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CHAPTER VI

“

SEDIMENTATION

-

Sedimentation according to Twenhafel (1950-p.3)
represents the various processes that are concerned
with the destruction of any kind of rock, the
transportation and deposition of the products of
destruction and the cemsntation or induration of
these prodﬁcts. The processes responsible, operate
within a framework comtrolled by physlographic
setting of enviromment, by relation of land and sea
by the action of dominapt geologic agents such as

streams, wind, waves and currents,
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The true nature of the processes of
sedimentation have to be interpreted by a detailed
study of (1) the composition of the sediments which
sheds light on provenance, (2) sedimentary structures
and the textures of the sediments which reflect the
dynamics of transportation and deposition and
. (3) assocliated fosslils and similar eriteria which
permit the age determination and reconstruction of

sedimentary environments,

In this chapter, a picture of the various
aspects of the sedimentation for various stratigraphie
formations has been constructed taking into account

the various evidences to reveal the following:

L Sedimentary enviromments -~ by textural studies.,

(2) processes of transportation and direction of
. movements -~ by constructing CM diagrams and
by the study of sedimentary structures,

(3) Source rocks - by heavy mineral analysis and
study of thin sections,

(4) Tectonic setting - by the study of lithological
associations and sedimentary enviromments,

The aspects of sedimentation, as revealed by the
above-mentioned studies for various rock formations,

have been discussed in detail in the following pagés.
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While discuésing the sedimentary enviromments,
the author even at the cost of a little repetition,
has delliberately referred to the various textural
parameters of the different rock types. This was
found necessary and convenient to prepare an
intelligible and critical account of the
sedimentation history of the area,

CHARI SERIES:

Sedimentary Enviromments;

Member A; This member shows the following sequence;~
" Conglomerate (Intraformational)
Shales SRS
Sandstones (Calcareous Quartz Waeke).
The base of this member consists of sandstones,

These are malnly fine to very fine grained, moderate
to well sorted, mainly possitive-skewed, very
leptokurtic and unimodal. The sand gralns are
sub-rounded to rounded with equant shape and are
immature, A few sandstones are cemented with calcareous
méterial;_sgglgg that overlie the above sandstones
are clayey and poorly sorted, Though of fine-skewed

nature, these shales are mesokurtic., These shales are
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often c_:alcareou.s and many a times gypsiferous., The

typically intraformational conglomerate forms a thin hard

hard layer over the sandstons-shale beds, This
@nglomeratic band is made up of subrounded to rounded
pebbies of shale and ferruginous siltstone., These
pebbles 5L are embeded in silty and clayey matrix and
are cemented by calecareous and ferruginous matter,

Obviously this conglomerate is immature,

Considering the various prepertles and
characters of the sandstones, shales, and conglomarate
1t can be surmised that the member was deposited,

under a marine enviromment of Gircalittoral type

(Krumbein and Sloss, 1963) p.510; Folk, 1965,p.107).
The occurx;enee of intraformational conglomerate (over
which the next member B 1s seen resting) suggests a
temporary uplift and exposure above the tide level
(Krumbeln and Sloss, 1963, p.165).

Member B; Member B that overlies the intraformational
conglomerate of preceeding member, consists of .
Grits (Calcareous Quartz Arenite)

Shales ("v-~i. .o o )
Sandstones (Calcareous Quartz Wacke).
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Sandstoneé are mostly fine-grained with poor
sorting, The sediments are fine (positive) sSKewed,
very leptokurtic (similar to those of member A) and
unimodal. The sand grains are ’subangular to subrounded
with eéuant shape and are lmmature, These sandstones
are occasionally cemented by calcareous cement,
Sandstones are overlain by silty and poorly sorted
Shalss, silt and af clay particles of which indicate a
near symmetrical skewness, and are leptokurtic., Many
a times shales are gypsiferous and calcareous, Grits
that overlie the shales consist of coarse grained
sand particles which are moderately sorted., The sand
grains are subangular and of equant shape, This gritty
sandstone is quite mature, highly calcarsous and

somewhat ferruginous and contains molluscan fossils,

~

The above assemblage abpears to have been
deposited\ in an enviromment similar to that of the
underlying member A except under relatively shallower
conditions, )

Member Cs The gritty band of the member B is overlain
by an alternating gi'oup of siltstones (Fine grained
quartz wacke) and shales with limestones (Micrite)

at the top.
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Siltstones and shalas show very poor sorting,.

