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PREFAICE (7th Revised Edition)-==
/.

Geology, as you will read in this book, is the science of the Earth.
It ds the science of that Earth, on which you, I, and alj of us are
living. It is the science of that Earth, on which all of us were born
and on whieh all of us vyin die. It is the science of that Earth, whic-h
is the mother of all living beings. It is the science of that Earth
which provides us life  and resources to eat  and live, thereby
sustaining life.

WhentheEarthenjoyssuchagreatimportance,thenwhoamong
us will not like to know about it ? Who among us will not be curious
toknowastohowtheEarthoriginated,andwhatisitspast,present
and future too ? This information about the Earth shall be providad
to us only through the study of Geology. Geology will not only tell
us about the history of Earth, but will also tell us about the various
physical processes that are occurring on Earth. Say for exampl6, it
will tell  us  about the reasons for the  eruption of spectacular
volcanoes and the devastating Earthquakes, about which you must
have read in the print media, or which you must have seen on your
television sets, if not seen in your actual life. It is the science which
tells us the reasons for the fo-rmation of great mountains.or deep
valleys, and of beautiful shapes and scehries around us. It is this
science which explains to us, the several astonoshing facts about
the processes, that have occurred on Earth during its long history
of more than 4000 million years. Some of such startling facts about
the Earth and Earth's processes are indicated below :

(i)  All  the  continents  into  which  the  today's  world  is
divided,  used to  exist  as  a  single  1`and  mass.  These-I
continents have drifted, and are moving even today.

(ii:)  The Earth had been totally engulfied in ice, six times
cZz4r!.ng I.ts hisfor®.caz pas£. Such an intense cold period,
known  as  glaciation,  last  occurr?d  \as  recenfty -a.s
around 20,000 B.C.

(£Zj)  Only 9 out of more than 100 known elements, constitute
more than 99% of the Earth's crdst (I.ocks made bf
minerals).

i

Had the remaining scarce elements like gold, silver,
platinum, chromium, manganese, copper, lead, zinc,T
etc.,  been  uniformly  distributed,  there  could  have.
been no ore deposits at all.+ That would have meant, no



(  I,;  )

industries  and  no  civilisation.  But  the  nature  has
I  concentrated   this   small   percentage   of   valuable

elements in workable ore deposits.
(£u)  The fossils present in rocks of d

provide us enough proof about
itff:rent geological ages

evolution of life on
Earth, at ininimum of about 3600 Million years ago.
This life originated in the sea and then extended to
the land. T7he trend was as follows :
Unicell,ular organisms + Trilobites + Fi,sh +

Amphibious i Reptiles<
Bi,rds

Mdmmals
The    mammals,    including    the    man,    presently
dominating the world today, were infact non-existent
fo'r  nearly  80%  of the  initial  years  of the  Earth's

_   '  history,-  at- which  time,  the  presently  insignificant--: -  lizard-like cr_eature.s dominated the Earth, and were
--  I- represented  b,y  the  physically  well  developed  giant

creatures, like djnosaz4rs. You might have seen such
creatures in the english movie, "Jurassic Park".

I(u)  The  riorth  ?nd  the  south  poles  were  not  at  their
-     present. positions  in  the  past.  They  were  at  some
---- _different  places,  which  eventually  means  that  the
-   -Climatic    conditions   had    changed    repeatedly   in

different parts of the world.
.  (tJj)  The Indian land mass, at present, does not have even

a:-single  rictive volcano  ;  but the  same  country had
experienced very intense volcanic activity nearly 60
Million Years  ago, when lava flowed far  and wide,
leading  to  the  formation  of volcanic  rocks  over  an
area, as large as 8 lakh sq. kin.

(I;jj)  The great Himalayas, the tallest mountains of today,
have been formed in the recent past, over the place,
where a sea, named Tethys, used to exist.

