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9.1 INTRODUCTION

Theliteral meaning o the word stratigraphy (stratum=alayer, graphien = to describe) is
descriptiondf layers. Sedimentary rocksare truely layered rocks and therefore, strictly
speaking, stratigraphy would mean descriptionof sedimentary rocks In theearly days of the
developmentof geol ogical science, the word stratigraphy wasindeed used inits literal

sense. The scienced stratigraphy is, however, not such asimplescience giving merely
detailed description o rocks. It collates many aspectsof geological study and helpsin
bringing about history of the crust of the planet Eaxth. Therefore, stratigraphy occupies the
centrd placewithin the entire scope of geology.

Itisnot possiblefor everybody to study thedetail sof stratigraphy of the entire earth and
hence, sratigraphy isstudied region-wisevis-a-visglobd context. Therefore, Indian
Stratigraphy isthe histroy of the part of thecrust occurringin theIndian subcontinent.

Objectives
After studying this unit, you should be ableto
* describethe types of rocksoccur in any region of Indian Subcontinent,
* daboratefield relationshipsof variousrocks occurring in aregion,

* decipher geological period during which a particular rock or a particular rock
sequencewas formed,

» gather dl historical aspectsof arock from thegeol ogists viewpoint,such as
palaeoclimates, pal aeogeography,

* detail thedistributionof geologica resourcesof economicimportancein the
subcontinent,and

* statethe material and geological structuredf aplacewherean engineering project
isto be undertaken.
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9.21 Concept of Timeand its Divison

Geologistsbelievethat theearthis a least 4600 million years old. It has been the endeavour
of thegeologiststo reconstruct the history of theearth right from the time when it wasin the
gaseousdtate. Several typesaf events havetaken placein thislong history, which must have
left their markson therocks.

Such events include episodes of structural disturbancesresponsible for creating chief
mountainchainsof theworld. Some other episodeswere related to magjor and minor igneous
intrusions. The earthexperienced glaciation. Therehad been redistributionof continents and
oceans. Thefragmentsof continents drifted thousandsadf kilometers away to occupy their
present positions. There hed been varietiesof life dominating different timepeirodsd the
earth's history. All theseevents have been taking place incredibly in past and are continuing
even today.

These episodesconstitute different chaptersin the chroniclesof the earth. In redlity, the
periods during which they took place are artificia divisonsof time, which infactisan
abstract continuumand never ceases to flow.

Itisfor the convenience of man that timeisartificialy divided into different units on the
basisof events taking place either at definiteintervasor with auniform speed. Thus,
swinging d pendulum, flow of sand in an hour-glass, rotation of earth around itself and
around thesun are utilised as the means to recognisedifferent types of time units.

9.2.2 Fossilsand Palaeontology
_The termfossil hasitsoriginin alatin word, Fossilis. Thelatin word fodere means todi g.
Therefore, afossil is anything recovered from theearth's crust by digging. Thus, dl the
minerals,rocks, ores, petroleumn and groundwater, etc. become fossiIsif the term is taken by
its dictionary meaning. All these objectswereonce indeed referred asfossils. Now,
however, the termfossils has conventionally beenrestricted to those objects which indicate
life of ancient time preserved in rocks.

Though, the scientific community has understood what afossil s, it has becorhe difficult to
coin a precise definitionof fossilswhich would escape criticism. For our purpose here, we
may adopt the definition of the term’ fossil' given by Henry Woods, a noted British
palaeontologist, in his famous text-book, His definitionis: remainsof animalsand plants
of past ages, preserved in rocks.

Thisdefinitionmight give afairly accurateidea about whet fossils are, but all the
connotation meant by the term are not includedin it. Therefore, it will be worthwhile
discussing here the attributesof fossils.

A fossil isorganicin origin. But that doesnot mean al theobjectsof organic origin are
fossils. For example, cod and petroleum, though of organic origin, are not considered
fossils. They do not reflect themorphology of organism from which they were produced.
On the other hand; burrows, foot tracks and other markings, created by organic activity and
preservedin sedimentary rocks, are considered asfossils.

A fossil isobviously an object which hassomeantiquity. Theremains of organisms that
existed in recent past do not constitutefossils. However, to what extent this antiquity should
beisamatter of controversy. A general agreemeritseems that life represented by fossils
should atleast be of prehistoric time. However, that does not mean that the genusor species
must be extinct. Thefossils o the genusLi ngul 8, amarine animal belonging to the phylum
‘Brachiopoda, are foundin therocksof dl the agesfrom 500 million years. Thegenus aso
existsin thepresent day oceans. Incidentally, such forms are called as living fossil s because
they have avery log range without any remarkableevol utionary changes.

In most of the casesfossilsarepreserved in rocks, but this should not be an essential
prerequisitefor an object to be called afossil. Scientistshave discoveredthe remainsdf life
In some tar-poolsof Trinidad or in theice and frozen muds of Siberia. Such remains are also
caledasfossils.

It wasknown for centuriesthat objectssimilar to marine shells and other organisms are
found in rocks. But, thehuman being took quitealong time to recogni se the exact nature of
such oBjects. Funny ideasexisted about them. They were considered as the constructionsby
the Devil or jokesd nature. They were alsoimagined to be sportsof nature produced by
some plasticforce.

Therewere, of course, afew who recognised that fossilswere theremainsof organisms of
past and the placeswherethey occurred were once upon atime under marine waters.
However, their views went unheeded. The human raceis superstitious and many a time
guided by religiousscriptures. Rational thinkingbecomesimplausible. | t was not untill the



time when Leonardo da Vinei suggested that so many objects taken out from the Indian Stratigraphy
construction-sitedf acanal in Europe were theremainsof some ancient organisms, their
true nature was realised.

Thiswas the first attempt to stressthe correct meaning of fossilsemphatically which gave
theimpetus to study fossilssystematicatly. The branch of sciencewhich deals with them is
termed palacontology (Palaios= ancient, Ontology = Biology). Therefore, adefinition of
paaeontology may be given as that branch of science which deds with the systematic study
d pastlife. However, the life of past is represented by fossils done and therefore,
palacontology is alsodefined as the interpretativestudy o fossils.

Pdaeontology dealswith al questionsconcerning the organic structure, biological
classification, rel ationshi p between different groupsof organisms,organicevolution,
condition of existence and distribution in lime and space d the ancient inhabitants of the
globe.

Leonardo daVinci iscalled thefather of palaeontology.
It goes wilhout saying that palaeontology isrelated to both geology and biology.

9.2.3 Basisfor Dividing Geological Time

Inorder to dividethespan of 4500 million yearsinto suitabledivisonsand subdivisons,
rocks arelooked upon as the reliable means. The studentsof stratigraphy have to appreciate
thet flow of time, accumulation of sedimentsand evolution of life have taken place hand in
hand. The sedimentary rocks are depositedin apileof layers arrangedin a ¢hronological
order. Each layer was formed in a definite time period of the earth’s history and life
characterigtic to that period was preserved in that layer in the form ot fossls. As more and
more information was gathered, it was established that the different perjods were
characterised by different stagesof organicevolution. Therefore, thelife, particularly the
sageof evolution attained, was found themost suitablecriterion for dividing the geological
time. Older therocks, more primitive isthe life. Newer the rocks, more modem isthelife.

9.2.4 Divison of the Geological Time Scale

Inthe oldest period, life was nlicroscopicconsisting mostly o microscopic organisms
lacking exoskeleton. Some lower invertebrateswere probably present, but their preservation
in therocksis very obscuredueto lack of hard parts. Hence, their identity is not
convincingly established. Thisdivisiond the earth's history iscalled 'Cryptozoic',

meaning aperiod, thelife that existed during it, isobscurely preserved.

Inlater rocks,identifiableremains of lifearefound. Thelife hail evolved to such an extent
thet anima spossessed hard partslike shells, bones, teeth, elc. Therefore, their preservation
in recognisablefossilswas possible. The major geologica division during which these rocks
wereformed is called 'Phanerozic', meaning aperiod, the lifewhich existed duringitis
presarved in wdl identifiable forms.

Cryptozoicand Phanerozoic arethe grand divisionsor 'Eons' of thegeological time.
However, they are highly unequal intheir durations. The Cryptozoic Eonis of 3900 million
years duration, whilethe Phanerozic Eonisof only 600 million yearsduration. Bath the
Eons arefurther subdivided into Eras.

As regardsthe Cryptozoic Eon, two Eras are recognised. Theformer Era, when either there
was probably no life or the life that existed was highly undevel oped, primitive and
microscopic, is called Azoic or Archaeozoic Era. Thelatter, when evolution gave riseto
proliferationof slightly advanced life which served asthe stalk o further biotic
developlopment, iscalled ProterozicEra.

Thedivisionsof Phanerozioc Eon arecomparatively well recognised since the rocks
deposited during this Eon contain well preservedfossils. Three main Eras are recognised.
Theoldest isPalaeozoic Era(meaning Erawith ancientlife), the middle is Mesazoic Era
(meaning Erawith intermediatelife) and the youngest iS CenozoicEra (meaning Erawith
modem life).

Within Ees thereweresome smaller periodsduring which acertain group of organisms
was more abundant than the others. Similarly, at certain specific timessome groups of
organismsappeared on the earth for first time, while a certain specifictime certain group of
organisms becameextinct. Depending upon these criteria, reflected in thefossils
assemblagesrecoveredfrom sedimentary rocks the Eras are subdividedinto ages (see
Table9.1). Very fine subdivisionsare recognisedwith thehelp of fossilsof those organisms
having very limited distribution in time, known as index or guide fossils and zone fossils,

1.



Materials of t he Earth Index fossils(or guidefossils) are thefossilsof those organismswhich had a limited time
range, but their distribution in space wes very wide. These organismsrequired to have such
adistinct morphology that today their fossilsareidentifiedeasily. The number of
individual shelonging to them was numerous. Also, they had atremendous power of very
quick migrationand acapacity to thrivein any typed environmentfacilitating their wide
distributionin space.

Zonefossilsarethe fossilsof those organismswhich had attributessimilar to those animals
giving rise toi ndex fossils, but their distributionin space wasnot very wide.

