic classfication of the deccan traps are as follows :

The Deccan Trap formation has been classified ,into'lé‘wer,

Upper Eocefie -~ Nummulitic limestones of Surat and
Broach. SR :
: ———UNCONFORMITY ———
- Upper flow - Fiows with numerous : inter-trappean sedi- -

(450 m thick) = mentary layers and volcanic ash beds.

' . Exposed in parts of Bombay and Kathia-

' war.  They contain remains of verte-

: : ‘brates and molluscan shells. . |
Middle flow - Numerous thick ash beds, practically
(1200 m thick)  devoid of inter-trappeans sedimentary
v ‘ layers. Exposed in Malwa and Madhya

© . Pradesh. o o

‘Lower flow . Associated with numerous fossiliferous
‘ ' inter-trappean beds and rare ash beds.
Exposed in parts of M.P. and Eastern

areas. o | ' ’

———UNCONFORMITY ———

Lameta foﬁpation/Bégh beds/Jabalpur formation/Older rocks.
West (1958) recorded the occurrence of 48 flows, five beds of
gglomerate, about 280 metres thick inter and intra-trappeans teds-
and 120 metres of .alluvium on the basis of three borings in the

Deccan rlateau of Eastern 'Saurashtra-a_nd Abmedabad dls(rxcts., -

e
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Co Aieo'l the Deccan Traps, _The eﬂonﬁous_ areal extent and
thickness of Deccan traps and the presence of inter-trappean
in between the consecutive lava flows are sufficient to indicate that
_ the formation as a whol
‘time-scale. - , - '
" The age of the Deccan Teap is fixed by - o
(i) the presence of fossils chiefly plants found in the inter-
~ traps, . , R :
(if) the age of the ynderlying beds (called the infratraps),
(iif) the age of the overlying beds. - '

" (@) In the Narmada valley the traps are underlain by the

Bagh beds of upper cretaceous age, possibly in part equivalent to
the lametes. g . :

" (b) ™o Surat-Broach there is said to. be a distinct. erosional

‘unconforsaity between the top of the traps and the kNummuhtle_
gtl;g,t: f;'oi",'ﬁhf.:y'basal'-e'ocene contl:xins materials derived from the denu-
. dation. of the traps. R a o
(¢) In Kutch, the traps overlie unconformably the Jurassic and
lower cretaceous beds, and are overlain by the Numulitics.- Here
also there seems to be an unconformity between the traps acd the
" numulities though this is not very clear.
" (d) 1n Sind, in the Bor hills near Ranikot, flows of conterpo-
raneous basalt have been described as occurring below and above
. the carditabeaumonti bed. - This bed also contains a nDpautilus, some
corals, echinoids, and gastropode which appear to indicate an _upper
cretaceous age. : P , e
(e) Recent work on the intertrappean fossils ‘especially by
B. Sahni and his collaborators, lands supports a lower eocene age:
for the beds from which the fossils were obtained. .

' (f) Smith ,Woodwords work on the fish remains from the

lametas has showr that perhaps they are more allied to eocene than.

to cretaceous formations.

(g) The infra-trappean beds exposed at different places have.
provided indirect evidences for assigning ages to the Deccan traps,

which lie above them. These beds at Dudukuru in West Godavari -
district have yielded several forms of gastropods, lamellibranchs and .

pautilus.. The fauna from this locality ‘has some affinitics with the
 forms recorded from the cretaceous succession of Trichinopoly
district. : - S

(h) Some work has been done on the radio-active - characier of”

7he Deccan traps by V.S. Dubey and R.N. Sukheswala. The work
" of the latter seems ‘to show that-the traps range in age from upper
cretaceous to perhaps as late as oligocene. -

. All the evidences indicate that the Deccan Traps are above.
"0 million years. :

bas a considerable range in the geological

“Region.

CHAPTER 89

TERTIARY GROUP

" During the Tertiary era, there occurred significant changes in the-
physiographic, environmental, faunal and floral characteristics' of the
earth. The rise of the Himalayas which took place in a series of five
ramarkable phases of uplift. The ferns, cycads, conifers which were:
dominant during the Mesozoic period were replaced by the angio-
sperms. The reptiles and the ammonites of the mesozoic time were
practically extinct. Besides, the marine environment which was
existing in the cxtra-peninsular region, gradually become estuarine
and after the principal phase of Himalayan upheaval it changed over
to fresh-water'environment. .

The tertiary rock, in. India, are well developed in the extra-
peninsular region. In the peninsula small patches of Tertiary rocks
occur in Rajasthan and along the coastal tracts in Orissa, Madras,
Gujarat etc. ' )

All along the length of the Himalayas tertiary rocks occur inthe .

~ foot-hill region. Tertiary rocks ranging in age from middle-miocene

to middle pleistocene are together known as Siwalik system which are
particularly well developed in the western part of the Himalayam

The tertiary succession in the Himalﬁyan region are as follows 2

[ Upper { Boulder Co\nglomerate' Low. to mid. pleis~
I R :

_ . tocene
Pinjor '( Up. pliocene to-
Siwalik L Tatrot. L Low. pleistocene
System | : . v
' Middle [ Dhok Pathan Low. pliocene:
- Nagri ' Up. miocene
{ Lower [ Chinji ' Mid. miocene: -
{ Kamlial Mid. miecene:




~ close, the second phase of the Himalayan
The floor of the Tethys was so much u
‘disappeared leavin

“higher and higher,

_ fluvidiile detritus was later subjected to mountain buildin
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: i’ Upper
Muree | Lower * ) Lower to
- Series | . | Midale
L : : Miocene:
'L Fatehjang zone -

~—UNCONFORMITY——— -

Chhar'at stage’ , Mid. to Up. Eoceéne.
_ . Hilrlflim'estone - Low. to Mid. Eocene.
- Points to remember ;:

1

the Potwar plateau. In Simla-Garhwal area both of them are absent
and, in stead there occurs laterites, shales, sandstones and impure
limestones which together known as Subathu beds. - -

2. The Muree series consists
zone (b) Upper and Lower Murees
remains ‘of pelecypods an
plants (Sabal major).

of three zones as (a) Fatehjang
. These. rocks contain a few
d some leaf impressions of ‘angiospermous

3. The equivalents of Muree serie

_ s in the Simla-Garhwal area

are known as Dagsahi and Kasauli beds,
R - 'SIWALIK SYSTEM
" By the time that the lower miocene period was 'coming to a
Orogery had commenced.
pheaved that the sea had
g no basin anywhere even in the flanking areas of
Sind and. Burma. As the mountains were getting imperceptibly

their courses became more and more active by an increase in their

gradient. Thus being rejuvenated, they scoured their valleys with

increased vigour and the enormous quantities of the products of
decudation were deposited at the foot of the mountains. = There also
appears to have existed an extensive longitudinal depressio
of the risicg mountains and it was in this depression that most of the
detritil matter was laid down. _The basin behaved as ‘a -geosyncline
and it subsided as more and more sediments were lald therein. T his
: g forces
durirg the third phase of upheaval of the Himalayas.and gave rise to
2 sefies of hills called Shivailk hifls. Thus the Siwalik system named
after the Shivalik hills is developed all along ‘the foot hills of the
Himalayas Arc. - ' -
The system is com

posed mainly of sandstone, édng]omeraié,
silts and clays which w

ere fourd under brackish and fresh water

envirorment. An appreciable portion of the Siwslik strata is devoid -
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The Chharat stage and Hill limestone are well developed in

the numierous streams that .had already established '

n in front.