(I;ijj)  For   thousands   of  millions   of  years,   fAe   nofz/r¢Z
e#ferridrz ,forces, like winds, rivers, glaciers, etc., have
beeri  rele`ntlessly  eroding  the  hills  and  mountains.
Inspite of such a large scale erosion, balance has been
inaintajned,  because the jnfer7iaz tecfonzc forces  are
uplifting' the Earth's crust, thereby creating hills and ,
mountains again and again.
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Introduction to the Subject Of Geology

I.1. Definition and General Introduction
We live on a wonderful planet, called the Earth, yet how little most
ofusreallyknowaboutitscompositionandhistory.Weconsumethe
products of soils which have been formed by the weathered rocks ;
we use coal, natural gas and oil formed from the remains of pre-his-
toric plants and animals ; we enjoy the beauty of precious stones.
But these are only a fractioh of the valuable materials, which have
been bestowed on us, by the Earth. Think of the importance of the
Earth's products in the development of modern industry. Our vast
mineralresources,suchaslead,iron,coalandpetroleumarederived
from the Earth, and these basic products have been made available
to us easily, by the application of a science, which deals in the study
Of I:kNe EalINh. Tlds science, which deals u]i±h the stud;y of the Ecuth,
is fanoowJ} as GeozogDr. The term "Geology" has been derived from the
Greek  words  Geo  +  Zogos.  Geo  means  Earth,  and -logos  ri~eans
discourse or study or science. The subject of "Geology", therefore,
deals with the study of the wonderful planet `Earth', on which we
are living. The science of Geology tells us about the origin, structure
andhistoryoftheEarthanditsinhabitants,asrecordedintherocks.
Without its study, one remains igp.orant about the same planet on
which one is living.

The Earth has not only provided us with the minerals and other
products,whichareusedandconsumedbyus;buthasalsoprovided
us with so many scenic things, which we call as the products of
`nature' or `God'. The areas of exceptional beauty, like the great
mountains, the deep awesome gorges, the fascinating lakes, the'
charming springs, the marvellous coral reefs, the spectacular vol-
canoes, the stupendious water falls, and what not. Even the man
itself is a product Of Earth and its surrounding environment. All
these and many more things are the results of geozogiea[J processes
that are still at work within and on the Earth, even today. They are
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the same processes tyhich began to shape the Earth soon after its
birth some four or five billion* years ago.

TheeventofJulylb69tookGeologyoutofitsoriginalsphere,and
pluhgeditintospaceAge:manhadsetfootonthemoonandbrought
back samples of moon rocks for the geologist-the Earth scientist,
to study. Who knows to what such studies will lead ? Shall we have
a clearer picture of the origin of both moon and Earth ? Shall we find
bn the moon, rich mineral deposits, or minerals as yet unknown to
uS.

Perhaps,wewillbevisitin8otherplanetswithinoursolarrystem
in the coming years ; this too, will create fascinating new branches
of geology.

• But now, let us return to our own planet. To a geologist, the Earth
is not a simple globe, upon which we live ; it is an ever-present
challenge to learn more about such things as corfhgL6c!faes, uofca7}oes
97acjers, and the meaning of /essjis. How old is the earth ? Where
did it come from ? Of what is it made of ? What will happen to it in
future ? To answer such questions, the Earth scientist Geologist)
must Study the evidence of events that occurred millions of years
ago. He must then relate his findings to the results of similar events
that are happening today. He tries, for example, to determine the
location and extent of ancient oceans and moe47}foz7}s, and to trace
the evolution of life as recorded in the rocks of the different ages. He
studies the composition of the rocfas and mjne7Ials forming the crust
of the  Earth,  in an  attempt  to  locate  and exploit the valuable
economic products that are to be foundthere.

