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CHAPTER 11

GEOLOGTY

IT.1 INTRODUCTION

The anthor has given here only a few salient
features of the geological setting of the area
because the present study has more bias towards the

geomorphic aspects.

Geologically, the. study area comprises a terrain
made up of Deccan Trap lava flows and the overlying

Tertiary and Quaternary sediments.

T™e lava flows of Dececan Trap make up the

dominant rocks, and it is observed that the subsequent
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deposition of marine rocks was varigble in tﬁe east‘
and west. While the area to the east of the Okha
Rann contains only ° restricted outerops of. Tertiary
rocks, the Okha Mandal block shows a profuse
development of these Tertiary rocks. On the other
hand the late Pleistocene and Holocene sediments
argfgeveloped as compared to their thick accumulation

over the trap basement and Tertiaries in the

southwestern and southern parts of Saurashtra (Fig.ld;.

The Quatgrnary and Tertiary sequence for this
part of Sauraghtra has been given by Mathur et al (1975)

ag wnder

Table IT.1 ¢ Quaternary and Tertiary sequence of

Sanrashtra
¢ Stratigraphic
as Litolosy g
Alluvium and Freshwater alluvium - Hologene
Coagtal (sands, clays),
Ieposits coagtal depogits

(Lime Mud; Renn
clays with carbona~
ceous material/
marine shells;
Unconsolidated
calcareous sands)
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minifera; Variegated
clays

Table II.1 : Contd.
’ Stratigraphic ;
: it Tithology Age
E .
: Chaya Semiconsolidated to Holocene
Formation consolidated limegse 0 Late
Q fones (calcirudites); Pleistocene
U ¢ shell limestones
A} coral reefs and
T oyster beds
B ¢
R Adatiana Pelletoid limestones
IX : mb er (calcarenites)
R Thobaliya Alternating sequence Early
T Talav of pelletoid limes~ | - eistocene
embexr tones and fine
H rained limestone
§ Micrites)
i Dwarka Flaggy areneceous Middle Mio-
¢ Formation limestores with re- cene to
T i crystallised Lower
E ' shellg; clays Miocene
:
;
i { Gaj Formation Hard, compact, fine Lower
- : grained limestone Miocene
v with abundant fora-
H
%

TLaterite and Deccan Trap

Within the limits of the area investigated by

Kod

the amthor, only|following formationssare encountered :

~
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Alluvium and eoagtal deposits

Chaya Formation

— — —— —

Dwarka Formation

Gaj Formation

+

Deccan Trap

DECCAN TRAP

This formation is the most dominant and wiéespread. |
To the east of Okha Rann, from the north-south line
joining the villages Virpur, Mowasa and Ran, the
trap exfends almost uriintermp‘bedly eastward, forms
a fairly elevated ground in the southern part of the
area, which progressively slopes down towards the
Gulf of Kutch. In the south, the trap forms almost
en B-W ridge while in the coastal plains, it is
exposed as small hillocks and mounds Wi“tl?;. wide
convex glopes. The rock consists of almost horizontal
lava flows, frequently intérbedded with red clays
and agh beds of light grey colour. The individual
flows algo show variations, and in addition to the

most common grey massive basalt, cavitous,

‘amygdaloidal and scoriaceous varieties are also observed.

Generally these make up the top portions of individual
flows.
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An overall trap thickness of about 200 m is
observed. The individual flows range in thickness
from 10 m to 15 m. ':Ehe ash or red bole beds are
1 t0 2 m thick. These do not show straight contacts
with the traps, and usually form very undul ating

and irregular surfaces.

Pe:brographioally, the traps have been found to
consigt of usual Tholeiitic basalts made up of
plagioclase laths with occasional olivine graing
embedded in a microcrystallire grcuhdmass (Plate IT.1).
The coarser varieties show . sub-ophitic texturese.