/
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of fossils. Still then the mammalian fossils are of paramount
significance in dividing this system into various sub-divisions.

Climate, It has been inferred that the Kamlial, Chinji and

. Nagri stages were laid down under a warm and humid climate
“while the Dhok Pathan period witnessed a relatively. diy climatic

condition. The upper Siwaliks, on the other hand appear to have
been formed under a cold climate. :

o ‘The abundancé. of the remhins testifies to the very fqvourable .
conditions. of climate, hydrology, food and suitable environment
for entombment of the remains. This system is of highest

 biological interest as it ‘encloses a.rich collection of petrified
- Temains of animals of the vertebrate sub-kingdom not far distant in

‘agevfrom our own times and according to the universally accepted

fioctrine of descent’ the immediate ancestors of most of our '-mOder_n
species of land mammalia. :

Fossil Assemblages : ‘ o )

Low Siwalik. Primate-Sivapithecus, Brahmapithecus, Dx"yo-
.pithecus, ‘ L . : .

Carnivora, Vishnufelis, Amphicyon, Dissopsalis.
- Proboscidae. Dinotherium, Trilophodon, Steglophodon.
Suidae. Listriodon, Sanitherium.
Equidae. Hipparion. ~ : v
‘Rhthoceratidae. Gaindatherium, Aceratherium. -
Gi\'raﬂidae. Girraffokeryx, Giraffa. ‘
Middle-Siwalik : Primate. Maccus, Sivapithecus.
Carnivora. Lutra, Amphicyon, Felis. .' '
Proboscidae, Trilophodon, 'Ietralophodon,-Steglophodo‘n. ,
Suidae. Sus, Listriodon, Hyosus, ' :
Equidae. Hipparion. i
. Giraffidae. Vishnutherium, Brahmatherium, ' Giraffa, Hyda=~
spitherium, A e :
Tn the Nagri stage—No proboscidae is found, *
" Upper -Siwalik : } S
Primate. Papio, Simia, Semnopithec_us. _
Carnivora.  Lutra, Panthera, Crocuta, Felis. o
Proboscidae. Pentalophodon, Stegodon, Steglophodon.
Equidae, Equus sivalensis (one toed horse).
Suidae, Hyppohyus, Sus, Tetracaidon. n
Besides the above, remains of certain birds, reptiles (crocodiles,

( ir in the. Siwalik
- “Jizards, turtles, and snakes) and fishes also occur in
system. Speci,al it.terest attaches to the occurrence of ‘about eleven

genera of fossil primates in the Siwalik-group.
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TERTIARY OF ASSAM

|3

~. . The tefliary succession of ‘rocks_ are well-developed in 'th'e
North-Eastern and South-Eastern parts of Assam, where they exhibit
a more less complete geological succession ranging in age from

palaeocene to lower-pleistocene. o
STRATIGRAPHIC SUCCESSION

~ Series ‘ 'Stagé ;. Age Remarks
Dihing — Low pleistocene : Developed i ali
series ' to pliocene areas '
———UNCONFORMI—TY »
Dupi Tila - Pliocene to In Up. Assam
series miocene known as
' - . . Namsang stage
— —UNCONFORMITY——- - '

Developed
ig all

" | Tipam sandstone  Low miocene [ series

Tipam [ Girujan élays Low miocene

series

Surma [ Bokabil stage Low miocene " . o
series ' , ’ Developed in
: Low miocene | all areas but thin

to Up. . {.in Up. Assam

L oligocene
———UNCONFORMITY:

Up. oligocene [ In Up. Assam -
- | Tilak Parbat

Low oligocene | Bargaloi stage

Naogaon stage

Bhuban stage

gsrail ( Renji stage
®Beries
| Jenam stage

|
\‘ o R |LI-'.aison'g stage Up. eocene:
|

|

Tertiary of Assam o o 1

Jaintia® [ Kopili stage Up. eocene - ).In Up. Assam .
series . ' | the oldest tertiary
: | Sylhet stage Mid. to low. } rocks are known
S eocene . | as Disang
| Therria stage Palaeocene J series

“The Disang series is composed of unfossiliferous shales and

' sandstones and in the lower and Central Assam, the Jaintia series

is composed of three stages. The therria stage is: composed of
limestones and sandstones, the sylhet stage is composed of limestone
beds with intervening horizones of sandstones. The lower sand-
stone horizons 'contains seams of coal. The Kopili stage i8 com-
posed of alternating horizons of shales and sandstones. -

The Barail series is' composed of three stagesand are mostly

* sandstones, shales, carbonaceous shales and coal séams. In addition

to coal, deposits of petroleum -are associated with Barails. The
Nahorkatiya field derives oil from the Barails. ‘

The Surma series is composed of sandstones, arenaceous

" shales, conglomerates, etc. ‘The Bhuban stage of the Surma series

is said to contain a few oil-bearing horizons, one of which was
worked in the Badarpur oil-field. ' .
The Tipam series is divided into two stages, of which

"the lower Tipam sandstones are oil-bearing and the oil fields

at - Digboi are of Tipam sandstone age. ~The Girujan clays
is made up mainly of molted clays with some interstratified beds

of sandstone, sandy clay and lignite.

In central and lower Assam, the Tipam series is overlain by
the Dupi Tila stage, which is composed of sandstones and clays,

which are devoid of fossils. -

The Tipam and Dihing series are together considered equiva-

fent to the Siwalik system of North-Western Himalayas.

Fossil contents. The remains of foraminifera which are found
te occur in the rocks of the tertiary system of Assam include—
Nummulities, Discocyclina,\Alveelina, Assilina, ete.
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“correspond to what is preserved- an
are of the following nature :

4
[

" FOSSILS

) ’The word ‘fossil’ has been 'deri\{ed from the Latin “’9@
'Fossilium’, which literally means anything dug out of the earth.
These are recognisable remains of once-living plants or animals, most

of which have been extinct for many thousands of years. They were

preseived in sédiments, rocks and other matérials such as ice, tar,
amber etc. prior to historic times. 'Thus, the remnants of plants or
animals of the past geologic ages preserved in the rocks of the earth’s

_crust by natural processes are known as‘fpssils’. :

Nature and mode of pr&_servatidn. The varieties -in the fossils
j d how it is preserved. Thus they

(i) Fossils may comprise the remains of the complete animat
but that is very rare. - Such fossils chiefly .mclude insects
preserved in amber, animals in’ asphalt, and mammoths
and othet mammals frozen in ice. - But such fossils are of
rare occurrence and are of recent origin.

(i) There may be petrified remains of hardparts of body in
rocks. These are often incomplete and are found in broken
fragments. S .

(iii) There may be just the impressions of footprints or leaf-

prints and not the original part of the organism.
~ (iv) Fossils might be also in the form of casts or mould.