Both the s;;t and clay particles denote a positive
skewness and all are mesokurtic. A few siltstones are,
however, platykurtic, Both siltstones and shales are
bimodal, The silt graiﬁs are subangular having equéht
shape. These siltstones are immeture and generally
cemented by calcareous matter, siltstone-shale sequence
is overlain by the limestones, of which the topmost
portion 1ls oolitic and fossiliferous (Dhosa OOiito).
Limestones (Pelmicrite) show a fine calcarenitic
texture, and consist of pellets (calcareous) and
fossils with angular sand gralns, The uppermost
oolitic band (Oomicrite) comprises predominant
ellipsoid oolites besldes, fbésils and coarse silt,

Oolites are both calcareous and ferruginous,

The above rock-types suggest a marine -
Circalittoral environment, While most of the deposition

appears to have taken place under very quiet water
conditions, the upper oolitic portion indicates shallow
and agitated waters (pPettijohn 1957), Oolites in a
micrite matrix indicate an exceptional rock, implying

formation of oolites in a high energy enviromment
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and their "accidental® tranSportétion into loww~energy
enviromment, perhaps such oolitic rocks would be fairly
common in zones of mixture where tidal channels with
swift currents adjoin shallow protected marine flats
(Folkj; 1959, p.28)., Such depositional conditions are
indicative of the shallowing of the basin prior to a
breek in the sedimentation, and perhaps with the
formation of 'Dhosa Oolitet the deposition of Chari

serles came to close.

It is evident that during the deposition of the
varlous members of the Chari series, the prevalent
environment for the most part, was a marine one of the

Circalittoral type (infraneritic subzone - the depth of

water being between 150t to 600t - Krumbein and Sloss,
1963)s Illite is the characteristic clay mineral of
the shales originating under marine conditions
(Folk,1965, p.94). Deposition under qulet water
condition (below wave base) is further supported by
the skewness, kurtosis and unimodality of sediments
(Fige8), the interstratified nature of the various
rdck types of the series and by the scarcity of
cross-bedded structure (pPettijohn, 1957),
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Processes of Transportation;

CM diagram for the rocks of Charl series
suggests that the process of transportation was
brought about mainly by *Tractive Currentst in
marine water (Passegaj 1957, 1964). Tractive currents
transport sediments either by rolling or in
suspension, In case of Chari series the processes of
transportation are seen to be mainly of two types
viz, (l)aggaded suSpensioh - mostly sediments of
sandstone/(2) Pelagic suspension - clay particles
of shale (Fig.-9).

Jource Rocks:

Some idea about the source rocks from which
the sediments were derived could be obtained from
a study of the detrital minerals occurring in the
various rock types., The nature of the 'lightt and
theavy? 'crops of minerals obtained from the heavy
minéral separation indicate the provenance, The
lighter minerals are mostly quartz, (felspar is
only occasionally seen), ZzZircon, rutile and tourmaline
are the most abundant heavy minerals, Staurolite,

garnet and blotite are only occasionally present,
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Opaques (like limonite, hematite and pyrite etc.)

are sometimes abundant, This mineral suite points

out that the source rocks were 'reworked sedimentst
(Krumbein and Sloss = 1963).'The occasional staurolite
and garnet 1is indicative of some metamorphic rocks

also,

Tectonic Setting:

The various lithological characters of the
Chari series are indicative of Circalittoral marine
enviroment of such type where alternately quiet and
shallow (rough) water conditions prevailed, This
clearly suggests that basin was relatively unstable
and its depth fluctuated from time to time, The
intensity of depth fluctuation, however, does not
appear to be of high order (Krumbeln and Sloss, 1963,
Pe 3944 Cadigan, 1961 - p,136), The presence of
gypsum and oolites in the upper member of the series
points out to the fact that at the close of the Chari
series sedimentation, the site of deposition was of
the nature of tan arid restriected basin' (Krumbein

and Sloss, 1963),
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KATROL SERIES:

Sedimentar} Bnvironments:

The junction between the Charl rocks and the
overlying Katrol series indicates a temporary bresk
in the deposition and the following account indicates
that with the advent of deposition of Katrol rocks

the sedimentary envircmments had considerably changed,

Member A4 The oldest member of Katrol series

comprises sandstones (Quartz Wacke and felspathic

wacke),siltstones (Fine grained felspathic wacke)

and silty shales, This member overlies the Dhosa oolite

of Charl series with a distinct paraconformity.