The grain. size variabion is also observed from

fine “to medium grained. Plagioclase is a Labradorite,
while the pyroxene§ are ougite, diopside and
enstatite. Olivipe is seen asi%ocessory mineral
altered to serpentine. Thenocrysts of plagioclase
and occagionally of augite are quite common.
Amyzdules are those of zeolites and chalcedony

(Plate II.2).

The uppermost portions of the trap are
considerably lateritised, overlying the basalts is
a thickness of laterite rock, scattered and sporadic.
ARestricted to the western limit of the traps around

Bhatia and Ran, laterite is seen below the Tertiaries.



PLATE 11.1

The texture of tholetic basalt
(x 80, crossed nicols)

PLATE 11.2

Basalt wijth _a phenocryst of olagioclase
x 80 crossed "nicols)
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Its contact with the underlying trap is characterised
by a layer (1 to 2 £t thick) of bentonitic clays.
"These clays comprise decompgsed brecciated ash or
tuff consisting of white and faintly mottled soft

clay ehclosirg lumps and lapilli of similar rock,

richly coloured and fairly earthy.

The laterite when rich in ferruginous content,
typically shows a mottled brick red colour and is
easily recgghised by its porous and concre'i;ionary
structure, The sluminoug laterites are more nearer
t0 bauxite showing light red or pink colour with
white pateches and a pisolitic structure. On the whole -
this aluminous variety is dominant and is extensively
minéd for industrial purposes. The contacts of the |
lateritic formation with the overlying Tertiaries
and the underlying traps clearly point to the fact
that these laterites were formed from the traps and
the volcanoclagtic materials under intengsely hot
humid conditions. A good example of gradual
\1a“beritisation of.'brap was observéd in a nala near
the village Bhatia. On the hillocks south-west of
the village Ran, it was noted that “the Tertiary
limestones contained sbundant fragments of laterites.
Evidently, the laterites must have been sub jected to
considersble demdation prior to the deposition of

the Gaj FPormation ‘aboves
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GAJ FORMATION

/

These comprise the oldest of the Tertiary rocks
of Saurashtra and are extensively developed in the
southwestern and southern Saurashtra coastal areas,
representing the marine transgression during
Miocene period. Harlier éerti aries viz Oligocene
beds are nowhere exposed! and they have been reported
to oceur sub-surface in Bhavnagar and Ghogha area.
In the study area, the rocks of Gaj Formation are
restricted to the western half. Here these form a
narrow fringe along the western margin of the Okha
Rann and form good exposures to the 'east of this Rann,
in the Kalyanpur Taluka of Jamhagar. These overlie
the laterites and trap, and form almost horizontal
beds of calcareous sé.ndstone, clayey marls and
Llimestone, highly fogsiliferous. Resting with a
distinet unconformity above the older laterites and
trap, these Miocene rocks show a succession which
progressively increases in calcareous content upward.
The lowermost layers are sandy, while the middle
portions are marly. The upper part is alﬁlost a

limestone.

Total thickness of this formation is diffiecult

to agcertain because in no section, both the top and



bottom, are clearly observed. However, 2 maximm -
thickness of about 40 m is observed at the wvillage
Khatumba on the west bank qf the Okha Ramn. Nowhere,
the present author came across low northerly dips
menbiored by Fedden (1884). On the other hand, it
is seen that the dips could be due west, as youngér

rocks are exposed westward.

Petrographically, the lowermost»beds are made up
of fine to very fine angular quaritz grains with
argill aceous matrixz (Plate II.3). -This sandstore is
feebly calcareous. The fossils are absent. It is
fairly rich in ferruginous matter, and the rockl could
be congidered as a friablé sandstone. This horizon
probably indicates a slight change in the depositional
environmeﬁt. The higher proportion of quartz sand
indicates slightly tv:cbuleﬁt environment which
resulted in the breakdown of this . quartz component.
The absence of fossils could be .exﬁlained by the
turbulence of water during its deposition. This
horizon could indicate a sort of stratigraphic break
between fhe depositional environment of the rocks

above and below it.