Conditions favourable for preservation. We know that millions-

of animals and plants had lived, died and. were destroyed without -

leaving a ‘trace. But it has been observed that two factors are
favourable for the preservation of organisms as fossils

(@) the possession of hard pafts such as shells and bones, and

(b) quick burials of the remains by different processes to prevent
" destruction by scavengers and decay.

s

Palaeontalogy . 343

-Any ‘animal or plant satisfying the above two conditions can be
preserved as fossils under normal conditions. The condition in
which fossils occur depends on their original composition:and on the
material in which they are embedded. - - ST

~ Fossilisation may occur in several ways. - Sometimes the soft
parts remain unaltered in fossilisation ; sometimes only hard parts

- remain unaltered and sometimes the hard parts are also altered. -

1. Unaltered-soft-parts (Actual remains). In such cases the whole
of the organism, ‘including its soft parts is preserved as such. It may
be possible due to entombment of the animals under-a. thick cover of
ice. A Sometimes insects become entangled in soft and sticky-secretions
(resin) of trees. ‘On exposure, this, hardens and changes.to amber

and with it the’entangled are perfectly preserved. B

7" 72. Unaltred hard" parts.” Shells and internal ' skeletons are
frequently preserved for long periods of time. Many of -the best  of
these arefossils of marine animals that fell into:the soft sedimeént on
the sea-floor when they died. - Of the land. dwellers, those: that live
near swamps, lakes or sea are most likely to be preserved. Corals,
mollusca and protozoans are examples of this category, :

3. Altered hard parts. In this case, the actual ‘remains of an
organism are likely to undergo changes through time. These changes

- are fostered by the slowly circ¢ulating ground waters that carry

elements in solution. It includes the following processes :

(@) Petrifaction. It is a slow process which involves removal ia
solution, of each individual molecul€ of the material constituting.the
hard parts and simultaneous precipitation of an equivalent quantity

- of the replacing mineral. This molecule by molecule replacement of

one substance by another helps in preserving even the most delicate
organic structures, as such. In this manner the bones, shells or plant
tissues are transformed-into calcite, silica or pyrite and the processes
are known as calcification, silieification and pyritization respectively.

(b) Carbonisation. In this process, the organism is décomposed
and it loses nitrogen, oxygen and other volatile constituénts, Asa -
result, it is enriched in carbon and is said to have been .carbonised.
Coal seams are the carbonised remains of plants.

, (c) Moulds and casts. Sometimes, ‘the hard parts. preserved
within the accumulating  sediments, may be totally removed in
solution. As a result, hollows are left within the rock beds which are

. called moalds.. - Porous and permeable rock-beds are. able to have

seepage of sub-surface water which can remove in solution the shells
of organisms, thus facilitdte the formatien of moulds. -

When the moulds are filled up subsequently with mineral matter;

-it is known as ‘cast’, Thus casts only retain the external form of the-
-~ hard parts. : . o
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D) -lnp_reqsion.,— Plants and animals devoid of hard parts, do
sometimes leave a rccord of their existence, in the form of imprints

within the rock beds. Impression of leaves, feathers of extinct birds .

ks the examples. -

~ (4) Tracks and trails. While moving on soft and damp ground,
the foot. prints or trail of the animals are entombed in the mud and
when this ground hardens into a rock the foot prints present are pre-

served. Even though they do not form any part of the- animal, yet

they are regarded as fossils.
~ Uses of fossils :

1. The studj of fbssil; provides evidences in favour of organic
e_volmion and migration of plants and animals through ages.

I

2. They help in establishing the geoloigcal age of rock beds and
their correct order of succession in any area.: :

3..In the reconstruction of palacogeography of earth, fossils are
paramount significance. For example, -presence of fossil
trees or stumps indicate the terrestrial environment andina
similar way the fossils of corals and echinoderms, etc. are
suggestive of marine environment. .

4. Fossils also help in ascektaining the palaeoc_:limate.

'5. In corrélating rock-beds of one area with those of another.

sequence of sedimentary rocks.

7. Fossils provide evidences of ‘‘Ontogeny recapitulates
phyliogeny’. Ontogeny means . the development “of the

individual, Recapitulation means. brings and phyllogeny .

means the race history. This is obvious as the fossils include
the ancestors of modern forms. ’

8. The study of fossils constitutes an integral part of any
investigation leading to the discovery of new deposits of
¢oal and petroleum. v

9. The study of fossils animals and plants is of the highest
- importance to the biologist not only- because they include

‘the anicestors of modern species but because among fossil

_ forms we find many groups which are altogether exitnct and
which often throws light on the relationships of existing
animals and plants. ’ ;

BRACHIOPODA

. The animals belongin'g to the .phylum ‘Brachiopoda’ are charac-
terised by the presence of a shell or test composed of two valves, which
are of unequal nature to each other: The ventral valve is larger than

The relics of ancient life can be used to establish the time .
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the dorsal valve and bears .aicitcular 'opening; The ventral valve is
also known as pedicle valve. The dorsal valve is known- as brachial
valve, also. o :

Véntral valve:

Dorsal valve

~—

Peduncle or Pedicle

o Chilidium
% . -:Brochiol valve
Notothyrium -

Delthyrium

Socket

~ Crure

Median
septum

Jugum

" Fig. 91'1. Bréchiopoda.

The important features of a brachiopod shell are as follovs :
() The shell is equilateral and . unequal.
(ii) Both the valves are produced, into what is called beak or

umbo, each. They mark the posterior end of the shell. The umbo
of the ventral valve is more prominent than that of the dorsal valve.
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__(ii) The surface of the]shell is nearly'smooth; but at irregular

intervals it is matked by concentric growth lines, which -are - paraliel
to shell margin. - o : . S

(iv) Thfough the foramen of the ventral vélve, a muscular

stalk which extrudes gets attached to the substratum. This is known

as pedicle.

(v)‘ lji(ectly beneath the beak, the"’inter-'axea'vrof 2 éither- valve
may be interrupted by a tringular open space termed as delthyrium in. -

the ventral valve, and nototherium in the dorsal valve.

(vi) Covering of 't_hé"' délthyrium is called a d-el.ti-di'um. and that.

of nototherium is called a chiliditim. o

(v#)) The two valves.of a-brachiopod are - joined together by
means of a hinge and in some cases they are held together by muscles.
On the basis of the mode of union of the valves, there are two major
classes known as (¢) Inarticulata and (b) Articulata. In case of inarti-
culata brachiopods both the valves are held together by means of
muscles and those of articulata. class -are united by hinge,. at their
posterior end. . o

(viii) In the inarticulate b;achiopdds, the muscles which open’
~ the valves are called divaricators and - those. which’ close them are -

known as aducters.

(ix) In case of articulate brachiopods, a pair of teeth are
~ developed on the ventral valve near the umbo and these fit into two
sockets that occur near the umbo of the dorsal valve. " The teeth and

sockets together form the hinge and the portion of the posterior

margin where they occur is known as hinge-line or cardinal-margin.
In certain cases, a tringular area exists betweea the umbo and the
hinge-line. This area may be flat or slightly concave and is described
as the hirige-area (or) cardinal area or inter-area or palintrope.

(x) Sometimes the teeth are supported by plates known as the
dental plate. ' '

(xi) Inside the shcil of the brachiopods, the following organs are .

found to be present ; besides those which have been described earlier,
" viz. crura, median septum, septilial plates, spondylium, brachidium
which consists of a pair of simply curved on doubly bent arms koown
as loops and the skeletal connections joining both the arms are known
as jugum. S - '

- (xii) On the external surface of the valves 'ser.netimes ridges are
found which extend radically from beak. Sometimes there occurs

radial ribs, spines, knobs or tubercles, which ornament the external -

surface of the shell.

