PART 1V : CONCLUSION
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CHAPTER 10

EXVIRONMENTS OF DEPOSITION, BASIN ANALYSIS
AND SEDIMENT:

Erumbein and Sloss (1963, p.501-502) write,
"In searck for gemeralising principles, it is nseful!
philesephical deviece to recognise models - aestual or
cepeeptual Iframeworks to which iblfthtiini are
referred as an aid in identification and basis fer
prediction; The commen facter im all these models is
that they previde a tramework for organising ebserva-
tiowal data®. This cencept eof I.d.ll‘hli been very
ulniully'apilini to the sedimentation studies amd

several recent workers have attempted to visnalise
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sedimentary moedels te indicate the processes and the

results ef sedimentation,

Potter and Pettijehm (1963, p. 327) have listed
the basin goeemetry, the lithie 111, the arrangement
or distributien ef the l1ithie £ill withim the basin
and the tectonic setting as faectors which comstitute

& sedimentary medel.

The depesitienal medel worked out by Pryer (1960,
P.1503) includes basin geomeiry, depesitional pattern,
paleeslope, dipositiolal strike, transpert directien

as essenilal taptors.

A uodinol#ary or depesitional medel, thus
determines the distributienm, oriemtatien and the make
up of thobscdinoatary bodies which censtitute the
‘illil £ill, whioch im turn is an erganised respense
to a relatively few major dispersal patterns (Petter

and Petsijenn, 1963, p.226).

Krumbein and Sless (1963, p.502) have further
develdped the idea, and they have suggested medels
each fer the precesses of sedimentation amd the

respense o ithese precesses. They write, "wiih
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respeet of modern emvirenments where the results
of emergy applied teo sedimenis may be directly

observed, it is pessible te set up a precess medel

on the ome hand and a response medel eom the other,

The process medel specifies the kinds ef activities
that eeeur in the envirenment, amd it predicts what
the respense medel sheuld be. The response medel

is thus a strueturing ef the resultamt depesits within
the framewerk of the causative factors that are

imncluded in the precess medel”.

Basin analysis, en the ether hand, is closely
related te paleegeegraphy (Petter amnd Pettijohnm,
p.224),

Simee a sedimenmtary facies is a froduct of
dipoiititnil envirenments, the author ii of the
epinion that comprehensive basin study should imclude
the cenceptis of basin»alalytit‘all sedimentary model
coupled with study of environments eof depesitien,

simce all these aspects are interrelated.

Selley (1972, p.12) has very rightly stated

that goometry, lithoiogy, sedimentary structures,
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paleccurrents ete are doccriptivi preperties of
.the sedimentary facies whioch is a effeect eof

sedimentary enviremments.’

Visher (1965, p.41-42) has mentioned that each
fundamental sedimentary proecess preduces both a
specifie enviremmental desoriptiem and a specifiec
vertieal prefile and therefere there are speeific
orderly environmental suecessiens with the: sedimemtary
models. He has tirtior stated that}thoro ean enly
be a limited number of everall lodinoltary'froco--ea
and, therefere, correspending limited number ef

sedimentary models.

On the basis of the data eelleeted and analysed,
the auther has presented here a three dimemnsienal

picture ef the Wagad basin comprising envirenmeants

of depesitioen, basin geometry, directional structures,

lithie £111, lithic arrangement and tectenlic setting.

e e

He has finally attempted to cemstruct the precess

medels based on the different re-poiaoAnoicll-diseuacod
in the earlier chapters. Several imterpretation maps
viz, sedimentary trg!t!ofk'lggg for diffarent fermatiens,

envirenmental section, basin coenfiguratien and



depesitional medel ete have beseR prepared in order

to achieve this geal.

THE WASHTAWA TORMATION

Envirenments of Depesitien

Some of tio basal and tep beds of the Washtawa
Formation (e.g. the gastreped band at the base and
the fessilifereus mudstone band at the top) are
highly fessiliferous im szome parts. The expesures
o1 these basal fessiliferous beds in the Washtawa,
Mewasa and the Narada do-cn-eontgin marine fossils
like gastrepeds, brachiepeds;, and lamellibranchs.
Besides, at these leecalities a few speradiec nafino
fessi]l sssemblages are alse met within the yeunger

sectiens of this foermation, The fessil assemblages

noted in these demes frem the base upwards shew geod
preservation ef their ferm amd ernamentation amd thus
appear to be in-situ. Obviously, this fauma flourighed
in a marime enviremment and aceerding ‘te Heokel (1973,
P.334), while cephalopods and brashiopeds thrive onmly
in 'mermal marine' emviremments with salinity varying

betwoon 30 and 40 ppf, gastirepeds and peleeypods alse
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showed maximmm growth under siwmilar cenditions. It

is interesting te mete that uiilorthc“ubovof-n-tiened
foessiliferous basal beds oxpesed in the Narada deme
contain marine fossils;, the Dabunda dome section enly
about § miles SE ef Narada, is completely deveid of
uny'uafinc fauna, It thus appclr; that during the
Washtawa deposition, marine environments prevailed

only to the W of Dabunda-Mewasa axis. (Fig-10-1)

It is pertiment to mentien here that the
sand~shale ratie of this formatien decreases and
the isepach values increase as ene traverses from
'E to W. This fact also indicates prevalemce eof

marine emvironmenis in the westerm parts.

It is evident that the strand line at the
start of the Washtawa depositien fellewed the
present Rapar-Mewasa axis, indicating marine
oavirenments te the W and deliaiec environments te
the E, This fact is amply supported by the following

observations: -

(1) The Nara shales occurring in the W, graho

into Chitrod sandstenes in the E.

