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CHAPTER III
GEOLOGICAL SETTING

As has been mentioned in the introductory
chapter, the area under investigation contains an
important assemblage of Mesozole rocks, A variety)
of lithological types ranging from arenaceous to
argillaceons and calcareous in composition are
abundantly developed, The sedimentary rocks mainly
comprising varieties of sandstones, siltstones and
limestones are 1ntrﬁdéd by the dykes of dolerites

and overlaln by basalts of Deccan Trap, The various



formations as mapped in the field show the following
succession; -

Alluvium, Coastal sands,§ JRecent
Blown sands, etc. X "

. Sandy oolitic limestones§+20 m, YSub=-

JRecent(}

Green sandstones 15 to 7§Supra- l(?)PALAEOCENE

‘ i m.ITrappeanl
Intrusive dolerites {3 to ([Deccan=- }QRETACEO -
and basalt flows - Y15 m. }Trap EOCENE
Sandstones, ferruginous §274 m.)YBhuj {
sandstones, silty shales) JSeries I&ggg%g%o
Sandstones, siltstones, Y 82 m.JUmla YCRETACEOUS
shales ISeries _

X X
Shales, -sandstones, JKatrol |
caleareous sandstones Y329 m,)Series |
and siltstones X X , %
Shales, sandstones, 1122 m.)Chari {
oolitic limestones X YSeries Y

B A S U S W Y Lol adad ol dod Katrol Fault 0 S ok S G G e W T D Sl S W S S

Sandstones,ferruginous 1+14o ¥Bhuj X
sandstones, silty shales]Y m. JSeries JLOWER T0

IMIDDLE.
Sandstones, siltstones, [+15 m.{Umia JCRETACEOUS
shales [ | {Series |

The Cretaceous rocks are repeated on account
of the Katrol fault, This fault runs almost E-W and
dips rather steeply due south, thus being more of
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the nature of a reverse fault, Though the dips of

the strata in general are due south, the most striking
structural feature of the rocks is the existence of
elongated domes and flexures in the vicinity of the
fault to its south (Fig. 2).

on the whole, the rocks in the central part of

. the area are better exposed. The degree and extent

of exposures 1s very good and individual beds can be
easily traced for considerable distances, Comparatively,
the area to the north of Katrol fault is poorly
exposed., Similarly the areas in the south fringing

the basaltié hills of Deccan Trap, are also mot well
exposed, The general trend of the strike is east-west
and the various beds are seen gently dipping (5° - 10°)
due south, However, in the vicinity of the faults

high dips - as much as 30° to 60° are moted (Fig. 1).

In the following pages of this chapter, the
author has systematically described the various
field characters both lithological and structural
recorded by him, The whole account has been divided
into two main sectlons, The first one deals with the
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areal distribution and field characters of the
rocks belonging to the different formatlons, while
in the second section, is included a description
of the various characteristic sedimentary structures
whose study was found useful in deciphering the
prevalent depositional conditions,

o Saction A
Areal Distributlon And Field Characters
BOCK FORMATIONS T0 THE NORTH OF KATROL FAULT
To the north of the Katrol fault are

exposed cretacequs rocks = parts of both Umia and
Bhuj Series (Fig. 1l).

Umla Series:~ . ‘ _ ‘ 4
| _ Umia series eonsists of a group of inter-

stratified beds (0.35 to 0.45 m, thick) of following

lithological types:- ]

(1) Ppurple, medium to fine grained, silty, sometimes
micaceous sandstones and siltstones,

(2) Red, brown and variegated, coarse grained,

‘ ferruginous sandstones,

(3) Greyish black, silty, carbonaceous shakas.
Thgse three lithological types do mot show any

succession and are interbedded rather haphazardly.
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The total width of the outerop of this
series in the eastern part of the area is about
506 metres, While on being traced to the westward,
towards the extremity of the area, its width is

reduced to about 300 metres or even less,

The various beds of this series can more or
less be continuously traced from the eastermmost
boundary of the area upto as far as 400 metres
west of Bhuj-Mandvli road, Good exposures are .
recorded just south of Bhuj on the Bhuj-Mundra road,
and these are seen continning westward, Just neer
the road to its west a carbonaceous shale band has
yielded some plant fossils, Very poorly preserved,
these fossils - plant impressions - look 1like small
leaves, The strata are gently dipping (£ - ) due
south, Further west of Bhuj-Mandvi road, after a
gap of about 2 km,, Umlas are agaln encountered north
of Sukhpur, Here these rocks form nearly 300 metres
wide outerop ideally exposed in a nala, This outcrop
can be traced further west even beyond Kalyanpur,
but ﬁére all the above described rock units of Umia

series are not seen, Only some purple, fine grained,
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laminated sandstones, siltstones and occasional
ferrugimous sandstones are recorded and that too,
the outerops are discontinuous, Further west of
Kalyanpur another set of good exﬁosures are moted
in small hills, 2,5 km., NNW of Mankuwa, Fine grained
sandstones here, show a typical columnar Jointing.
To the south and the west of this hill are seen
doleritic dykes running WNW~-ESE and NNE-SSW
respectively, These‘dykes aré highly weathered,
friable and of purple colour. The columnar jointing
in the sandstones appears to be due to the effect

of these intrusions.

Further, on golng west of these hills, the
exposures of Umia rocks get sparse within the limits
of the area. (0f course to the north of this hill
good outcrops are present), About 2 km. north of
Nangiari, a few isolated pateches of poorly exposed
Umias are noted. Here the rock is meinly a purple,
fine grained, micaceous sandstonéj. In these
exposures, the Umia beds show a slight change in
the dip direction, and are seen dipping very gently
(about 2° - 4%) due S.E.
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Bhuj geries:- |

The Umia series is succeeded by the rocks of
'Bhuj series which for the most part consist of
massive sandstones., The entire series 1s seen to be
made up of a number of reéetitious identical
sedimentary units = each comprising (in ascending
order) the following:=-

(1) A discontinuous thin basal layer of white to
grey, silty claystone - shale (sometimes.
present, sometimes absent),

(2) Yellow, brown and pink, coarse to medium
grained, massive friable, cross bedded,
felspathic sandstone fbfming the main bulk of
the unit,

