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CHAPTER 10

ginriBOMittMta *f deposition. basis analysis

AMB SEDIMENTARY MODEL

Krumbein and Sloss (l9S3t p.501-502) write,

"In seareh for generalising principles, It is useful 

philosophical dories to recognise Models - actual or 

conceptual frameworks to which observations are 

referred as as aid in identification aad baais for 

predieties. The seamen faeter in all these models is 

that they provide a framework for organising observa­

tional data*, fills concept of models ha* bee* very 

usefully applied to the sedimentation studies sad 

several reeest workers have attempted to visualise



sediaeatary aedels t© indicate the pro©©©©©© and the
results ©f sedimentation.

Potter and Pettijeha (1963, p. 22?) hay© listed 
the basin geometry, the lithie fill, the arrangement 
•r distributien ©f the lithie fill withia the basis 
and the teetonio setting as factors which constitute
a sediaeatary a©d©l.

Th© depositl©nal a©d«l worked ©at by Pry©r (i960, 
p.1692) includes basin geometry, depesitieaal pattern, 
paleoslopo, depesitieaal strike, transport direction 
as essential faeters.

A sediaeatary or depesitieaal aedel, thus 
determines the distributien, orientation and the make 
up of the sediaeatary bodies shieh ©east!tat© the 
basin fill, shieh la tarn is aa organised response 
to a relatively few major dispersal patterns (Potter 
and PettiJohn, 1963, p*22*)»

Kmabein and Sless (1963, p*5©2) hare farther 
developed the idea, and they hay© suggested models 
eaeh for the prosesses of sedimentation and the 
response to these processes. Any write, *with



respect of modern environments shore the results 
of energy applied to oodinent* nay fee direetly 
observed, it io possible to sot op & process model 
on the one hand and a response model on the other.
The proeoss model speeifies the kinds ef activities 
that eeear in the environment, and it prediets shat 
the response model shcold be, The response model 
is thas a strnetering of the reseltsnt deposits within 
the framework of the eansative factors that are 
ineladed in the process model*.

Swain analpais, on the ether hand, is closely 
related to paleegeegraphy (Potter and PettiJohn, 
p.224).

Sineo a sedimentary facies is a prodaet of 
dopes!tienai environments, the anther is of tbs 
opinion that comprehensive basin s'tady should is el ado 
the eoneopts of basin analysis and sedimentary model 
ecopied with stady ef environments ef deposition, 
since all these aspects arc interrelated.

Sol ley (1972, p.12) has very rightly stated 
that geometry, lithology, sedimentary streetares,



fftliMirrwti ete art teiftriptivi properties of 
the sediaeatarp faeies which is a offset ef 
seliwitarjr eaTireaaents.

▼isker (l90S, p.41-42) has sectioned that each 
faadaaeatal sediaeatarp prosess predaees both a 
speeifie earireaaental description and a speeifie 
Tertieal profile aid therefore there are speeifie 
erderlp environaeatal seeeessieas with the1sediaewtarp 
aedels. Me has farther stated that there eaa ealp 
be a liaited Beaker ef overall sediaeatarp processes 
and, therefore, corresponding liaited nanber ef 
sediaeatarp aedels.

®n the basis ef the data eelleeted aad aaalpsed, 
the author has pro seated here a three diaeasieaal 
pie tare ef the Waged basis ecaprising eavirenaeats 
ef deposition, basis geeaetrp, direetieaal straetures, 
lithie fill, lithie arraageacat aad testsale settlag.
Be has fiaallp atteapted to eeastroot the preeess 
aedels based ea the difforest respease aedels diseassed 
in the earlier ekapters. Several interpretation -aaps 
▼is, sediaeatarp framework-asps for difforest feraatieae, 
envirenaental seation, basin eeafigaratiea and
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depeeitieial mil etc hawe k»»i prepared ii wrier 
te ashlers this geel.