254



256

(2) Gross lithelogy of the Washtawa Fermatiem
in the western part 'is mainly calearesus
sandstoenes aaq dark grey shales, while it
is ferrugineus sandstones and variegated
and reddish bra;i shales in the E. The red
coleuration of the shales and sandstones
in the easterm part is due to exidising
conditions prcval;nt in a shallew water
depesitien l#@eknl, 1972, p.280; Forgetsen Jr.,
1954, p.3494). |

The ‘hshtaw&~ro§!ation to the W of the Hapar-
Mewasa axis (eharaeicrining*tho strand 1ine) shew
various evideneces of marime depesition while the rocks
nearer to the strand line typieally imdieate estuary
envirenment, The estuary envirormeat prevalent nearer
te the shore line is indieated by the bimedal mature
of the ocress bedding (with NE-SW-asimuths, about 180°
apart) areund Bedarwa-Mewasa area. Kleim (1967, p‘ais,
Table 1) has suggested that such cress bedding pheneomenon

is commen in estuary er beach environments.

The rocks oscupyinmg the Washtawa and Narada domes

indicate nearshere shalleow marine enviremments on the



basis of cress bedding data. The rese disgram fer
this area shews trilcloi pattern but the population
distribetion is mainly withinm 160°. MacCave (1968,
p.84-85, fig. 4) has assigned similar nmearshere
shallow marinme envirenments to the Catskill Cemplex,
Middle Devonian eof New !brk. As regards the area in
the extreme W, around Eanthket the occurremoce of thiok
shales aleng with mudstome beds indieates a slight
deoper and epen sea cemditiems (Scott, 1970, p.1340,
Table 1), | |

" Parallel and thin.boddin: is a dominant |
sedimentary strueture ¢f the !islta'u-roaﬁa;v !ﬁis
faot coupled with eccasional eccurrence of ripple
marks is indieative of the wave seme or the distal bar
area of a delta envirenmenis (Yisher, 1965, p.45,

fig. 3; Celeman and Gagliane, 1965, p.14T, Table 1).

The sediments of the Washtawa Permation exposed
in the Washtawa, Babunda, and the Mewass deme.sections
in general show upward coarsening pattern of mean
grain sise. The upper part of the Mewasa section
however, shoews a 'fimimng up! pattori. This faet: is
of eongiderable significance., Weile a pregressive

coarsening of graim sise indicates a regressive marine
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envirenment, the fiming wp 1; indicative of a
different envirenment. The upwarl:cnurnnhiﬁgrp.ttorn
has been regarded as dne to regressive marins medel
by Visher (1965, p.44-45, fig.2). Oemkens (1970,
pP.204-209, fig. 6) has alsu-aoiigntd the upward
coarsening grain size patters as indieative of marine
regressive or ortlsp soq§oncc. Selley (1972,p.77,108)
has stated that ancient delta sections grading frem
marine sequence at the base te fluvial at the tep
indiecate a grain size variatioen sequemce that shews
npward cearsening fellowed by a tiliig up in the top
part. It appears that lnrinc'rogrosnivn~d¢gouition’
in all parts of the Washtawa Fermatien centinued
right upte the top except in the area in the E where
the marine regression was fellewed by delts’ chanmnel

eavirenments,

The grain size distribution patierm of the
individual samples reveal that tke eurves frem the
Washtawa dome im the westerm part are similar te
the eurves of samples from Pemngylvanian sandstomes
and Altamaha river estuary (Visher, 1969, p.1001,
1098, fig, 13A, 18-C), while these representing the

Dabunda amd the Mowasa demes aro,qinilar»to
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digtributary meunth has area of Mississippi delta
complex (Visher, 1969, p.1088, fig. 11B).

Taking inte con:iderationu»&il the ub;vo laets
te‘othcr, the authorvha'-conQIudod‘tkgi‘tho Washtawa
deposgition toek place dnrj.nz ‘s marine rcci&uive |
eycle maimly represented by shallowvlnrinq olviron-.ntl
in the SW and delta mouth bar envirenments in the NE
with the Rapar-3ai-Mewasa axis area forming reughly:

a lobate shere lime im relatien te the deléa (Fig.16.1),

Bagin Geomesry

The author has heen able te decipher the geometry
of the Wagad basin during the Washiawa depesition with
the help o1 paleccurrent data, fermation thicknesses,
and gross lithology. Based on sedinment dgspcrqul patiern
and the stratigraphie thicknesses, he has reconstructed

the diagramatie sketeh meodel of the Wagad basim (Fig.10,.5).

It is seen that the basin was an arcuate or semi
oval in shaps at the start ef the Itthtswa;iopooition.
The basin opened up and deeponed to WSW and eventually
merged with the main Exteh bgfin, in that direetien.



The ofosa-noctioﬁ-ot the basin is of asymmetrical
type with steeper northerly slopes of the sowthern
parts. A small kink in the basin geemetry is metieced
on the basis of cress bedding im the Chitrod area. The
regienmal depositional :friks«io duwe NW-SE direotien,

and the paleeslepe was tewards SW- to WSW directiens.

Direetional Strustures

The Washtawa sandstones show a fairly geed
development of medium to small scale cress bedding
and ripple marks. The eress bedding dif.cti.!l*lhOV
a subparallelism te the basin axis, The ripple
marks also show orientation of currents mere or less
in the same direstions. Thus directiems ef dﬁga’rul
of sediments inforred frem the paleccurrent data

varied from the W to 3.