(3) Thinly bedded limonitic gritty sandstone
layer,

(4) Highly ferruginous, hard and compact, brown,
coarse-grained sandstones - marking the'top"
of the unit. o
The main bulk of the Bhuj rocks is seen to show

several of the above mentioned—units, and the entire

formation is made up of several such units or cycles,
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It is obvious that a sort of ceyclic fluctuation
in the nature of sedimentary enviromment gave rise

to this repetition,

" The massive sandstones show very poor
stratification and it is difficult to take accurate
dip' measurements in these rocks, except where the
ironstone bands and claystone or shale bands are
present, The strata dip gently (2° - ) due south,
These sa.ﬁdstones show cross~bedding, Near their
contacts with doleritic dykes and aleng faults zones
thése are seen to be guite hard, almost quartzitic
with a glimmering lustre,

Rocks of Bimj series form conspicuous and
good ecutcrops all along the northern part of the area,
north of the Katrol fault., Overlying the Umias in
the morth, these Bhuj rocks are cut by the Katrol
fault to the south., Almost continuous exposures are
recorded and can be traced from east to west around

Mirzapur, Sukhpur, Mankuwa and Samatra,

In the east, Bhu;)' rocks are seen occurring in

force in the hills Just to the mortheast of Mirzapur.



Isolated patches forming small hillocks are also
noted to the south and southeast of the village,
The rocks are éxposed on the surface as well as are
seen in a number of sectlons and cuttings, The
ceyclic nature of sédimentatien giving rise o a
repetition of the above mentioned layers is
consplcuous and in all, five cycles are clearly
revealed in these outcrops, It is moted that the
lowermoét claystone or shale layer which underlies
the massive sandstones ;s not developed prominently
in this part and only the upper three varisties
are repeated again and again, A conspicuous
transverse fault, north of Dharamsala cutting the
Bhuj rocks, is moted for 400 metres, its strike
being 130° - 310°,

West of Mirzapur and to the west of Bhuj-Mandvi
road, a few outerops of these sandstones are
recorded around Sukhpur, Only the yellowish brovn,
coarse, friable sandstones are seen to occur, the
other two varieties are not clearly developed, One

and half kilometre southwest of sukhpur in the nala,
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white, grey, laminated claystone or shale, which is

the characteristic bed underlying the massive

sandstone, is exposed., In this claystone band clear
plant impressioﬁs are seen preserved, Rajnath (1942,p,11)
has also reported similar occurrences of the plant
fossil from BhuJ] series, perhaps the only plant fossil
to be reported, and has identified it as Ptilophyllum

cutchense,

0n going further west, beyond Sukhpur upto
Mankuwa, very few exposures of the sandstones of this
series are noted, Two and half km, east of Mankuwa,
theré is a basic intrusion forming a small hillock,
and it is obvious that the intrusiom is cutting the
Bhuj rocks, This intrusion continues northwards as a
dyke, perhaps this dyke extends southward also-somewhat
intermittently for about 2 km, and abuts against the
Katrol fault. All along the contact of the dyke, the
sandstones have altered into Aquartzites. About
750 metres southeast of Mankuwa in a nald, again the
bed of white elaystone that underlies the massive
sandstones, 1s exposed, Perhaps it is the same bed
wﬁich is seen near Sukhpur, As usual a few ill-defined

plant impressions are present,



44

South of Mankuwa village these"‘ sandstones ar\e
seen i‘orming gentle E-W folds -~ a northern syncline .
and a southern anticline, "l‘he folds are very gentle
and the dips of the limbs hardly exceed 6°, These

flexures flatten to the east and west,

In the area to the southwest of Mankuwa,
towards and around the village Bharasar,the Bhu}j
sandstones with all the acoompanying variations form
ideal exposures in the three southwest flowing nalas,
Almost continuous exposureé are met with right upto
the Katrol fault in the south, Varieties of sandstones,
- massive as well as variegated, gritty and ferruginous,
are well exposed in nala section;. In all five units
of depogition, each beginning with massive sandstone,
succeeded by variegated gritty layer and finally by
ironstone bed are recognised. The claystones are mnot
significantly developed. a maximum thickness of
approximatél} 150 m. is measured. Along the easternmost
nala, a doleritic dyke trending NNE-SSW is encountered.
This dyke shows alteration into a purple friable rock.
The same dyke is seen exposed to north about 500 m.
south of Mankuwa, Here the alteration and weathering
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of the basic dyke is ideally seen, This dyke is
seen abutting against the Katrol fanlt in the south,

Apart from the nalé sections, the exposures
in this area (i.e. to the west of Bharasar) are rather
scanty. Only a few scattered hillocks of poorly
exposed sandstones are seen occurring spcradicaliy.
Here again, is recorded an N-S transverse fault
cutting the Bhuj rocks, This fault is seen truncated
by another NE-SW fault in the north, whiléfthe south,
it. as usual, abuts against Katrol fault,

Further west, there are small hillocks formed

of friable, massive sandstones, The outerops as such
are poor and invariably capped bg a ferruginous, .
compact rock (ironstone) which appear to have been
derived by the weathering of the underlying massive
sandstones, This ferrugination of the sandstonses
indicates a longer duration of exposure to oxidising
agents, Through these rocks intrudes ; NNE-SSW

doleritic dyke,

Around Samatra in the west, massive sandstones

are again very well exposed. But here the repetition
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B. Katrol fault showing drag effect
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of varlous units as seen in the east, 1s not so clear,
A minor but consplcuous transverse fault cutting

these rocks east of Nangiarl 1s seen continuing

southward and abutting ageinst Katrol‘fault.

KATROL FAULT: _

‘ _ Katrol fault is an almost east-west regional.
fault and is inclined steeply (about ;o° to 80°) to
the south (Fig. 1)y It is clear from the field
evidence that the older rocks to the south (Ghari
and Katrols) have been brought over younger (Bhuj)
ones and thus in itsApfesent state, the dislocation
is of the nature of a reverse fault, Broadly speaking
the trend of the fault runs parallel to the strike
of the strata, Except at a few places where the
‘fault-zone is covered by recent soil, thnoughoﬁt
_the area good sections of the fault-zone are
exposed (Plate IA & B). Though for the most part,

" the fanlt is seen extending E-W, at many places its
course haslbeen somewhat sinuous. When traced from
east upto Bhuj-Mandvi road, the trend of the faunlt
is eastewest, West of Bhuj-Mandvi road near Wandh
its strike becomes almost NE-SW,
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south of Bharasar and further west it ls somewhat
zigzag, South of Samatra, however, its trend again

becomes east-west (Fig. 2).