As regards the more calcareous layers that

overlie the sandstones, they show quite interesting



PLATE 11,5

grains cemented in argillacsons matrix
(x 80 crossed nicols)
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petrography and origin. The yellow clayey marls
have been found 1o be essentially calcareous md,
i.e. micfitgs containing high perc;entage of pellets
and fossils; and thus have been clasgified as
biopelmicrites (Plate II.4). On the other hand the
upper compact limestone 1a§rers are sparites, having

been made up of sparry calcite (Plate II.5).

account
Teking into the petrograrhic characters of the

various thin sections, the author has found ‘the entire
Gaj formation to show a variation between gparite and
micrite with varying percentages of fogsils and
pellets. ILocally, terrigeneous quartz grains are
also present. In a general way the Gaj Formation

shows the following sequence :

Biopelsparite Lightorown with
(Fossiliferous violet tinge
Limestone)

Micrite,Pelmicrite Yellow end reddish
and Biopelmicrite yellow

(Clayey marls)

Biosparite and . Fossiliferous
Biopelsparite Limestone

Laterite/Bentonite/Trap
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PLATE 11.4

Photomicrograph of biopelmicrite
showing microfossils and pellets
(x 80 crossed nicols)

PLATE 11.5

Photomicrograph of sparite showin?
sparry calcite (x 80 crossed nicols)
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From above, it is seen that the Gaj beds show
consiéerable variation in terms Qf their carbonate
content, pellets and fossils. This variation,
points to the change in the depositional conditions

vertically as well as laterally.

The lower-most biosparites indicate a shallow
offshore environment pointing to a fall of sea level
and increase in the activities of currents and waves.
Biosparite with poorly sorted shells and shell
fragments and fragments of coral reefs indicate
shallow offshore enfironment while biopelsparite
indicates more faunal activities with abundance of
organic matter. In the upper successions; gradually
a deepening of the sea~floor is indicated. Biopelmicrite
and ﬁicrite indicate the increasing depth of
gea-floor. This depth is a little more than the
earlier one, where species could survive and carry
out their vital activities, the fine material being
deposited without disturbance of currents and tidal
waves. This implies both a rapid rate of
precipitation of microcrystalline carbonabte mid and
deposition of pellets together with lack of strong

currents.
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As regards the fossil content of the Gaj

Formation, it is very rich in molluscan shells and

microfossils. Though Fedden (1884) has given quite

an exhaustive list, the present amthor could record

and identify < only the following :

Megafogsils

G ASTERQPODA

PELECIPODA

Natica, sp.

Cypraea spe.

Eburpa sp.

Turritella angulata, C. Sow.
Phagianella ? comp. oweni d'A. & H

Placuna sp.
Dosinia pseudoargus, d'A. & H.
Astarte b aband is, d'A. & H.
Verus AoA-~geripta, C. Sow.~
Caprdinm triforme, C. Sow.
Pecten bouei, Var d'Arch.
" favrei, d'Arch.”
" Soomr owefisig, C. Sow. i
" (Vola) Sub-Cornieus, d'Arch

Scapula ? indet (or modiola ?)

Pullagtra yircata ? (or Verus
- - Subvingata)

Ostrea multicogtata (small)
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ECHINODERMATA
- o Schizagster granti, Dun & Sla.
Cidaris halaensis, d'Arch. & Haim
Glypeagter sP. indet.
" Temnechims spe.
COELENTERA
. Grammechimig regularis Duncan
- -- -&-Salden
Brigsopgis sps
Microfossils

PORAMINIFERA
- Triloculina spe.

Spirolocalina spe.

Bolivinita spe

Globigerinita sp.
? Bigenerina sp.

On the basig of the above fossil content angd

the presence of foraminifers Globigerinita sp.,

Ammonia sp. and Bolivinita spe., it is clear that the

rocks belong to a Lower Miocene age.