Lithie Fill

The eastern half of the area comprises nearly
75% sandstenes and 25% shales, while the westerm part

contains abeut 60% to 70% ghales and siltstones and

the rest sandstomes. The sandstenes occurring in the .

eastern parts around Dabunda-Chitrod are cemparatively
more rorrggtnons and fod colaoured, Similarly, the

shales eccurring in the E are principally browa te
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khaki to variegated im coleur while thoge ocourring

in the W are grey to dark grey.

Sandstones are mainly of quartz arénito type
with certain percemtage of variatiens towards quarts
wacke (Krumbein and Sless, 1963, p. 166-174). They
show usually fine te medium graimed particle size,
geod sorting and subreunded grains with miner ameunt

of matrix,

Lithie Arrangement

The general transpert direotioen is seen te be
longitudinal to the basin towards WSW and SW aleng
the paleoslepe, and thcrolis'u gradual increase in
the formatie thiekness in these direetions (Figs.
5.12, 5.13, 5.14 and 5.1). The Seuthers Range
stratigraphic sectiem (Fig. 5.13) shows twe main
sandstone lithosemes and twe shale lithosemes in the
E. Hewever, the skale thickness is soon'to_iacriaso
down the paleoslope direction, and partly replaces
the sandstone thickmess resulting im three shale
lithesemes. Similar phenomenen is observed in the
nerthern area sectiom (Fig. 5.12), though shales and

sandstenes are represented by inc'lithoscn;»oanhr
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The striking feature is the sharp imerease im the
formation thickness along tho~tr¢nsvors§fccotion
(Fig. 5,14). The imerease im the diserete number
of shale and sandstome beds is meted em traversing
~from N t0 S, Shale lithogemes appear te pimeh eut
A toewards B, while the sandstone lithosemes do se
towards W. Thus the facies distribution shews a
clese relationshiy te the paleeslepe and ourrent

directions.

‘ The Washtawa Fermation shows a wedge shaped
clastic bedy with tapering emd tewards NE.

Tectenic Settimg

The eccurremee of pure quartz areniie aleng
with quarts wicko, silty shales and giltstones
indicates a stable shelf to mildly unstable ahglf
tectonic conditions of the depesitienal area (Dapples,
Krumbein aud Sloss, 1948, p.1943, Table I). Suck a
tectomic framework is uuppoftod by the general
eccurrenee of cress bedding aid ripple marks. Besides,
the faunal assemblage like gastirepods, brachiopeds,
lamellibranchs ote, tlio indieantes ungtable te stable
shelf tectomic conditiems of transitiemal to epimeritie -

envirenments (Krumbein, Slasa\and'D:ppl@;,i?l@,p.i&?ﬁ).
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However, it has been foumd that within. the basin
the conditiens semewhat varied frem place te place.
The stratigraphic sectien of the Nertherm Range (Fig.5.12)
for example shews 2 very gradual change in the fermatiomal
thiekness amd lithelogy, and this indicates a rather
stable teetenie gettinmg for moerthern and morth eastern
parts of the basin., PFarther, exposures of cemparatively

thin stratigraphic' columms within the varieus Northernm

Range struotures is a result ef mild uplift,

In centrast to the abeve, the ssuth eeniral and
south western areas shew a sharp inerease im the
thickness which is depicted by isopach map and strati-
graphié ecress section of the Southern Range, as well as
transverse eross seetien (Figs. 5.1, 5,13 and §,14),
This faet coupled with ccourremee of quartis wacke,
silty shales, and vido.yr.td'dnvoiip-olt of cress
bedding snd ripple marks, strongly reflects umstable
conditions (Krumbein, Sloss and Dapples, 1949, p.1876).

As the Seouthern Range structures like the Kanthkot
dome; Nara dome, Washtawa deme, and the Mewasa denme
expose much elder horizons than these exposed in the
nerthern range, it is, obvieus that the gseuthern part
of the basin has underwent a mmch higher degres of

uplift tham the mortherm part,
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Summing up, the mnorthern stable part ef the
basin has undergone s mild subsidenes and a mild mplift,
while the comparatively unstable seuthern part is
characterised by a higher dt;roc»¢!>uubu1d§ico fellowed

by greater wpliftt,

THE LOWER KANTHEOY FORMATION

Envirenments ef Depesition

" The Lever Kanthkeit Formatien centains a rieh
marine faumal assemblages in the western half, the
eastern half being deveid of any fessils, The
ouctdrllmst lecalities upto which the formation is
fossilifereus are the Tramau mala, Narads deme, and
the western flanks of Chitred dome, The characteristie .
tessil (as reperted by G.x.«iOSS; of. Pagcoe, 1989,
p.1148) from the Tramaw mala is Mytilus (Falumytilus ?)
Tramauensgis Cox. Auther has noted varieous spocios.of :
lamellibranchs and brachiopods from the abeve three
localities. !ic eccurrence of marine faums is uniformly
common througheut the western parts of the area. Heekel
(1972, p.234-337, Table 3,4) has stated that cephalepeds
and brachiepeds essentially ecour in the subtidal zene

of nermal marime envirenments with salinity varying
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frem 30 te 40 ppt. Se the abeve fossils imdioate a |
marine onviréllclt. The shere line Cxi.t&‘";IOI‘
Narada-Chitrod axis dnring~thc Lower Eanthket depesition
with sea to its W (Fig. 10.2),

The Loewer Kanthket Fermatien shows a general
increase in thickness frem E to ¥ and this imcrease
is partly a funetion ef depth of ddponitional‘environngnt.
Gross sand-shale ratio shows high values in the southern
and eastern areas while the ratieo deoreases towards VW,
Pryor (1960, p.1496) has mentioned that the area of
high elastic ratie coincides with that having lew percen-
tage of marine beds and generally oecurs in the area eof '
thinner depositien. Thus ecourrence of thicker shale
bodies in the W is a elear indication of marime emviren-
ment, Thc.shulc iselith map alse shoews a gradual increase
of shale thickness to'trds“l_wlcrﬁb progr-ssiv;ly increasing
marine 1ntlucn¢§. Besides, shale coleur varies from
brewnish red, red, khaki, to variegated in the E te grey
to~du?k grey in the ¥W. Red and reddish browh shales are
characteristic of mom-marine environment while grey to
dark grey shales indicate opem c;reul;tiol shallew marine

environments (Pergoetsem Jr., 1954, p. 2484).