In the immediate vicinity of this fault, to the
south, considerable drag effect is nmoticed in the
dips of the strata. On crossing the fault at a number
of places, strata to the south show overfolding due
to the drag movement, When traced southward just
along the fault plane, the dips are fairly steep due
south, and within a distance of a few metres, they
become almost vertical, then start dipping due north
and ultimately on crossing the crest of fhe flexures,
start dipping gently @ue south (Fig. S). Fleld
evidences elearly point to a possibility that this
folding, and perhaps the dome structures are connected

~ with the reverse movement along the fault plane,

Fault-breccias are scarce but not absent, At a
number of places they have been recorded e,g. south

of Mirzapur, Bharasar and south of Samatra,

ROCK FORMATIONS TO THE SOUTH OF KATROL FAULT:
In the area to the south of Katrol fault, a

complete succession of all the rock formations can be
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traced from north to south; the oldest being the
Charis and the youngest being the Deccan Trap (Fig.l).
Immediately to the south of the fault, all along

the dislocation, north-dipping Katrols are seen
forming a narrow discoantinuous band, The fact that
this formation is occurring in contact with the
fault, and not the Chari, is evidently on account of
the formation of drag folds (resulting into domes)

in the vicinity of the thrust., Wherever the domes
have been dissected by the fault, the Katrols have
been eroded away, and the Charl rocks are seen abutting
against the fault, Further éouth, after the zone of
domes, the dips again uniformly start dipping due
south (about 10°-12°) and the Katrols are seen
successively overlain by Umia and Bhuj series and
finally by the lavas of thé Deccan Trap right near

the southern extremity of the area,

ghari Series:
South of Katrol fault, in all eight domes

have been recorded in the area (Fig.%), While some

of the domes are rathef complete, others are only
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partly developed. A study of the various domes has
revealed the following succession of Chari rocks in

the area;

Yellow and brown, silty and cleyey,
oolitic limestoneg in portions ferru-
ginous, highly fossiliferous with
belemnites ammonites and brachiopods
(Dhosa 0olite),

)
)
i
Greenish yellow, sandy limestone, § MEMBER C
)
)
)
)

Grey, yellow, khaki, gypsiferous and
calcareous sﬁales with intercalated
calecareous and Terruginous siltstones
at times fossiliferous,

Brown, red, grey, gritty, hard
calcareous and ferruglimous san&stone;
mostly fossiliferous with lamelli-
branchs, brachiopods and ammonites;
on weat‘r’xering stands out prominently.

Yellow, greenish grey, shales;
alternating with ferrugimous
sandstones and calcareous slltstones,

Grey, brown, gritty, compact,
calcareous and ferruginous sandstone
(similar to above mentioned but 18ss
fossiliferous).

Grey, yellow, purple, medium to fine
grained, friable gandstonej
occasionally hard and calcareous.



Yellow, reddish brown, conglomeratej)
calcareous and ferruginous, fossili-)
ferous with belemnites and
gastropodes etc.

Yellow, grey, khaki, calcareous
shales; intercalated with ferru-
gInous and calcareous siltstones,

Yellow, purple, fine grained
calcare’aous samistones.

Base Not Exposed
Top of the Chari series is marked by-a

Nl st Nt Nl Nl NP NP P
E
o
=]
I

bousldary, yellow, brown oolitic fossiliferous
limestone band commonly known as Dhosa Qolite, This

band of 0.5 to 0.6 m. thickness outcrops prominently
and is very useful in tracing the Chari rocks,

From east to west, as stated above, the Chari
rocks are exposed all along, to the south of Katrol
fault forming a number of domes., The northern limbs
of these domes at several places cut up b} the Katrol
fault, and whenever fraeeable, are always steeply,
dipping due north, and abutting agalnst Katrol fault,
Sometimes these northern limbs are seen even overturned.
and dipping steeply due south, The southern limbs of
the domes are somewhat continuous, gentler, dipping
due south, 'fhe Dhosa Qolite band on the southern limbs,

1s very often seen shifted by a metre or two to the
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north or south on account of N-S tranam%ﬁse fanlt&.
This shift is very characteristic in the;%ield and X

Jd
has proved very useful in delineating thensﬁQ%p§HH\

limits of these domes (Fig.2).

In the eastermmost part of the area, chéri rocks
form a conspicuous, elliptical domé about 500 metres
long (Fig.2). The Bhuj-Mundra road almost cuts across
this dome. Its existence i1s made very conspicuous by
the easily recognisable Dhosa Qolite band, wh;ch forms
rather an arcuate exposure., The southern flank of the
dome almost strikes E-W and dips 20° due south, while
in the north it is truncated by the Katrol fault. In
‘the northwestern part of the dome, where Katrol fault
cuts it, a small outcrop of Dhosa Qolite dipping due
north is recorded and obviously represents a fragment
of the north dipping limb, To the east, this dome, at
about 800 metres east of the Bhuj-Mundra road, is seen
abruptly truncated by a NNE~-SSW fault.

Rocks which underlie the Dhosa 0Oolite, are
ideally exposed in the core of the truncated dome and
form geod exposures 1in the tract between Katrol fault

and Dhosa Oolite band. Immediately to the south of
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Katrol fault, to the east and west of the road, grey,
yellow, gypsiferous, calcareous shales with
ferruginous nodular siltstons bands (Member B) are
recorded, They show inverted dips (i.e. steep
southerly), These shales are overlain by reddish
brown, gritty, hard,ferruginous and calcareous,
fossilifercus, sandstone band (Member B), This band
follows the trend of Dhosa Oolite and to the west, it
swings as much as NE-SW dipping due N/ and abutting
against the Katrol fault., Its eastern limit is marked
by the above mentioned transverse fault. This
underlying band shows distinet anticlinal E-W flexure,
in the vicinity of the Katrol fgult, ideally recorded
in the ground to the west of the Bhu}-Mundra road. To
the south, this sandstone band is seen overlain by a
group of grey shales (gypsiferous and calecareous,
‘rarely fossiliferous), intercalated calcareous and
ferruginous siltstones and yellow lim_astones. These

rocks are in turn overlain by Dhosa Qolite,

Farther west, nearly 1 km, from Bhdj-Mundra road
(2,4 km,south of Mirzapur), the Chari roeks are seen

forming two almos»t complete domes (Fig.2). Again the



Dhosa Qolite band proves very useful in locating and
demarcating the domes which show quaquaversal dips.