The lﬁwest rock unit of Member A consists
mainly of sandstone beds, The sandstones are both
fine grained as well as very fine grained, and thé
fine grained varieties show moderate sorting, near
symmetrical skewness and are mostly mesokurtic.
On the other hand, very fine grained varieties are
poorly sorted with positive skewness (strongly fine
skewed) and leptokurtic (Fig. 10, 11, 12). While the
former sands are bimodal the latter are unixﬁo@al (Fig.13).
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The sand grains are subangular to subrounded with
elongated to very equant shapes, The sediments are
immature and are cemented by calcareous and’
ferruginous materiai. Overlylng these sandstones is

an alterngting assemblage of siltstones and shales,
The siltstones are mostly coarse to medium grained

and poorly sorted. These siltstones are fine (positive)
skewednhut a few samples show symmetrical skewness
also, Most of the siltstones are leptokurtic and
generally unimodal, On an average the silt particles
are subangular to subrounded with equant shapes and
the rocks are immature, A few siltstone varieties

are cemented ;- mainly by calcareous and sometimes
ferruginous matter, Shales are silty‘and clayey with
poor sorting, Though strongly fine skewed these shales
are mesokurtic, It is noteworthy that the fossils are
very scarce in the various units of this membe: as

a whole,

The various sedimentary characters of sandstones,
'siltstones particularsly the variation, in skewness
and kurtosis values and the illitiec nature of the
shales indicate an Infralittoral (epineritic)

enviroment (Krumbein and Sloss, 1963; Mebesoone, 1964;
Folk, 19659,
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Member B: This member which rests confbrmably'on
the member A has been separated on the lithological
consideration, The main bulk of the’lo&er part of this
member consists mainly of interstratified siltstones

(Fipe grained guartz wacke) and shales while its upper

part is dominated by sandstones (Quartz wacke),

The siltstones are mainly coarse grained, poorly
sorted, strongly fine\skewed, leptokurtic and
unimodal, The gralns are subangular to subrounded
with elongated to very equant shapes, Theselsiltstones
are immature and a few varieties show calcareous and
ferruginous cement, Shales are more or less silty and
clayey, poorly sorted, strongly fine skewed but
mesokurtic, Sandstones are fine to very fine grained
and it is observed that with the decrease in the
grain size the>sedimenté tend to be poorly sorted(Fig.10:).
The skewness value of thesg sands ranges from ‘
symmetrical to strongly positive (Fig.ll). These
sandstones are platykurtic (occasidnally leptokurtic)
and are both bimodal and unimodal (Fig.l3), The degree
of roundness and sphericity are also divergent, The

coarser sand grains are subangular to subrounded and
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very equant, while the finer ones are subrounded to
well rounded and elongated to Qquant in shape, The
sandstones are immature, It is significant that these
sandstones occur in the upper portibn only and these
are calcareous, The faet that calcareous cement is
being gradually replaced by ferruginous cement in some
varlieties is alsé yary,characteristic. All these
characters indicate a progressive shallowing of

sedimentary basin,

The graln-size of the sediments, the nature of
sorting and the type of skewness and kurtosis tend to
suggest an enviromnment identical to that which gave
rise to the underlying member but with a difference
that the basin was much shallower during its later
period. The presence of ferruginous varieites in the .
topmost part of the mémber suggests occasional ‘
exposure of the beds above tide level (Krumbein aﬁd
sloss, 1963),.

Member C; This member consists of sandstones

(Quartz wacke and felspathic wacke),  -siltstones
(Fine grained quartz wacke), silty shales and lie
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conformably over the member B, Rocks of this member
show marked variation in the lithological details |
laterally, and it is significant to mote that in the
eastern part it mostly comprises sandstones while

in the western part, it is made up of almost shales
and siltstones,

The sandstones (donfined to eastern part) are
mostly composed of fine to very fine grained particles
and unlike member B no relation can be established
between the mean gfain size, sorting, skewness and
kurtosis, Sorting is moderate to poor. The sands are
predominantly strongly fine (positive) skewed,
mesokurtic to leptokurtic, and in few cases even
extremely leptokurtic and unimodal (Fig.l13),The sand
grains are subangular to subrounded with elongated
and equant shapes, These sandstones are immature,
on the whole, the cementing material is scarce but

occasionally calemrous cement 1s present, siltstones
| and shaleg occur in the western part of the area.
Siltstones consist of particles which are coarse to
medium grained, very poorly‘sorted, stfongly fine
skewed and extremely leptokurtic, The sediments
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exhibit unimodality, The silt grains are typically
angular to subangular with equant shapes. These"
siltstones are immature and are cemented by calcareous
and ferruginous matter, ghales that are interstratified
with siltstones, are silty and very poorly sorted. While
the shales of this member are strongly fine skewed

they show very variable kurtosis. Platykurtic,
mesokurtic and leptokurtic samples are all recorded,
suggesting significant varlation in relative sorting,
The shales are both unimodal -and bimodal,