The sandstone isolith also furnishes valuable

information, Imn the eastern part it depicts anm

elongate~dendroid or belt type of sand bedy of Petter

(1962, p.1893, fig. 3,4,5), which opens eut in the
W and SW, This elongate sand hedy comprising the
roeks areund Pragpur, Bautakia, and Bhimasar, having
NE-SW trend indicates depesition under delta chammel
environment. Petter (1962, j.1894) has postulated
similar erigin for such sand bedies of Pennzylvamian

age of Il1lineis basin,

The orientation ef delia chanmel (Fig. 10.2)
as revealed frem the geomeiry of samd bedy inm the
oictorl Wagad is roughly perpendicular te the
depesitienal -tr1k§ whickh is MW-SE.

It is signiticant te note that the deposits
te the N and S of this elengate sand body (areund
Senalwa and Kidiamagar) show lew sand-shale raties.
This fact illustrates that flood plaims existed en
the two flanks of the delta chammel. Selley (1972,
pP.42 and 77) supperts the idea of depesition ef
finer silts and clays on the floeod basims ef the

inter éictributary,nrca.\'
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The rose diagram for the cress beddimg data
of the nerth easterm part of the fermatien aremmnd
Rapar, Bautakia, Buimasar andfﬂhnirpur shews a streng
unimedal character such dispersal pattern is a resalt
of fluvial er foreset and bettomset parts eof delta
enviromment (Kleim, 1967, p.373;, table 1). The rese
diagfa- fer the aoufh-ourﬁorn'part resembles te a
similar diagram prepared by MoCave (1968, p.84-85,
fig. 4) fer the Catskill Cemplex im the middle Pevenian
of New Yerk imdicating marginal chanmel complex
depesits., S8imilar diagram fer the south eastern part
is semewhat trimedal, though ene mede is gquite streng
and ethers rather weak. Following the McCave's (1968,
p.84-86, fig. 4) interpretation for Catskill Cemplex,
the asuther alse thinks that the large medes showing
WHNW trend might indicate the principal '‘chammel trend
while the small medes indicate the small tributgry

cshanuels,

Thus, the eross bedding data for the emtire
sastern part elearly indicates & delta chaumel
environment, The prevalemnce of fluvial er delta
chamnel olviron-nnt.for this part is faurther supperted

by oceurrence of asymmetrical ripple marks. (Allen and
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Friend, 1968, p. 42; Coleman and Gaglianme, 1965,
P.147, table 1).

Besides,in the eastern half of the-graa.
several sedimentary itr@eturen like :éiii and f111,
eresienal truncatien, treugh cress bedding and load
casts are eneountoro@. These struetures are
typically develeped in deltia chanmel eor tidal chaknel
envirenments (Celeman and Gagliano, 1965, p. 147,
table 1; Masters, 1967, p.2040), Allen and Priend
(1968, p.36) have alse noted several scour amd £ill
structures hetween fimer and cearser grades 'of sand-
stones within Catakill facies of Appalachian regienm
reprosenting alluvial depesits. Visher (1972,p.94-95,
table I1) has classified the scour surfaces Qnd the
separatien of chanmel and fleed plgii depeosits as
respenses of channeling and seasemal discharge peak

precesses.

+ The eress bedding rese diagrams fer the western
half ef the areca show bimedal amd trimedal type of
dispersal patterns (Fig. 6.6). These types indicate
eatuary, heaoh or ahallpw'harino eRvirenmelis (Il@in.

1967, p.378, table 1; Selley, 1968, e¢f, Barrett, 1970,
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p.&io, table 8). This alse resembles with the
dispersal patiern ef Catskill cemplex, Middle Devenian
of Noi York, represemnting shallow marine enxviremments
(MeCave, ’.84481, fig.4). The frequemt oceurrence of
symmetrical ripple marks areund Adhei and Kanthkot in
the western parts, also suppoerts marine enviremment

(Coleman and Gagliano,liies, p.373, table 1).

?ho lower parts of tgo Chitrod and Bhimasar
sections in the easterm parts.ef the fermatiom show
wpward coargening patierns of mean grain size eof
sedimentis, and the upper portiens show & 'finimg up'.
This seguence ef 'coarsening up' fellowed by 'fining
up' is indicative of a deltaic medel., Thé initial
cearsening up 3n;xost-\n progressive marine regression,
while the 'fining up' at the tep characterises a delta
enviremments (Selley, 1972, p.77). Selley (1972,p.77)
has stated "Vertical section of a deltia reveals a fine
grained marine facies, which pass wp tranu?tiohally
inte cearser fresh water sediments and in aiarehin;‘
for aneient ﬁoltas, therefore, we must look for thick
clastic sequences showimg repeated oycles of upward

coearsening grain size®.
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The auther has, therefere, assigned the eastern
part of the Lower linthktt Fermatien as a result eof
mainly deltaic deposition (marime regressien follewed
by delta chammel). Visher (1965, p. 44-54, fig. 2 and
. 11) has alse stated that 'coarseming up' patterm of -

- grain size characterises marime regressien medel while
'coarsening wp' follewed by 'fining wup' pattern
charasterises a deltaic model. Similarly, Oomkens
(1970, p. 204-306) has also desoribed 'coarsening up'
pattern as a result of fluvie-marine rcgro:aivc

envireaments.

