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In the northwestern part of the Kutch Basin, Lower Cretaceous shales and trigonid-bearing / bioturbated! barren
sandstones, overlie the glauconitic Upper Tithonian Vi~arosphincres-bearing"Umia Ammonite Bed" C138±20 Ma). During the
lithofacies studies of this sequence, lithology, physical and biogenic sedimentary structures, bed geometry, palaeocurrent and
fossil contents were given special attention. Laboratory investigations of heavy minerals, rock fragments and clay minerals
revealed (wo distinct assemblages, one for the lower Ourassic) and other for the upper (Cretaceous) part of the sequence. Lower
part of the sequence is rich in low energy sedimentary structures, biogenic structures of sediment and depoSit feeder, heavies
and rock fragments of metamorphic province and clay minerals of marine origin. On the other hand, the upper part is rich in
high energy sedimentary structures, biogenic structures of suspension feeders, heavies and rock fragments of granitic province
and clay minerals of fresh to brackish water origin. These differences are of vital importance in (lelineating major changes such
as shoreline orientation, changing provenance, relative sea level and tectonics during jurassic/Cretaceous period in
northwestern Kutch Basin.
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WYNNE and Fedden (872) divided the Mesozoic
successions of Kutch Basin (Text-figure1) into a
Lower (marine) and Upper (non-marine) unit. Later,
Stoliczka (in Waagen, 1875) recognised four units,
namely, Patcham, Chari, Katrol and Umia, in ascend
ing order. This classification was followed by Rajnath
(932), Spath (933) and later workers. Biswas
(977) classified the entire Mesozoic succession of
the Kutch Basin into four lithostratigraphic units, Le.,
Jhurio, Jumara, Jhuran and Bhuj Formations (Table 1).

A transgression of the epeiric sea produced
argillaceous and calcareous, shallow marine, fossil-

iferous, tabular or sheet-like retrogradational succes
sion (Jhurio, Jumara and partly Jhuran Formations)
during Bajocian to Tithonian. This transgressive
event reached its acme during Oxfordian, resulting
in an aggradational succession of oolitic, fossilifer
ous hardground of limestone (Dhosa Oolite) in the
upper part of Jumara Formation. Finally, major
regression of Mesozoic sea produced wedge-shaped
unit of coarsening and thickening upward,
progradational succession partly Jhoran and Bhuj
Formations) during Neocomian to Coniacian!
Turonian.
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Table l-11tho- and chrono-stratigraphJcal schemes of Mesozoic of Kutch wIth lithology of various units

WYNNE ~ ~ ~
& N '" '"u <l

~l
FEDDEN ~ <l RAJNATH (1932)

~
~

11872 ) '" c: =
>- ~ I
w _ I

SPATH (1933)1 BISWAS I~" w LITHOLOGY OF THE STUDY AREA I

(1971,77,81)~ ~ I
o I

EPOCH Cl. Q
AGEl lola) Ci

SUCcESSION ~

165··-·'··

Ukra beds

\1C.nttote sst.

I I
I Thtck,coaru,frhb1e sst., with thtn glaucontttc binds 1 CONIACIAN I

z t UPPER (capped by laterite). Altern.tlng thtn, ferrugtnous.hardl- ... -----89 ••• ._l
o I or sst. & shale,bioturbated sst, ,coarse frhble sst.& Shllesl TURONIAIIi I
~ I BHUJ leaf t.p r esslon. 1 I

~~ S'nd:S"l.· ':1 I I
~ 1 TA.IGOIUD beartng ho/three coqulnl bands wtth gtlnt sp.-[ P1'IAN·ALBIAII: I
ta.. IMIDOLE etrlcal rtpple;green.glauconltlc sh.le and sst.wlth foss-~·-·--··112 ------T

I or tllferous bands. OaHttc 1st. with wood trunk. I I
I UKRA S,nd:S',I.· 1:1 I III

..,~ I ~
~ 1 Cycttc repetition of thtck .....00•• hard. htghly b'oturb-I ffi

. en I LDVU ~ ated sst.,co.rse. frhble. cross-bedded yellow/ptnk sst .• r=.,--12 0 - --U
g; I 1 or W ,,_'nated shales ( coal,carbonaceous shales & paleosol?) I ~ e:t
01 pHUt£R1 ~ S1lty/Sandy shale and .rgtllaceolols sandstone. luf t.pre-\ 0 t;j
~ I I.... s ~'on • wood. I :: a:

1 I Ij) Sand:Sha1e- 3:1 I < U

Ill( liZ Coarse. frhble,greenhh·yellow sandstone .ith abundant 1 ~ 1
;: I I::' ~edtlllenury structures. white gyp~yferous shale with I ~ I
::> I 81rren beds IKATESAA Z TRlGOIiID bear'ng thin binds of conglollerutc sandstones I 0 z I

I 1 ~ cHittc sst. with leaf 'lllpress10n t wood. 1 [ ~
I ~ ~ S,nd:S"'.· 2:1 I ~

1 I:> Coarse. frl.ble,cross-bedded s.ndstone;flaggy sst. ,shlle I - u
I TRIGONIA 1 2: TRIGONI'" RIDGE SANDSTONE (very h'rd, fossll1ferous & hardl III S
!beartng sst. I barren. calc1u cemented sst .• conglomerlttc base);Three 1 A.. Z
I I UPPU green.ghucontttc.poorly oollttc.fossnHerous "_estone 1·"---·138 ..... --
IGreen oolitic ~ 1 t-- at the base.(VIRGATOSPHINCT[S burlng Ulllia A••onite Bedl 1 TI THOll IAll

1 bedS ~ I ~ Sand:$hale • 3:1 I
I ~~ _ I
l&aJlnsar beds 0::: I < Thtckly bedded, coarse, hard, cOlllpact, cllcHtcelllented I
11II1'nly shale 2 I i RYPIolAU bed(Ridge),ferr.,fo.sslllferous ,sst.s'lty/sandy 1

Po. I Buren sst. 1 MIDDLE~ sh.les. Locally coral bear'ng 'n JAAA DONE, laterally I---..:.r -140 - --
gil e.ltendtng .nd r1dge for,,'ng. Thick ~hale beds productng 1 ~

j:[; IUpper utrol 1 valleys. Sand:Shale - 1:1 10

"'I ~~ ~ I;:
<3 IMlddle lItrol ::> 1 ::; Th1ck.s11ty/sandy, poorly gyps1ferou~, grey-whtu sh.le 1 ~

~ I :I: 1 0 .Uh lIlarOOIll nodules (solletillles enclo~1ng fossils \n thetrl <
< ILower Utro 1 ~ I LOWER a: centers). Med lui'll to co.rse, h.rd, cOl1pact sandstones. I ~
::-:: 1 l:t Flaggy sandstone etc. forming sm.ll "Idges. 1 C)

I)C Sand:Shale· 1:2 1« KIMM[RIOGIAM

Ij)z. ;;{----145 - •••••
o <l OoltUc,(Dnosa. OCl.l1telrtchly. foss'liferouS, glauco. 1st. &1 C OXFORtl!AIrt

12i d (congl0mtrahc "ntraformatlonal),oljve-gre't'n (kh.ki shale),1 -
uPPER ~ (gypstferous, nodule bear1ng, foss'liferous) & l'lIIestonesl·-- - -152-"- u

(th'ck, yellow, fossiliferous, sandy, JotnUdl. I u:;
Shale predom'nates, shale> l1mestone 1 l./)

<
a:
:l-.

shalts

GORA
KALA

Sandstone

Barren sandstone

Three green

00\lt1c ban~h

I
1 Unfosstltftrous

1 .atnly shales

I
I
I
I

Barren Sandstone

'"::>o
IX

'"
~ TRIGONlA RIDGf

:E
::>

1Bed no .22 cream

~ 1co loured limestones

~ I Bed no. 22 to 26 and
Q: Imore at PATCHAM Is
C) 1land

~I

~I
u l

~l
0.1

UPPER

atnly Shales & sst

'"::>o
~ MIDDLE

Mainly sandstones

cJ
IX
!;: LOWER
::-:: 1'tII1nly sh.le

I
~ I Pal_ollylon beds

;I~u.beds
~ 1Zute beds

;:1
;:;1

I Dhou OonU

I (bed no.l)

I -'thelet. beds

l~la.31

I
1 -'nceps beds

1 (bed no. 4 & 5)