THE WA8HTAWA F91MATI0K

EiTirsiaoita ef Pesos!tisi

Sew ef tile basal and top bed* ef the Washtawa 
Feraatiei (e.g. the gastreped bald at the base aid 
the fossilifareas aadetene band at the tap) are 
highly fossilifereas ii sew parti* Hie expesaros 
ef then basal fessil if areas beds ii the Vashtawa* 
Hevasa aid the Mirada deaes eeitaii aariie fossils 
like gastropods* braehiepeds, aid laasllibraiehs* 
Besides, at these localities a fewaperadie aarine 
feseil asseablages are alee aet vithii the yeaiger 
seotieis ef this feraatiei. The fossil asseablagea 
neted ii these deaes-free-the base upwards shew good 
preserratioi ef their fora aid eriaeeitatiei aid this 
appear to be ia-sita. Obrietslf, this faua floarishsd 
ii a aariie eiTireiaeat aid aeeerdiig te Heekel (1972* 
p.234)* while cephalopoda aid braehiepeds thrire oily 
ii *israal aariie* eiTireiaeats with salinity raryiig 
betweei 39 aid 49 ppt* gastropods aid peleeypoda also



shewed aaxinaa’growth ander sinilar conditions. It 

is interest lag ts acts that while the above asntiened 

fessilifareas basal beds expose* ! n the Xersdadeae 

eeataia aariae fessils, the Babanda deae seetien only 

aheat 6 ailes Sfi ef Narada, is eoapletely derei4 ef 

any aariae fans a. It thus appears that daring the 

Vashtava deposition, aariae environaente prevailed 

only te the V ef Dabtinda-liewasa axis, (pig io-j)

It is pertiaeat te aeatiea here that the 

sand~shale ratio of this foraatioa decreases and 

the isepaeh valaes increase as one traverses from 

E to W. This faet also indicates preraleaco of 

aariae environaents in the -western parts*

It is evident that the strand line at the 

start ef the Vashtava deposition followed the 

present Rapar-Mewasa axis, indicating aariae 

environaents to the V and deltaic environaents to 

the E. This faet is aaply snpported by the following 

observations t-

(i) The Mara shales oeearring in the V, grade 

into Ghitred sandstones in the E.
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(2) Grass lithelegy af the Vasktawa Fernatien 
ia the western fart la nainly ealcareens 
■auditanas and dark grey shales, while it 
is ferrvglnens sandstones and'variegated 
aad reddish brawn akaiaa in tka 8. The rad 
ealaaratiea af tka skalaa aad sandstones 
in tka eastern part ia daa ta exidising 
eenditiena prevalent ia a akallav water 
depaaitiaa (Heekel, 1972, p.230;Forgotsen Jr., 
1954, p»2494)«

The Vasktawa Faraatien ta tka ¥ af tka Bapar- 
Mewasa axis (characterising the strand line) skew 
various evidences af urine dopes!tion while the racks 
nearer ta tka strand line typically indicate estnary 
envirennent. The estnary eavircaveat prevalent Bearer 
ta tka share line is indicated ky tka biaedal Batare 
of tka crass bedding ( wi th Ml-SVasinaths, akant 180* 
apart) arena* Bedarva-Mewasaarea. Klein (18#T, p.373, 
Table i) has aaggested that sack crass bedding phenenaaen 
is aaaaaan in estnary ar beach envirenwents*

The .racks aaespying the Vasktawa. and - Barada denes 
indicate laar^ara shall aw narine envirenwents an tka



tests sf ersss bedding data. The rose diagran tsr 
this area shows trinodel pattern tet ths papal at ioa 
distritetiea is nainljr within 18#*. MseGare (IMS, 
p.84-85, fig. 4) has assigned siallar nearshore 
shallow narine enrirennents to ths Gat skill Genplex,
Mi441s Baronies of Mow Tork. 4s regards thsaroa in 
ths extreno W, aroaad lanthket ths eeesrrenee of thiek 
shalos along with nidstoao hods iadioatos a slight 
doopsr and span soa conditions (Seott, 19T0, p.1240, 
Table l).

Parallel and thin bedding is a dealnaat 
sodinsatary stractors of the Tashtawa reeks*- This 
fast oespied with eeeasioaal oeesrreaee of ripple 
marks is indication of the ware seas or the distal bar 
area of a delta eBrlrennents (fisher, ltdfi, p.45, 
fig. 2; Golonaa and Gegliane, IMS, p.!4f, Table i).

The sediaents of the Washtawa Pernatien exposed 
ia the Washtawa, tebsnda, and the Mewasa done.sections 
ia goaoral show spward eoarseningpattera of aeaa 
grain sine. The apper part of the Mewasa section 
howowor, shows a 'fining ap' pattern. This fastis 
of considerable significance. Hcile a progrescire 
coarsening.of grain siso indicates' a regressiro narino



enrireanent, the £ining ap la iiiitttiTt of a 
different MrirMiMi. The npward eearsealag pattern 

has been regarded as due te regressive narine nodal, 
by VIalter (l90g, p.44-48, fig.2). Oenkena (l9TO, 

p.204-209, fig. 0) baa also assigned the npward 

oearsening grain alae patters aa indicative of narine 
regreaaire or offlap setownee. Salley (i9T2,p.TT,108) 

baa stated that aaeieBt delta seetiens grading f ren 

narine setnenee at the base te flavial at tbe top 

iadieate a grain size Tariatiea setnenee that skews 

upward eearaening fallowed by a fining np in tbe tap 

part. It appeara that narine regressive deposition 

in all parts ef tbe iiditifK fsmtiM eMtiraed 

right npte tbe top ezeept in tbe area in the B where 

tbe aariae regression ms fallowed bp* delta*channel 

eavirennents.