Table9l : Geological Time Scale in a Tabular Manner

Nane of the Nane of Name of the Peri od Name of Started | Ended Duration | Fossl Groups
Eon the Era theEpoch | before | before million used asindex
millien | mllion years and Zone
years years Fessils
. Quaternary Recent 0.2 present 02
Subrecent | 2 0.2 18
L’C_S) Plestocene | 3 2 1
8 Pliocene 12 3 9 TForminifers
= Neogene 1 mainly,also
59 - molluscsand
) Miocene 5 12 13 mammals
Tertiary Oligocene | 40 25 15
Palneogene | Eocene 60 40 20
® Palacocene | 70 60 10
L Cretaceous 15 70 65
&
@) Jurassic 180 135 45 Bivalves,
N Ammonoids
¢ 2 Triasd 25 180 45 Ammonoid
rassc
E)-q gg onoids
S 2 Permian 270 225 45 Brachiopods,
) Ammonoids
% Carboniferous 350 270 80 Goniatites,
Pteridosperms
&
Q Devonian 400 350 0 Goniatites
am N
Q Silurian 440 400 40 Graptolites
E Ordovician 500 440 60 Trilobites,
E Graptalites.
Cambrian 600 500 100 Trilobites
Proter ozoic* 1500 600 900
CRYPTOZIC*
Arxchasozic* ? 1500 7

Note: 1) Epoch names d only Cenozoicarerecognised almost world-over. Thetefore epochs of other erasare not
given. Itisdonealsotoavoid unnecessary details:

2  Nameswith asteriks are not used very commonly.

Though, the staged evolutiond lifeisthemajor bassfor divisonof geological time,
other geol ogical processes such as tectonic disturbances,igneousactivities, breaksin
sedimentation,changesin palaeoclimates, €tc. are also taken into consideration. But their
utility as themeansfor recognising geological periodsislimited and found mostly & loca
importance

SAQ 1
a) Givereasons
i) Though of crganic origin, coa and petroleum are NOt considered as fossils.

9 i)  Leonardo da Vinci 15 considered as the father of palacontology.



ifi) Palacontology may also be defined asthe interpretative study of {ossils, Indian Stratigraphy

b) Giveanswersin single sentences
iy  What has been the endeavour of geologists?
ii) Whatisthe basis for dividing titne into artificial divisions ?

ilj What are living fossils 7

¢) Fillin the blanks

iy Timeisan ... WHICIMEYET c..vveves v

H) v of time, accumulation of ..o and
............................... of lite have taken place hand in band.

i) The two Eons are highly .eeeseensesseeens in their durations,

d)  Define following terms
i) Fossils
ii)  Stratigraphy and

i1l) Index fossils

9.3 CONCEPTSIN STRATIGRAPHY

Stratigraphical data are collected by fieidwork, Fiedd observationsinclude noting down the o .
relationshipsof different rockswi t%l/ each other, sedimentary structures, structurz?l Unconformity : ﬁ';‘;‘;;{;‘:;s
disturbances, identifying unconformities, studying degree and type d metamorphism, timeof sediments.
igneousintrusions, volcanic episodes, etc. The area under study i s mapped geologically.

Field work comprises not only o bringing about the basic facts but also of systematic

collectiond rock samplesand fossils, which arc later studiedin laboratory. Discovery of

the phenomenon of radioactivity opened ayet another avenuein sratigraphy, since

radioactivemineralshelp in cal culating absol ute age of arock.

Information, which dratigraphy yields, is variform and manifold. One can know the
sequencedf geological events, evolution of life, climates of ancient geological periods
(palaeoclimates) and changestherein, environment of sedimentation (depth, current
direction, etc.), age of rocks, etc,

Just like any other branch of science, dlratigraphy also progressed due 0 the efforts O
certaininquisitivescientists. These scientistshad acuriosity about the natural processes, an
admirable ability for minute observationsand a flair tointerpret the observationsina
rational way. Thestudies made by Lehmann, Grabau, Steno, Smith, Hutton, Werner, Lyéll,
etc. in 17thand 18th centurieslaid afirmfoundationfor stratigraphy, Three fundamental
principlesof stratigraphy evolved out of their work. They are (1)Principledt order of
superposition, (2) Principle of uniformitarism, and (3) Principleof faunal succession.
NicholasSteno wasfirst to recognise theprlnmple of order of superposition. Thisprinciple
isvery easy to understand. In apileof sediments, the sediment which occurs at the bottom
was deposited first and the sedimentsaboveit comein a succession, So that the uppermost
layer isthe youngest. In Figure9.1, thebed A was formed first and therefore, the oldest.
BedsB, C, D and E were formed subsequently. E comes at thetop and therefore, isthe
youngest bed.
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Figure 9.1 - Order of Superposition, Bed A isthe Oldest and Bed E isthe Youmgest

Thus, the study of successiond strataindicates their chronol ogical order. However, thisis
possiblein cased an undisturbed sequenceonly. The strata that have undergonefaultingar
folding subsequent to their deposition must be examined with utmost care so as to avoid ay
poss blemistake inidentifying the correct order of superposition.

Principleof wniformitarism was established by JamesHutton in 1788. It says that theforces
at play in nature today and those during the past are uniform. Pattern of current bedding and
ripple marksin the sedimentary rocks deposited millionsaof years ago are identical with the
patternfound in the present day river channelsor the present day beaches. It is therefore,
reliably evidents that the processesresponsiblefor their formation were similar. This
uniformity in the geological processes becomes ahandy tool a the disposal of stratigrapher
and thereby, acomprehension of the present day activitiesof naturewill help to know the
eventsin past better.|n stratigraphy, therefore, the expression 'present isthekey to past' hes
amost becomeaproverb.

With thehelp o this principle, we can decide whether asediment is marine, fluvial or
fluvioglacial by studying its sedimentological attributes.

Stratigraphy owes the principle of faunal successionto a British engineer, William Smith.
During the course o hiswork in aparticular regionof England, he became acquainted with
fossilsoccurringin the sedimentsof that region. He redlised that in the sequence of
sediments, each layer ischaracterised by an assemblage o marine invertebratefossils.
Extrapolating his observations, it could be gathered that different periodswere characterised
by definitestagesof organicevolution.

This principlegained wide acclam sinceit turned to be useful so that entiregeological time
scale, aswe have atready seen in thisunit, is based on this principle. Smith who recognised
this principle for thefirst timeis, therefore, called as thefather o stratigraphy.

Beforewestart our actua study of geologica history of the Indian subcontinent, it will be
essential to get acquainted with the conceptsd lithostratigraphic classification and
geological correlation.

Differentrocks which are more or less definiteunits o theearth's crust form the subject
matter of the stratigraphy. According to the principledf order of superposition, their
chronological relationshipcan be establised. It istheeffortof stratigraphers to know
whether the depositionof the sequence was continuousor with bresks. Continuous
depositionisidentifiedby conformable Srata aternatewith unconformitiesgiving aclue as
to how many episodesof sedimentationtook placein aregion. Thesmallestunit in a
sequenceiscaled amember. A few members together congtituteagr oup. The two groups
are separated by anwinconformity. Groups taken together constituteasuper group and
supergroupsform asequence, with more and more pronounced unconformities. Such a
classificationis called Lithostratigraphic Classification. Once the members, groups,
formations, etc. are identified, stratigrapher have to look for thegeological period during
which they were deposited and al sofor other information which can be gathered from the
rocks. The amis to know the life, climate, conditionsdf deposition, etc. duringagiven

geological period.
Significanceof any loca sequencedf rocksis oftenlostif its relationsto sequencein other

" areasremainunknown, It will be of morevalueif therocksof the same agein different

areasare located and then chronological sequencedt eventsis erected. Thestudy enabling a
stratigrapher to establish an equivaencein geological agedf thetwo rocksiscalled



correlation.|n other words, correlation meansdeterminationd the contemporanity of
geological eventsinto two areas.

Correationisone o the most obviousand necessary functionsof stratigraphy. Itis with the
help of correlation, that the two socks aredf the same age can be conclusively proved,
thereby, enabling us to view the pictureof planet earth at a given time more perfectly.

When correlation for successively younger and younger rocks s taken into consideration,
changesthat have takenintheiace of earth can very wel be visualised, in a sequential
manner. Hence, correlation becomesimperativefor collecting information on devel opment
of continents, distribution of land and water, evolulion o lifeor the vicissitudes in climates.
Toastudent d economicgeology correlationisd equal importancebecause some
geologica periodswerefound responsible for formationof depositsd certain ores. For
example, cod depositsoccur in sedimentsof Permo-carboniferous age, or petroleumis
generdly found in theTertiary rocks.

Any proof revealing that the two rocks under consideration were formed simultaneously,
becomesan evidence for correlation. Correlation should be based onany kind of pertinent
evidencethat is available.Generally the evidencesof correlation areclassifiedinto two
types: (1) physical, and (2) palaeontological.
SAQ 2 ’
a)  Give answers
iy  State the three principles of stratigraphy,
if) What is the subject-matter of siratigraphy

i) ‘Which is the most obvious aud necessary function of stratigraphy ?

b Fll in the blanks

ii) Principle of ..o, is the basis o which entire peological
column IS based.

iii) Conformable strata alternate with ............ giving clue as to how many
..................... took placein aregion .

9.4 PHYSIOGRAPHICDIVISIONSOF INDIA

I ndian subcontinent can be viewed as consistingaof three distinct physiographic regions.
1) Indian peninsulalying to the south of plainscf Indus and Ganges river systems,

2) Indo-Gangetic aluvial plainsstretching across most of norther Indiafrom Assam and
Bengd on the east through Bihar and Uttar Pradesh to Panjab and Sind in the West, and

3) Extra-Peninsulacomprising lofty mountainchainsof Himalayas extending into
Baluchistan on one hand and Myanmar on the other.

Thesethree divisionshave their own speciditiesabout their phiysical, stratigraphical and
structural festuresand, therefore, aredistinct from each other. Asregards physical features,
the peninsulai s aplateau subjected to erosion for avery long time, giving riseto mountains
of therdlict type. They are Camed by survival of the harder rocks, resistant to weathering,
Mountainsin thisregion are not formed becausedf their geologica structure. Therivers in
peninsulatraverse moreor lessflat country and flow with avery low gradient. The
extra-peninsulaconsistsof tectonic mountain chainsd very recent origin. Theriversin this
regionareactively eroding their beds with extremely steep-sided gorges. TheIndo-gangetic
plainsare vast level expanses created dueto the depositiond recent alluviumthrough
which number o riversflow slowly.

Fromstratigraphical viewpoint, thepeninsulais astable, ancient region. Old,
metamorphosed, crushed, recrystal lised rocks Gom the basement and areexposed in nast  of
the areadf peninsula. A few basinsof Proterozoic age, Palaeozoic age and Mesozoicage
reston it at someplaces. Almost entireMaharashtra and adjoiningparts of neighbouring
statesexhibit occurrence d thick pileof lavasheets. The Tertiary and Quateinary rocks are

Indian Stratigraphy
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developed mostly along the coastal tracts. The extra-peninsula, barring afew exceptional
occurrence of very old rocks, consistof marinesedimentary rocks of Cambrian to Early
Tertiary ages, now forming theloftiest fol ded mountain chain of theworld. Thecore of the
mountainsismadeup of granitic intrusionsof Tertiary age. Their southern fringe, however,
consistsof freshwater depositsdf Miocene-Plioceneage derived largely from therising
Himalayas. The Indo-Gangetic plains arebuilt up of layersof sands and clays of
geologically very recent time.