The cores of the domes are made up of usual shales

and calcareous siltstones, that underlie the

Dhosa Qolite, In the central part of the north-western
of the two domes a basic sill-like intrusion is
recorded. A number of minor N-5 faults are seen cutting
the domes. To the west of these'domes, a fault trending
ENE-WSW with dip 70° due NN is recorded.

Further west, agaln the Dhosa Qolite is seen
to characteristically form a narrow elongated small
dome-like structure, the length of which running
parallel to the Katrol fault is about 200 metﬁes
while the width is having 50 metres. At the western
extremity of this small dome a transverse fault of

moderate dimension is seen affecting the strata,

,Further westya large truncated dome is exposed
and noted on both sides of Bhuj-Mandvi road (Fig.2).
It extends for 1.@ km. to the east of road and for
800 metres to the west of road; The southern flanks
of this dome are characteris#ically recognised on

account of the usual Dhosa Qolite band, The dips
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to the south vary from 4° to 20°. The north dipping
portion of the dome nearer the Katrol fault is
discontinubnsly exposed to the east of Walakhavas
tank, Near this tank, the swing in the dip direction
can be easlily seen in the fleld., The dohe is bounded
as usual, by the Katrol fault to the north and in
the area between Dhosa Qolite and this fault, a small
outerop of overlying Katrol rocks are noted, This

dome too is seen cut &p by a few transverse N-5 faults,

As usual,- the older rocks that underlie
Dhosa Qolite are seen outcropping in the core of the
dome. Broadly speaking, the upper portion of the
underlying rocks viz;shales are exposed ig the eastern
part of the area while the lower beds consisting of
calcareous gritty sandstone (Member B) occupy the
‘western part, Once again a doleritic intrusion is seen
to occur in the core of the dome. This particular
intrusion appears to be partly of the nature of a sill,
overlying the Dhosa Qolite band.

All sthegaboverdeseribed domes which lie to the
dast of Bhuj-Mandvi road are comparatively of lesser
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dimensions, their longer axes never exceeding
0.8 to 1,0 km,

0n going further west between the villages
Bharasar and Samatra, three consplcuous domes are
present (Fig.é). out of these three, the eastern
one is a ﬁajor dome. It is roughly elliptical in
shape and elongated in E-W direction, Its longer
axis extends for almost 9,5 km. Its'maximum width
is of about 4 km, between Katrol fault and Khandewav
Chowki, The northern flank of this dome is
discontinuous, having been truncated by the Katrol
fault., As a result, thé older Chari rocks lying
below Dhosa 0olite abut directly.against the Katrol
fault. In the northwestern part of the dome,
immediately in the vicinity of the Katrol fault,
there are minor east-west trending anticlinal and
synclinal flexures ideally shown by Dhosa Qolite band,
The northern flanks of the Dhosa Qolite band and
older rﬁcks dip steeply to the rnorth while in central
and southern part the dips are gentle and
: subhorizontél. In a few sections where the rnorthern

flank is present, immediately to the south of the
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Katrol fault, for a distance of 3 to 6 m. the dips
are overturned and thelr amount varies between

65° to 85° towards south (Fig. 2).

In contrast to the steeply dipping northern
flank, the southern flank of the dome has gentler
dips due south, The dome, mainly in its central and
southern paxjt, is much cut up by numerous transverse
fanlts, Effects of these faults are ideally seen in
successive shifting of the Dhosa Qolite band,

In the eastern and western parts of the dome,
Dhosa Oolite band swings as much as N-S and NE-SW
dipping due east and northwest respectively., The dips
are 10° - 2°

anticlinal and synelinal flexures are nmoted, It is in

o« In the central part of this dome minor

this dome that the maximum thickness (122 m.)'of the
Chari rocks is exposed and the complete succession |

as éiven earlier is clearly recorded, On the basis of
thpee distinet bands which are persistent throughout
this dome, the rocks of Chari series could be grouped
into the three above mentioned members (Fig. 6). The
central portion of this dome contains a number of
basic intrusions; dykes (N«S) and plugs with occasional
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sills, Similarly; in the western portion of this
dome is seen intrusives and its core is practically

entirely occupled by the baslc rocks,

The other two small domes lie to the southwest
of the above major structure (dome) and can be easily
recognised 10 km, southwest of Samétra village,

These comparatively smaller domes are elliptical in
shape and occupy roughly an area of 8 to 10 sq.km,each,
In the core of these domes, the usual underlying
shales are exposed which are ilntruded by,Nré dykese.

Katrol Series:

The formation that overlies Dhosa Oolite has
been termed as tKatrol Seriest!(Fig. 1). Though there
is no marked unconformity between the Chari and the
Katrol series, this separation has been decided upon
a number of evidence, The abrupt paucity of fauna
(may be because of a change in enviromments) in the
beds that overlie the highly fossiliferous
Dhosa Qolite, marks a t'paraconformityt. It is seen
that the overlying bed - a sandstone 6? siltstone,
tends to be lensoid, thus bringing shales éhat oceur
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over thase sandstone in direct contact with tﬁe
Dhosa Qolite, This typical discontinuous deposition

signifies a minor nen-sequence,

Wherever the rocks of Chari series are not
exposed, the rocks of Katrol series abut directly
against the Katrol fault, and many times they are
overfolded and show lnverted dips due south,.

y

chara}ctaristically enough, the Katrol series
shows considerable lateral variation in its upper
part, This has been very clearly recorded in the
field: (Fig. 6). Accorﬁingly, the following
successions for the eastern and western parts of the

series, have been worked out.
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RITHOLOGY - :

Eastern part- :. Western part .