The Washtawa, Adhol and the Kanthket seetions
0f the western half of the area shew am upward
eoiraonin; pattern of the mean grain size, and this
fact typieally indicate a marine regression cycle
of environment for thig area. Further evidenece io
support this conclugien is drawn troi the frequenecy
’enrvoa of the individual samples. The curves from
the Adhoi and the Washtawa area resemble to those
from the Wanm and the Almond Fermation of marime
erigin im relation to a delta cemplex (Visher 1969,
p.1098, fig. 18). Im contrast to this, the curves

of the samples representing eastern part viz, the
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Dabunda, Kidianagar and the Bhimasar seetions are
comparable with those frem fluvial sands ef Misseurian
age, Okla, tidal imlet zene of Altiiahg river estuary,
and medern channel sand of Brezos river Texas (Visher,
1969, 9.1091-95, fig., 13D, 154, and 16A).

Congidering all the above faets. the author
has;, with sufficient eenfidenoce, aa;;;noi shallow
marine environments of deposition fer the western half
and the delta co-plti environments for the eastern
half of the area during the Leower Kanthkot depoesition
(Pig. 10.2)., The strand lime probably existed aloﬁg
the Rapar-Chitred axis. The delta cemplex i; further
differemtiated inte chamnels and fleed plain depesits
eccupying ihn interdistributary areas of the sastern
part. The region close te the sghere line to its
immediate E probably represents the distributary meuth
bar sub-envireamsnt., The western half ef the area
experiemnced pro-delta or shallew marime emvironments

asseciated with a delta.

Figure 10.4 represents a gemeralized enviremmental
cross section durimg the Lower and Upper Kamihkot
depoesition and lithefacies relationships. This eress

section matehes well with the comceptual diagram ef



the deltaic sedimentatien (pregrading delta indiecative
of greater rate of deposition than sedimentation) as

propesed by Curtis (1970, p.293-295, fig. 1).

anringfthe entire course of Lewer EKanthkot
dopocitiol) the westerm half é! the area oxpcrioneoé
a continueus marine regression oycle, while the
eagtern halft oxpcrieﬂoa&dinitially a marine regression

followed by a deltaic model,

Basin Geemetry

Puring the Lewer Kanthkot deposition the Wagad
basin breadly retained its architecture that existed
during Washtawa time. The gonorai paleoslepe cemtimued
to be towards WSW. The nnxi-girthioknoas-oi this
fermation is thus encountered im the seuth western
paris, The basin alse rotained its asymmetrical cress
seciion vitﬁ doefer southern and south westernm parts.,
Yowards the close of Lower Kanthkot depesiiien the
morth eastern pari shallewed up and probably the extreme
nerth eastern portion beecame pesitive, i.e. area of

non—&cptiit&iﬂﬁi

Directional Structures

As such, ocress bedding amd ripple marks are well

developed all ever the Lower Kanthket exposures. The
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cross bedding directions in meat of the ares clesely
fellew the basim axis. The ripple mark sirikes show
bread parallelism to the basin margins. The veeotor
struetures indicate the ganerul direction of gediment
transpert frem ENE to WSW. This is further supperted
by inerease in igepach values in that direection:. Thus
a longituiiuai traiaportation prevalled during the
Lewer Kanthket Fermation,

Lithie Fill

The oaoiorl half of the area eomprisimg seuthern
and nerthern elengate patohtafroprlatuta:non—narino
recks and shews a high percentage of aagdatone.avarying
botween 60 to ever 90, uhniea eeccupying the rest ot
- the velume., Highest sandstone percentage is smceuntered
around Chitred ii the 8 and Baimasar-Hamirpur im the. NE.
The sandst;no.poreentago<¢radaally decrease to the W,
and the westernmest area comtains abent 50% sandstenes

and 50% shale,

The sandstenes are mainly eof quartz aremite teo
quartz wacke type and of fine te medium grade sisze with
ocecasienal variations tewards fine te coarse graimed

in the easterm parits.



Lithie Arrangement

Tio lithie arrangement is characterized by the
longitandinal inm fillilé aleng tﬁo~;|100-10p¢‘1n the
eastern deltaic area as well as in the western -prino
area. The tetal sectiem expands te the S and W guch
that twe thin shale lithesemes eecurrimg in the E
1neroa§1:;1y replace the imtervening sandsione lithe-
semes giving rige te a thiock shale bedy im the W.
Besides, one mere sialo lithoseme appears in the W.
Thus the gradual inecrease in the fimer clastics im

the W is . 2 charseteristiec feature.

The tramsverse ércls~coction (Fig. 5.14) shews
a sharp increase in the thickness ¢f the Lewer
Kanthket Fermatiem to the S. It is significamt that
this filling was bromght abomt least by the transverse
disperssl patiern and was moastly a result of loﬁgitu-
dimal filling enly. The source area was oebvieusly

towards NE and ENE.