!51
01
~I

I Rehlllant beds

1 (bed no.6)

HI
~ 1 Zetnerh lone

XI
0 1

I Sha lts & sandstoAes

I
I

~I
:.: I Calcareous

:1
~I

«(
H
:E
::>

'"::>o
a:

'"

0-1
o
IX
E-<
«(
><:

'"::>o
IX

'"

H

~
X
o

'"::>o
IX

'"

l.:I
Z
H

~

z
oz

IX
l.:I

'"'"::>

- 0.
l.:I
Z

::>

H
0

~ '"'"
:E

IX <t
l.:I

I

3: u
0 ~

0-1 <t
0.

I Dhou Oolite I

I I
IAtheleta beds I
1--- I

I z I
l Ow

H '"I f-l I < Thlck, very hard, ht9h1y fosstllferolJs, Jotnted, yellow I
I ~ I ::n small ridge forming 11mestone In thick olive greenl khdki I
I ~ I Shale. gypslferous,w1th thin bands of b10l11cr1te highly I

g; I tz.. l P1100l( z fossl1lferous shale having nodules enclos\ng either ammo-I

o I Anceps beds I < no Ids or septa,. lin type). IIX -- _
C) 1 I cr Shale predomlnatu, shale> l'llestone I

I I <l I
H , ~ I ::r:: Thick, g.YPSlhrous, septa"'an .. concretionary nodules I
~ I ~ I u bearlng highly fossl1lferous shale wtth thin bands of I"'"

[3 IRenm.nn' beds ::J I LOWER blomlcrlte(shel1 lImestone):Gdden Oolite'bearlng foss'1-1 lit
1--- t""') I \feraus '\mestone at KEERA DOME (East of study area). I ~
1 1 Shale predominates, shale> lllllestone 1w ~

I I '" I <t
1 z I < Grty-whlU, thick, pebbly/conglomeratic highly fossillfe-I ~ CALLOVIAN

IMacrocephalus 2 1 ~ rous limestone, coral bear1ng limestone, white calcareousl ;::----157·------
(beds .... 1 UPPER shale (marl)Jolive gretnagrey"gypseous !thale 1 ~ 8ATHONIAIrt

,I I z: Shale> l111estone 1 <
1P",tch",m coral <{ I \- t a:

~a.1 bed~ - : lhickly bedoed, grey-yellow shale!t alternatiogwithl g
<:::>1 Patcham a ~ golden ootift I ~
~ ~IShf:1l limest : -; I """
.... C>IP.tch.mbilsat ., Thin btd!tof yellow and grey tim~stones with gOld, 1%

~ 1 bed =rnooliteingreyshale 1
KuarB.tB.d c ----

PATCH .- BAJOCIAN
GA R FORMAIION MIAN." Mottl.d claY,clayslone, .hal.s,sst. ... ith carb·1DON .. _ • _. 1 71 __

;t C; matter,silty shale,mlnor limtSfone ,lateritic l
DONGAR '- ... I

. FORMArrON ~~ ~ cl~y.coarse sst.,gravels,kdollnilic clay IAALENIAN
(encountered inBdnn; wtll no.2and Nlrona_1) ~ 5 Sandstoncs.conglomerdtes,igntous w~sh etc. 1---179---

1
-

I

I
I
I
I
I
I
I

I
I
I

I



DUBEY & CHATTERJEE-PHYSICAL AND BIOLOGICAL CHANGES ACROSS TIlE JURASSIc/CRETACEOUS BOUNDARY 143

68100' 69°100' 71100'
•NAGAR ,..'
t~R~ry

INOEX

o POST-EOCENE

~ lDlID PALEOCENE-EOCENE ~
[!JOECCAN TRAP 2

D ~~~~~{15us 0'

Text-figure I--Geological map of the Kutch Basin with study area in nonhwestern pan of Mainland.