4) Brown and :4) Alternating {

yellow, massive,:; brownish |

medium grained, : yellow X
friable : sandstones Y MEMBER D

sandstonas, : and pink and

: brown ¥

: calcareous ]

¢ siltstones, 1]
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3) purple and and

3) Gre,
yel awa fine

yellow shales

graine with inter-
calcareous and stratified.
ferruginduss layers of MEMBER C
sandstones and purple,flaggy ’
siltstones. calcareous
siltstones,
(L8 ma) (16 m. )
2) Grey, yellow Grey, yellow
and khaki and khaki
occasionaily
-gypsiferous gypsiferous

shales, inter-
bedded with
yellow and red,

shales, inter-
bedded with
yellow and red,

4
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nodular nodular
siltstone siltstone
bands, bands,

(93 m. ) (102 m. )

1) Alternating :1) Alternating

grey and : grey and
yellow, ¢ yellow,
gypsiferous : gypsiferous X
shales and : Shales and X ER A
e¢alecareous : calcareous 1] ) X
siltstones with; siltstones with]
micaceous, s micaceous, ]
ferruginous : ferruginous ]
sandstones, : sandstones, X
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Member A : The bottommost member of the
Katrol series, consisting of alternating shales of
gray an@ yellow colour, with bands of calcareous
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siltstones and sandstones (micaceous and ferruginous)
is seen resting over the Dhosa Oolite. In most places
this oolitic band is overlain by the shales and
slltstones but in some localities, the lensoid bands
of micaceous and ferruginous sandstones intervene,
resting over the Dhosa Oolite, This fact is a clear
indication of the existence of a paraconformity.
These sandstone bands are ideally seen in tn?
exposures on the Bhuj-Mundra road and BhujiMaﬁdvi

road,

G9od exposures of this member are seen
outeropping in a number of localities throughout
the area., From east to west, these can be *
systematically traced and studied, In thé\eastern—
most part (2 km.porth of Tapkeshwar'temple)5
typically grey and yellow shales form good exposures
and are seen abutting against the Katrol fault,
These shales contaln frequent crystals of gypsum
and are interstratified with thin bands of
haematitie nodular silfstone and calcareous siltstones.
These rocks form featureless,unduiating low ground
and show good sections in small stream cuttings,

Here a N-5 doleritic dyke cuts these roeks, and is
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seen abutting against Katrol fault, Along the
contact of this dyke the shales are seen to have

been rendered black and indurated.'

\

on the whole, the dips are éentle and due
south never exceeding 10%.(0f course, as stated
earlier, near‘the Katrol fault, the dips are due
north and fairly high and sometimes even invertéd.)
Distinct E-W anticlinal and <iynclinal flexures in
the Katrol rocks immediately in the vicinity of
Kaxrﬂl fault (Fig. 2) are a common feature, These
folds are obviously a product of the drag effect of
ihe fault,

On going west, the succession of shales and
calcareous siltstone con?inues, forming undulating
grounds, Wherever the ferruginpus siltstones have
been exposed on the surface, they weather very
characteristically into-small reddish brown, aﬁgular
chips which lie scattered all over the surface of
shales, In this part, a2 few metres east of
Bhuj=Mundra road a thin bed of red, yellow,variegated,
ferruginoué siltstone is seen separating the shales
from the‘Dhosa.OOlite. This slltstone bed appears to be
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& locally developed lens, as when traced further
west it disappears, To the west of the Bhuj-Mundra
road the Dhosa Qolite bahd is again seen overlain
directly by the usual shale~silistone unit, These y
shales, (east of the road) about 800 metres south éf
Katrol fault are seen intruded by a NNW-SSE doleritic
dyke which extends for few metres to the south,

Along Bhuj-Mandvi road, Dhosa Oolite band is
overlain by a locally dé%eloped greenish, medium
grained ferruginous sandstone, This is lensoid, in
nature and disappears after a short distance on both
sides, A few metres east of the road the overlying
shale-siltstone unit of this member is seen cut by
a W-SE doleritic dyke.

This member comprising mainly shalés and
siltstone is not so characteristically developed in
~ the western part of the area, and 1s seen at a few

places only.

- - t

Member B: Member A 1s succeeded by grey, yellow,
gypsiferous shales inferstratified with about a metre

thick, brown, purple, hard, calcareous siltstones,
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This shale-siltstone sequence, on erosion, forms a
characteristic uneven topography and constitutes a

diagnostic feature,

On going from east to west, right upto the
western limits of the area, these shaies and siltstones
are encountered almost continuously, Good exposures
are seen in the nala~cuttings and road sections,

Near Godpur villege and further 1 km, west of the same
village, two major N-S dolei'itic dykes are seen
cutting this member, These are seen extended in the
north and abut against the Katrol fault. In the
extreme western part of the area these rocks are
intruded by a major NS to ENE-SSW dyke. This dyke

and a few sill=-like masses together cover a ma;jér

part of the area,

Practically all over, the dips remain iow and
due south. Whenever this member is exposed in the
vieinity of Katrol fault, the rocks dip due north
showing somewhat higher (35°) dips. Occasionally the
unit shows gentle E-W flexures, somewhat away from
the Katrol ;‘ault, and one good example can bé seen

in the west of sanitorium and to the southwest of
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of Shedata, These flexures die out in the north and
the east, while to the south and the west are bounded
"by an E-{¥ and N-S5 faults respecpively. The former
fault is recorded in the nala 400 metres west of
Bharapur, to the north of which shales and siltstones
of this member are exposed, While the latter is
ideally expoéedlat 8 mile 4 furlong milestone, where
along with it a dyke has grisen. '

Sections noted all throughout the area reveal
that the layers of these gypsiferous shales and
calcareous siltstones are of unequal thickness varying
between 100 em. to 30 cm., Notionly,this vatiaticn in
the thickness is seen in vertiecal sense, Sut
individual layers also increase and decrease in
thickness when traced laterally., The stratification
is such that practically most of the layers are
discontinuous and lens shaped and tend to pinech out

when traced over a distance,

The uppermost layer of this member is a thin
calcareous siltstone, which forms typically
discontinuous hard crust over the shaly surface.