The textural variation in the sediments and the
prevalence of the sandstone in the east and the
siltstone-shale assemblage in the west typically
suggest Littoral and Infralittoral enviromments in the
east and the west resbectivel: (Krumbein and Sloss,
18635 Folk, 1965), The significance of these

characters lies in the fact that this member heralds
the stage of transition from a marine to a non-marine

enviponment,

Member D: This topmost member of ths Katrol series

consists of sandstones (Quartz /felspathic arenite,

quartz wacke). and siltstones (g‘ine grained,

calcarsous guartz wacke)., Sandstones (mostly arenite)
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dominate the eastern part while they (wacke) alternats

with calcareous siltstones in the west,

Sandstones are predominantly medium to fine
grained and are made up of moderately to poorly sorted
sands, However, a definite relation exists between the
average grain size and skewness, With the decrsase in
size the skewness increases and varies from, coarse
(nggative) skewed, near symmetrical to fine (positive)
skewed (Fig.ll). On the other hand no definite relation
exists between mean size and kurtosis, The sediments
are mainly mesokurtie, but occasiogally platykurtic and
leptokurtic varieties are also present, The sediments .
are predominantly'bimodal. The dggree of roundness and
sphericity of sand grains shows a variable nature, In
the coarser fraction, the grains are subangular to
subrounded with subsequent to very equant shapes and
in the finer fraction these are subrounded to well
rounded and elongated to very equant in shape, The
sandstones are both mature and immature and at times
contain ferruginous cement., Siltstones are coarse
grained, poorly sorted, strongly fine skewed, leptokurtic
to very leptokurtic and are unimodal, The grains are
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subangular te subrounded with elongated to equant
shapes, Siltstones are immature. Cementing material
in these rocks is mainly calcareous and sometimes
ferruginous, These siltstones contain a few fossils,

especially in the western part,

The variation in grain size, sorﬁing,skewness
and kurtosis in sandstones and siltstones; the textural
maturity in sandstones and cementing material both
calcareous and ferruginous = ail these suggest a
typleal paralic Sedimentation (Krumbein and Sloss, 1963

Pe 430)s This type of sedimentation includes both
marine and non-marine envirnnmgnts. The ferruginous
sandstones in the east also support the prevalence of
oxidising condition - a typical non-marine environment,
This member owes its importance to the fact that it

represents a typical transit}onal zone,

When all the members of Katrol serises are
considered together, it is poted that in the lower two
members there exists a definite relationship between
grain size andksorting while in the upper two members it

is not so, On the other hand in the upper two members,
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interesting relationship exists between (1) sorting

and skewness, (2) sorting and kKurtosis and (3) skewness
and kurtosis, It is seen that well to moderately well
sorted sediments show somewhat near symmetrical
skewness, while poorly sorted sediments are mainly
fine to strongly fine skewed (Fig. 14). Similarly,
moderatgely sorted sands are mesokurtic to leptokurtic
but poorly sorted variseties are extremely leptokurtic
(Fig. 15), As regards the relation between sikewness
and kurtosis those sediments which are coarse skewed
to nearsymmetrical are more or less mesokurtic., As the
skewness increases the kurtosis also increases., However,
those which are strongly fine skewed at times show
mesokurtic nature (Fig. 16). These relationships in
the upper part suggést that depositional environments
were not identical both vertically and laterally,
during the latter part of the deposition of Katrol
serias, This 1s unlike that of Chari series. where
little variation in depositional conditioﬁ is seen,
This reflects a gradual change in envirommental

condition towards the close of Katrol sedimentation,
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Processes of Transportation:

CM diegram for Katrol series on the whole is
typically similar to fhs one constructed by Passega(l964)
for the sediments transported by tractive currents .
(Fig.la) and reveals all the stages of tractive
currents in marine water, The sediments ranging from
1000 microns to 3000 microns (C percentile) and from
200 to 500 microns (M percentile) show a process of
rolling and bottom suspension, The segment below ¢ and M
represents a typical graded suspension, These two
segments represent ths member D and a few rocks of »

"‘member B, The sediments like those of siltstones and
silty shales falling within 200 microns (C) and ’
100 microns (M) reveal their traction by uniform