In Persuing his study, a geologist heavily relies upon other basic
seirenees, s"ch as astronomy, chemistry, pkysics, biology, zoology,
bo€dny, etc. For example, astronomy, which deals with the study of
the nature and movements of planets, stars and other heavenly
bodies., tells him as to where the earth fits into the universe, and
has al-so s,uggested several theories as to the origin of our planet.
Chemistry, for example; deals with the study of the composition of
substances and changes which they undergo, helps a geologist in
analysingandstudyingtherodksandmineralsoftheEarth'scrust.
The science of physics, which deals with the study of matter and
motion, again helps a geologist to interpret and explain the various
physical forces affecting our Earth, and the reactions of the Earth's
materials to these forces.
*1 bimion = 109 = 1000 minion i 100 erore.
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Similarly,tounderstandandintexprettheper-historicplantsand
animals, a geologist takes the help of biology, which deals with all
living forms. Similarly, Zoology prqvides him detailed information
about the animals ; and botany dves insight into the nature of
ancient plants.  By using all these sciences as well as others, a
geologistisbetterabletocopewiththemanycomplexproblemsthat
arise in the study of the Earth and its history. .
I.2. The Scope of Geology
Thesoapeo/geoJog)/issobroadthatithasbeensplitintot*omajor
diwiE5tons .. (\) Pkysical geology ., E*nd (Z) Historiedl geology. Ee\ch,dt
these  divisions,  have  for convenience  of specialised  s'tudy,  been
further sub-divided into various branches-or sub sciences, as shall
be discussed a little later. The term Earth science is commonly used
in conjunction with the study of the Earth ; although Earth science
includes the study of geology, and also encompasses the sciehees. Of
mefeorozog)/(thestudyoftheatmosphere),oceowog7.apky(the'sdidy
of the oceans), and astroriomy of course.

1.2.I.PhysicalGeology.PhysicalgeologydealswiththeEarth's
composition, structure, the movements within and up.on the Earth's
crust, and the geologic processes ky which the E-arth's surface is, -or
has been changed. This division of geology includes in itsLelf,`the
following branches :

¢D rwineralogy .,
QitD petrology.,                                                                      ``

¢itbD structural geology .,
(iv` geomorphology ., EL"d
(v) ecorromie geology .
These branches are defined below :
(a.) Mineralogy. The mz.nerozqg);, obviously deals with the study

of minerals. Minerals are` the basic-constituents of rocks, and thus,
influence the properties of the rocks. Hence, inorder to know the
properties  of the  rocks,  one  has  to  study the  properties  of the
minerals. In mineralogy, therefore, the mode of formation, composi-
tion,  occurrence,  types,  association,  properties,  uses,  etc.  of the
minerals, shall be studied in details. This study will help the civil
engineers to know as to why the rocks like Quartzite and Marble,
which though resemble in shine, colour and appearance, yet differ
widely in their behaviour ; Quartzites being very tough, strong and
durable ; while Marbles disintegrate and decompose in a shorter
period. This happens so, because of the differences in their mineral
compositions.
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(jz)Petrology.ThetermPetrologyisderivedfromtheGreekword,
Pefro + ;ogos. Petro means rocks and logos means study. Hence,
petrotogy means the study of the rocks. Sfroe the Berth:a orust, also
called lithoaphere, is composed of different types of rocks, their
studyisdoneunderthisbranch,whiehdealswiththestudyofmode
of formation, structure, texture, composition, occurrence, types, etc.
of the various rocks of the Earth's crust.

(jjz) Structimal Geology. `The rocks which constitute the Earth's
crust, have undergone and continues to undergo various deforma-
tions, dislocations.under the influence of,tectonic forces ; causing
€oirrn:alrfuonofgealogiedstwcturdstilkefolds,fcult8,joints,unconfir-
mjfjes etc., in the rock masses. The details of their mode of forma-
then, causes, t3pes, classification, importance, etc.-, are studied in
this branch of physical geology.  Since the structural features of
rocks do -affect the strengths and behaviours of the various rocks
rendering them more suitable or unsuitable for engineering uses,
their study to the engineers becomes as important as that of petrol-
ogy.  Say for example,  sedimentary rocks  at a dam site  become
suitablewhentheirbedsdipintheupstreamdirection;whereasthe
same rocks become unsuitable when their beds dip in the down
stream direction.

(jtJ)`Geomorpholegy.Thisbranchofgeologyexplainsandstudies
the origin of various surface features of the Earth.

(z/) Economic Geology. This is a specialised division of Mineral-
ogy and Petrology, wherein the products of the Earth's crust having
good economic value, are studied. Valuable Ores, containing metals,
like diamond, gold, etc., ecorromjcdr mjnercds  Zjfee coc[Z, pefrozet4m,
etc., do come under the domain of t,h, is specialised study. It includes
the study of their occurrence, search, and exploitation for commer-
cial and industrial uses.