The Lower Kanthket Formation alse shows a wedge
shaped bedy with preneumced thickeming in the seuth

western parts.
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Tectonie §otfin‘

The eastern part of the area predominantly
‘ceRsists of pure quarts sandstones or guartz arenites
aleng with laminated shales and claystone poeckets
and lenses. Gemerally clays are light grey, and
shales shew variegated celours, The~-ali-tan§s
often show forruginous brick red celour. These fasts
indicate a stable thlt dopocitiengl con&itioﬁ- for
the majority of the eastern half ef area during the
Lewer Kanthket time (Bapples, Krumbein amd Sless,

1948, p.1943). This is further unfportod by eccurremce
of thin stratigraphie thickness indicatimg a mild rate
ef subsidence in this part of the area. The speradic
eccurrenoe of carbonaceous shales along with deminantly
current bedded sandstene (e.g. im a nmala N eof Kidianagar)
supporis the trangitienal emvironments under stable

shelf conditions (Krumbein, Sloss and Dapples, 1949,
p.1876),

The south cemiral and seuth western parts ef
the area areund Chitrod-Washtawa and Nara-Adhoi are
marked by a mildly unstable tectenic setiing., This

is evidenced by frequemt eccurrence of gquartz wacke
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type micaceeus stndstonqs, flaggy siltstenes and
silty shales (Papples, Krumbein and Sloss, 1948,
P.1943). The ecourremce of cross bedded and rippled
quartz arenite to guartz wackes, ;nd their caleareous
nature aleng with silty shales and siltstenes indieate
epineritie envirenment under umstable shelf conditions
(Krumbein, Sless and Dapples, 1949, .1876). Further
the high sand~shale ratio areund the Chitred-Washtawa
area aiong with greater to:ngtionnl thickness
charaeterises higher rate of subsidence in this area.
Petter (1962, p,1903) has assigned high sand-shale
ratio as a result of rapid subsidemee. The transverse
cross seetien (Fig. 5.14) clearly reveals this fact.
The lower datum plane shews a sharp dewnwarp indicating
a contempersneeus subsidence with roterenee.to the

Rertherm part during the Lower Kamthket depesitiem.

The structures, eeccurring in the seuthern paris
unifermly expese elder rocks as cempared te their
ceunterparts in the merth, This phdno-alonliu a
result of higher degree of uplift ef the goutihern

. and seuth westerm parts.
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This tectomic getting ef the Lower Kanthket
basin cerrespends fairly well with that of the
Washtawa time, It may however be pointed eut that
though sabsidence was eonte-piranoous with the
depositien, uplift phase was probably one single event
during the pest Upper Kanthket time,

THE UPPER KANTHEOT FORMATION

Envirenmsnis of Depositien

In general, this fermation alse shows that the
area west of Narada-Washtawa axis experienced marine
depesition, while deltaic envirenments prevailed im

the area east of it (Fig. 10.8).

The auther unitpruly enceuntered marine fossils
in the Itst.fl parts o; this fermation, The fossil-
hoaring eseecurrenes de not oxicnd sasiwvard beyend
Tramau mala snd the seuthern flanks of the Washiawa
dome., 7This faet coupled with thovdocroaae in the
sand-shale ratie values in the W indicates marime

depesitienal envirenmemt in the westeorn part.

The sandstone iselith map (Fig. 5.7) ef the

Upper Kanthket Formatien shews siremg elengate patiern



ef sand bodies E of Narada-Chitred axis. These sand
boedies are of dendreid and ped shaped, und-typicaily
represent delta chamnel or fluvial envireaments ef |
depositien. The ssndstene iaolith;-tp breadly
resembles with the similar map fer Sehular Fermatien
of Cotton Valley Greup of eastern Lousiana an western
Migsissippi ef Forgetsen Jr. (1954, p.248 to 293) who
has suggested guch iselith pattern te represent a
typical delta deposit. Petter (196@, p.1894) has
suggested similar envirenment fer 010!;.t0hllld bédiet

of Illineis basin.

The ¢ross bedding data from the western half
of the area, shows bimedal rese dingrai. Such
bimedal current patterm typically develops under
estuary, beach er shallew marime emviromments (Klein,
1965, p.373, Table I; Selley, 1968 ef. Barrett, 1970,

P.410; MeCave, 1968, p.84-85).

The prevalance ef ghallew marime: or margimal
envirenment in the western part is also clearly
indicated by common occurrence of symmetirical ripple

marks. !ogotho} with occapional dovalopn.atlot graded
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bedding withim Adhei amd Kakarwa anticlime (Heckel,
1970, p.243, fig. ¢; Celeman and Gagliame, 1965,p.147,
Table 1).

Ag stated hefere in Chapter 7, the frequshey
curves of the individual samples frem ithe Mae, Kakarws
and Adhei demes of the Upper Kanthket Formation in W,
indicate a marime origin, The curve ef the sample
from the Kakarwa anticline in the extreme west, resembles
to that of sediments from Altamaha river sstuary belonging

to a wave zene area.

The vertical seetions of the Kakarwa and Adhoi
antieclimes -h;' a goed fining up pattern e¢f the mean
grain sise, indicative of marine transgressive medel

(Visher, 1965, p.54-56; Selley, 1972, p.16, fig. 1.1).’

Thus sunmarising the abeve interpretations,
the author has derived the fellewing envirenmental
analysis for the Upper Kamthkeit depesitien, The sastern-
most part(east of Hamirpar and Baimasar) was the area
of nen depesition at fho start ef the Upper Kanthket
deposition, The area between this, and Narada-Chitred

in the cemtral part, prebably experienced a deltaic
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‘emvironments. As the outerop comditions of this
formation 1im these parts are too'neaaty, determination
of Inrthgr eharacteristies of this delta model. (e.g.
pregrading seaward or landward etc. in a course of time)

is not pessible,

On the other hard, the iest.rl’half of the area
which ferms the best expesed portiem eof this formatiom
was dcpositod under tfansgrcnaivo marine emvirenmentis
~ (Pig., 10,3).