The ridges on the shell of the brachi'opods are known as plica-

_ costate.

. , Cla,ésiﬁcaﬁon :

- Order :
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tio}w or costae and shells possessing them are described as plicate org

(xiii) The shell form of the brachiopods may be elongated,

ellipsoidal, sub-circular,. alate (winged), concavo-convex, biconvex,

plano-convex, resupinate etc, :

(xiv) When the shells are found to possess minute " holes, they
are known as punctate.shell, - -

“(xv) The shells are mainly calcareous in cqmpositiph, -and are
formed of three layers : : : .

(@) Inner calcareous layer..

(b) Middle layer of flattened prisms of cal,c_ite.'
~* (c) Outer part consists of chitinous. taterial.-

(xvi) The junction Bctwee__xi_the valves is kno n as d@mmiﬁutﬁ.
(xvii) The initially formed shells are called ‘protegulum’. In old
age, the shells become . thick . and their margins truncated. The

‘ornamentation tends to disappear.

. Pliylluﬁi Blrachiopo_da

" Articulata

Class. Inarticulata 2
: _ (Pygocaulia):

(Gastrocaulia)

(i) Atremata (i) Palaeotremata
Superfamily ,
{a) Lingulacea
(b) Trimerellacea. .
- (i) Neotremata : ' (ii) Protremata and
: i Telotremata
Superfamily :
(a) Acrotretacea
(b) Siphonotretacea
(¢c) Discinacea -
d) Craniacea

Superfamily : -
- (a) Kutorginacea -
(b) Orthacea
(¢) Productacea
(d) Pentameracea
(e) Terebratulacea
(f) Spiriferacea
* (g) Atrypacea..

Geological range. They are confined to mostly marine environ-.
ment, hence are found to be present in rocks of marine-nature. '

 Superfamily-Rustellacea
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Lower cambrian. Lingulella, kutorgina, obolella etc.

The geological ranges of some important species-are as follows

1. Productus. Carboriferous to permian.
2. Orthis. Ordovician to silurian.

3. Spirifer. Silurian to permian.

‘4, Atrypa. Ordovician to devonian.

S, Rhynchonella. Jurassic.

6. Terebratula. Eocene to pliocene.

7. Terebratella. Triassic to present day.

- 'The brachiopods reached the acme of theis developme_nt‘ during
the ordovician, silurian and devonian periods. Within the rocks of
-tertiary age, brachiopods occur only occasionally.

PELECYPODA (Lamellibranchs)

Pelecypods belong to the phylum ‘Mollusca’. The l._amel_libranchs
are oysters. All are marine, some live on land, others in water and
many on both.” The body is bilaterally symmetrical. The shell
.consists of two valves which are equivalves and are placed on the
tight and left side of the body. The valves are inequilatpral, ie,a
perpendicular line drawn from the umbo to the opposite margin
does not divide the valve into two equal halves.

Both the valves are hinged together at their dorsal margin by
means of teeth, sockets and with ligaments. Each valve hqs an ambo
and near it the hinge-line, which marks the dorsal region of the
animal. The region where the valves separate most widely when the

shell opens is the ventral region. The margin near the mouth is
" :anterior. _ - .

Sometimes there is infront of the umbones an oval-shaped
depressed area of smaller size appears like a groove, shared by both
the valves. It is known as ‘Junule’. Behind the umbones, there is a
similar somewhat larger area, known as ‘escutcheon’.

The hinge is formed by projections known as teeth alternating
with depressions or grooves known as sockets. The teeth and
.sockets in a hinge line. alternate with each-other in tbe two halves
and teeth of one valve fits into the sockets of the other valve.

" Depending on the pature, shape and size of the teeth .and
sockets, a few distinct types of dentition have so far been recognised.
“The dentitions are as follows : ’

(i) Taxodont. Also known as etenodont. Here the teeth

.and sockets are more or less similar in form and size, e.g., Nucula,
.Arca, o : ; .

. valves. One of these two is

_of a linear depression called the pal
_parallel to the ventral margin of the valve.
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_ (ii) Dysodont. Here the teeth radiate outwards form the umbo,.
e.g., Mytilus, Ostrea. . ‘ .

’ (iii) Isodog.t. Here the hinge consists of two strong and slightly
curved teeth, which-occur in each valve and fits into the sockets of
other valve, e.g., Spondylus; - o

(iv) Schizodont. Sometimes a few thick and .occasionally
grooved teeth.are developed and these may vary in shape and size.

(v) Heterodont. Also known as felbdgnt, where the teeth are
not of uniform shape and size and are few in number.

(vi). Desmodont.  Here true teeth and a‘binge plate, but one -

or more laminae or ridge are developed - at the hinge margin.
Commonly one cardinal tooth in each valve, e.g., Pleuromya.

(vii) Asthenodont. 'In the burrowing lamellibranchs, the hinge

is made up of obsolete teeth and the dentition is described as
asthenodont. : : : -

(viii) Edentulous. Lamellibranchs with no teeth are said to
possess edentulous shell. - This is also known as palaeoconcha.

- The surface of the shell may be smooth or may be ornamente&

~with radiating ribs, concentric ribs and striations, tubercles and

spincs etc.  The margins of the valves may be smooth or crenulated.

~ The interior of the vaivgs are marked with the impressions of
the muscles. In a living animal there are elastic l'gaments which
perform the fanction of divaricators in case of lamellibranchs.

Usually two adductor impressions occur in the interior of each
placed anteriorly and the other
are connected together by means
llial line, which runs more or less

: Dtral r Sometimes there is a
notch on the pallial line known as the paliial sinus.

posteriorly. Both the impressions

When two adductors impressions are found to occurthe shell is

‘called a ‘Dimyarian shell’. When there is only one impression the

shell is said to be a monomyarian shell. When both the impressions

.are of equal size, it is known as Isomyarian shell.

When the ligament lies below the hinge-line, it is called a
resilium. A process for lodging the resilium is called chondrophore.
Where the ligament extends on either side of the umbo, it is calied
amphidetic ligament but when it is entirely behind the umbo, it is
described as Opisthodetic ligament. C :

* - Byssus is a thread like process  derived from anterior portion
of foot and used to attach the shel! to substratum. -
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Ligament .
_Umbo (dorsal side)

Cardinal teeth :

Anterior adductor

- Patlial sinus
Pallial line
Ventral side
Posterior adductor
Lunule
B Umbo
—Escutcheon
Right valve
c .

A—Interior of left valve. . B—Dorsal view of a shell. - C—Pecten.
' Fig. 91'2. Lamellibranch.