Structurally speaking, the peninsulahas remained a stable block of the earth's crust which
has not witnessed any mountain building activity since practically close of the Archaean era.
Thelater structural changes werenot of very high magnitude. Exactly oppositeis the case
with theextra-peninsulawhich hasrecently undergoneearth movements of very high
magnitudes, giving rise to complexfolding of the strata. These movements are still in
progress, not directly perceived by thehuman senses. The Indo-Gangetic plainswere
created due tosaggingin the earth's crust formed simultaneously with the uplift of the
mountains. The depression was later filled by sedimentsderived from both sides.

SAQ3
a) Al in the blanks
i) The Southera fringe of extra-peninsula consists of ... deposits of
.................... age.
it} THe...oooeee . cONSISIS OF (v, mountain chains of very receit. ...
iit) Peninsula is a plateau subjecied tO ..o and for a long titne, giving
rise to mOWntaing of ... type.

b) Givereasons
i) The three physiographic divigions of India are distinet from each other
i) The peninsula has remained a stable Block of the earih’s crust.

95 |IMPORTANT ROCK FORMATIONS OF INDIA

9.5.1 Precambrian Rock Formations

In an earlier section, wehave seen that well recognisable remains of past life arefoundin
therocks of Cambrian period onwards. All the rocks formed before Cambrian, therefore, are
many atimesreferred to as Precambrianrocks. Wehave also seen that theoldest Erais
called as the Archaean Era. Therock formationsformed during the Archaean Eraare called
Archaean rocks. Similarly, therock formations formed afterthe Archaean Erabut before the
Cambrian period arecalled Proterozoicrock formations. The Archaean rocks and the
Proterozoic rocks together form Cryptozoicrocks. The terms Cryptozoic and Precambrian
are synonymous. However, the term precambrian iSin more usage than Cryptozoic.

Archaean Formations

In many partsof theworld, including Indian Peninsula, oldest rocks are seen to occur below
the layersd sedimentary rocks. They are unfossiliferous, metamorphosed, faulted and
complexly folded, crystallinerocksintruded by plutonicintrusions. These factorsimpart a
complexity of field relationshipand geological structure. Such rocks constitute the
Archaean rocks of theworld. They areoften referred to & 'Basement Complex' or
'Fundamental Complex' owing to complexity of geological structure and their occurrence at
thebottom of the geological column.

Some of the Archaean rocks arebelievedto represent portionsof thefirst formed crust
called primordial crust, which was formed by the consolidationfrom the gaseous or
molten state. Further, cooling caused condensationaf water vapour in the then atmosphere
which caused the first rainson theearth. Water was stored in the hollows onthe surface
giving rise to theearliest oceans, which provided basinsfor collecting the ol dest sediments.
These sediments werelater subjected to earth movementscausing folding, faulting and
recrystallisation due to metamorphism. Metamorphosed sedimentswerelater intruded with
plutonicigneousintrusions. The part of the Archaeanrocks wasformed by them. These
igneousr ockstoo were metamorphosed in the subsequentearth movements.
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Figure 9.2 - Distribution of the Archacan Rocbin Peninsular India

The Archaean rock formationsoccupy agreat extent of the Indian peninsula

(Figure9.2). Its southern portions are occupied by the Archaeanrocks. They also occur in
wide areasin Orissa, Bihar, Bundelkhand, Madhya Pradesh and North-eastern Maharashtra,
They alsoareseen in anarrow tract extendingfrom northern Gujarat to a portion d
Rajasthan formingsome part o the Aravalli range. The Archagan rocks also occur in parts
d Shillong plateau and few other areas of north eastern India. Granitesforming the core of
extra-peninsular mountain chain were previously believed to belong to the Archaean age.
Now |hey are known to be much younger.

Inany of these areas, like many other areas of the world where the Archaean rocks occur,
theprimordial crust as such isnot identified. There are two main types of rocks recognised,
metamorphosed sedimentsand metamorphosed plutonicintrusions.Which of them are
younger was a matter of controversy. If sedimentary rockswere younger then the plutonic
rocksformed the large basins into which the sedimentswere deposited. If the sedimentary
rocks wereolder thentheigneousrocks were intruded within them. Now, the second view
seems to be accepted by al.

The metamorphosedsedimentary rocksin south Indiaare called as the Dhar war

Super group of rocks. They occur as narrow beltsgenerally trending NNW-SSE traversing
the country, generally, occupied by the other Archaean rocks. The Dharwar Supergroup
includesvolcaniclava flowsintercalated with the sediments. The vol canic rocks are a so
thoroughly metemorphosed. The Dharwarian rocksinclude quartztes marbles, phyllites,
micaschists, homblends schistsetc. Therearecertainrocks very rich inironores. There are
aso rocksrichin manganese ores.

Previoudy dl therocks, now identifiedas the Dharwarian rocks or their equivalents, were
thought to be metamorphosed igneousrocks. L ater detailed investigationsreveal ed thet they
were metamorphosed sediments. 97
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M etamorphosed sedimentsof the Archaean Sequence, correlated with the Dharwar
Supergroup of south Indiaoccur in other partsof the country. The Aravalli Supergroup of
Rajasthan with-its southerlyextension of Gujarat, called asthe Chapaner Supergroup, are
also metamorphosedsedimentary rocks of that region and areequivalent in age to Dharwar
Supergroup. Similar rocksalso occur in parts of Madhya Pradesh from Bilaspur to B alaghat
and are called as the Chilpi Ghat Supergroup. Towardsfurther west the rocks of the

Chilpi Ghat Supergroup extend into two broad strips. The northern strip constitutes the
Sausar Supergroup occupying areasin Chhindwara (MadhyaPradesh) and Nagpur
(Maharashtra) districts, known for world famous manganeseore deposits, while the

southern exposed in partsof Nagpur and Bhandara districtsof Maharashtra iscalled the

Sakeli Supergroup.

Metamorphosed sedimentary rocksa so occur in the region extending from Cuttak district
of Orissato Vijaywada district of Andhra Pradesh. Along with other rocks, a different rock
consisting of quartz, garnet, sillirnaniteand graphite occursin thisregion. This rock is
named as Khondalite after the Khond tribe of Orissa. Therocksrichiniron ore occur in
Bastar districtsof MadhyaPradesh in association of Khondalite.

There ate many other areas where outcropsof rocks correlated with the Dharwar
Supergroup occur. Such areasinclude partsof northeastern India(Shiliong plateau), Bihar
(Gaya, Hazaribagh and Ranchi districts), Orissa(Sundargarhdistrict), Uttar Pradesh ¢
(Mirzapur district), Tamil Nadu (Salem and Coimbatoredistricts) and elsewhere indifferent
States.

Therocksequivalent in age to the Dharwars also occur in the extra-peninsula. They have
been variously named as Vaikrita Supergroup (Spiti area), Jutogh Supergroup (Shimla
area), Daling Supergroup (Darjecling, Sikkim -Bhutan area), etc.

As has been stated eartier, the rocks of the Archaeanage a so include metamorphosed
igneous rocks, which generaly have intrusive relationshipwith the Dharwarian
metamorphosed sediments, described above. Three main typesof such metamorphosed
igneous rocks have beenidentified, viz., the Peninsular Gneiss, the Bundelkhand Gneiss and

the Charnockite.

Peninsular Gneissof Kamataka occupiesabout 70,000 sg. km. It consistsof a
heterogeneous mixtare of different types of granites, intrusive into the Dharwarian rocks. It
includes granite, granodairites, gneissic granites and banded gneiss. The banded gneisses
consist of white bands of quartz-teldspar alternating with thedark bands consisting of
hornblende, bioltite, etc. Their natureis much complex. There is an abundance o accessory
minerals. Granite gneissoccurring in Baster and Assam, the Salem Gneiss occurringin
Tamil Nadu and the Bengal Gneissoccurring in parts of Bihar and Bengal are therocks
correlated with the Peninsular Gneiss.

The Bundelkhand Gneissoccursin the type areaof Bundelkhand. It is atypical pink granite
without any conspicuousfoliation, occupyinga vast area. It has probably anintrusive
relationship Wth the older gneisses. In contrast to the Peninsular Gneiss, association with
schists causing a banded appearance is only exceptional: alsothereis a paucity of accessory
minerals. The Bundelkhand Gneiss is extensively traversed by dykes and sills of diorite.
The pegmatites and quartz veinsintersecting the main granite massoccur aslong, narrow,
serrated walls. They intersect each others. At placesthey form small natural dams
obstructing riverletsof the region giving riseto alake. Numeroussuch lakes occur in
Bundelkhand. The Berach Graniteof Chittore in Rajasthan, closepet granite, Bellary granite,
Hosur Graniteand Arcot Granite of South Indiaand Mylliem Graniteof Assam are
correlated with the BundelkhandGneiss.

The third group of gneissicrockscontains granitoid rocks called Charnockite, The mineral
assemblage consists of plagioclase, hypersthene, Blue quartz and garnet. Hornblende,
augite, enstatite may aso be present. In the last two decades of the nineteenth century the
various varietiesof rockslabelled as 'Charnockite' wereregarded asrelated igneous rocks
formed due to magmatic differentiation. Later, similar rocks were reported to occur in many
countries and their genesiswas better understood. Someof them, the chamockites proper,
aerecrystallised igneousrocks. Some of them, poor in silicaare pyroxene granulites and
though resemble Charnockites proper have no genetic relationship, whatsoever, with them.
Remaining typesare hybrid rooks formed by Charnockiticmagma that have assimilated
some of thepyroxemegranulites, Charnockites of al these types are restricted to southern
portion of peninsula and some parts near east coast.

The Archaean rocks are very rich in economic mineral depositsincluding metallic and
nonmetallic ores, precious stonesand building material. Most of theiron and manganese



oresd Indiacome from the Archagan rocks. They aso possessores of metalslike nickel, Indian Stratigraphy
chromium, titanium, cobalt, gold, copper, zinc, lead etc. A variety of preciousgemstones

like sapphire, acquamarine, topaz, garnet, tourmaline, zircon, beryl, etc, come fromthe

Archaeanrocks. Many varietiesof granites, charnockites, coloured and white marbles,

quartzites, etc. are used as building stones. A number of historical monumentsin India

including palaces, forts and temples are built in stones derived from the Archaean rocks.

SAQ 4

a) Matchthe pairsfrom type d locksgiven in columnu A and peculiarity in
column B,

A B
Charnockite Banded appearance, abundance of accessory mincrals
Peninsular Gneiss Without any conspicuous foliation, paucity of accessory
minerals

Bundelichand Gneiss  Consisting of plagioclase, hypersihenes, blue quartz and
gamet

by  Give brief answers
i)  Whatis the mineral composition of Khondalite ?

i)  What are the names of westenly extension of the Chilpi Ghal Supergroup
geeuming 1s two siips ?

i) Why are the Archagan rocks called ‘Rasement Complex” |

Proterozoic Formations

Mountain building activity and igneousintrusion towardsthe close of the Archaean Era
induced metamorphism of extremedegree and complexity of structurein the Archaean
rocks. The folded mountains thus formed, weresubjected then to the agents of denudation
for avest time gap. In due coursedf time, someisolated basinswere formed eventually
which providedthe placefor deposition of sedimentary rocks during the Proterozoic Era.
Obvioudly, the first Proterozoic rocks were deposited on the eroded surfaceof the Archaean
rocks giving rise to pronouncedunconformity, generally referred to asthe eparchaean
unconformity.