IT.4 DWARKA FORMATION .

.The rocks of Ga] formation pass upward into the

Dwarka with a disconformity only. The rock types
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contime to be calcareocus, thoug}h? v@iﬁf@i:@,ﬂb in
nature from the underlying Gaj beds, and also show

a sudden drop in the fossil dorrtent. The constituent

rocks are differert varieties of limestones.

Extensive outcrops of Dwarkas are encountered
all over the Okha Mandal block, and also along a
nerrow MWE-SSW strip restricted bebtween the Okha Rann

and the Gaj beds in the eastern part.

Good sections are exposed at @

1) Ranjitpur (east of Okha Ram)
2) Aramda -
3) Bet Dwarka

4) Dwarka

At Ranjitpur, the base of the Dwarka beds is
exposed , where the Gaj are seen overlain by a
light brown compact limestone with a disconformity.
The sudden disappearance of fogsils is so
characteristic. The overall dip of the beds is a

few degrees due weste.

Considering all the exposures and the dip
directions at the various sections, the following

stratigraphic sequence has been worked out :
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Current-vedded compact
light brown limestone

Hard spongy grey
limestone Dwarka
cliffs

E

SRed shaly limestone

| Light grey coarse compact
§ limestone
g
0

coloured limestone

{
|
|
i
Compact, hard, violet g
|
%

Dwarka
For ~ Crystalline buff Aramda and
mation } coloured, current bedded Bet eliffs
limestone
Dark grey friable
sandstone
Pink marls
Yellow marls Ran jitpur.
Light brown compact
. { limestone
——== Digsconformity ----
Gaj { Reddish hard compact 8 East of
For- { fossiliferous 0 Ran jitpur

mation { limestone

Petrographically, the Dwarka beds have been
found to comprise biosparites and micrites. PFellets
are almost absent. Fossil content is also
negligibles However, sporadically the following

foraminifers have been identified :
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Triloculina spe.
Amonia sp.
Spiroloculina sp.
Bolivinitia sp.
Globigerinita sp.
Cellanthus sPe
Podolia sp.

along with some molluscs like :

Pelecypoda 't Pecten of. pyxidatus, Cephalopoda :

Balamis sPe

Of these, the fossils Podolia sp. and Cellanthus

sp. voint to the Upper Miocene to Iower Pliocene

age .

Depositional structures mainly comprise
cross~bedding in almost all layers and these point
to variations in the current directions and in

amount of dipgs of the foreset beds.

The Dwarka beds shOW'quité interesting neotec—
tonic structure in the form of conspicuous ENE-WSW
flexures. A mmber of anticlinal ridges marking
these folds are encountered in the Ckha Mandal
block. When traversing from Okha to Ckha Madhi, it

is further observed that the intensity and amplitude
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of folds gradually decrease southward. Although
no related faulting was observed but the likelihood
of the flexures being bordered by longitudinal
faults along their northern flanks cannot be ruled

oute

CHAY A FRMATION
These carbonate rocks, “taken as younger to the
iliolite formations' (Mathur et al, 1975) are the
ﬁext formation enceunfered in a restricted manner
on the west coast near Shivrajpur (north of Dwarka).
Miliolites are nowhere recorded, and the Chaya
Formation is seen resting directly on the Dwarka with
an unconformity. About 20-25 m thick‘ sequence is
observed in quarry faces. Obviously, these exposures
are the northern limit of the Chaya beds, which have
been reported to ocour extensively all along the
coast from Jafrab.ad nor‘th-wesitwardh .According to
B. Roy and some other workers at the Geology
Department, M.S. University of Baroda (Personal
Communication), the so-called Chaya rocks do not
represent a distinet formation, younger to ﬁhe
Miliolite rocks, but comprise only a facies variant

within the Miliolite Formation. These are essentially
caleci—rudites, devoid of pellets, and identical to the

dead oygster beds and coast~fringing rocks of Pedden.
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The constituent rock is a dirty white consoli-
dated to semiconsolidated porous highly fosgiliferous
limestone. At places the limestone is go full of
fossil corals that it can be aptly called
"coraline limestone" or dead coral reef. In fact,
‘%he three variants éf Chaya limegtones viz. shelly
limestone, coralline limestone and oyster bed form
a part of the calcirudite limestone. Some of the
fossils identified from the Chaya rocks are as
under @ '

PELEGIPOIS

- Tellina sp.
Pecten sp.