1.2.2. Historical Geology. Historical geology deals with the
study of the origin and evolution of the Earth and its inhabitants.
Like physical geology, this division of geology has also been bifur-
cated into several branches, due to the variety and vastness of this
field. Each of these branches is actually a science in its own right,
andonemaydevotealifetimetostudythespecialisedsubjectinany
one of them. The various sub divisions of this branch of geology
includes :

¢D stredgrapky ..
¢tiD palcunntology ., atnd

¢ii@ pchaeogeograpky.
These branches are defined below :
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(2) Stratigraphy. These studies help in working out the geologic
history of an area, and is -concerned with the origin, composition,
proper sequence, and correlation of the rock strata. The term strati-
graphy has been derived from the Greek words : strata + grapky.
Strata means the sets or beds of sedimentary rocks ; while grapky
means the description. Hence, this branch of science deals with the
studyofthebedsofthesedimentaryrocks.Thestudyofsuchrocke
give an indication of the time that has passed since their formation ;
thereby indicating the life history of the rocks and of the Earth and
its inhabitants. The study of these rocks will also involve extraction
offossils,I.e.theremainsofplantsandanimalsofthepastgeological
Eras.These fossils,aresoimportant,thatspecialistsarenowadays
examining them  in  another branch  of historical  geology,  called
palaeontology. This study, thus helps in identifying the ages of the
rocksofthevariousregionsandareas,therebyassistingindelineat-
ing their general civil engineering uses.

(I.a) Palalentology.. Palalentology deals with the study of the an-
cient organisms, plants, and animals, etc ; as revealed from their
remains and remnants a.e. /ossz.Zs). This study helps in providing a
background  to  the  development  of life on  Earth,  over the past
geological eras.

(I.a.I.)Palaeogeography.Thisbranchofsciencedealswiththestudy
of the geographic conditions of the past times. It, thus deals with
thereconstructionoftherelationsoftheancientlandsandseas,and
the organisms that inhabited them.

These branches of historical geology are, infact interconnected
with each other, and overlap also in various respects ; as is the case
with the various branches of physical geology.

1.3. Geology Around us
Ifwestartthinkingintermsofgeology,wewillaltwaysfindgeology
around us. Whether we are walking through the fields ; or driving
through the country ; or standing near a temple or a building ; or
sittingataplace,wewillalwaysbeincontactwiththeprocessesand
materialsofgeology.Forexample,pickupapieceofLimestonerock.
There will probably be fossils in it, which may well represent the
remains of the animals that lived in some prehistoric sea, which
once covered the area.

Similarly, say for example, we are walking along a river bank,
and notice the silt, which has been left on the bank by the river
floods. This should, in geological parlance, remind us of the ability
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of the running water to deposit sediments-edimepts that may on
a later date be transformed into rocks. At the same place, if we
notice,wecanfindthescouredriver,banks,whichhavebeeneroded

Ee::-::io?:n::af;;p:e::,:.ei;:ta::.1:s::¥i::aefs'i:f:;i::fit:-:h::h::sei:a:ci::tg
Sometimes,youmaynoticeafieldofblackfertilesoilsupporting

aflnecropofcorn.Youmaybesuxprisedtoknowthatthisdarkrich
soilmayhavebeenderivedfromanunderlyingchalkywhiteLime-
stonerftillanotherreminderoftheimportanceofEarth'smate+ial
in our every day life.

Sometimes, you may be sitting or standing near a building or a
temple,whereyouwillnoticevarioustypesofstonesusedinflooring;
orinfacework;orinstmcturalmembers.Willyounotliketoknow
as to what-rocks are they, where are they found, and what are their
sdi:engths ernd costs ? AIl these detoils' shall indeed be provided ly
the study Of geology .