Inentirespan of the Proterozoic Era, two periodsof sedimentation can be recognised, the
first approximately during the Middle Proterozoic and thesecond during he Upper
Proterozoic. Thefirst oneis typically developed in Andhra Pradesh called the Cuddapah
Supergroup.Today therocks of thissupergroupare exposed in avast crescent shaped area,
with its concaveside facing cast. Thelength o thisareais about 340 km. Its northern
extremity isSituatedalittlesouth of the Singareni Collieries, while thesouthern end
roughtly corresponds |o Nagari hills. The maximum width aong east-west is about 140 km.

Thetotal thickness of sedimentary rocksin the Cuddapah Supergroupis to the tune of

6500 m. Quartzitesand dates are thechief rock typesmet with here. Theearliest rocks have
been intruded with sills and dykes of dolerites. The sedimenary rocksd the Cuddapah
Supergroupshow only alow grade metamorphism. The Cuddapah Supergroup isoverlain
by the K ur nool Super gr oup with an unconformity.

Rocks equivaent in age occur in other isolated basins aso. A series of outcropsoccurring
fromBundelkhand to the south of the Narmada river, comprisingsandstones, quartzite and
siliceouslimestones, is called the Bijawar Super group. The thickness of the Bijawar rocks
in type areacf Bijawar south of Bundelkhandis estimated around 240 m. Some o the
outcrops may actudly be correlated to the Dharwar Supergroupin view of degreedf
netamorphism, basicsills and dykesand iron ore deposits associated with them.

Therocksoccurringin an areaalong the Godavari river in Andhra Pradesh are also
considered equivalent to the CuddaphaSupergroupin ageand are termed as the Pakhal
Group. Certainquartzites,shalesand limestones occurring in the Belgaum district of
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Subsequent to thelr formation, Vindhyan and correl ated rocks were uplifted and
transformedinto land mass. For a very large period Indian Peninsulawas asight of
weathering and denudation, practically without any substantial sedimentation, till Lower
Carboniferous.

Quri ng that time agreat southern continent, now named as the Gondwanaland, existed
whichalong with Indian Peninsulaincluded Antarctica, Australia, Africaand South
America. Thewell-knowntheory of continental drift envisages that the present continents
separated from each other and drifted from original places to take their present positions.
During Carboniferous, glacial climate prevailed on entireGondwanaland and it iswith
glacial depositsthat the next episodedt rock formations- GondwanaSequence - started.

Theclimate dowly becamewarm and humid and remained so during Permian, when the
fluvioglacial sedimentationgave place to fluviatile sedimentationalong major rivers which
existed that time. Moreor lesslinear patternsof the outcrops, presenceof anumber of faults
within the Gondwanasediments and faulted boundaries between the Oondwanarocksand
the me tamorphics suggest that these Permianriversoccupied faulted troughs. The troughs
probably weresinking more and more as more and more sediment Was being deposited.
Thisenabled accumulationd huge thicknessd freshwater shalesand sandstones.

Thishasal so imparted a peculiar mode of geographical distributionto the rocksbelonging
to the Gondwana Sequence. They occur in threestrips— linear tracts. One of themisalong
Narmada-sone-Damodar riversaignment,second along Mahanadi river and the third along
Godavari river (Figure9.4). In addition to these, three strips someisolated outcrops also
occur because towardsthe close of the Gondwanaperiod around L ower Cretaceous
sedimentation took placein distant isolated basins. Such outcropsoccur in Kutch,
Kathiawar and along our east coast.
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Figure 9.4 : Didribution of the Gondwana Rocksin Peninsular India

Ashas been stated above, the Gondwana period started with an ice age, thefirst rocksto be
deposited were glacia boulder-beds. Thishorizonisreferredtoas Talchir Boulder Bed
formallyin Indian stratigraphy and forms an important datum linenot only inIndian
context, but also pertaining toal partsdf the Gondwanaland, During Permian, freshwater
sandstones and shaleswere deposited forminghuge thickness. The humid and war mclimate
supported luxuriant growth of forests. Theseforestsconsisted mainly of equisetales and
pteridosperms. \ egetabledebris which accumulated as interca ations within thelayers of
shales and sandstones|ater formed coal seams.

During Triassic, the climate changed to arid, reflected by the decline in plant foossilsand
presence of intercalationsd ferruginous shales. Fossil fish, amphibia and dinosaurians are
aso preservedin the Gondwanarocks deposited during Triassic. The warm and humid
climatereturned during Jurassic and Lower Cretaceous. Thereby, thereis anincreasein the
plantfossils, but by Jurassicplant groupslike filicales, cycadales and coniferales had taken
the placed equiserales and preridosperms. Development of coal is also there, but not as
pronounced & during Permian.



Rocks of the GondwanaSequencehave provided very significantinformation. The plant
fossilsfoundin theserocksare asoreported from correlated rocksof the other constituents
d the Gondwanaland. Their presencein the Gondwanarocks of al these continents, despite
the fact that plants do not possesslocomotary organs and their migration across the oceans
isobvioudly very difficult, is apositiveproof of existence of the ancient Gondwanaland.
Therefore, thefossi| plantsfrom the Gondwana Sequence, in away, provide a direct
evidence to the hypothesisaof the continental drift. Along with the petrological characters of
the sedimentary rocks, theplant fossilsalso have helpedin identifyingthe climaticchanges
during the Gondwanaperiod.

Rocks of thissequence are alsoknown to occur in the extra-peninsula. They generally occur
as narrow strips and are structurally much disturbed in comparison to their peninsular
counterparts.

The Rajmahal hills were formed during the Lower Cretaceousdue to volcanic activity. The
eruption was of thefissuretype. Thelavas that were poured out at certain intervalshad
basaltic composition . This volcanic rock formation caled the Rajmahal Trap constitutes
apart of the Gondwana Sequence. It containsat certain horizonsintercalationsd thin
sedimentary rockscalled Rajamahal I ntertrappean Beds. There are someexcellently
preserved coniferous, Cycadean and fernfossilsof Lower Cretaceousagein them.

From economic geology point of view, cod isthemain interest of the GondwanaSequence.
Most of the coa reservesaof Indiacome from fthe Gondwana Sequence. Those outcrops of
this sequence, contai ningcommercially workable cod seams, arecalled coafields. They
occur in Bengd , Bihar, Uttar Pradesh, Madhya Pradesh,Maharashtra, AndhraPradesh and
Orissa. The Gondwanacoal of Indiadoes not belong to the best category (anthracitic). It is
medium quality coa (sub-bituminousto bituminous).

Along with coal, important clay depositsoccur in the Gondwana Sequence. Theclay from
these depositsare used in manufacturing refractory bricks, roof-tiles, pottery, china-ware
and terra-cotta. A gooddeal of variety of sandstonesis met with in the Gondwana
Sequence. Some of them are useful asbuilding stones, some for carving and some for
millstones. Somesandstones provide silicasand.

SAQ 6

a)  What are the evidences to dedues that Permian flaviatile sedimentation took
place in rivers pccupying favlied ironghs ?

b) What suggests that warm and humid climate in Fermian gave place lo arid
climate during Triagsic?

¢)  Whatare the uses of clay deposits ocenrring in the Gondwana Sequence?
d) i ip the blanks

i) The Gondwana period started with an ..o and the firgt rocks of
the Gondwaina Sequence £o be deposited were v

i) The name Gondwana Sequence ISderived frombe ..o cevviinrenan,
OF corivrmennrnes coraremseteaeas whiete (e ... overen., 0F this sequence were first
noticed,

90.5.3 Marine M esozoic Rock Formationsof Peninsular India

The driftingof continentshad many impactson the geology of Indiaother than forming
rocksof the Gondwana Sequence. The marine Mesozoicrocksof Peninsulawere formed
duetoincursionof oceanic watersover thelow lying terrestrial portions caused indirectly
by the continental drift.

Such locd and temporary encroachmentsof marinewaters on coastal low land tractsare
caused due to reductionin the capacity of oceans. The sedimentsdeposited on the flcor of
old Mediterranean Ocean separating the Euro-American continent in thenorth f r omhe
Gondwanaland on south by itsvast stretch, vere buckled up and throwninto folded
mountainchain, which wenow recognise by thenameAlpine-Himalayan ranges. The
nount al n buildinghas taken placein definite pulses. Every pulsereducedt he capacity of the

Indian Stratigraphy
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oceans forcing marine watersto spreadin low lying.areas in the vicinity of coasts. Records
of such innudations by marine waters are known world over. These marine transgressions
gave riseto some marinerocks in Indian Peninsula.

After the Vindhyan sediments wereformed and uplifed, the Peninsular Indiadid not
experience any marine sedimentationduring the entire Palaeozoic Era (there are afew
exceptions, though) and the Triassic period of the Mesozoic Era. But during Jurassic, large
areasin Kutch and Rajasthan wereinvaded by marine waters.

Marine Jurassic sedimerntary rocksof Rajasthan occur in Jaisalmer and Bikaner districtsand
have thickness o about 2,000 m. They are mainly sandstones and grits, with certain
horizonsconsisting d limestones. Someaf the horizons contain gymnospermous wood
fragments and ferns indicating vicinity of land. Of course, the marine fossilsoccur in more
abundance. They suggest agefor the Mesozoic socksin Rajasthanfrom Lower Jurassic to

L ower Cretaceous.

I'n Kutch, marineJurassic rocks occupy avery large area. Here, aso their thicknessis about
2,000m. They consist of sandstones, shales and limestones. The marine fossils occurring in
them have many common el ementswith those of marine Jurassic rocksof Rajasthan,
Probably the Jurassic sea of Kutch was continuous with that of Rajasthan. The marine
Jurassic rocks of these two places were continuous, now separated due to subsequent
erosion. The sediinentary succession towards top showsinfluenceof fresh water. Therocks
become deltaic in origin. Thereareintercalationsof carbonaceousshal es witnin sandstones,
yielding plant fossils. A few marine intercal ationsare also known to occur. These marine
fossils collected from towardstop and plant fossilsin association with carbonaceous shales
suggest Lower Cretacesousage. Therefore, the freshwater deltaic deposits of Lower
Cretaceousage corning towardstop of Jurassic Sequence are considered as belongingto the
Gondwana Sequence.

During Cretaceous, marine depositsdue to marineincursions were formed in four regionsin
Peninsular India viz. Tiruchirapalli of Tamil Nadu, Narmada Valley, Kathiawar and
Shillong Plateau.