This is a very conspicuous feature of the Member B



65

and is very useful in separating this group from
the overlying rocks, This marker band shows marked
lithological variation from east to west. In the
eastern part it is more sandy, less calcareous and
somewhat ferruginous, while towards west it tends
to become more and more calcareous. In the area
lying to the east of the Bhuj-Mundra road this
calcareous siltstone capping (described above) is
seen‘Lying over a thin (about a metre or 80 ;n
thickness) band of compact gritty calcareous
sanistone, This band has a very restricted.n
occurrence and is confined to the area mainly i»
‘the east of Bhuj-Mundra road., It extends for about
a killometre when traced eastward of the road and
then gradually disappears, To the west of this road
this band can not be traced. Obviously it ﬁinches
out on both sides, suggesting a lensoid shape, A
similar band of gritty, ferruginous and ealcareous
sandstone is again noted in the extreme west of the
area and 1its exposures are seen at 1,5 km, northeast
of village Sarli and 2 km, southwest of pragsar,
Here also it is thin and lensoid and is ~
characteristically absent from the intervening ground,
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Member C: The next'overlying member C comprises
the rock types which show a lateral variation in
lithology from east to west, In the eastdthis'
member is seen to be dominant;y sandy and silty,
while to the west it is more shaly. Outecrops of

this member in the eastern part of the area are
mostly silty sandstones = yellqw, purple, brick-red,
and pink in colour., Generally compact and massive,
at some places they tend to be micaceous and
laminated, Intercalations of thin layers of white
silty shales are quite numerous, It is observed

that in this part the upper 1ayérs of this unit are
somewhat more ferruginous and slightly calcareous,
Good exposures of this succession, are seen near

the Tapkeshwar temple, which extend as far as
Bhuj-Mundra road, This purple sandstone is a typical
one and is utilized as marker in separating
underlying and overlyipg members, To the west of
the Bhuj-Mundra road, these rocks form poor
exposures for about O.é km, and after that they
disappear, In the ground between Bhuj-Mundra road
and Bhuj-Mandvi road this member does not outcfop,
perhaps belng eroded away.
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Further west of the Bhuj-Mandvi road,
member B is seen overlain hy shales, A careful
mapping has revealed that it is the same member
as the one seen in the east, but has gradually
become shaly westward, These western outerops,
extending from Bhuj-Mandvi road right upto the
western limit of the area, are of the nature of
silty shales = grey and yellow in colour, with
carbonaceous impressions and streaks, These shales
are seen interbedded with variegated calcéreous
siltstones, The top layer of this member(C)is a
red to yellow, hematitic siltstone, which weathers
in a characteristic manner, giving rise to small
polygonal chips strewn over the rolling mounds of
the shales,

On the whole, the @ips of the rocks are as
usual low (5° = 10°) and due south, But in the
outcrops immediately to the east of Bhuj-Mandvi road,
a local change in the direction and amount of the
dips of these beds 1s moted, Thls, infaet, is the
- continuation of flexures\recerded in the east in

the rocks of member B,
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Member D: The next younger member (D) is a

group of brown and yellow sandstones. In the east,
practically‘the entire succession consists of these
sabdstopesy. while on being traced to the west,
these sandstones are seen alternating with pink and

brown cealcareous siltstones,

In the eastern part of the area, good
exposures are seen in the vieinity of Sanitorium,
from where they extend eastward across the
Bhuj-Mundra road. At several places the siltstones
of member ¢ are seen distinctly overlain by a
massive (exceeding 35 m, in thickness), yellow,
friable sandstone. While the main bedding is not .
distinct, this sandstone amply shows large-scale.
cross~bedded structure. The uppermost layers of
this sandstone are of brickred colour and rather
ferruginous, The dips are very low, the strata
being almost subhorizontal or dipping with,

2 to 5° due south, At few places, mostly to the
east of Bhuj-Mundra road, these sandstones are
cut across by transverse faults (NNW-SSE, N-S and

NE-SW). These eastern outecrops are terminated
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southward by a strike fault (Bharapur-Godpur fault)
(Fig.2). On account of this faulting, this member
is seen coming directly in contact with rocks of

Bhuj series, the Umias having been eliminated.

To the west this member is exposed again
along Bhuj-Mandvi road., In the intervening ground,
these rocks do mot occur, perhaps having been

eroded away.

Along the Bhuj-Mandvi road, these rocks are
seen to have been thrown into a number of gentle
flexures; on account of the‘folding, its exposures
are noted more than once on proceeding southwards.
Broadly, the exposures mark two bands separated by
otder rocks occupying the core of the anticlinal
flexure, Thg northerﬁ dutcrop on being traced
westward is seen abutting\against the Katrol fault
(2,0 km, SE of Mankuwa), Along the synclinal axis
south of this northern exposure a strike fault
(WNW-ESE) 1s recorded, The southern band extends
beyond the limits of the area westward, but to the
east is cut by the above mentioned,transéerse fault

(page 64)y In the extreme west, however, the



succession is complete and these rocks are seen

underlying the Umla series,

Cross-bedded structures are less frequent in
the western part as compared to the eastern and are

restricted to a few exposures nerth of Godpur,

on the whole, it is evident in the field that
the members of the Katrol series are better
differentiated in the eastern part as compared to

the west,

Umia Series:

The rocks of Umla series, the next younger
formation of the area, are mostly variegated
siltstones, pseudo-oolitic, gritty sandstones,
brown sandstones and silty carbonaceous sﬁales.
There is a considerable interbanding of these
various lithological types and the entire formation,
about 82 metres thick, consists of layers of
siltstones, sandstones and shales, No succession
can be decided upon in this series, and thus it
has been studied and described as a whole, (As will

be seen in subsequent chapters, the rocks of
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Umia series, are of transitional type indicative
of the change of enviromment - from marine %o

non-marine.,)

The exposures of the rocks of this series
are rather discontinuous, having been affected by
the major E-W (Bharasar-Godpur) fault,
Lithologically, the expésures of Umla rocks to the
south of Katrol fault, are in a broad way identical
to those north of Katrol fault, The siltstones are
of many shades of red and brown colour., The
sandstones are either gritty, pseudo-ocolitic and
rather ferruginous, being yellow and brown in
colour, or they are cream coloured, massive and
friable, The shales are of grey colour, generally
silty but with some carbonaceous streaks and

poorly developed plant impressions.