Cleology, therefore, concerns with our daily life, and is the most`interestingandusefulsubjectforalaymanaswellasforknowledge-

ablepeoplelikeyou.Onemustknow,ifnotinaspecialisedmanner,
than atleast in a general way, something about geology. The en-
gineers,particularlythecjujzengjneers-whohavetousetherocks
for construction purposes,  and the grounds  (soils and rocks)  for
sxpperting their engineering structures like dams, roads, bridges,
railwaytr.acks,'docksandharbours,tunnels,etc;musthaveagood
and a thorough knowledge of the subject.  Similarly, the mjnj7}g
;ngzneers, who have to mine the rocks, to take out ores and other
rocks for their various economic and building uses, must be well
aware of th.is subject.

Hereisabock:whicheaphinethisfasctnedn:8ctEn_cfinasinp.I?
c[;a lucid Than;er, as to inche it easily understandable, even u)i!h
a:ueragecaurbrec[;d,indeuigenee._Thestwg;y`?fthe_supje?±r?aryalso.
ideey-ova,nddstthemounSdins,_riv?rsan.dedecLnetosti!q;y.theirroc.fe.-typ;s, gedogieal fectwr?5,_ apd other ppenom.era.,. whifef a %!ou,r{I!L

;:viy -enj;; sine-e it u]{u bring you i,n chose Vicinity u]ith the f tnest
scenenythcttheu)oridprouides.



The Earth on Which We are Living
2.I. The Universe and the Solar System
Theearthonwhichwearelivingisa`remarkable'astronomicalbody
in the entire universe, even though it is neither the largest or the
heaviest, nor the fastest or the slowest member of our soZ¢r eysfem.
It is, infact, a very insignificant component of our solar. system,
which consists of nine major planets (including the earth) moving
around a central body-the Sun. Besides these nine major planets,
there  are  32  moor}s  or  Sofezzz.£esL,  +ast  number  of  as€erojczs2,
thousands of comets3, and innumerable meteors4, which constitute

:::iiniegnaslapraerireovfoT=rn:oi'na:e=:|t;Fh.eTae=:i:|ea=equ|o=uP::ntehtessa=d
In addition to this movement around the sun, these planets -are
undergoingconstantrotationabouttheirownaxis.[Thetimestaken`
ky different planets. to complete the full revolution arouhd the sun,
and rotation about their own axis are sho`wh in column (6) and (7)
of table 2.1].  The I.nner four planets,  in the order of increasing
distance from the sun are (1) Mercury ; (2) Venus ; (3) Earth ; and
(4) Mars. The oz.£er group consists of (5) Jupiter ; (6) Saturn ; (7)
Uranus ; (8) Neptune ; and (9) Pluto.

The four inner planets are also known as terrestrial planets
because they are about the same size, and their density suggests a
composition of iron and stone. They are,  thus, characterised by
relatively smaller mass, much hither average density (above 4.2)

1. SateFHtes or Moons are those celestial bodies, each
aroundanyofthesenineplanets.

of which are revolving

2. Asteroids are the minor planets, generally Situated between`the orbits of
Mars and Jupiter, as shorn in Fig. 2.1. The largest of these bodies probably
exceeds 700 kin in diameter, and the smallest visible ones are 2 to 3 kin across.
3. Comets are the heavenly bodies having a long tail pointing approrimatdy.,
away from the sun, and a brighter head section (coma) that aQnfaine a sri}all
bright nucleus.
4. Meteors are smaller solid bodies moving through the apace, `and fpE=tting
illuminated while entering_earth' a ahao aphere.

7
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and faster speeds of rotation. These fo,ur planets have also been
referred to as mj7ior pzanets. The five outer planets are the major
planets which resemble the terrestrial planets, but  are usually
treatedasaseparategroup.Theyarecharacterisedbyheavymass,
much lighter in average density ®elow 2.4), and sluggish in speeds
of rotations.

Astrologers agree that all the major planets have already been
discovered. The latest and the most recent discovery was that of the

Fig. 2.1. Figure showing a part of the solar system in apace. The sun is
in the centre and the observer is located beyond Jupiter.

planet Pluto, the farthest planet from the sun, and whose position
in space was predicte-d by astronomers more than a dec-ade before
the actual discovery in 1930. The only planet, for which no moons
are known, are Mercury, Venus and Pluto. The Earth has only 1,
whereasSaturnhas10,andJupiterhas12;MarsandNeptunehave
2 each, and Uranus has 5.