The marine Cretaceous deposits developed in Tiruchirapalli district of Tamil Nadu are
famous world over among geologistsfor the treasureof fossils occurring in them. The
sediments towardsthe lower part are more clayey and contain phosphatic nodules. The
sedimentsin the middleare more sandy with some horizonsof shell [imestones. Towards
top, the sediments are argillaceous or cal careoussandstones. In some sediments petrified
gymnosperm |ogs are preserved indicating vicinity of land during deposition . Thefossils
indicate Middle to Upper Cretaceous age for these rocks. The topmost beds are Palacocene
age. Isolated outcrops of smaller lateral extent al so occur in Pondicherry, near Rajmahendri
in Andhra Pradesh and in Thanjavur district of Tamil Nadu. Thefossils occurring in these
areas have distinct affinitieswith those occurringin sedimentsof Tiruchirapalli district.

Isolated outcrops of marine Cretaceous rocks of limited lateral extent occur in the valley o
Narmada river mostly on the northernside. The westernmost outcropsoccur in Baroda
district of Gujarat, whileeasternmost occur near Barhwain Madhya Pradesh. It isin these
rocksthat the farmous Bagh Caves (Dhar district, MadhyaPradesh) are carved and hence,
these deposits have beennamed asthe Bagh Beds. Thelower part of the Bagh Bedsconsist
of sandstones, whilethe upper part consistsof limestones. Thefossilsindicate Middle
Cretaceous age. Affinities of the fossilsaredistinctly with the Alpine-Himalayan
Cretaceous fossils meaning that the waterswhich invadedthe Narmada valley during
Cretaceous bel onged to the M editerranean Ocean. Cretaceous marine elementsin the
Tiruchirapalli Cretaceous sediments have entirely different affinities. Therefore, there was
no direct connection between the Bagh estuary and the Tiruchirapalli sea.

Outliersof very small areal extent and limited thicknessof marine, ferruginous sandstone
occur in Surendranagar district of Kathiawar, Gujarat. Towardstop , alimestone cap occurs.
Thelimestoneis very similar to that occurringin the Bagh Beds, The fossilsin theserocks
of Surendranagar district and thefossilsfrom the Bagh Beds have a striking simiarlity,
indicating that the Cretaceousmarine sediments of Kathiawar constitute just the westerly
extension of the Bagh Beds. After the townshipof Wadhwan, these Kathiawar Cretaceous
marine rocks arecalled as the Wadhwan For mation. Like the Bagh beds, the Wadhwan
Formation is also assigned aMiddle cretaceousage.

Marine Cretaceous rocks oceur i N the Garo, Khasi and Jaintia hills of Meghalaya. The rocks
are mostly sandstones with occasional sandy and carbonaceousshales. Towards top, some
impurq, sandy limestones are present. Thefossils occurringin theserockshave aclose
relationship with thefossils from marinecretaceoussediments of Tiruchirapalli district. It
meansthat the Assam-Meghalaya sea and the Tiruchirapalli seawere partsof the same
ocean, other t han the Meditertanean,
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a) Filt in the Dlanks
) STV and ..o encroachimentol marine walers on coustal
iow land tracks are caused due 10 ... ARG e, O OO
iij Marine Jurassic sedimentary rocks of Rajasthan occws in ...,
and e, districts,
iii) Tossils occurring in maiine cretaceous rocks of Garo, Ihasi and Jainiia
. hills have a close relationship with the fossils from marine cretageous
rocks Of cov e, district.
iv) The walers which invaded Nammada vabley during cretaceous belonged
TOhe e, oeean,
b) Malch the pairs from the rock formations given in colarn A snd igioriation
about them given incolumn B,

A , B
Marine Jurassic rocks of Kutch  Westerty extension of the Bagh beds
The Bagh beds Deltaic sandstones (owiards top belony to the
Gondwana sequence
The Wadhwan Formation Famous world-over for e teeasure of fossils.
Barine Cretaceous rocks Developed in valley of Narmada river

ol Tamil Nadu

954 Deccan Trap

Towardsthe close of the Mesozoic Era, a thick pile of basalticlava Hows was laid down in
someparts o the Indian Peninsula. Numerous cracks and fissures were developed in the
crust Of thisregion from timeto timeduring this episode of the Inndian stratigraphy through
which lavas welled out and formed thin lava sheetshaving avery wide lateral extent. A
small portion of Kutch, alargetract of Kathiawar, most of thesouthern part of remaining
Gujarat, mgor part of entire Maharashtra, some part of northern Karnntaka, Northwestern
portionof Andhra Pradesh, alargeregion of Madhya Pradesh and certain areas of Rajasthan
adjoining Madhya Pradesh are occupied by these lavaflows covering an area of about
520,000sg. km. The present distribution (Figure9.5) seen in westcm, central and southern
Indiaand the outlying patches, as east as Lohardaga (Ranchi district) in Bihar and
Rajmahendri in Andhra Pradesh, wereprobably once continuous, Now separated by
subsequenterosion. Thus, total original extent might have been well over

1,500,000 sq. km., because some part i sswbmerged inthe Arabianseaalso.

[
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M aterialsof the Earth

106

Thisrock formation isknown asDeccan Trap. The term ‘deccan’ is adopted from the
Deccan plateau, amajor part of whichismadeup of theserocks. The original urdu wordis
‘dakkhan’ and meanssouth, The word trapis aterm of Scandinavian origin, which meansa
geomorphology resemblingstaircase like structure. The weathering of these basaltsis such
that they form flat topped hills with their slopes looking more or lesslike stepsof a
staircase. Hence, the term 'Deccan Trap' hasbeen instituted.

Someof thelava flows show ropy structure, while some are blocky lavas. Many flows show
vesicular structure towards top. The vesicles are mineralised by cryptocrystalline silica, rock
crystals, calcile, apophyllite and certainspecies of zeolitefamily of minerals. These
secondary mineralsat times are of semi-preciousquality and include agafes and amethyst.
Someof the amygdales towardstop of someflows are pipe-shaped. Columnar structures are
also known to occur at many places. Individual lavaflows, vary in thickness from afew
cm. toabout 40 m. In between two lavaflows, lacustrine sedimentary beds of very small
areal extent with thicknessesrarely exceeding threeor four metres may occur. They are
called as Deccan intertrappean beds. They are usudly fossiliferous and yield fossils of
terrestrial molluscs, freshwaler algae and petrified palms. Such intertrappean bedsare
numerous towardsthe base of the Deccan Trap: They occur in Madhya Pradesh, eastern
Maharashtra, northwestern Andhra Pradesh, eastern Maharashtra, etc. However, in main
mass they aretotally absent. Towards the top, intertrappean beds may occur rarely. Towards
the top, ash beds may be intercalated with the flows.

Thicknessof Deccan Trapis estimated to be more than 2,000m. Towards east, it slowy
decreases.

Thebasalts show porphyritic texture with plagioclase phenocrysts and hemicrystalline to
holohyaline groundmass. Mineral augiteis usualy present in groundmass. Olivine may aso
occur. But there are variationsin petrological and petrographical characters. For example, &
places me gaporyphyritic basaltsoccur, whileholohyaline varieties occur at other places. To
the north of Bombay city, rhyolite isknown to occur.

Thelavaflows are themselves intruded by basicsills and dykes. Some sills and dykesd
basic composition, belonging to the Deccan Trap episode are known to be intrusive towards
the rocksof the Gondwana Sequence and the marineJurassic rocksd Kutch.

In Vidarbha regionof Maharashtra, in Madhya Pradesh and in parts of AndhraPradesh a
limestone horizon occurs just below the Deccan Trap . Thisformation is called as the

Lameta Beds. Since the Lameta Beds occur just below the Deccan Trap, they are many a
timesreferred to as Intratrappean beds. Dinosaurian fossilshave been reported fromthe
Lameta beds of Jabalpur district of Madhya Pradesh and Chandrapur district of !
Maharashtra. The fossilsindicate Upper Cretaceous age for the Lameta Beds.

TheDeccan Trap activity began towards the end of the Cretaceous period and continued till
Lower Palaeocene, The fossilsfrom the intratrappean beds and the intertrappean beds
suggest and support thisage. Also in Bharuch and Kutch districtsof Gujarat state, the
Deccan Trap flows areoverlain by fossiliferous sediments. They also support this view.

Sebsequent to their formation, basalts of the Deccan Trap were laleritisedit certain aress. In
those areas, the outcrops of basaltsare capped by laterites. At someplaces laterites contain
bauxite deposits. As the bauxiteis used as the ore of aluminium and as arefractory materia,
occurrenceof bauxite isimportant from economic geology viewpoint. Basalts and laterites
constitute durable building stones. Basalts provide material of excellent quality for road

metl and for aggregated cement concrete.

SAQ 8
a) Whatis the age of Deccan Trap ?
b) Which minerals are found in the vesiclesof the basaltsof the Deccan Trap ?
cj Why the Lumneta Beds are called theintratrappean beds ?
d) What arethe Decean intertrappean beds ?
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955 Tertiary and Quaternary Rocks

The Tertiary rocksoccur in Peninsulaas wel &sin Extra-Peninsula. Their developmentin
peninsulaisrestricted only to the coastal belts, whilethe Tertiary rocks o extra-peninsula
show greater development areally aswell asvertically. One morepecularity of the Tertiary
rocksdf extra-peninsulaisthal the Lower Tertiary sedimentsare d marine origin, whereas
the Upper Tertiary sedimentsare of freshwater origin. The mammalianfaunapreservedin
them is dso very important evolution point of view.

TheQuaternary was a period d glaciation and we, perhaps, are still getting out of it. The
impactsof theice-age are well documented in the rocks world over and Indiaisno
exception lo that.

Tertiary Formations

Inextrapeninsula, as has aready been aluded to, the sequence from Palaeocene to Lower
Miocene ismostly marinein origin, however, the sequence from MiddleMiocene to
Plioceneisd freshwater origin.

Development o rocksdf Palaeocene-Eocene ageis seen on the southernflank of the
Pi-Panjal range in Kashmir. The thicknessof these rocks here, is about 500 m to 600 m.
Thebasal rocks constituting a thickness from 100m Lo 150 m are cherty liniestones. They
contain an index fossil belonging to the genus Nummulites, an extinct Protozoan. They are
correlatedwith the Hill Limestone o Potwar Plateau, Pakistan. These Nummulitic
Limestones aresucceeddd by shales, whose thicknessrangesfrom 150 m to 300 m. Within
the shal es, those towards the base are carbonaceous, while those towardstop are variegated
red and green sandy shales. This formationis correlated with the Chhar at Wormation of
Potwar plateau, Pakistan. T o Ihe south of Pir-Panjal, outcrops of Eocenerocks are seen neat
Jammu, They continuesouth eastwardsalong thefoothillsdf Shimla and Garhwal upto
Nainital. The thickness, however, reduces here to 150 m to 200 m.

Eocene rocks aso occur in the upper Indusvalley in Ladakh from Kargil to Leh and alittle
further. They comprise shales, grits and limestonesand contain Nummulites in certain

zones. They form apart of a sequencehere, cretaceous|ooligocenein age. Thissequenceis
much disturhed in subsequent mountain building.