" suspension (Fig..9),

The general direction of the cross-bedding seen in
the sandstones of the uppermost member in the east
fluctuates between SW and NE- (Fig. 17.), bat in the west
the current direction is seen to be varying between |
NE and SE. Passega (1964, p. 842) has pointed that
eross-bedding is commonly noted in those sediments only
which lie on the CM diagfam within the range of'rolling
‘and graded suspensiont. This statement ideally applies

to‘the sandstones of member De
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Source Rocks:

donsidering the tlightt crops of tpe rocks of
Katrol series, it is seen that quartz is the
predominant constituent in all rock types., Felspar, on
an average, is 5 to 10 percent only. However, in some
varieties of member A, C and D, at times it is seen to
be more than 10 percent, thoégh never exceeding
25 percent, The fglspathie variéties are more or less
confined to western part of the area only. Amongst the
theavies', dominant minerals are zircon, rutile and
tourmaline with some stauroiite and'biotite, Garnet is -
noted only in sandstones, Epidote, zolsite, amphiboles -
and pyroxenes are énly occasionally noted.‘Kyanite
though rare is conspicuously observed in the sandstones
of member D, Opaques are abundant in all the rock types,
Zircon and rutile are mostly rounded while tgarmaline
" is subrounded, Biotite, garnet and others aie subangular

or at times angular,

It is significant that the heavy mineral suites
in member D differ from east to west. Zircon, rutile and

tourmaline with a few garnet and kyanite minerals are
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dominant in the east while in the west only zircon and
a féw staurolite with abundant opagques are noted, The
change in heavy minerals from east to west, suggest a
variation of the source rock, O0n the whole, considering
the heavy minerals of the various members and the
presence of felspar in some varieties 1t can be
suggested that the sourcé rocks were of mixed type
consisting of *'reworked sedimentst, metamogpﬁic rocks
and granite rocks, The textural characters (skewness,
qutosis, roundness and sphericity) also support the
mixed sources (Keumbein and sSloss, 19633 Folk, 1957),.

Tectonic Setting:

It is seen that on the whole, most of the rock
types are githér mature or immature - both
mineralogically and texturally. Skewness and kurtosis
~values of thg sediments are also relatively high,
Considering these factors, along with the types of
environment, processes of transportation and the
nature of cross-bedding it éan be suggested the
sediments were deposited in a tectonically unstable
basin (Cadigan, 1261 Kruébein énd Sloss, 1963;
pettijohn, 1957), During the Katfgl sedimentation, the
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" basin progreésively became shallower, and it is clear
that the subsidence could not keep pace with the rate
.of sedimentation, Perhaps, the shallowing was a resul?
of an uplift also, In the topﬁost part of the Katrol’
series, the conditions of deposition appear to have been
of such a nature that while in the west marine
conditions alternated wifh non-marine, in the east,
almost exclusively non-marine conditions prevalled,
This indicates the recession of the coastline westward

during the closing period 6f the Katrol sedimentation,

UMIA SERIES:

Sedimentary Environments:-
Though the Umia series rests quite conformably

over the older rocks; 1t 1s seen that the sedimentary
‘environment under which the former was deposited, were

quite distinct,\and more towards non-marine,

The Umia series consists of sandstones (Quartz

wacke - guartz arenite, felspathic wacke and only

occasionally felspathic arenite), siltstones (Fine

grained quartz wacke) and silty shales, All these occur
‘interstratified. Unlike the underlying Katrol series,
the Umia rocks constitute one single unit and are

not divisible into various members,
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The sandstones are predominantly medium to

fine grained though occasionally coarse and very fine
grained varieties are alspo recorded, The relation
between mean grain size and sorting, skewness and
kurtqsis is striking, The coarse and medium grained
sands are moderately sorted while those of fine gralned
one are poorly_sorted (Fige10). Similarly with the
decrease in size the skewness varies between fine
skewed and strongly fine skewed (Fig.ll), and also the
kurtosis values range from meso- to extremely
leptokurtic (Fig.la); The sediments on the whole, are
unimodal (Figihs). The degree of foundness and
spharicity‘differs in coarser and finer fractions, In
the former, the grains are subangular te subrounded

and very equant in shape, while in the latter these

are subrounded to rounded with elongated to very equant
shépes. Sandstones are immature to mature, and mostly
uncemented, However, a few cemented variéties show
ferruginous cements and these varietles at times consist
of pseudo=oolitic bodies of indefinite white material,
locally these sandston;s show the presence of coaly
matter and pyrite, Siltstones-are coarse to medidm
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grained, poorly to very poorly sorted, strongly fine
skewed, leptokurtic to extremely leptokurtic, and
dominantly unimodal. The silt grains are subrounded
to rounded with eqnanf shapes, Mostly the siltstones
are immature and uncemented but sometimes they show