Basin Geemesry

&

Buringgtho Upper Kanthket depesition the
paleoslepe continued te be towards SW and WSW. Thus
the basin rotuiﬁod its pre-existing -hapo; the axis
being WSW-ENE with the depositional sirike perpendicular
teo it, !lofgroatcr thicknesses in the seuthern parts
indicate the asymmetirical nature of thi basgin with

deeper areas of depesgition in the S and W,

The gemeral arcuate pattern ef the basin is
apparent Ifrem the orientation of ithe inferred shere

line (Fig. 10.3).



285

Directional Stiructures

The Upper Kanthket roék--arﬁ characterised by
medium to small seale cross bodéing of beth tabular
and trough types, ;long with symmetrical ripple -arks;
The thickness of the eross bedded seis gemerally
decreages along the direction of the curremt. At a
few lecalities sole marks showing cemformity with

the cross hedding directiems are also enceuntered.

The eross bedding data cerresponds with the
basinal paleoslepe amnd the'-trikeo of the symmetrical
ripple marks broadly tally with the depositional strike.

Lithie Fill

‘ The depth of the deposifiantl basin is refleested
in the lithie tillialso. The eastern and the nonfh
eentral parts ef the area show high sandstene pegfentage
upto 80% er even upto 90% around.lasltawa:propnr; The
sandstenes are primcipally of quarts urcn1t§'t9 quartz
wacke type, and nhoy light grey te brown grey amd buit

t0 erange coleurs. Caleareous sandstones are frequently

met with in the westerm partis.

The shales which are about 20% in the sowth

ecentral and eastern areas progrcssivgly'ohewvinereasc



in velume toward.vw. Where these are typically
marine ef light grey te grey im celeoanr, silty and

fossiliferous.

Lithie Arrangement

The 11th19 arrangement showa geed conformity
with the direetional structures, and is similar te

thoge ef the elder stratigraphic intervals.

ric-diroetion‘ox sediment tramspert towards

WSW and SW 1lg longitudinal teo the bagin. fThe
formation thiekness also increases in this directien.
The lengitudinal stratigraphic cress sections

(Fig, 5.13) depicting imcrease in the thickmess show
a concemitant increase in the shale litkocouoi. The
transverse eross section (Fig. 5.14) alse displays
an increase im the formational thiekness towards S.
0f course this inerease is not as proneunced as that

in the elder formations.

The sediments continued to come frem NE and ENE.

Tectonic Settimg

The morth western part of the Upper Kanthkot

Formation is charaéterised by the occurrence of
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oross bedded, quartzese sandstones aleng with pure
shales and siltstones. The sandstones show good
parallel bedding and oeécasionally grade into highly
calcareous varieties. These facis imdicate a stable
shelf tectomic framewerk probably with epineritié
environments (Dapples, Krumbein amd Sless, 1948,p.1943,

and Krumbein, Sloss and Dapples, 1949, p.1876),

The south western area shows thicker sedimenta-
tion, This faet ceupled with the commen occurrence
of ailt:ﬁono- and silty shales, alemg with gquartz
wacke type sandstome, indicateg unstasble shelf tectomie
setting (Dapples, Krumbein and Sless, 1948, p. 1943;
Krumbein, Sloss and Dapples, 1949, p.1876). The high
sand-shale raéio in the Kakarwa area im the W and around
Washtawa in the south cemiral part ig indieative of a

greater rate of sabsidence.

Thus, the area experienced stablo';helr 0bnditiqn.
in the morthern parts and mildly unstable to stable
shelf conditions in the southerm parts which is in
conformity with the tectonic conditiens that prevailed
during the deposition of older formations. Sinilnrly

the southern area underwent higher degree of uplift tham
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its éoﬁntsrpnrt in the N, The outcrops in the
eastern half of the area are too meagre to derive

any conelusion,

THE GAMBAU FORMATION

Environments of Depositiion

These rocks are completely devoid of any fessil
assemblage., It is signifieant te mote that the Upper
Kanthket roecks which just underlie these Gamdaun rocks

contain rich marine fauna.

The geoemetry 0Ivth§»Galétl formation whieh is
essentially elongate and is rggtriotpd in between
the twe hill ranges in tkev:euth western paris shows
& dounwarped basal section. These facis indieate a
proebably fluvial er valley fill emvirenment of
depesition (Visher, 1965, p.49; Petter, 1962, p.1894).

The cross bedding pattern ghows a umidirectional
dispersal system, Fhriher the eress bedding azimuths
are seem always oriented towards the synelinal axis
which prebably formed the deepest part., Such ecrogs

bedding pattern develops as a result of fluvial
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deposition (Kleinm, 1967; p.373, table I; Selley, 1968,
‘ef. Barrett, 1970, p.410, table 8), The western Chebari
plain shows a semewhat famning pattern of the cross
bedding data. The frequent eccurrence of asymmetrical
ripple marks aleng with ripple drift structures alseo

suggestis fluvial depogition,

The Gamdau hill section shows fining up patternm
of mean grain size (Fig. 7.7), Such grain size -
-variation is & result of ourrents which waxed qnickiy
and waned alewly in veloeity threwgh time (Selley,
1972, p.41-42). Besides Allen (1965, of. Selley,
1972, p.41-42) has stated that the finimg mpward
cycle eccurs im many ancient alluvial depoesits. Visher
(1965, p.49) has supported similar upward finimg
patterns for fluvial or valley fill medel.

The cumulative weight percentage distributien
curves of the individual samples of the Gamdan
Formation further support their fluvial erigim. The
curves for samples frem the Gamdau hill, Adkeli dome
and the Mae deme resemble these of Atlamaha river
main channel, tiavial Degonia :ind.tonu, Illineis

and Brazes river Texas, respectively.