The Eocenerocksare well developed in Assam-Mizoram belt of northeastern India. They
arerepresented by difterent facies in different regionsand are stratigraphically designated
by differentforma nomenclatures. Splintery, dark grey sha esintercalated with sandstones
constituie the Disang For mation and occur in Naga Hillsarea. Lower part of the Disangs
extends down in Cretaceous. Total thicknessof the Disangs is well above 3000 m. This
entire thicknessis devoid of fossils. The Palaeocene-Eocenerocks occurring in
Assam-Meghalaya belt arc called the Jaintia Group of rocks. It has a thickness ranging
from400 mto 550 m. Jaintia Group of rocks mainly consistsof alternating limestoneswith
sandstones. The rocksare fossiliferous. The sandstones possessintercalations of coa seams.

TheEocenerocksof Kashmir are overlain by the Lower Miocenerocks. However, some
rocks towards the base might be Oligocenein age. The basal zoneis called the Fatehjang
Zone. It congstsof brown and grey sandstonesand contains mammalian fossils. Fatehjang
zone passess upwardsinto another succession of sandstonesmaking a thicknessdf about
2,400 m. Thelower 1500 m arc believed to have been depositedin brackish water, while
remaining 900 m in freshwater. These rocksarc correlatedwith the rocksof the Murree
Seriesof Sdt range, Western Punjab and Pakistan.

In Shimla and Kumaon Himalayas, the Subathu rocksareoverlaindirectly by Lower
Miocenerocks, the Oligoceneel ement probably being totally absent. The lower part of the
Lower Miocenehere, is called the Dagshai Beds, consisting of hard, finegrained grey or
purplishquartzites. However, towards their base, devel opment of red claysisseen. The
Dagshai Beds areunfossiliferous. The upper part of the Lower Miocenein Shimla-Kumaon
regioniscaled theK asauli Beds. They lieover the Dagshai Beds conformably. The
Kasauli Beds consist essentially of sandstones with minor argilaceous bands, Fossils of
palm and freshwater molluscsoccur in the Kasauli Beds,

In NortheasternIndia, rocks of Lower Oligoceneare missing. Upper Qligocene and Lower

Miocenerocks are devel opedin two regions, upper Assam (thewater-dividesgpar ating

Brahmputra valey from Surma valley) and Surma valley, north Kachar and the

Khanshi-Jaintia hills. The Upper Oligocene rocks are called the Barail For mation. Its 107
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lower portion of about 2400 M thickness consistsdf sandstonesin both theregions. The
upper portionis differently developed in the two regicns. In upper Assam it iSmainly a
shaly facies containing some coa seams, whileitis more or less a sandstonefaciesin the
Surmavalley, north Kachar and the Khasi and Jaintia hills. Rocks of the Lower Miocene
age here arc called the Surma formation. Thisisasequence of alternating shalesand
sandstones. In upper Assam, the thicknessof the SurmaFormationisnot more than 600 m
whilein Surmavalley it 1s about 3000 m.

We have aready seen that the Upper Tertiary rocks o extra-peninsula are of fresh water
origin. By Lower Miocene, thelifting up of Himalayashad almost been accomplished due
to earth movements. Accompanying thefonnalionof Himalayas along, narrow depression
infront of Himalayas, to their south; aso came into being. This depression iscalled the
fore-deep. Newly built mountains helped in establishing the monsoon climate. The
mountains al so became a mgjor waler divide. Many riversoriginated on their southemn
slopes. Their valleysultimately joined the fore-deep, which itself became a mgjor river. The
speed of rivers was checked after meeting the fore-degpdue to change in their gradient, a
fact which enabled accumulationaof freshwater sedimentsduring Middle Miocene, Upper
Miocene, Pliocene and ranging into Lower Pleistocene. The accumul ated sediments
constitute the Siwalik Supergroup.

Thename Siwalik comes from the Siwalik hillsnear Haradwar, a portion of foothillsdf the
Himalayas between the Jamuna and the Ganges valley. The supergroup, in fact, is

devel oped continuously on the southern side of the extra-peninsulain Pakistan, India and
Myanmar. In different regionsit isformally recogniscd by different names. In Indiathe term
Siwalik Supergroup isrestricted to the outer Himalayan region, while in Assam it is called
the Dihing Supergroups.
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Figure96 : Digtributionof theSiwalik Rocks

Thetotal thickness of thesedimentsd the Siwalik supergroupis morethan 6,000m. They
consist mostly of coarse grained, gritty sandstoneswith subordinateshales. They were
deposited in torrentia streams and floods in shallow freshwater basins. The climate during
the Siwalik period was warm and humid. There had been some changesin the nature of
sediments temporarily produced dueto changesin conditionsof deposition as theimpacts of



intermittent phases of mountain building movements. The uppermost sediments show Iudian Stratigraphy

indication of deposition by glaciers.

Certain horizone of the Siwalik Supergroup arerichly fossiliferous. The Upper Tertiary
biolahad attained many characters sufficiently to relateit to the modernlife, which is
reflectedin the fossil contents. A variety of huge mammals, now extinct, whose skeletons
arefound buriedin the rocks of Siwalik Supergroup, is aspecia featureof the Upper
Tertiary period of India. Rerfiaizis of angiosperm plants are also known from these
sediments.

The Siwalik rocks were involved in the subsequent mountain building activities, and like
other extra-peninsularrock formations, arestructurally much disturbed.

The development of the Tertiary sediments i found in many places along coast. Delta Of the
Ganges river, Orissacoast, Rajmahendri coast of Andhra Pradesh, part of Malabar coast,
part of ‘Konkan coast, part of Gujarat coast, gulf of Cambay and coastal tractsof Kathiawar
and Cutch aretheregions where Tertiary rocks had been deposited. The Terliary rocks are
also known from the Andaman |9 ands and off-shoreregionsin the Arabian Sea.

The Tertiary rocks are very important, becausein Gujarat, Cambay and Assam aswdl asin
the off-shoreregionsin Arabian Sea, they contain reserves of petroleurn, In other areas, they
hold a promisefor additional petroleum reserves. Alsoin extra-peninsular region, there are
workable cod seemsin them. In tlie peninsular Tertiary rocks, lignite occurs. Therefore, the
Terliary rocks help solve our fuel problem.

Quaternary Formations

Quaternary period isdivided into two Epochs, Pleistocene and Recent. Pleistocene was an
ice-age. Fiveglacia and four inter-glacial periods are recognised within it. During glacial
period, ahuge quantity of water remained locked in ice-sheets, depleting oceans and rivers.
During inter-glacials, theice got meltedincreasing the levelsof seas and replenishing rivers.
Thisphenomenon indirectly conrolled sedimentation. Oscillalionsof strand lineaong
coasts and changesin the quantity of water flowing in riversare recorded by coastal

deposits and terraces along valleys of mgjor rivers of theworld, There are direct evidences
of glaciationsin different parts of the world. They are in the form of glacial sedimenlary
deposits, erratic boulders, roche moutonnees, etc.

One more speciality of the Quaternary period istheevolution of the man, the wisest animal
of theworld, oneof the best creative experiments of mother nature, The ice-age also
brought aseverechange in the global environnient that destroyed many huge marnmals
which thrived during Siwalik times. The Mammalian faunatoday is asmall heritage of the
rich and varied fauna of the Miocene-Pliocene Epochs.

Invalley of Kashmir, older alluvium occupies fifty percent area, restricted to peripheral
parts. They occur asflat mounds consisting of fine silty clays with sand and bouldcry
gravels. These deposits areknown as Karewasin kashmiri |anguage and the sametermis
adopted in stratigraphy. 11is believed Ihat Karewas arelacustrine in origin, deposited intlie
lakeswhich came into existence during interglacials. The oldest part was probably
fluviatile. In some portions between Baramula anc¢l Banihal, glacial morains deposited
duringice-age have been identified within the Karewas.

Rrt of the western Rajasthan and part of Sind (Pakistan) constitute the Thar Deserts. The
land iscovered by several metres thick sands, which are constantly being shifted by winds
blowing from southwest. The sands get piled up in dunes. The ridgesd older rockslying
bel ow rise above thissandy accumulalion. The desert conditionsgrew only during last
4,000yearsor so, before which this part had aclimate suitable for the growth of jungles.

Inthe Himalayanfoot hill region, accumulation of fragmentseroded from the slopes of
mountainsaccumulate. Such accumulations are called tallus. In local language they are
called ‘Bhabar’ and 'Terai'. TheBhabar hasavertical extent of less than 300 m. [t
constitutes upper portion of the tallus and consists o rock fragments, gravel and soil. It
supportsforests. Immediately below the Bhabars, Terai iSdeveloped constituting lower
portion o lallus. It consists of gravel and soil. It forms marshy belt with grass and thick
jungles. Itisazone not suitable for human inhabitations.

Accumulationof alluvium occursin the valleys of many rivers. That developed in Narmada
and Tapi are particularly notable. Also, therearedeltaic depositsat the mouths of all the
major riverson east coast. Raised beaches occur along coast. They consist of beach sands
with seashells, found afew metres above the present coast line.
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Extensively devel oped marine limestoneon the coast of Kathiawar iscalled the milliolitie
limestone becasueit consists mainly of the minute shellsof the micro-organism belonging
to the genus Milliolite. This limestone isalso called as the Porbandar limestone.

In Pleistocene, Rann o Cutcﬁ wasashallow arm d sea, which now issilted up. During the
dry seasons, it forms an extensive and desolate salt marsh and, on the other hand, atidal flat

during monsoon.
Lateritesof the Quatemnary age occur inmany partsd the country. Their formation requires
tropical climatewith monsoon. Therefore, the laterites wereformed after the conditions
became suitabl e. Indian subcontinent began to receive monsoon rainsonly after the birth of
northern mountain chains. Laterite forms a blanket like layer on the rocks, fromwhich they
have originated. It isaferruginous, porous, pitted or pisolitic rock.
Varioussoilsoccurring in different regionsd the country were formed during the
Quaternary Epoch.
Indogangeti calluviumformed during the Quaternary Epoch aredealt with somewhat details
insection9.5.7
SAQ9

a) Froin the descriptions given below, ientify the rock formations

i)  Shales of thickness of 150 m to 300 m, carbonaceous towards base and
variegated towards top.

i)  Splintery dark grey shalesintercalated with sandstones ceeugring in
Naga Hills area,

iti) Hard, fine grained grey or purplish quartzites, development of red dlay
towards their base.

iv) Depositedin torrential streams and floodsin shallow freshwater basins.
v)  Deposited in lakes which came into existence during interglacials.
vi) Marine limestone, developed extensively on the coast of Kathiawar,
b)  Fill in the blanks.
) Development of the Tertiary tock formations in peninsulais restricted

only tothe .o
iiy ~ The lower Tertiary sediments of extra-peninsulaare of ..............cccouennee.
origin, while the Upper Tertiary sediments are of ......ooovceiinnnd origin.
ili)  PleiStocenewas an......oovevevveenirins five ., and four

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

iv)  InPleistocene, Rann of KuiCh Wasa......cccvvvevcenivnniene,

v)  Indian subcontinentstarted receiving the monsoon rains only after the
birth Of ..o vine s

9.5.6 Stratigraphy of Extra-peninsula

TheHimalayascan be divided into thrde broad stratigraphical zones. The northernor
Tibetan zone, the central or Himalayan zoneand the outer or Subhimalayanzone. The
northern zoneconsistsd acontinuousseriesdf marinefossiliferous sedimentary rocks,
ranging in age from Cambrianto Eocene. Thecentral zoneis made up of granites, gneisses
and schistswith unfossiliferous Sedimentary depositsdf Proterozoicage. The outer
Himalayasconsist of Cenozoicrocksincluding, aswe have seen, rocks of the Siwalik
Supergroupdf freshwater origin.