The first formed embryonic shell is éailed the ‘Prbd_issocon'ch’.
The shape of the pelecypod shells may be alate, rostrate, mytiliform,
quadrate, produced ete. . o : -
Geologic hisfory. The earliest records of fossil lamellibranchs
{ have been traced from the rocks of lower-ordovician age, and they
{ reached their culmination during the quarternary age. The geological
range of some important pelecypods are as follows : - R
(@) Arca. Jurrassic to Recent. -
() Nucula, Silurian to Recent.
" (¢) ‘Pecten. _Carboniferous to Recent.
(d) Ostrea. Triassic to Recent.
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' (e) Gryphsea. Jurassic to Eocene.
(/) Inoceramous. Jurassic to cretaceous,
(g) Trigomia. Jurassic to Recent.
(k) Cardita. Eocene to Recent..
(i) Mya, Tertiary to Recent. .
S GASTROPODS

The molluscs belonging to the class G_astropoda have fepreéehta- -

tives which inhabit on the dry 1
‘ _ y land as well as others that live i
S8 e o the majorty of e asropods < sl
> o/ TO - F
valye only and therefore is vsaicgi to bgoun?v;lt'l:.are made up of one

The simplest form of the shell is an ellipti -
- A ell is an ellipt i
at the base, but in the great majority of .caseg,'lcfl}ec?ﬁil'iw?seli one

Apex
whorl

)-’-Spiro - »
}-;Body whorl

—— Callys
—— Quter lip

inner lip
Aperture
- Anterior canal -
A
A
: \
Apex
Umbiticus
Aperture .
A- _C
—Morphology of Gastropod.  B—Natica, ~  C~—Tutritelia.

-Fig. 913, Gastropoda.
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| éoiled into a hel;lcoid spiral, open at one end and tapering to a point

at the other. Each one of the individual rcoils' is descr_ibed as a

whorl. . - » E

whorls except the last, together form the spire of the

hell A'll!httl-,1 :av;ering’end of the spire is known as ‘apex’ and it forms

:h: ;;ostetior end of the shell. The part of the whor} farthest from
the apex is called the base of the shell.

jotls are se I . a rule they
few genera, the whorls are sepg}'ated, but as a rule t
are inI:o:tact. y The successive whorls lie in mutual contact along a

line called the ‘suture’. { .

iling of the shell is usually dcxtr_:al, i.e., when the apex of”
the sh':l}lleiscgz)ilr?tged upwards, the aperture will be on the right hand

when the aperture occurs on-the left ha_nd side, e g., is ‘Physa’.

ymeti i ' ited into a solid.
Sometimes the inner faces of the whorls are uni
pillar Ex—tendin’g from the base to the apex and is known as columella,

" e.g., is ‘Turritela’. But in other cases, instead of being united
s

. spiral.

.into a collumella, the whorls are coiled around a central
223}{3“3&?& extends from the base to the apex _of t,he shell. The:
cavity 'opens at the base of the shell ; called ‘wmblicus’.

t body whorl ends in an opening, which is known as.
apertutgeo}atshe shg;l. The form of the aperture varies considerably

’ i i fed thf
in different genera. The margin of the aperture is calle
-};er‘ilsltﬁ:rthe’ cognsilting of an inner lip lying towards the innerside oe.

1and an outer lip. There is a horney or calcareous.
;I;Zt?ﬁh?x) ZIOSCS the aperture of the shell when the animal w1tt=-
draws into it. That calcareous plate is known as the Operculum -

The form of the operculum varies considerably in different:
genera. ‘

l¢ subtended at the apex between two straight lines.
drawn'l;l;;gae“ngtially to the last two whorls on two opposite sides of the-
shell, is known as apical or pleural or spiral angle.

The coiled shells of gastropods exhibif a variety of forms,.
depending on the following factors :

(i), Arrangement of the whorls in one plane or in a helicoid:

(il) Spiral angle. o , , |

(1if) Size of the last whorl and whether it conceals the carlier
whorls or not. ‘ : .

The important types are :

(a) Discoidal, ¢.g., Planorobis.
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(6) Conical or Trochiform, e g., Trochus. L ’
(¢) Turbinate (i.e., resembling a sppinnig top), e.g., Turbo.

(d) Turreted (where spire is long and shape is that of an acaté.
cone), e.g.. Turritella. ‘ ' ‘

{e) Fusiform (where the last whorl repeats the shape of the spire ‘;
in inverted position), e.g., Fusinous, Rimellarimosa. ‘ :
(f) Cylindrical, e.g., Pupilla. . = ‘-
(g) Globular (last whorl forms the greater part of the external

~ ‘surface, the spire bzing very low), e.g, Natica.

(h) Couvolute (hemi-ellipsoidal, no spiral coiling is recog-
nizable), e.g., Cvpraca. _ '
(/) Auriform— here the spire is short and the aperture is.
‘conspicuously large. ‘ o ‘
The surface of the shell is frequently ornamented with snines,
knobs, ribs or striae. In some genera like Murex, rows of spinus; o
lamellar processes, extend across 4ll the whorls from the apex to the

base of the shell, forming what are termed as varices, these are-
elevations. o : .

The embryonic shell is often found at the apex of the sﬁeH angt
is called the protoconch. '

- Classification of gastropods. The zoological classifications of’

gastropods are usally accepted, which takes into account the nature
of their soft parts. : ‘ »

The scheme of ¢lassification of gastropods are as follows : -

GASTROPODA
N ¢ Class)

’ ‘ | Sub-cllses ' j :

MONOPLACOPHORA

'STREPTONERA EUTHYNEURE
" oR _
PROSOLIRANCHIATA PROTOGASTROPODA
B A
l ORDERS ,
CYNOSTRANCE ~ COCHLIOSTRACA
ASPIDOBRANCHIA " Tk
PULMONATA. RS THIZAA TEps
MESOGASTROPGDA : e

{Helostrome)
NEO-GASTRGPODA
{Siphcrastrame?
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GeoloM Ranges :

(i) Trochus
.(ii) Nerita
Aiii) Natica

~ +(#v) Turritella

v) Cerithium

(vi) Buccinum
~(vii) Murex
«(viii) Voluta

{ix). Conus

{x) Planorobis

Triassic to present day. _

" Cretaceous to present day.
Triassic to present day.
Cretaceous to present day.:
Cretaceous 10 present day.
Pliocene to present day.

- Focene to present day.
Eécene to present day. 7
Up. cretaceous to present day.

_ Jurassic to present day.

© CEPHALOPODA -

. - -‘ - . . d
The cephalopods are entirely marine and are_ highly organise
than other IIII)OHUSBS. Nearly all cephalopods retain pt_arfec_t bilateral
symmetry and are covered by ecxoskeleton. On the basis of mor-
phology, the class cephalopoda has been divided into three major
. sub-classes as : o : :

1. Nautiloidea, 2. Ammonoidea, 3. Dibranchia.

~ The I1st and 2n0d classes are sometimes grouped together as
tetradranchia. A :

Nautiloidea, These cephalopods are characterised by a tubular
chell which tapers.to a point at one end (may be straight, ?ICheqloé
spif:a.!) 4 it opens at the other end. - In most of the spirally coile d
faras, all the whorls lie. on one plane, and they may o_rbmhay noh
‘tie in mutual contact. Sometimes they- c_o:l so tightly td 1at eacc;l
vehorl nearly conceals the whorl within leavir.g only a very ,eep__aln.
1‘1arrow umbilicus on each side. Each complete turn of the spira ;s
-termed as a whorl. s -

: Rare.‘.y ‘there has been found, at.the apex, a more or less

globular structure - the protoconch, which covers the embryo in the
- .cephalopoda..