Basin Gio-et;z

It is apparent from the earlier diseussien
that the Gamdau dapa-itiéﬁ took place emly in the
south western and western parts eof Wagad. The
ceentral and the eastern partis had already bocome
areas of nom-depesition, The zere i:epieh line of
this fermation prebably marks the edge of the basin

during Gamdaw time.

The Ganmdau valley and the western Chebari
plain where the Gamdau sedimentatien teek place

indicate westerly and west north westerly paleeslope.

Thus, theugh slewly the basin get filled up
in the courge of time, the paleeslepe contimued to
be more or less in the same directions frem the start

te the end of sedimentatioen.

Direetional Struectures

" Medium te small scale cress bedding, asymmetriecal
ripple marks beth small and big size, and ripple drift
are the most prevalemt vecter struetures eof this

foruation,
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The erosn»bcd&ing directions match well vigg
the paleeslope and show preferred oriemtation towards
the Gamdau syncline which in turm ceincides with the
basin axis during the deposition of Gamdau Formation,
The ripple marks broadly tally with the depoesitional
strike.

Lithie Fill

The Gamdaun Formation centains mainly sandstones
with minor amemnts of shales and siltstenes. The

sandstones eengtitute over 90% of the lithie fill.

The sandstenes are mainly of quartz arenit; to
quartz wacke type eceasionally micaceous. They are
mainly 1ight grey to grey and cream celeured with
eccasional dark ferrugineus hematitic bands. The

grain size eften varies from very fine te eocarse.

Lithie Arrangement

The total sectien of thii formation oxpands
westiwards aleng the direoction of the paleoslope. The
thickness increases frem zere to over 600' in the

wost in areas around Mae and Kharei. This indieates
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a longitudinal filling suwub-parallel te the basin axis.
This westierly inecrease in the formational thickneas
corresponds very well with the regionmal distribution

pattern of the emtire Wagad basin compriging all

formations.

Teetonie Setting

The Gamdau synelinal area commenly eontains
gquartz waeke and micaceous aandstenoavalohg with flaggy
te® bedded silitstone beds. The sandstones show bedded
fo'nasuive nature, These observations probably indieate
a mildly unstable shelf tectonic setting (Dapples,
Krumbein and Sloss, 1948, p.1943; EKrumbein, Sless and
Dapples, 1949, p.iSTe); Further, somewhat quick imcrease
in the fermation thickness in the south western part
indicates rapid subgidence of this south weatern area,
The northern paft of the area (west of Bharodia) shows
poeor expesures of the Gamdau ?ormation; However, on
the basis of a few outerops studied, it appears that
somewhat stable shelf condition prevailed in this area.
The lithelogic assecliation here is bedded sandstene with
lamimated shales at places. Snndutenes are pripcipully

of quartz arenite type.
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ENVIRONMENTAL SEQUENCE AND BEOTONIC SIGNIFICANCE

From the above account, it is obvious that the
'!agad area.could be divided into two aleng Rapar-Chitred
axis - each characterised by distimet emviremments in y

& single basin,

The eastern part (E of Rapar-Chitred axis),
underwent twe distinei successive 6ydles of marine
regressien, sach followed upward by delta chanmel
envirenments en the top. These two marine regression Y

I

cum delta chamnel oycles reughly ecrréspand with the
/;:;htlta and the Lewer Kanthket depesition. The delta
channel envirenment of the younger eycle probably
centinued at least during the deposition of the lewer
part of the Upper Kanthkot Formation as well. It
appears that this eastern half ef the area became

positive towards the end of Upper Kamthket time,

The western half of the area (west of Rapar-
Chitred axis) en the other hand experienced twe
ocyeles ef marine rcgrossion, withoeut any deltaic saqneﬂee;
Except for the Nara shale member, the twe lo'brvand
apper marine regressien eycles ~ reaghly cerrespond

with the depegition of the Washtawa and the Lower
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Kanthkot sedimentis. The Nara shale depesition

probably belongs to the upper phase of larine'regrgfaion
eycle. The Upper Kanthket deposition prebably represenis
marine transgressive phase, restriected to the western
parts emly, The Gamdau recks eecurripg in the extireme
south western and western parts were deposited under
fluvial conditions, Fircetly over the marine tranggression

reocks.

The author could not establish any regiemal
coerrelation of tha’envirOHmento for the Upper Kanthket
anq the Gamdau Formations for want ef suffieciemt geologiec
record in the field. Eoweior, & possible explanation
seems to be that while the eastern half ef the area
typically represents rocks characterisimg upper part
of a delta sequence and shows a gradual t;ndeney of
becoming positive, the westerm half ef the area experienced
a contemporaneous éub-i&oneé resulting in a local marine
transgression, Further it ap?ear: that dnfing Popt~Upper
Kanthket time the entire area became positive and there
was some time lapse, resulting inte strippimg of the
strata due te efanion. Later on the Gamdau sedimentation

teek place.
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The isopach and the facies strikes of the Washtawa,
Lower and the Upper Kaﬁtﬁkbt Permations vary mostly
between the NW-SE to NE-SW direciions. These strikes are
quite disecordant with the regional structural trend of
the area thiéh'is prineipally E-W. Thus, it is clear
that the structural distarbances took place at a later
date, after the imitial subsidence which is reflecied

in the thickness and facies distribution (Krubein and

L™ ——

Sless, 1963, p.490). Thus the main tectonic episode
or the uplift of Wagad area took place during postvaper‘
Ksnthket time,

The isopach econtours of the Gamdan Fermation
show very good parallelipm with the stiructural pattern
of the area. This fact denotes that me majer structural

disturbances teok place during post Gamdau depogitien.

Thus the main tectomic events of the Wagad basin

teok place during pest-Upper Kanthket and pre-Gamdau

times,