a ferrutinous cement. Shales are silty and clayey,
poorly sorted, symmetriceally and strongly fine skewed,
mainly mesokurtic and bimodal, It is interesting to
note that unlike the shales of underlying formation,

these shales are made up of mantmorilgonite type of

clsy. This has a speéial environmental significance
to be discussed later,

the . :
From a review of/textural characters of the above

roclt types, following relationship between sorting and
skewness and skewness and kurtosis can be established,
Sorting against kurtosis, however, does not show any
particular trend or relationship, Considering the
-sorting against skewness it is noted that those which
‘are having moderate sorting are neaf‘symmatrical to
fine skewed while p&orly sorted sediments are strongly
fine skewed (Fig.M4 ). Agaln, near symmetrical and

fine skewed sediments are mesokurtic while strongly
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fine skewed sediments are lepto - To extremely
leptokurtic (fig. 16). These two relationships a;é
somewhat similar to those .shown in scatter diagrams
given by Friedman (1961, pp. 519-5203j 1967, p.340) and
Mabesoon (1964, p.722).

~ The various characters of sandstones, siltstones
and shales with few plant impressions tend to suggest
‘a mixed type of environment fluctuating between

Littoral and lagoonal(Krumbein and Sloss, 1963;

Folk, 1966). The pseudo-oolitic grains indicate
somewhat agitated waters at shallower depths., The
occasional ferruginous cement suggests that from time
to time, parts of the sediments were temporarilg
exposed to subaerial process., The occﬁrrence of coaly
matter and pyrite together points out to the tendency
of the environment to be more of non-marine type. The
montmorillorite clay also supports marked shallowing

of the basins and transition from marine to non-marine,

pProcesses of Transportatlion:

The pattern of CM diagram for Umia sediments
réveal that the précesses of transportation were of
beach tybe (Fig.19") which are common in littoral
enviromment, This beach pattern is somewhat similar

to passegas (1957, p. 1972) pattern. Beach type
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'brocesses in littoral environment (Krumbein and Sloss,
1963) receive the sediments from land by streams and
from nearby sea-cliffs by wave currents., The effective=
ness of beach-type processes is also.provediby the
rélationship of sorting against skewness and skewness
against kurtosis (Friedman,1961, pp. 519-520; 1967;p.340;
Mabesoon, 1964, p.722),

Source Rocks:

The lighter crop includes quartz as the predominant
constituent in all rock types along with few fragments
of quartzite, Felspar varies beltween 5 to 10 percent or
sometimes more but never exceeding 25 percent. @¢n the
whole the cnncentration of heavy minearls is meagre as
_compared to- the rocks of underlying series, Relatively
zircon is abundant while rutile,tourmaline, blotite
and staurolite are commonly noted. Garnet and zoisites
are only occasionally observed. Qpaques mostly limonite
and hematite sometimes form the main bulk of heaviss,
The heavy mineral suite along with quartz and varying
amount of felspar tend ta suggest mixed type of source
rocks i,e, igneous (intermediate), metamorphic and

treworked sediments' (Krumbein and Sloss, 1963), The
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values of skewness and kurtosis, the variation in
roundness and sphericity also supports more than one

source rock,

Tectonic Setting:

Considering the lithological assoclations with
their varying textural characters, ﬁype of environments
and CM diagram, it can be sdggested that the sedimenté
were deposited in a tectonically unstable basin., But
the frequency, rate and intensity of the shallowing and
deepening of the basin were much less pronounced as

compared to the rocks of earlier series,

The importance of the Umia series lies iﬁ the‘
fact that it indicates a regression of the coastline, The
process of the shifting of the enviromment as such had
already begun during the deposlition of the member D of
the Katrol series whose western half indicates both
marine and non-marine sediments while the eastern half
is covered by only non-marine types, This process almost
dominated during the deposition of Umia series and it is
seen that by the close of Umia sedimentation, the
depositional environments had completely changed over to
a freshwater type which gave rise to the overlying

Bhuj series,



180

BHUJ SERIES:

Sedimentéry Enyironments;

The rocks of Bhuj series show a normal and
conformable junction with the underlying rocks of Umia
series in the western part, In the sast this relation
cannot be observed as they have been brought over the
member D of the Katrol series directly on account of the

Bharasar-Godpur fault,

The rocks of Bhu] series form repeated sequences

of sandstones (Quartz arenite and rarely quartz wacke),

siltstones (Fine grained guartz wacke) and silty shales.