The interior of the shell is divided into a number of chambers,
by means of a number of transverse partitions known as
-septa. The resulted chambers are also koown as camerge. The
-septa are generally perforated and are convex towards t‘g pxl-)(;-
toconch. At the opposite end from the pro_tgconch, a_coni erable
portion of the cavity of the shell is undivided forming the quy-
chamber which is larger in size and is .51tuated towa'rds the aperture
of the shell. This chamter is occupied by the animal and the rest
are gas chambers. . :
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Through the central perforation of the septa ran a living cord,

the siphuncle, through all the gas-chambers back to the protoconch.
The calcareous tube is made up of two parts known as the septal neck
and the connecting-ring. ' L

While the animal grows, new shell is ‘continually Being added

“to the aperture orf mouth of the body chamber ; while at intervals
- the animals move forwards in its body chamber and secrete behind

it a new septum.

The line of junction oi‘ the edge of a séptum with the external

. shell is termed the suture-line or septal-sature.

A straight conical shell of a nautiloid is knowh as orthoceracone

-and slightly curved shell is described as cyrotocone. Oné of the

<chief characters of the shell in the nautiloidea is the simple Jorm of
the suture-lines. ' o

Ammonoidea. In the ammonoid-'cephalopods ‘the - shell is

generally coiled into a plane spiral, and as a rule the suture-lines

show a complicated pattern. The body of the typical ammonoids
varies from less than half a whorl to over two whorls in length,
The lateral regions seen within the encircling last whorl is called

. the umbilicus. The spiral line of contact between each whorl and

the next is the umbilical suture.

“

The portions of the suture-lines which are convex-towards the
mouth of the shell are called saddies and the intervening concave
portions are known as lobes. The saddles and lobes are nearly
always similar on either side.

. There are ‘three types of suture lines in different types of

" ammonoids as

(i) Goniatitic suture-line. These suture lines have = pointed

lobes and with rounded saddles.

(ii) Ceratitic suture-line. These suture-lines are found to
consist of cerrated lobes and rounded saddles. e.g., ceratite.

(iii) Ammopitic suture-line. ‘These  are complicated types of
suture line and are found to consist of cerrated lobes and cerrated

~ saddles. e.g., ammonites.

Basing on the form of suture line, the ammonoids have been
classified as goniatite, ceratite and ammonites. : :

The surface of the ammonoids-shell may by smooth or may be
ornamented with striations, “ribs, tubercles or spines.” In some

ammonoids at the internal margin of the shell, there is a ridge
known as keel. :

A straight conical shell of an ammonoid cephaloid is known

as “bactriticone. The following features distinguishes an ammonoid
from a nautiloid : '
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Largest body
chamber

Septum _

Umbilicus A
Septal neck -
Siphunde

B
l ) Lobes C c
~ Saddle
D'

i . —Cephalopcd, E-—Ceratite'smure_C_—_Goniatile_éu(uxc.
Fig. 914 A D-PSimLFlg suture lire, E—Amn;omuc suture line.

Pafaeontology 357
(@) The protoconch is usually barrel-shaped.
(8) There is complexities in the form of suture line. -

(3] 'I_‘he_ siphuncle wigrates to one of the margins in the great
majority to the periphery. :

(d) The hypnomic sinus is present in most palacozoic genera,

but afterwards” disappears, and may be replaced by a
roastrum. A :

(¢) Sometimes there is presence of lappets.

Terms which are used for the description of the shell-shape of
cephalopods : ' T
) Asocone,

(ii) Brevicone, . ,

(#ii) Gyrocone (a loosely coiled nautiloid shell in which the

 whorls are not in contact), :

(iv) Oxycone (shell laterally flattened),

(v) Conispiral (coiled like a screw),

(vi) Cadicone (broad form with very deep umbilicus). o

Dibranchia. These are also called coleoidea. They either .

Possess internal shells or have no shells at all. The well known
extinct genus ‘Belemnites’, which belongs to the subclass‘dibranchia,

Possesses an internal shell consisting of thre_e parts :

(i) The phragmocone

(ii) Pro-ostracum
(iii) The guard or rostrum. a

Of these three parts, the guard is readily preserved as fossil.

- The guard is a conical, more or less cigar shaped solid.

. Geological history. The cephalopods are exclusively marine
animals. Among the cephalopods the nautiloids are said to be the
Tost ancient forms ; even found to occur in rocks cf lower camb-

Tian  age. They attained their maximum during permian and
~<arboniferous. After the palaeozoic times they suddenly decreased

In importance. The ammonoids were found in the Devonian times
and the goniatites were the dominant. forms. During triassic

Period the ceratites were quite abundant and ammonites were

abundant during cretaceous. . o
] But the dibranchia made their first appearanoce in the mesozoic
times and the representative form was ‘belemnite’,

Goniatites Geological range Carboniferous
Ceratites . Geological range Triassic)
Phyloceras Geological range Jurassic to cretaceous

Lytoceras Geological rapge  Jurassic to cretaceous
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Acanthoceras Geological range
Peltoceras Geological range’
Schloenbachia Geological range

Jurassic to cretaceous
Jurassic to crétaceous
- Jurassic to cretaceous

Baculites Geological range Upper cretaceous
Turrilites ' Geological range "Upper cretaceous
Belemnites . ‘Geological range = Upper cretaceous

CORALS

Corals. are benthoni¢ colenterata, which commonly occur im
the form of colonies. * Qorals belong to the class ‘Anthozoa’. The

-polyps are the-individual animals. The entire skeleton of a.simple
- corsl is described as the corallum. In case of compound corals,
the skeleton of each individual member of a coloney is known as-

corallite. ‘

"The body of a coral has a more or ess cylindrical or conical -

shape. The base of the cone is generally depressed and is known
as the calyx. The calcareous wall which forms the bourdary of
the corallum is called ‘thecea’ and an outer wall called ‘epitheca’.

According to the nature and internal structure of the corals,

- there are five subclasses as :

(@) Zoantharia
(¢) Rugosa
. (e)' Schizocorallia.

(b) Alcyonaria
(d) Tabulata

Corals are sometimes extremely abundant and built up exten-

sive reefs and banks, which are known as biokerms.

Corals are known to have existed even during the early
palacozoic era. Geologic age of some important corals are as.

- follows :

(i) Calceola. Middle devonian.
(ii) Zaphrentis. Devonian to carboniferous.
(iii) Favosites.  Carboniferous. '
(iv) Halysites. Palacozoic era.
TRILOBITES

. These animals belong to the sub-class Trilobita, class-crustacea,
of Phylum—Arthropoda.

In all trilobites, the body is divided into three longitudinal
lobes as well as three transverse portions. This trilobation’of the
body gives the name ‘trilobita’.

In trilobites, the body is flattened from above downwards and
is divided into three parts by means of two furrows, which extends.
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from the anterior to the posterior extremities. The body of the
trilobite is made up of three distinct parts known as (a) the head
(b) the thorax (c).the pigidium. Of the three lobes of 2 trilobite,
the lateral ones are known as pleural lobes, while the intervening

central lobe is described as axial Iobes. FEach part of the body is -
-segmented. The dorsal surface of the body is protected by a _strong

calcareous exoskeleton, known as the dorsal shisld.

The part of the dorsal shield, which covers the, head of the:
animal, is known as the cephalic shield or head shield or cephalon.

(a) Cephalic shield. It is separated into three parts by a
median and two lateral portions. The medial portion is more
convexced than the lateral portion and is called the glabella. The
Jateral portions are called cheeks or genae. By means of two axial
furrows, the glabe!'a and cheeks are separated from each other.