Presence of well-preserved ammonites with
other fauna facilitates high resolution chronological
studies of Jurassic rocks whereas absence of mega
index fauna in Cretaceous rocks (except Aptian
Albian, Ukra Member) makes it difficult to mark the
base of Cretaceous. Three green, glauconitic, fossil
iferous (Tithonian) oolitiC, argillaceous limestone
bands 0 m, 0.3 m & 0.1 m) alternating with grey,
gypsiferous shale bands 0.5 m & 1 m), collectively
known as 'Umia Ammonite Bed' mark the Jurassic/
Cretaceous transition (Dubey & Chatterjee, 1996).
This boundary roughly coincides with the Umiaian
and Mundhanian stages of Pandey and Dave (993).
Glauconitic sample of middle band shows a radio
metric age of 138 ± 20 Ma (Srivastava et al., 1994).
This age roughly coincides with global Jurassic!

Cretaceous boundary. Among these three alternating
glauconitic bands 0, 2, 3), bed thickness, glauconite
and fossil content gradually decrease towards
youngest (Figure 1). Occurrence of these glauconitic
bands in the western part of the basin is totally facies
dependent as they laterally pass into conglomeratic
sandstone towards eastern part of the basin (conti
nental side). The absence of glauconitic bands
makes it difficult to demarcate theJurassic/ Cretceous
boundary in the central and eastern parts of the
basin.

GEOLOGICAL BACKGROUND

Mesozoic sediments in the Kutch Basin directly
overlie on Precambrian granitic!syenitic basement
with an unconformity (Biswas & Deshpande, 1968).

_, -·TRIGONIA RIDGE SANDSTONE
----- ~·UMIA AMMONITE BED

.... -

1

2
3

Figure I-Field photograph showing three green glauconitic bands 0,2 & 3) at (he base of Upper Member, Jhuran Formation C:::Umia Ammonite
Bed) overlain by "Trigonia Ridge Sandstone" in Mundhan Anticline.
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Three east-west trending asymmetrical anticlinal
ridges, e.g.," the Island belt", Mainland and Katrol
Charwar in the south have domal outcrops with
dome centers having oldest rocks and younger rocks

near periphery. The study area lies between latitude
N23°4'to 23°49' and longitude E68°50' to 69°06' (Text
figure 1). Five domes of the Mainland atJumara,1ara,
Mundhan, Sahera and Ghuneri were examined to get
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Text. figure 2-Vertical Iithocolumns with occurrence of physical and biological characters. Section I· Ghuneri dome; Section 11- Sahera (Katesar)

dome; Section lII-Mundhan anticline; Section IV-Jara dome and Section V· Jumara dome.
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a complete succession deposited during Middle
jurassic to Upper Cretaceous (Text- figure 2). jurassic/
Cretaceous Boundary could easily be traced in
glauconitic outcrops of jara, Mundhan and Sahera
domes. The oldest exposed rock (Bathonian) in
present area of study lies in the centre of jumara
dome whereas the youngest (Coniacian/Turonian)
occurs on the periphery of Ghuneri dome. Vertical
litho-columns for each dome were prepared and
sampled at close and regular intervals.

Mundhan Anticline

The Mundhan Anticline has an ideal exposure of
jurassic/Cretaceous rocks. A vertical profile was
prepared by taking traverses from anticline center up
to Mundhan Village (only bed nO.8-21 are shown as
sedimentary log in Text-figure 3), measuring more

than 503 m ofsuccession with thirty prominent beds.
(Text-figure 2). It represents a composite sequence
of Middle (bed no. 1 to 15; 265 m thick), Upper (bed
no. 16 to 22; 143 m thick) and Katesar Member (bed
no. 23 to 27; 75 m thick) of jhuran Formation.
Ghuneri Member, overlying on jhuran Formation
(bed no. 28 and other unexposed beds), followed by
Ukra (M2) and Bhuj Members ofBhuj Formation, are
well exposed in Sahera and Ghuneri domes,
respectively (Dubey, 1992).

Lithologically silty shale, coarse friable sand
stone, hard compact bivalve-bearing sandstone, fer
ruginous cemented well-sorted sandstone, oolitic,
glauconitic, argillaceous limestones and olive green
(khaki) shales are the main lithology. Tabular cross
bedding, herringbone cross-bedding, flaser and grad-

Table 2- list of common physical sedimentary stroctures encountered in Jurassic/Cretaceous succession of northwestern Kutch
Basin(R- rare, C-comrnon, and A-abundant)
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ed bedding with load caste structures are common
features (Table 2). The UplJcr Member of Jhuran
Formation also includes" Trigonta Ridge Sandstone"
in the middle. It constitutes three thick, very hard,
compact, trigonid-bearing sandstone bands (F) alter
nating with coarse, rarely fossiliferous sandstone
bands, i.e., D (Figure 2). Katesar Member shows
conspicuous development of storm-induced low
angle hummocks in sandstone and intraformational
conglomerate. Vertical to subvertical tubes of meter
length and few centimeter diameter are abundant in
bioturbated, coarse, friable sandstone of this unit.