The sandstones are mainly medium to fine grained
but are also occagionally coarse grained, No typical
relationship between the grain size and sorting can be
established,’and in general, the sediments are well to
moderately sorted (Fig. Ip'). In the eastern part of the
area tne sediments (mostly fine grained) are well
dorted, Following relation between size and skewness 1s
revealed by the scatter diagram, Most of the coarse and
medium grained sands are either negative or positive
‘skewed, while fine sands show near symmetrical skewness

(Fig. T1'). Kurtosis, against mean size on the other hand,
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does not show any relationship and it varies from
meso- to very leptokurtic (Fig. 12)., Sometimes,
platykurtic sediments are alse recorded, Sediments are
both unimodal and bimodal (Fig. Bj). The degree of
roundness and sphericity diff‘ers in coarser and finer
fractions, In the former the grains are subangular to
subrounded and of very equant shapes, while in the
latter, they: are subrounded to rounded with elongated
very equant shapes, The sandstones are submature to
mature and are mostly friable and loose; but ferruginous
varieties which occur alternately with the former are
quite firmly cemented by ferruginous matter. Beds of
siltstones are comparatively fewer. These are coarse
graiﬁed, very poorly sorted, strongly fine skewed and
mesokurtic to very leptokurtic., The sediments are
mainly unimodal and only occasionally bimodal, The
grains are subangular to subrounded. with very equant
shapes, On the whole, these rocks are immature and
occasionally cemented by ferruginous matter, Shales are
generally clayey, very poorly sorted, strongly fine
skewed and mesokurtic and bimodal. These shales consist

of mostly montmorillonite type of clay,
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A

Above rocks exhibit a well=defined relationship
between sorting, skewness and kurtosis, and is ideally .
shown on scatter diagrams, On the whole these sediments

which are moderately sorted are mostly elther

coarse (negative) skewed or near symmetrical to fine
(positive) skewed, As the sorting becomes poorer the
sediments tend to be strongly fine skewed (Fig. 14).
Similarly moderate to well sorted sediments are,
mesokurtic but poor;y sorted sediments vary from
meso~to extremely 1epfokurtic (Fig.15). The relations.i
between skewness and kurtosis gives'a typical sinuous
curve, Coarse skewed sed;ments are mainly leptokurtic,
while those with near symmetrical skewness are
‘mesokurtic. Fine skewed sediments are generally
lebtokurtic but few are even mesokurtic (Fig. 1B)4 The
above relationships are somewhat identical to those
given by Folk (1957, p.2l), Friedman (1961, pp.519-5203
1967, p. 340) and Mabesoon (1964, p.722),

The above properties ( relationships of
statistical parameters) of sandstones, siltstones and
shales (with plant impression) suggest deposition under

a @Gontinental enviromment = Fluvial and somewhat
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deltalc (Krumbein and Sloss, 1963; Folk, 1964;

Friedman, 1961, 1962, 1967; Mabesoon, 1964), The
alternating ferruginous sandstones (at times ironstone)
suggest the occasional exposure of these sandstones
above tidal level for considerable duration, This
repeated ferrugination is more pronounced in the western

part of the area,

Processesiof Transportation.

N CM diagram reveals a typical!beach type' of
transportation (Fig. 19) and the proceess shows more
affinity with deltaic (subaerial like fluvial of
Twenhaffel, 1950) type of environment, This beach pattern
is somewhat similar to passega's (1957, p.1972) pattern,
The pattern further indicates a beach type tfanSportation
process_wherein winnowing of sands preceeded their

deposition,

Cross~bedding in Bhuj rocks is most striking and
widely prevalent, In fact, of all the formations of the
area, it is only this series which shows so much of
cross~bedding, The nature of the qross-bedding has
already been discussed in an earlier chapter (Chapter III,
section B). The rose diagrams prepared by the author
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for the current directions of various part of the Bhuj
series, broadly indicate that for the most part
‘currents came from NE, fluctuating between ENE to NNE

( Fig .Sm) »

Source Rocks:

- The tlighttcrop consists of quartz as most
predominant mineral, while felspar occurs in very
minor proportion - always less than 10 percent, A few
quartzite frag@ents are also noted, Amongst the
heavies, zircon is predominant followed by rutile,
tourmaline and bilotite, Staurolite and kyanite though
present in very small numbers, are important constituents
in sandstones and siltstones. Opaques are fairly
abundant, The heavy mineral suite and predominance of
quartz tend to suggest the source to be ®reworked

sediments' and metamorphic rocks (Krumbein and Sloss,1963).