Anterior

Axial furrow :
’ : ] \ Free check
Eve —7~L08 . . Glabella
: L Fixed check .
/"\ ~
. *_ Neck furrow

e

Genal .-
ongle

\

. ‘,5 Thorax

Genal spine

Posterior

Fig. 91'5. Morphology of trilobita,

_ Glabella. 1t is segmented. The last segment of the glabella,
lying farthest from the anterior margin of the cephalon is known as
the occipital lobe or neck lobe. The occipital lobe is separated
from the rest of the glabella by an occipital furrow.

Cheeks. The posterior angle of the cheek is known as the
genal. angle, which is subtended between the lateral and posterior
margins of cephalon. Sometimes the genal angles are produced
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osteriorly in the form of spines, - which are known as genal spines.
"’;‘c})le emcialysuture: divides' the cheek into two portions ; the inner
part of the cheek between the glabella and the facial suture is called
the fixed cheek. The portion of the cheek lying external to the
suture is known as free cheek or librigena.

The glabella‘and the ,t"wo.ﬁxed cheeks togethe_r_' form what_ is
called cranidium. According to the course of facial suture, trilo-
bites are of the following types :

) Opisthoparian. When the facial suture commences on the

posterior boarder ' inside the genal angle towards the anterior -

‘boarder. T

(ii) Proparian. Facial zéuture"leavés the head shield via _thé
{ateral margin. .- -

(iii) Gon'atoparian; Facial suture cuts genal angle.

(iv) Hypoparian. - Facial

suture-marginal
secondarily,

and developed

) Pr_otoparian_.‘ Facial suture is marginal.

Owing to the fusion of the fixed cheek and free cheek, the
facial suture is sometimes absent. .

“'Eye: The eyes are compound eyes, located one on each free

<heek located in the angle made by the facial suture. The eyes

- <onsist of a large number of lenses which are biconvex or globular.
In a few trilobites.eyes are absent, ’ :

Sometimes there is a protuberance of the fixed cheek ﬁtt_ir g
into the outline of the eye, called the palpebral- lobes.

Sometimes a thread liké ridge called the eye-line fourd to
e:xtend from the eye to the glabella. : :

(b) Thorax. It consists of a series of segments scparated
‘from the cephalic-shield by the neck-rings. The part of the dorsal
shield, which Jies posterior to the cephalon -and covers the thorax,

is made up of two to forty-two segments, which are not fused
#ogether. .

Each thoracic segment is divided into three lobes by two axial
furrows. The central lobe is known as the axial:lobe and the
iateral ones are called pleurae. A bit off from’tl‘]e axial lobe, each
pleurae is found to be curved and is known as Julerum, Sometimes

the lateral portions of plenrae . are flat plate-like, which are called
facets. : .

(c) Pygidium. All the hind end is ‘a /tail-piece showing very
well marked segmentation. This is known as pygidium. It is
commonly triangular or semicircular inshape. Here all the segments

'R

. index-fossils.

-~ and consists of numerou

- -

. tocks of Ppalacozoic ages.

- period. In silurian, they were stillabundant but b

Palaeontology |

- 8re Hfused together. Similar to thorax i

pygidium is known as the caud
©of 2 to 29 trilobated segments.

. Sometimes the posterior-end of the caudal shield is provided
with a spine, which is described as ‘felson’. = - ' '

. The possession of antennae and the biramous character of the
other appendages connect the trilobites with the crustacea.

When the cephalon is larger than the pygidium, the trilobites

-are said to be -heteropygous ; when they are approximately of the
same size, they are termed as Isopygous.

Geological range, Tr

ilobites occur as fossils only within the
They suddenly appeared in the lower-.
maximum in cambrian and ordovician

ecame less important
.in devonian. With the end: of the palaeozoic era, they became

extinct.. Geological age of some important species :
(i) Olenellus. 'LoW-cémbrian.
(it} Paradoxides. Mid-cambrian.
. (iii) Olenus, Up-cambrian.
(iv) Calymene.  Ordovician.
) Hlaenus. Ordovician.
- {vi) Phacops. - Silurian.
- ° i) Redlichia.  Mid-cambrian.
- (viii) Phillipsia.  Carboniferous to permian.
~ (ix) Asaphus. ‘Ordovician, - '

cambrian and reached their

In view of their wide geogr;iphﬂical distribution and rather a
limited range in geological time, trilobites are regarded as excellent

\
ECHINOIDS v
The echinoderms, belonging to the class Echinoidea, are also
known. as sea-urchins. . They always possess a compact and rigid,
more or less a globular, heart shaped or 'discoidal body covered
with spines. The shell- or test is covered by a layer of ectederm
s calcareous plates. which constitute the

€xoskeleton. Some of the echinoids = show radial symmetry and
others show bijlateral symmetry.

The lower side of the test is known as the oral or ventral side.

The, upper side of the test is generally convex in shape and is termed
as the» dorsal or aboral side. ' E
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{ _ t is divided into axial and
Pleural portions. The part of the dorsal shield which covers the -
al shield or abdomen. It is made u )
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. The mouth is situated on the oral side, either in a central
position or in front of the centre. The anus is either at the summit
of the test or posterior to it.” The mouth of the animal is encircled
by. a number of plates which collectively constitute what is known

apus is surrounded by a

as the peristome. In the same way the
‘number of plates, which together constitute what is called the

periproct. -

Ocular f'pia'te" _
—— Medreporic plate

> Ambulagcrel crea

o
)///']» i:’s“i;er-c.mbulacmi area
(N ' ,
N genvial plate
| \— Pores in ambulacral plate

bnus

Fig. 91'6. Aboral view of echinoid.

Sometimes both the mouth and anus are placed at opposite’
e anus is always and’

poles of the test and in some other echinoids th
the mouth is often excentric. Accordingly, the echinoids are

" divided into two orders like
(i) Regularia (i) Irregularia.

“The test or shell of an echinoid is made up of three parté s

(a) Apical system Of apical disc,
(b) Corona, : :
(¢c) Peristome.

Apical disc. Around the anus there is a flat series of tem
plates called the apical-disc. Of the ten plates, five are known as-
occular plates and the rest are called the genital plates. The genital
plates are larger than the occular plates and they lie in coptact with
the periproct and form the inner part of the ring. One of the
genital plates is perforated by a great pumber, of smaller pores,
through which water filters into the water-vessels® this plate is
known as the Medreporic plate. All the genital plates are interradial

and are termed as basals.

Palaeontology '

Th e e } .
and conztoccuitm;ar glates lie in alternation with the -genital plat
radials Whoo ¢ ]: ¢ outer part of the ring. They are tgr:xee;
petiproct, they arz s:;:gl:loalge_s_eparate the genitals and touch the
Periproct they are sxoert. insert -and when they do not touch the:

"(b) Coroma. It is the mai | 7
columy - Itis the main part of the test mad d
s of plates; each column extending from thi :Ila)i;ti-:l?s%ng

“the peristome. - The plates are of two kinds :
1. Ambulacral plates. |
2. Inter-ambulacral plates.

Th ‘ :
five dou%liee aég,ﬁve.doublc? columns of ambulacrals separated by:
termed an area m{'?h of inter ambulacrals ; each double column iys-
plates and th rea. ¢ ambulacral plates start from the occul
e mter-ambulacrab from the genital plates  ocewar.