Exposures of these series are seen in two
places and aiways'to the south of Katrol rocks, In
the eastern part of the area, a few outerops are
seen along the nala cuttings e.g. north of
Narayanpur, In these outecrops Umla sandstones anﬁ

siltstones are clearly seen overlying the shales
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and calcareous siltstones of Katrols and dip very
gently (3° - éo) due south, Again to the west of
Bhuj-Mandvi road, thislserieé outerops rather
continwously for more than 100 metres. In the
stream cuttings near the village Godpur, excellent
section of the entire serles 1s preserved, which
furnishes a complete record of the rocks of the
series, West of Godpur village the rocks of this
series are seen intruded by the same doleritic dykes
seen in the north and recorded in the Katrol series,
Identical sections are again recorded in the
extreme west at the places 1.2 km, northwest and
0.8 km, north of sarli. The rocks of Umia series
show well marked bedding and lamination, Structures
like cross-bedding are scarce and only poorly
developed at a few places in sandstones,

Bhuj Series:

These Gretacequs rocks, overlie the
Umia series rather conformably, and form good
outerops in the areas to the south of Jurassic
exposures. Qccurring almost continuously from

east to west, the Bhuj series forms a band about
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2 to 3 kms, wide, Sections and surface exposures
of sandstones of this formation are recorded at

a number of places - viz. east and southeast of
Bharapur, around Baladia, Kera, Dalsara - villages.
Along Bhuj-Mandvi road, 1.8 km, south of Daisara
village, a clean section of this formation is
recorded, On going further west from Daisara
village right upto the western limits of the area

this formation is exposed continuously.

The rock-types are sandstones - massive and
friable, ferruginous and sometimes silty, quite
identical to those oceuring north of Katrol fault..
The succession of the various lithological unit is

also the same.

Just like the rocks of this seriss to the
north of Katrol fault, here also, a slight ‘
variation in the 1ithology from east to west - the
. sandstones tending to become inereasingly ;-
ferruginous, 1s again recorcied. Similarly, their
origin due to a sort of cyelic deposition under a
continéntal enviromment is also abundantly clear, '

Bedding and lamination are quite well developsd,
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and a number of sandstone sections show‘very good
cross~-bedding, The dips are very gentle, almost
sub-horizontal and flexures are absent, thouéh
slight variations in dips from place to place are
noted., A number of transverse faults are seen
cutting these rocks throughout‘the area, One ‘and
half km, nmortheast of Bharapur, a prominant plug
like mass mostly of basalt intrudes these rocks.
West of Bhuj-Mandvi road doleritic dykes described

earlier are seen continued through these rocks also.

Deccan Trap:
To the south, the sandstones of Bhuj series

are coverad by the basalts of the Deccan Trap,
and mark the limit of the area investigated.

Supra Trappean Beds:

At a number of places, small scattered
patches (never exceeding a few metres in thickness,
and 1000 sqe.metres in extent) of greenish, medium
grained, calcareous sandstones are negor‘ded., These
sandy patches are séen resting over the rocks of
Katrol, Umia and Bhuj series, Good examples are seen

near Shedata, Narayanpur, Meghpur, These appear
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to have erositeq>spo:adggal;y in small depressions,
and are essentially fresh-water deposits, The most
characteristic feature of these sandstones is their
fossil wood content. Some of these patches contain
?iqy{pebplesrqf ?rapfmgte?;g; and it is gbviqug that
these were formed during post Deccan Trap period,
Sub-Recent Deposits; ‘ N o _
~Ina few localities (viz, one km, southsouthwest
of Sukhpur - both east and west of Mandvi road,
south of Bharasar), Sub-Recent deposits occupy small
areas of 1500 sq.metres each, These deposits include
dirty brown,compact and laminated sandy limestones
and show a charadteristic cross-beddihg and are
generally 20 m, thick, These are found to be
qusil;fe:ousv(M@}iq;ids)bqqd_ool}tie. Generally
these rocks occupy the foothills of the slopes (Fig.l).

Y

Section B

Sedimentary Structures

_ According to Krumbein and Sloss (1963 p.124)
?Sedimenpgrg st:uqtures inelq@g Phe larger features

of a sedimént, which are better seen in outerop



than 1pvhand_spegimens, Tpesg structures depend on
relatiops“between_sgd;mentary aggregates than on the

grain to grain relations that control texture,"

“"Liggvtexturg én¢ composition strgctureyis an
inherent property of rock and a guide to its origin,
Wgeraagytexpure @ealsﬂwith_the graip‘torgrain
relations in a rock, structure has to do with '
discontinuities and major inhomogeneties., Structure
is concerned with the organization ofuthe deposit -
the way in which it is put together" - (Pettijohn
and Potter, 1964; pe2)e

. The sedimentary structures have been classified
in many ways. The rgcent classifications by Krumbein
and Sloss (1963) and Pettijohn and Potter (1964),

are the most comprehensive and widely accepted.,

Krumbeln and Sloss (1963, Pe.24) have classified
the sedimentary structures into (1) Syngenetic and
(2) Epigenetic, gyngenetic structumes are those formed
contemporaneous with the sediment. They include
beddings, ripple marks, organic features, and others,

Epigenetic structures are formed after deposition,



77

Certain concretions, compaction features and large=
scale features such as folds and faults belong in

this catagory,.

] ) Baddigg_is the most characteristic structure

of all the sedimentary rocks, and the basic entity is
a single bed which has been defined as "that thickness
of sediment which was~depggited_upder\essentially
constant physical conditions"(0tto, 1938).

pettijohn and potter (19%41 P.4-9) have
suggested an ideal classification of various
sedimentary structures based 69 the external and
internal characters of beds, and the same is

summarised below.

I, Classification on the basis of external form
~ of beds: . : ,
Class k; 1) Beds equal or subequal in thickness,
2) Beds laterally uniform in thickness.

3) Beds continuous,
Class B: 1) Beds unequal in thickness,

2) Beds laterally uniform in thickness,

3) Beds continuous,
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Cclass C: 1) Beds unegu in thickness.
2) Beds 1atera11y variable in thickness.

3) Beds continuous,

Class D: 1) Beds unequal in thickgess;
2) Beds laterally variable in thickness,

3) Beds discontinuous,

IT. ¢ sificati the basis intern

organizatign and structure:

¢lass As Massive,
Class B: Laminated.

(1) Hbrizontal 1aminations.
(11) Cross=laminations (simple and multlple).