Ogtrasa sp-

GAS%%GPODS -

- -

irritella sp.
goims "SP.
gzpfaea sP.
CORAIS
o Astroconis gp.

Septagtrea spe.
In addition to the sbovementioned megafossils
these limestores contain a rich assemblage of

microfossils, specially foraminifers, a few of

whaich that were identified are as under :



Benthonic forms

Planktonie forms

56

Textularia conica d' Orbigny

I. foliacea Heron Allen and
- -Barland - -
Spiroloculina excavate d4' Orbigny

_s__,_&indica Cushmen

Quingueloeculina ef. lamarckiana
d' Orbigny - - -

Cpiloculina of. tricarinata
a' Orbigny --------

Discorbis sp. iddet

Gyroidina sP.

Bolivina of. varigbilis (Williamson)

Globigerina bulloides d' Orbigny

Globigerinoides triloba (Rauss)

- P

Petrographically, the Chaya limestone has been

found to show a high percentage of fragments of

pelsparite and biopelsparite in a sparry calcite.

Faunistically, these rocks are characterised by

abundant broken and/or complete semi~fossilised

shells of variety of gasteropods, lamellibranchs,

corals and algae.
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IT.6 RECENT AND SUB-RECENT DEPOSITS

Tege consist of :

1) Coastal mdlfats,
2) Sand-dunes,

%) Residual soils.

1) Coastal mudflats

These are confined fo the northern coast
fringing it all along; the Okha Rann is &lso a
mdfl abe

All along the coast, these flats have a variable
width of 1 to 10 km, this width is seen decreasing
from east to west, the thickness is progressively
increasing toward the offshore from a few cm to as

mich as 20 m. Okha Mandal Block has no mdflats.

The mudflats are dissected by creeks, nars
and tidal chamnels. These deposits of mixed
environment are formed by the deposition of fine
clay and silt particles carried either from sea or
landward side. Near the river mouths, the md is

seen mixed with medium to coarse sand. The md
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overlying the trap is dark grey while that resting
over the Tertiary limestone, is of light brown
colour. Extensive mangroves flourish on these

midflats.

2) Sand dunes

Coagtal sand dunes are developed along 'tfle west
coagt from Okha to Okha Madhi. In fact, they extend
further ﬁpto Kodinare The dunes, comprise a
contimous ridge dissected by creeks at Shivarajpur,
Rupen Bandar and.Dwarka. The height of the ridge
veries from 8 to 10 m, and width is between 100-3C0m.
The landward slope of the ridge is 40-60. At places
like Mithapur a mumber of parallel ridges are seen.
The sand is mainly calcareous, medium to find &
grained ’white in colour, and is mixed with pieqes
of molluscan shells and corals. A seascnal growth
of small flowering plants and grass takes place.

on this ridge which dries out in summer.

,,,,,

The inland area ig covered by a blanket of
s0ily 4 cm to 30 cem locally a greater thickness is
also seen. The soil is mainly derived from the

underlying rock itself by the action of agents of
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demdation. Soils overlying the Ieccan Trap are
black and fine-grained and very fertile. The soils
derived from Tertiary rock are fine grained, of
light brown to reddish brown colour, mixed with

sand particles and are comparatively less fertile.

The black cotton soil supports a rich growth
of Acacia Arabica, Nim, etc. 2nd a dense forest,
while on Tertiary soils mainly grows cactus, a

typical arid zone flora.