Even iuspite of the fact that the earth is a_very insignificant
componentofoursolarsystem,andmuchmoreinsignificantpartof
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our universe*, it has been termed as `remarkable', mainly because
of the fact that out of billions of celestial objects in the universe, it
istheonlybodywhichiscertainlyknowntosupportlife,asweknow
it today**. It also becomes important to us because it is our home
and we live on it. So let us now study this planet in details.
Table 2.1. Certain Important Facts about the Solar System

S. NCLme Of Aroenge Equchrial Derrsity Lengthcif I.eTrfeh,of
Nb. the Phat Distarue DicLmfter (water 1) tine for tine for one

or the from the inkm one trip revohafron
Celestial Surb i,n around the a,bout the oujn

bedy Mi,uion siJ,n (earth ari8 (earth
Am unit) unit)

'J' r2' f3' f€' f5' • (7'
1. Mercny 57.91 4878 3.80 88 days 59 days

2.3.4.5.6.7.8.9. VenusEarthMarsJupiterS`at-UranusNeptune 108.2149.6***227.94778.331,426.982'8714,4975,914 1210012,756- 4.855.524.011.330.731.221.41(?) 224 days365y4 243 days(Retrograde)23hrs.

12,714 days 56 in. 1 see

6,793-6,7531,42,880-1,33,5401,20'000-1'06,90050800-4940048,600-47,500 1.9years11.9years29.5years84years164.9years 24 hms. 37 nin9hrs.50min.10hrs.14hin10brs.49min15hrs.48ri.6.4days

Pluto 5500 248 years

Sun - 13,83,740 1.41 - 25 days

Moon 150 3'480 3.34 - 28 days
*Previously it was thought that the universe consists of only the mz.Zky
galaxy containing the sun and the planets of our solar system. But now it has
beenestablishedthattheuniversecontainsbillionsofgalacticeystemsandeach
galaxy consists of billions of individual stars. In this way, our solar system
becomesaveryinsignificantfractionofouruniverse,intheastronomicalsense.
**The recent studies have shown that the possibility of life on Mars cannot be
entirely mled out.
***This distance equals one astronomial unit (A.U.).

u)Cry-i1
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i 2.2. The Planet No. 3 (The Earth)
Fromtheabovediscussion,itbecomesobviousthattheEarth'splace
in the universe is indeed small, and compared to other planets, it is
not too large in size. Even inspite of that, Earth is a sizeable body,
withapolardiameterofabout12,714)qu,andequatorialdiameter
of 12,756 kin, and thus has an equatorial bulge. The circumference
of the earth is about 40,000 kin, and its surface area is about 510
mimon square ke. Its volume. is about 1042 billion cubic kin, and
its mass is about 5.97 x 1021 tonnes. In shape, the earth is like `an
oblate spheroid. That is, with the exception of a slight flattening at
the poles, the earth is nearly spherical or ball shaped `(see Fig. 2.2).
This minor flattening or earth's equatorial buldge is caused by the
centrifugalforceofrotation.Thismidriffbulgeofearthisveryminor
in the sense that on a model earth of 8 metre in diameter, one could
hardlyseeit,forthisslightprotuberancewouldamounttolessthan
2 cm. On the same scale, our highest mountains would rise to about

±cmabovethesealevel.

Fig. 2.2. The spheroidal Earth.

But despite its relatively Unassuming statistics, ours is a most
fortunate planet that seems "just right" in many ways. Its general
size,  composition,  daily rotation,  and  its  distance from the  sun
perhaps  provides  optimum  conditions  for  the  development  and
continuation of life. The fact that Earth is the only planet that
appearstohavealargesupply.of water,hasundoubtedlyhadmuch
to do with this. Earth's No. 3 position is also very important2 for at
about 150 million kin from the sun, it is neither too near it, nor too
faroffit.Hasitbeenveryneartothesunlikemercury,theheatand
temperatureswouldbeenormouslyhigh(i.e.330°C)andseaswould
haveliterallyboiledaway.Ontheotherhand,ifitwouldhavebeen
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