Geology of extra-peninsulaisindeed very interesting from both stratigraphical and
structural pointsof view. However, it isextremelyinaccessiblefor exploration and assuch

our knowledge about thegeology of extra-peninsulais far from perfect.

As arepresentativecase from extra-peninsula,we will study thestratigraphy of the Spiti
basin. This basinisidentified and selected for this purposeon the basisof two reasons.
Primarily itisoneof thedifficult terrains, whosestratigraphy is studied &t least to some
extent as compared to other areas. Secondly, an amost completesequencefrom Cambrian

to Eoceneexists there.



Stratigraphy of the Spiti Valley Indian Stratigraphy
The Spiti valey islocated in the northeastern rangesd the Kangra district, Himacha
Pradesh and in some adjoining parts. River Spiti is atributary of Sutlej. A great 1
geosynclinal basin with itsaxis trending NW - SE isexposed beyond the crystalline axis of
Himalayasin thisregion.

The Cambrianstratafound in this region are lcrmed the Maimanta For mation. They rest
over the Vaikrita Super group o Proterozoicage. The HaimantaFormation is 1200 min to
1600 m thick and contains mostly slates and quartzites. Towardsthe top some dolomitic
bands areknown to occur. Certain horizons containfossils. The HaimantaFormalion is
overlainby athick seriesd shallow water depositsconsisting o conglomerates, quartzites
and gritsd Ordovician age. Thickness of the Ordovicianstrata isabout400 m. The
Ordovicianrocks areoverlain by shalesand limestonesdf the Silurian age. Thickness of the
Silurian rocks of the Spiti basinisabout 70 m. Like Cambrianrocks o the Spiti Valley area,
these Ordovician and Silurian rocks are alsofossiliferous.

White, hard, unfossiliferousquartzitescalled the Muth Quartzitesoverlie the Silurian
rocks. Their thickness is abour 155 m. They are underlainby fossiliferousSilurian
sedimentsand overlain by fossilifcrousLower Carboniferousrocks, hence they surely are of
Devonianage.

ThefossiliferousL ower Carboniferous rocks which succeed the Muth Quartzitesin the Spiti
area have beentermed as the K anawar Formation and have atotal thickness of about

600 m. The Kanawar Formation containslimestones, quartzites and shales, All of them are
fossilferous.

After depositionof the Kanawar formation, there was ashort break in the processof
sedimentation. Next rock to be deposited wasa conglomerate. Itsageis Upper
Carbnonifrous. This conglomerateis followed by the Permian rocks varyingin thickness
fromQ t0100 m.The Permian rocks o the Spiti basin areidentified by the formal namethe
Kuling Pormation. Rocks of the Kuling formationarefossiliferous. The lower members
consist d grits, quartzitesand cal careoussandstone and have athickness of ranging from 30
to 50 m, while the upper members consist of brown or black carbonaceousand siliceous
shales, ranging in thickness from 30 to 60 m.

The Permian rocks pass upwardsinto the Triassi c rocks without any break, The Triassic
rocks areexposed in the Spiti-Kumaon belt, north o themain axis of Himalayas. They form
huge scarpments making up a height of moret han 3,000m. The Triassic rocks are formally
cdled asthe Lilang Formation. Total thicknessof theLilang formationiswell over 1200
m. However, thelower Triassc. is represented by only 12 m thick strata, middle Triassic by
120 m, whilethe Upper Triassic is represented by much thicker strata, about 1100 m. The
formation comprisesmainly black limestomeswith intercalationsof shales.The strata
includedare entirely of marinecharacter. The Triassic rocks of Spiti basin arerichly
fossiliferous except the topmost division, about 250 mthi ck, which isalsocalled the Para
LimestoneM ember. Along with thelower 450 to 500 mthick stratadf the Jurassic rocks
aecadled the Tagling M ember , the para LimestoneMember constitutes aconspicuous
scarp made up of limestone. Thislimestoneis called theKiotoLimestone. In other words,
the lower 200to 250 m portion o the Kioto LimestoneisUpper Triassicinageand is
named as Para LimestoneM ember, while the upper 450 to 500 m portion d theKioto
LimestoneisLower Jurassicin age and is named the Tagling Member.Though, the para
LimestoneMember is mostly unfossiliferous, the Tagling Member containsafew
fossiliferoushorizones. The Kioto Limestone is succeeded by shales, called the Spiti shales
of the upper Jurassic age. The thickness of Spiti shalesisabout 150 m. They are grey to
black, soft, friableshaleswith afew thin intercalationsd limestone. They have yielded a
rich fauna. They pass upwardsinto asndstone, caled the Giumal sandstone. Thissandstone
isLower Cretaceousin age, yellow and brownin colour with intercalationsof dlaty
guartzites. It contain$ fossils of the Lower Cretaceousage, Conformably aboveit comes the
Chikkim Formation of about 75 m thickness. Thelower 30 mMthick portion comprises
limestone called the Chikkim limestoneand is fossiliferous. The upper 45 m thick strata
comprises shaescalledthe Chikkim shalesand are unfossiliferous. Chikkim shales are
overlainby agroupof unfossiliferous sandstones and arenaceousshaes rangingin agefrom
Upper Cretaceousto perhaps Lower Eocene. These sandstones and arenaceous shales

belong to flysch facies. 111
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SAO 10

1) Complete the following table

SLNa. Name of the fermation Age Thickness
1) Chikldim Formation -
2) Spiti Shales - -
3 Kioto Limestone - -
4) Lilang Formation -
5) Kanawar Formation - -
6) Muth Quargzite - -
7 Haimanta Formation - -

b) Fill in the blanks

i) Geology of exira-peninsula iSinteresting from Bot ..
AN e e Paint:, of view.

i) River spiti is a tributaty Of fiVET coeievvievvriiee e,

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

9.5.7 Indogangetic Alluvium

The portiond the land occupied by thealuvium deposited by therivers Ganges,
Brahmaputra and Indusis called as the I ndogangeticalluvium. It separates peninsulafrom
extra-peninsulaand as we have seen in the Section 9.4, constitutes aseparate physiographic
divisionof India It coversanareadf about 650,000 sg. km.

Thisregionis believed to beformed as asag in the earth's crust when geosynclinal
sedimentsaccumulated in the Tethys werelifted up due to northward drift of thelndian
continent. The deepest portion of the sag is only afew milessouth o the mountainous
region. Towards peninsula, it gradually shelves up. Themaximum depth is estimated to be

of theorder o 2,000m.
The sediments that havefilled thisdepressionin the earth's crust aresilts, sands and clays.

Occasionallybedsof gravel and lensesaf pesty organic matter are found to occur. The
aluviumisclassifiedinto two parts, the older aluvium and the newer alluvium.

Theolder alluviumformsslightly elevated river terraces. ItisMiddleto Upper Pleistocene
in age. Theolder aluvium Isdark coloured and often containsimpure concretionsor
nodules of calcium carbonate.

Thenewer dluviumislight coloured and poor in calcareous matter. It containslenticular
beds of sand, gravel or pest. Its ageis Upper Pleistocene.

Theolder alluviumislocally caled Bhangar and containstheremainsof extinct speciesdf
mammalg. Thenewer aluviumislocdly caled Khadar. Fossilscontainedin the Khadar
are thoseof extinct mammals.

SAQ 11

a) g?mpare the Lower Indogangetic alluviumwith the Upper Indogangetic
uvium.

b) How theregionof Indogangetic alluvium wes formed ?



¢)  Fill in the blanks : Indian Stratigraphy

i) The Indogangetic alluvium covers an area of abodi ..

iiy The maximuin depth of the Indogangetic alluvivm is estimated around

9.6 SUMMARY

Stratigraphy isthat branch of geology which collates various aspects of geological study in
order to build history of theearth's crust. For the sakedf convenience, stratigraphy is
studied regionwise vis-a-visglobal context. Indian stratigraphy isthe history of that part of
the crust whichisnow occupied by the Indian subcontinent.

Flow o time, accumulationaf sediments and evolution of life have taken place hand in
hand. Therefore, evolutionary status of life serves asaconvenient tool for dividing and
subdividing the geological time. Hence, theremainsdf lifein therocksby way of fossils
and their study, which constitutesthe subject matter of the scienceof yalaeontology, give
sgnificantinformation to astratigrapher.

Asregardsindian subcontinent, the three physiographic divisions, viz., peninsula,
extra-peninsulaand the Indo-gangetic aluvium plainare separatestratigraphical entities,
because thar stratigraphical historiesaretotaly differentfrom one another.

The peninsulaisan old shield, made up principaly d ancient metamorphic,crystalline
complex. Metamorphosed sedimentary rocks, the Dharwar Supergroup and their equivalent
formdionsarethe oldest rocksd peninsula. These were intruded from time to time with
igneousintrusions complicating the already folded crystallinemetamorphosed sediments.
Theseigneousrocks too were subsequently metamorphosed duelo subsequent earth
movements Three phasesof igneousactivities are recognised and areformally called the
Peninsular Gneiss, the Bundelkhand Gneiss and the Charnockite. They have their
equivdentsin different areas. The Archaean rocks are very important fromeconomic
geology point d view.

During the Proterozoi cera, sedimentary rocks were depositedin isolated basins. They
containremainsof very primitivelife. The Cuddappah Supergroup and the Vindhyan
Supergroup represent two types o rock formations, the Cuddapah Supergroup being ol der
o thetwo. Their correlated rock formationsoccur in various\egions and have different
forma names.

Cambrianto Lower Carboniferousperiodsare not represented in peninsula. During Upper
Carboniferous,sedimentation resumed after along hiatus with glacia deposit, which forms
an important datum line in Indian stratigraphy. This episode of deposition under terrestria
condition continued till Lower Cretaceous. The rocksformed arerecognised by theformal
name the Gondwana Sequence. They were mostly deposiledin the rift valleys. The
Gonadwana Sequence contains coal deposits. The fossil floradf thissequenceis very
interesting for it providesareliable proof to the theory o continental drift Theclimatic
changesthat have occurred from the Upper Carboniferousto the Lower Cretaceous are also
wel documented in the rocks of the Gondwana Sequence, both sedimentologically and
palaeontologically.