Physical changes across Jurassic/Cretaceous
Boundary

Middle to Upper Jurassic period is marked by a
world-wide sea-level rise reaching its acme during
Oxfordian or Kimmeridgian (Vail & Todd, 1981;
Hallam et al.) 1985), causing major transgression in
many parts of the world. Mesozoic Kutch Basin also
evolved at the same time as a combined result of
eustasy and basinal! provenance tectonics. In gener
al, Jurassic transgression in the Kutch Basin depos
ited a retrogradational succession of muddy litholo
gy (shale, limestone, argillaceous sandstone)
characterised by fining upward cycles of uniform

thickness and sandwitching "Dhosa Oolite" of
Oxfordian age. It was deposited during still-stand
phase of starved sedimentation, representing
aggradational succession.

The beginning of the Cretaceous marks a global
sea-level drop followed by gradual sea-level rise.
Former is true for the Kutch Basin also, whereas the
later was compensated by the uplift of provenance/
basin with high rate of sedimentation, resulting into
regression. This deposited wedge-shaped coarser
clastics (conglomeratic sandstone, sandy limestone
and silty shale) of progradational succession of
coarsening and thickening upward cycles.

Sedtmentarystructure~These commonly include
both symmetrical and asymmetrical small and mega
ripples, sandwaves, interference ripples, planar and
trough cross-stratification, tidal bundles, hummocky
cross-lamination, parting lineation, sole marks, her
ring-bone cross-bedding, flaser and lenticular
bedding, large and small tidal channels (Table 2).
Jurassic successians are characterised by low energy
sedimentary structures like plane laminations, graded
beddings, load casts, massive beds, etc., whereas
Cretaceou:? successions are characterised by high
energy sedimentary structures.

~~.~- ....
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FIgure 2-Field photograph showing vertical section of "Trtgonta Ridge Sandstone" in Mundhan amicline. Distinct bands of hard, highly
fossiliferous, granular, calcareous sandstone CF) and coarse, relatively friable, poorly fossiliferous sandstone CD) are alternating.
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Bedgeometry-Most ofthe beds deposited during
Jurassic are tabular or sheet-like having almost equal
thickness, whereas beds deposited during Cretaceous
are wedge-shaped (Text- figure 2) generally thicker
in offshore direction (West).

Heavy minerals--Both opaque and non-opaque
heavies show variation in their abundance (Text
figure 3). Common heavy minerals are garnet, tour
maline, sillimanite, kyanite, monazite, andalusite,
staurolite, zircon and rutile. Among the opaque
heavies magnetite, ilmenite, leucoxene and hematite
are common. There are two distinct assemblages,
i.e., heavies of metamorphic affinity dominating in
Jurassic, whereas heavies of granitic affinity domi
nate in Cretaceous.

Lithic/rock fragments-Chert, metaquartzite,
quartz-mica schist, granite and silicified oolite are the
main rock fragments (Text-figure 3). Similarto heavies,
lithic fragments also show two distinct assemblages,
i.e., metamorphic and granitic for Jurassic and
Cretaceous, respectively.

Clayminerals--Kaolinite, illite, cWorite and mont
morillonite are the main clay minerals. Illite dominates
in jurassic of marine sediments, whereas kaolinite
dominates gradually in Cretaceous indicating fresh
to brackish water influence.

Palaeoshoreltne-On the basis of palaeocurrent
studies a changing scenario of palaeoshoreline
emerged as north-south during jurassic to northwest
southwest during Cretaceous.

Biological changes across Jurassic/
Cretaceous Boundary

The Jurassic succession is highly fossiliferous
containing well-preserved cephalopods (ammonites,
nautiloides, belemnites, etc.), gastropods,
brachiopods, bivalves, echinoderms, corals and
fossilised wood (Figure 2). Among the trace fossils,
the Crnziana - Zoophyc,os ichnofacies predominates
in the Jurassic sediments.