Tectonic Setting:
Lithological association, their textural

(particular sorting, skewness and kurtosis), and
mineralogical characters, type éf environments and
processes ofrtran3portation, all tend to suggest that
sediments were deposited in a slightly unstéble deltaic

platform with minor but abrupt subsidences at regula
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intervals, The ferrugination indicates subaerial

' exposure af'sedimenté which on subsidence received £
further sediments, Tﬁis appears to have happened
several times resulting into repeated sequences, At

the close of the deposition of Bhuj series major uplift
took plgcgz bringing to -a clo;e of a major chapter of

deposition in the Mesozoic histony.'

SUPRA=-TRAPPEANS ¢

| f‘ The scattered patches of these sandstones which
lie all over the various rocks of Katrol, Umia and

Bhuj series, are obriously préduets of a fluviatile
deposition, The various structural and textural
properties €.... Histogram, Fig. 28)) as well as the
peculiar mode of occurrence, clearly point out their
deposition in shallow freshwater depressions, developed
on a post-trappean surface, These freshwater rocks are
.definitely younger than the Deccan, Trap, as they contain
nuperous pebbles and fragments Ef the trap. The exact
canse of the formation of tﬁe depressions is difficulkt
to suggest, but perhaps cymsed faulting on a mindr scale

could be one of the factors responsible for the

development of such basins, The cupper age limit of these
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sandstones is rather uncertain, and tentatively the

author has assigned them a doubtful Palaeocene age.

SUB-RECENT DEPOSITS:

Rocks of Sub~Recent age are seen to occur in
scattered patehes throughout the area, These rocks are
mostly sandy oolitic limestones,

-
f

‘Somse workers in the past have considered this
rock to be of aeolin origin (Biswas,1965; Pascoe,1964),
But the author feels that they are definitely marine,
It is likely that the rock was formed by the consolidation
of rock and mineral fragments,oolites and fossil tests,
the caleareous cemeniing material having been chemically
precipitated’in a shallow sea - a creek or a lagoon
near the sea-shore, Apart from the nature of cementing
matrix, the abundance of oolite and foraminiferal shells,
alsn tends support to the marine nature of this rock.

been
These deposits appear to have/formed by the

acéumulation of the debris brought and dumped by streams
from the nearby high groﬁnd, The remarkable freshngss of
the trap fragments and various minerals and their
subangularity pointsNto the nearness bf the provenance and
lack of chemical weathering, It is rather difficulf to
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explain the freshness by considering these patches to be

marine sediments reworked and deposited by wind action,

The presence of coaﬁse false~bedding need not be
taken as a major criteria for a wind-blown origin to
the rock, The rock could very well have originated under
shallow water conditions, and the fluctuations in the
velocity and direction of the currents in the streams
which brought the material from the nearby hills gave
rise to the false~bedding seen, Thus the author is more
inclined to consider this v&ek‘té be of marine origin,
(aﬁd following Folkt*s (1965) nomenclature, it may be

turned as tsandy fossiliferous oomicrite}

Regarding the nature of the site of the deposition
of these tQomieritest, it is likely that the water of the
Gulf of Kutch encroached the mainland through an inlet
in the south-east and formed an inland shallow water
east-ﬁest creek or lagoon, This inlend water body
possibly océﬁpied the region bounded by the hills of
Deccan Trap in the south and of Jurassic rocks in the
north, cThiis eneroachment could be either due to vertical

downwarping of the Kutch region or due to a rise in the
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sea level during the post-glacial period. Both these
possibilities are very much likely for an area like
Kutch which has shown epierogeﬁic movements in Recent
times also, The presence of Tertiary rocks in the wegion
to the east, clearly establishes the existence of a
shallow sesa whoée westward encroachment could give rise
to such a water body. A number of rapid streams meeting
this inland ereek would deposit the debris carried by
them and a coarse current-bedding would develope under
such conditions, Such mode of origin very wéll explainé
the occurrence of rock-fragments and rounded pebbles
derieved from the nearby hills, In their present state,
these limestone patches represent only remnants of

thickar portions,

STRATTGRAPHTC SUCCESSION:

'Thé author has summarised in the enclosed table
(Fig. 23) a complete stratigraphic successicn of the
various formations, which have been classified mainly
on the basis of sedimentological‘characters. It will be
seen that the classification tallys fairly well with the

ones based on palaeontological criteria.
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