In ea 4 '
their innerChen?iljse“e’lrt:h:nlg)i{l?};is tai:tel!: nateb on either side and_since
za : < , the line between t ; is 7i
g, while those between two adjacent areas are st:]:igtl?to rons s ne-

the ir;{'ilfa;n;ll)llll;::r?l plates'are smaller and more numerous than
tube-feet to the éx?eriﬁ?d :'}rgelze%forfated Dy Dowes for the passege of
the organs of Touemasion. ube-feet are called podia, which are

In th ral area ' ) !
simplo-pti r:artil;rslbulﬁgral area, the more aboral plates are called
which have one pore-pair in each plate. Lower-

dow
_ down, compound plates appear. PEach pair of pore is surrounded

by a i ;
»aﬁo :on(:i,;ls ;?lsggio::;n t kel:-,ov;‘n 1a s peripordium. Compound plates.
plates, included plates ety.p of plates known as demiplates, occluded

s érfgg;:solcga:‘el l:)fte'n provided with rounded. elevations knowh
ones are called pimai;c;?& tl'xlc;‘,h:r)x'za&llll: s e e ien the svond
, i r ones are called t
P of oy @ ed the secondary.

() Atthe top of thé elevati ere i
with a perforation (at the tqpf ‘1’3:(';:;:; ;25’1;;;: ;o’l:emxspherical piece:

(ii) The mamelon rests o »
on the boss. The b i
generally surrounded by a smooth excavated a;iogf/eth;n:;;s a::.

areola or scrobicule i
attached. _ , to which _the muscles of the spines are

The spines consist of the following parts :

(i) Acetabul i ' :
mamelon, abutam, It_ is that part of the spine which fits to the

(#) Collar. Next to ' i :
above which lies a ring cacl)l:ge‘::ﬁtaar?ul“m is the head of the spine
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(iti) Beyond the collar .and férming the greater part of the
* gpine is the shaft or stem, which may be smooth or ornamented with
ridges or rows of spiny processes.

Sometimes very small tuberc'es occur in the form of bands. -
Such bends of minute tubercles form what are known as fasciole.

: (c) Peristome, It lies on the ventral side of the test and the’
mouth of the animal occurs ‘at the centre of the peristome. The:
peristome is made up of plates which are loose and are either iso-
lated or occur in pair. The position of mouth in the peristome also
varies in different forms. { Peristome is usually a memberane that
-surrounds the mouth. S

Geological range. It has been recorded that echinoids made
their first appearance during the palacozoic time, particularly in
.ordovician, with regular echinoids. , :

(@) Cidaris. Jurassic'to present day. (Regularia).

(b) Hemicidaris. Cretaceous. (Regularia). ‘

(¢) Echinus. Pliocene to present day.. (Regularia).

. (d) Pygaster. Triassic to cretaceous. (Irregularia).

(¢) Echinolampas. Lower eocene to present day. (Irregularia).

(f) Holaster. Tertiary to present day. (Irregularia). -

(g) Micraster. Triassic to tertiary. (Irregularia),

(h) Hemiaster. Cretaceous to.present day. (Irregularia).

GONDWANA FLORA

The Gondwana time for India, ranges from the Upper-
“Carboniferous to Lower-Cretaceous. The gymnosperms and
pteridophytes were the predominant flora in the Gondwana time.

-These were vascular plants. » .
Plumsted (Asutralia) from the . study of carboniferous * and

permian flora suggested that there were three distinct types of flora

-during this time. They were : :
(i) Lepidodendron flora Oldest.- v
(ii) Rhacopteris flora Low-carbon_iferous.
(iii) Glossopteris flora Youngest.
In India and other southern landmasses of southern hemisphere,
the Gondwana rocks are characterised by the presence of Glossopteris

flora. This flora is said to have been evolved from those plants
‘which could survive the permocarboniferous glaciation.

.According to D. N. Wadia, there is a correspondence of the

three types of Gondwana flora with that of the three sudivisions of
sGondwanaland  Acenrdin~ ¢~ Wim

_ filicales. Here the pteridosperms are of no

.the Rajmahal flora,disap
t . ) peared gradual
ﬂow_ermg plants began to appeang' on I:ianc:yétfrn

Palaeontology
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(a) Gl.ossopteris flora. Low. Gondwana (Lower—Triassic) |
(b) Dicroidium (Thinunfeldia).. Mid-Gondwana (Lower-.'
(c) Ptilophyllum flora, Up. Gondwana (Low '

Glossopteris flora. They inc
pte | ulde
gangamopteris; vertebraria, sychizoneur
dium, buridia phyllotheca etc.

J urassic).
-Cretaceous).

plani-fossils like glassopteris.
a, noeggerathiopsis, gon(fwalig-’

The glossopteris, gangzamo: is, v i
sperms, - P ot s, ggenegra'. opteris, vartebraria are all pterido-

- Glossopteris is represented b ‘ ‘

: S0P | by fronds. (A1l i
f;ltlf:tlficatlon is,a frond). Here mid-rib is well -m(arkggf : h(;chhbeags
eliculate venation. Leaf is contracted at the base, e there s

Gangamopteris is simi -, .

mid-rib. g opleris is similar to glossopteris but is without any
Vertebraria is th h

rhizome), ought to bc‘the stem of glossoptris (knows as.

The important plant are as follov;rs:

. Pteridosperms. Glossopteris, gangamopteris, vertebraria

Corditales. Noeggerathiopsi
d . psis (leaf), dadoxyl '
Equisetales. Schizoneura, phyllotheca. Yo '(Ste‘m).

- Sphenophyllales. “Sphenophylium.
- 5, Cycadophyta. Taeniopteris,. -

(¢) Dicroidium (Mid-Gondwana fic

. ] Mid- na flora). T onfflora j

:ll?::glt:}dxa._ It occurs abundantly in the )nortrtlxznfmc%??' olflora is

glicr idium in soutperz_x continents. Thinnfeldia flora ind_ments and

J ssic age and Dwro;dnum flora indicates lower triassic ;(;;tes lower
(c) Ptilophyllum flora. It is dominated by the cycads and the

conifgrs appear to have attained some am’ouni%?‘%?gglz?ngtﬂe the

. Cycadophytes. Bennettitéles, Ptillophyllum
td

BN -

. Dictyozomites, Otozami liu Pterophyllum,
Bucklandia (stems). amites (all bleaves) Williams

onia (flower),

Fery. Cladophlebis, Marattiopsis, Sphenopteris

Conifers. Brachyphyllum, Elatocladus, conites,
- Equisetales. Equisetitias.

Lycopodiales. Lycopodites.

The gymnosperms and the cycads of the mesozoic era formi
ng

d during the ¢
face of the‘glober_etaceous
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_ The cdnte;npo:ary flora of the world during the Gondwana
time are as @ - '

(i) The Eur-American Flora. Best known in U.S.A., Europe,
Iran, Turkey, and contain lepidodendron, neuropteris, pecopteris,
sigillaria erc. _ _ _ ‘ o

" (ii) The Cathaysian flora, The ‘Gigantopteris - flora extended
to Korea and North China, ‘and southwards into Indochina, Siam,
sumatra and it also occupied north-America and Taxas. - :

. (iii) The Angaraland flora. From Ural mountains eastwards to .
. Pacific and from north of Korea to Bering Strait and to south it

extended to Mongolia and almost down to Pamear Region.
These flora are contemporaneous with glossopteris flora. -
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