Bes desthe Gondwana sequence, Mesozoic Erais represented in peninsular India by
temporary and local encroachmentsof seaover land called themarine incursions. Jurassic
rocksof Kutch and Rajasthan, crelaceousrocks d Tamil Nadu and hilly regiond Assam,
Meghdaya, the Bagh Beds and the Wadhwan Formation are the examples.

Towardsthe close of the Mesozoic Era pouring of basaltic lavas through numerous cracks
gaveriseto athick pile of volcanic lavaflows called the Deccan Tiap. The volcanic activity
continued till Palaeocene.

Development of Tertiary and Quaternary rocks isrestricted mostly to thecoastal belts. In
aressother t han coastal belt, river alluviumof Tapi and Narmada is particularly notable.
Pdaeocene Epoch of the Quaternary was aperiod of ice-age.

Asregardsexira-peninsula three broad stratigraphical zones are seen. Northern or Tibetan
zoneconggsof an almost continuousseriesof Cambrian to Eocenesediments. The Central
or Himaayan zoneis made up of granites, gneisses and schistsof probably Proterozoicage.
The outer Himalayas consi st of Cenozoic rocks, the younger part o whichis freshwater
origin.
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As an exampleof rocksoccurring as aseries from Cambrian to Eocene, Spiti basin can be
cited. Therocks, barring a few exceptions, arc fossiliferous.

Cenozoic rucks areseen in the outer Himalayas. From Eocene to Lower Miocene are marine
while Middle Miocene onwards the rocks are of freshwater origin. Thefreshwater rocks are
O particular interest because they containfossilsof the mammals. These freshwater
sediments of Upper Tertiary age are termed the Siwalik Supergroup.

I'n the Himalayan foot hill region, tallus was accumulated during Quaternary. Itislocally

called Bhabar and Terai.

Asregards the Indo-gangetic alluvium, these are the geologically uninteresting
accumulations of the material brought by rivers Ganges, Indus and Brahmaputra. They are
deposited in Subrecent timesin the sag which was formedin the earth's crust
simultaneously with the uplifting of Himalayas.
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that eraof the geological time scale when these was
either nolifeor if a al lifeexisted it was too
undeveloped to be preserved.

same as Archaeozoic

that eraof thegeological timescale during whichlife
hed become modem.

that Eon or principal divisionof the geological time
scale during which life was imperfectly developed and
hence, obscurely preserved in rocks.

arenaceous rocks deposited in an environment not
suitablefor existence o life and therefore,
unfossiliferous.

remain o any ancient organtsm preseved ina
sedimentary rock.

sedimentary deposit formedin a geosyncline.

avery large depression in the earth's crust sinking and
receiving sedimentssimultaneously and hence,
accommodatingahuge pile of sedimentary rocks.

samne asindex fossil

abreak in sedimentationindicated by an unconformity.
fossilsof organismswhich had alimited timerange but
avery widedistributionin space.

that Eraof the geological timescale during which
evolutionary status of life was intermediate.

that branch of science which deals with the study of past
life, also defined as that branch of science whichdeals
with the study of fossils.

that Eradf the geological time scale during which the
evolutionary status of thelife was ancient.

that Eon or principal divisionof geologica timescale
during which life had sufficiently evolved to be
preserved asfossilsin rocks.

first formed crust of theearth, whenit cooled from a
gaseousor liquid state.

thet region d thecrust which has attained a stuctural
stability.

that branch of geology which collates many aspects of
geological study in order to construct the history of the
earth's crust.



Zone Fossi fossilsof those organismswhich hasalimited time Indian Stratigraphy
rangeand whose distribution in space waslimited to
particular geographical zone.
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99 ANSWERSTO SAQs

SAQ1
a i) All objectsof organicorigin are not fossils, if they do not reflect the

morphology of the organismsfrom which they were produced.
Therefore, coal and petroleum are not considerd asfossils.

ii)  Leonardo da Vinciiscalled'the father of palaeontology'.

iii)  Palaeontology means study of ancient life, However, theancient lifeis
representedby fossilsaone. Therefore, palaeontology isal so defined as
the study of fossils.

by i) Toreconstruct the history of the earth right from the timewhen it was
in the gaseous state, has been theendeavour d the geologists.

i)  Theeventssuch asswinging of apendulum,flow d sand inan
hour-glass, rotation of earth arounditseif and the sun take placeeither
withuniformspeed or at definiteintervals. Such eventsare utilised as
the meansto dividetimeinto artificial units.

iii)  Theorganismdtill living today and whosefossils are alsofound in the
rocks of different ages, have avery long range without any remarkable
evolutionary changes, arecalled as theliving fossils.

c) i) abstract continuum,ceases to flow
i)  Flow, sediments, evolution
iii) inequal
d 1 Fossils: remains of animals and plants of past agespreservedinrocks.

ii)  Stratigraphy : A branchd geology that collatesall the aspects of
geologica study in order to build thehistory of thecrust of theearth.

i) Index fossil : Fossilsaf organismswhich had a limited time rangebut a
very wide distribution in space.

SAQ?2

a) i) Principleof order o superposition, uniformitarianismand Principle of
faunal successionare thethreeprinciplesaof stratigraphy.

ii) Differentr ocks which are more or lessdefinite units of the earth's crust
form thesubject matter of thestratigraphy.

iif)  Correlation isthemost obvious and necessary functionof stratigraphy.
) i) Present, the past.
i)  faunal succession.
iif), unconformities,episodesof sedimentations,
SAQ3
a i) , freshwater,Miocene- Pliocene.
ii)  extra-peninsula, tectonic,origin.
iii)  weathering and denudation, relict.

by D) Thethree physiographic divisionshave their own specialitiesabout
their physical, stratigraphical and structural featuresand are, therefore,
distinctfromeach other.
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SAQ4

b)

SAQ5
a)

b)

c)
d)

©)

SAQ®6
a)

b)

)
d)

SAQ7
a)

b)
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iy  Thepeninsulahasnot practically witnessed any mountain building
activity sincethe closeof Archaean era, therefore, it hasremained a
stableblock d theearth's crusl.

Charnockites - consistingdf plagioclase, hypersthene, blue quartz and garnet.
Peninsular Gnei ss-banded appearance, abundance of accessory minerals.

Bundelkhand Gneiss —without any conspicuousfoliation, paucity of accessory
minerals.

i) Khondaliteconsstsof quartz, garnet, siltimianite and graphite

i)  Sausar Supergroupand Sakoli Supergroup are the names of westerly
extension of the Chilpi Ghat Supergroup.

The Archaean rocksare uiossiliferous, metamorphosed, faulted,
complexly folded, cystalliie rocksintruded by plutonic intrusions.
Thesc factorsimpart acomplexity of field relationship and geologica
structure. Besides, they are theoldest rocks and occur below thelayers
of sedimentary rocks. Hence, they arecalled as 'Basement complex'.

ii)

The pronounced unconformity with which the first Proterozoic rocksoverlie the
Archaean rocksiscalled the ‘Eparchaean Unconformity’.

The rocksof the Cuddapah Supergroup areexposed in a vast crescent shaped
areain Andhra Pradesh. Theconcaveside of the crescent shape faceseast. Its
north-southlength is about 340 kin. Itsnorthern extremity iS Situated alittle
south of Singareni Collieries, while the southern end roughly correspondsto
Nagari hills. The maximum width along east-west is about 240 k.

The township of Abu restsover the Erinpura Granite.

The Kurnool Supergroupiscorrelated with the Vindhyan Supergroup. It rests
over the Cuddapah Supergroup with an unconformity.

Out of the four groups constituting the Vindhyan Supergroup, the two upper
groups have diamondiferous conglomerateat their bases. Thelowermost
sandstonein the Kumool Supergroup also contains diamonds.

More or lesslinear patternsof theoutcrops, presenceof anumber of faults
within the Gondwana sediments and faulted boundaries between the Gondwana
rocks and the metamorphics are the evidencesto deduce that Permian fluviatile
sedimentationtook placein rivers occupying faulted troughs.

Declinein plant fossilsand presence of ferruginous shalesin place of
carbonaceous shal es suggest that warm and humid climatein Permian gave
placetoarid climateduring Triassic.

The clay from the Gondwana Supergroup is used in manufacturing refractory
bricks, roof-tiles, pottery, chinawareand terra-cotta.

i) ice age, glacia boulder bed.
ii)  Gond community, Madtiya Pradesh, rocks

) Temporary,local, reduction, capacity
i) Jaisalmer, Bikaner

ili)  Tiruchirapalli
Mediterranean

Marine Jurassic rocks of Kutch - Deltaic sandstones towardstop belong
to the GondwanaSequence

The Bagh Beds- Developed in valley d Narmada river
The Wadhwan Foimation -Westerly extension of the Bagh Beds

MarineCretaceous rocks of Tamil Nadu - Famous world-over for the
treasureof fossils,

iv)
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Indian Stratigraphy

The Deccan Trap has an age fromthe Upper Cretaceousto the Lower
Palacocene.

Cryptocrystalline varietiesof silica,rock crystals, calcite, apophyllite
and certainspeciesd thezeolitefamily of mineralsarefound in the
vesiclesd thebasdtsaf the Deccan Trap.

The Lameta Beds occur just below the Deccan Trap, they are called as
Infratrappean Beds..

In between two lavaflows, lacustrine sedimentary bedsof very small
aredl extent with thicknesses rarely exceeding 3 or 4 m may occur.
They arecdled Deccan intertrappean beds.

i) Shales occurring in Pir Panjal, equivaent to the Chharat Formation
ii)  TheDisang Formation

iii)  TheDagshai Beds

iv)  TheSiwaik Supergroup
v)  TheKarewas of Kashmir
vi)  Milliolitic Limestone

i) coastal belt

i)  marine, freshwater

iii) iceage glacia,interglacia
iv)  shalow arm of sea

v) northern mountain chains

SLNo. Name of the Formation Age Thickness

D Chikkim Formation Cretaceous 75m

2) Spiti Shales U. Jurassic 150 m

3) Kioto Limestone U, Triassic 650 m
toL.Jurassic 750 m

4) Lilang Formation Triassic 1200 m

5) Kanawar Formation L. Carboniferous 600 m

6) Muth Quartzite Devonian 155 m

g Haimanta Formation Cambrian 1200 m - 1600 m

i) Structural and stratigraphical
i)  Sutlej
iii)  ParaLimestoneMember, Tagling Member, Kioto Limestone

TheOlder Indogangeticalluvium, locally called Bhangar isMiddle to Upper
Pleistocenein age. It is dark in colour and often contains nodules and
concretionsdf impurecal cium carbonate. The new Indogangeticalluvium,
locally called Khadar, is upper Pleistocenein age. It islight coloured and
contains lenticular bedsof peat.

Theregionis believed to beformed as asag in the earth's crust when
geosynclina sediments accumulated in the Tethys were lifted up due to
northward drift of the Indian continent,

i) 650,000]. km

i) 2000m
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