Gradual decrease in fossil content is prominent
in Cretaceous part of the sequence, having either
poor in body fossils or bioturbated sandstone bands.
Bivalves and belemnites are preserved at certain
levels only Figure 2. Among the ichnofossils Skolithos
- Arenicolites ichnofacies predominates. However,
the Ukra Member is similar in faunal content to the
jurassic succession, except for younger age and
fossil dimensions alongwith Crnztana - Teredolites
ichnofacies. The Bhuj Member lacks trace and body
fossils. Well-preserved leaf-impressions common in
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Text-figure 3-Variation of physical and biological characters across

the Jurassic/ Cre[aceous boundary. Sedimentary log shown in this
figure is enlargement of lithocolumn of Mundhan anticline (bed
no. 8-21; Section-III, Text.figure 2).

this part of the Cretaceous succession. Sometimes
wood pieces and root-like axes are also found. Thin
coal bands occur at a few levels.

CONCLUSIONS

The Mesozoic sequence in this basin as a whole
represents one major cycle of 2nd order (Vail et aI.,
1977) having several mini-/para-cycles of smaller
durations depending on the cumulative effect of sea
level fluctuations, basinal uplift and subsidence. The
major transgressive phase commenced as early as
pre-Bajocian Oaitly & Singh, 1983), or Aalenian
(Pandey & Dave, 1993) and continued up to Tithonian.
During this time interval of more than 40 Ma, Jhurio
C:: Patcham) and Jumara C:: Chari) and (Lower and
Middle members)Jhuran C:: Katrol) Formations were
deposited.

The general regression of sea initiated during
Neocomian, resulting into dominantly prograding
barrier shoreline environments. During this interval
ofabout 50 Ma,]huran (Upper and Katesar members)
and Bhuj C:: Umia) Formations were deposited. On
the basis of the present study following differences
between the Jurassic and Cretaceous sedimentation
panerns have been obserVed.
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1. Jurassic/ Cretaceous boundary lies between
middle and upper bands of three green glauco
nitic bands at the base of Upper Member of
Jhuran Formation. This is in accordance with the
boundary established on the basis of microfossils
(UmiaianiMund hanian Stage boundary of Pandey
& Dave, 1993).

2. Jurassic successions are dominated by carbon
ates and shales with minor sandstone
(retrogradational and aggradational successions),
with tabular geometry of uniform thickness,
whereas Cretaceous is dominated by sandstones,
shales with minor carbonates (progradational
succession) of wedge-shaped geometry, thick
ening in offshore direction (West).

3. Rock/lithic fragments and heavy minerals of
metamorphic affinity occur in abundance in the
Jurassic as compared to Cretaceous, which con
tains heavies and lithic fragments of igneous
origin.

4. Low energy sedimentary structures are common
in theJurassic, whereas high energy sedimentary
structures frequently occur in the Cretaceous
part of the sequence.

5. Undulose, polycrystalline, subrounded quartz
characterises Jurassic, whereas non-undulose,
subangular quartz grains are common in Creta
ceous.

6. Amongst the clay minerals illite dominates in
Jurassic indicating marine origin, whereas the
presence of kaolinite in Cretaceous signifies
fresh and brackish water influence.

7. Abundance of mega-, body fossils, including
index fauna, characterises the Jurassic, whereas
the Cretaceous is poor or sometimes barren in
faunal content (except the Ukra Member and few
trigonid-bearing thin bands).

8. Small pieces of fossilised wood occur through
out the sequence whereas coal seam, leaf
impressions and large wood trunks are pre
served in Cretaceous.

9. Among the ichnofossils, Jurassic is dominated
by sediment and deposit feeders whereas Creta
ceous sediments are characterised by suspen
sion feeders.

10. North-south palaeoshore line of Jurassic gradu
ally changes to northwest-southwest during Cre
taceous.

11. Aravalli range of Rajasthan situated in the east of
the basin contributed much more sediments

duringJurassic, whereas Nagar Parkar Massive of
Pakistan from north and northeastern part con
tributed much during Cretaceous Period.
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