¢Class C: Graded,

Class D Imbricated (gravels) and other oriented
internal fabries,

class H: Growth structures (such as exhibited by
‘ stromatelitic limestones, some reef=-rock
travertine, etc.), .
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III. Classification on the basis of markings and

irregularities on the bedding planes

Class As On the base of bed.-
(1) Load structures (load casts),

(i1) Current structures(scour marks and
tool marks)e

(111) Organic markings (trail and burrow
casts, "fucolids"),

Class B: Within the bed (parting lineation),

Class C: On top of bed.-
(1) Ripple marks,

(1i) Erosional marks (rill marks, current
cgescepts){ o

(1ii) pits and small impressions (bubble
and rain prints, ete,).

(iv) Mud cracks, mué crack casts, ice-erystal
casts, salt crystal casts, etc.

(v) Organic markings (tracks; trails,
footprints,ete,).

IV. Glassification on the basis of the pene-

contempo;aneous deformation of beds,

Y

Class A: Founder and ‘load structures (load casts,
ball-and-pillow structures,etc.).
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~

Class B: conwlute bedding,
Class C: Slump structures (fold, faults, bfeccias).

Class D; Injection structures (sandstone dikes,
sill, etc.).

Class E: Organic”stfuctures (barrows, "Churned®
beds, etc.).
~ In the following lines, the author has briefly
touched upon the characteristicsof the beds as
recognised in the different formations of the area;

and classified them as per the scheme given above.

) It is sgen_thathtpe-s?dimentg;y structures of
Chari are similar to those of Katrol series, while
those of Umia and Bhuj series are identical, Henee,
fpr”the ppgpqse“qf_@eseyipﬁiog, Charis have been
included with Katrols, whil Umia and Bhuj series.

have been grouped together.

Sedimentary gtructures in Charl and Katrol Series;

So far as the external forms of the beds are

concerned, those of Charli and Katrol series are



PLATS 11 Interstratification in Katrol Series.
(A & B)
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somewhat identical, Interstratification of shales,
sandstones and siltstones 1s a very common feature
and the individual beds of sandstones occurring in
thick shales, vary in thickness from 5 to 50 cm.,
Occaslionally the variation in the thickness of beds
is as much as 50 to 100 cm.(Plate I), Not only the
beds vary in thickness vertically, but laterally too,
they are of variable thickness, On the whole,
individual beds can mot be traced continuously for
long distances and tend to pinch out. All these
characters place these rocks in to the Class D of’

external forms of bedding,

Oon the basls of the internal structures of the
beds of Chari and Katrol series these could be placed
in Class B of pettijohn and potter. The siltstanes
and shales are highly laminated, the laminae marked
by the alternation of silt and clay particles,
Sometimes the lamination is due to thin layers of
calcareous material., The sandstone layers often show
cross-laminations, On the whole cross-bedding is more
common in Katrols as compared to the Charis. Both

small as well as large scale cross bedding is recorded,



PLATS 111 Type of cross-bedding in Katrol Series.
(A & B)
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‘ Character| Cross -
Type of LWR strata Appearance
Boundlry | shape
DAFT .
Lenticy~
Simple Non - ‘ lar or |
erosional! wedge
Planar Planar Wedge
Surrace or
or Tabular
Crosion
Trough Corved |Lenticy.
Surface iar
or
crosion ==
fig:7Q. Threea major types of cCross- stratification
(after Mckee & we'ir 1963)
Simple Planar
Seres { Non erosional) | (Plonar surface of
erosion )
Llenticular | wedge wedge Tabular
Bhu; Most Dceasi- - Ocecagl -
J Common | onal, onal.
Umia Sporadi - Occasi-| Common
Cal, onail.,
Kakrol sporadi~ — Common | Common
) Caxl,
Chari Common - - -

fig: 7b. Type of ~ross-bedding n the study

ared.




82

and in many cases the ent:_l.re»bed is involvgd such that
forsets extend from the bottom to the top of the bed
(Plate 11 ), )

Mackee and W’ei“g (}953) have given an ideal
ts{pulgr clgsgificgtion of the diffferent types‘ of
cross-bgdding (Fig, 74). The nature of the cross-bedding
ig Qhar:i, and‘xﬁ;atrg;._ rocks have been accordingly
classified and shown in Fig, 7B.

- In a general way, markings and irregularities

on the bedding plane, are not so prominantly seen,
Oonly in a few localities,ripple marks are seen in the
sandstones of Katrol series, No other features have
‘been recorded. Similarly structures indicative of
penecontemporaneous deformation of beds, are restricted
to a few localities, and are seen both in Chari and
Katrol rocks. The most common are ball and pillow

structures, slump structures.

Sedimentary Structures in Umia and Bhuj Series:

The beds of Umia §eries, mostly cc;nsisting of
sandstones, siltstones and some shales, differ
cohsiderably from those of the undgrlying formations
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in their external form. Unlike the Chari and Katrols

and the\Umia seriés consists of beds of &nequal
vertical thickness, but laterally, the individual
beds malntain more or less same thickness and tend
to .continue for considerabls distances (Class B of
exterpal forms).‘The sandstone beds of Bhuj series
also show unaqual'thickhess and continuous lateral
extension witﬂbut‘any variation in the thicknass
laterally.

Cross-bedding is not so p:ominent in tpese
sandstones and siltstones of Umia Series, and this
structure is recorded at a few localities only. on
the whole, the beds of the Umia Series are rather
massive-devoid of any internal structures. But on the
other hand, sandstones pf Bhuj series show
cross-bedding on a much larger scals, The nature of
the cross-bedding in Umia and Bhuj rocks have been
shown in Fig. 7B. Both massive as well as
cross-laminatedAbeds are present in this series and
both these types are recognised practically all over
the exposures (Glass A and B of Internal forms)(Plate IV),

3



PLATS 1V Type of cross-bedding in Bhuj Series.
(A & B)
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_ No surface markings like ripple marks,

mud cracks,etc, are present in these rocks, but at
some localities the beds of sandstones and siltstones
(both in Umia and Bhuj series) show convolute
bedding - a penecontemporaneous deformation

structure of Class B.

~ The author has found this classification and
description of sedimentary structure very useful.
It is needless to emphasize that the various external
and internal forms of bedding, are important
§tructu?al fegtgres which go a long way in revealing

the depositional sequence of different beds in

an areae