the grain size distribntion pattern of tbe 
individnml aaaplea meal that the earves from tbe 
Vashtawa dene in tbe western part are stall sr te 
tbe earves ef saaples free Pennsylvanian sandstenea 
and Altanaha river eatsary (Viaher, 1909* p.1091,
1098, fig. ISA, 18-9), while these representing tbe 

Dabnnda and tbe Hewasa denes are sinllar to
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AiatrlltittT neath ku «m •! delta
eeaplex (Fisher, 1969, f .1088, fig. 11B).

faking lota eeaeideratiena all the «km laeta 
tegetker, the authar kaa eenelnded that the Weaktawa 
depeeitiea taak plaee daring a aarlna regreealre 
eyele nainly repreaeated ky akallovaariae anrlranaants 
in tka 'Sf-and dalta aaatk bar eneireMenta in tka Ml 
with tka Bapar-Sai-Hanaaa axia araa faralag rengkly 
a labata ahara lina in ralatian ta tka dalta (Fig.l0*i).

Baain tteedetrr

Tka authar kasbaaa abla ta deelpher the geenetry 
af tka Wagad baain dnring tka Waaktava dapasitian with 
the help af paleeeiirrent data, fernatien tkiekaeeaea, 
and groaa lith elegy. Baaed an aediaeat diaperaal pattern 
and the etratigraphie tkiakneaaaa, he kaa reoenatraeted 
the diagranatia akatab nadal af tka Vagad baain (Fig. 10.5 ).

It ia aaan that tka baain iaa an arenata ar seal
oral iaskape at tka atart af tka Bnahtana’dapaaitieB.
Tke baain apanad np and deepened ta MSB-and' areata ally
■ergad with tka main Irtah baain, in that direetien.

*



The cress section of tke basin it of asyaaetrleal 
typo with steeper northerly slopes of the seatkcra 
ports. A saall kink is tko basin geometry i* sotiood 
on tko bools of cross bedding la tko Ckltred area. Tko 
regional depositions! strike Is doe NW-SB direction, 
oad tke paleeslepe was towards 81 to WSf-direction*.

D1rootioool Stroetores

The Voshtowo soBdstOBos skews fairly good 
dowelepBoat of ■ediwa to sooll seolo cross boddlag 
oad ripple works. Tko cross boddiag diroetloas skew 
o sobporollolisB to tke basis axis* Bio ripple 
■arks olse skew erieatatiOB of eorroats ■ore or less 
ia tke sow direst leas. Thao directions ef dispersal 
of sodiBoats inferred from tile palooeorreBt data 
▼orled from the V to 3.

Lithic Fill

Tke oastora half of tke area comprises nearly 
15$ sandstones and 25$ shales, while the westera part 
contains obent 69$ to 19$ shales and siltstones and 
tke rest sandstones. Tke sandstones oeearriag la the 
eastern ports orsand Babnnda-Chitrod ore eoaporotiwoly 
■ore ferraglnens and rod coleared. Similarly, the 
shales oeearriag is the B are principally brown to



khaki t® variegated in colour while these occurring 
la the V are grey te dark grey.

Sandstones are mainly of quartz areaite type 
with eertaia pereeatage of variations towards quartz 
waeke (Krwnbein aad SIess, 1963, p. 166-174). they 
shew aeually fine te medium grained parti el a size, 
good sertiag aad suWeunded grains with miner amount 
el Matrix.

Lithie Arrangement

The general transport direetlea is seen te he 
loagitudiaal to the basis towards WSW and SV along 
the paleeslepe, aad there is a gradual increase in 
the feraatiea thiekness in these direetiens (Figs. 
5.12, 5.13! 1.14 aad S.i). The Southern Bangs 
stratigraphic section (Fig. 5.13) shews two aaia 
sandstone 11 thosenes ud two shale lithesome® in the 
B. However, the shale thiekness is seen te increase 
down the paleeslepe direction, and partly replaces 
the sandstone thiekness resulting in three shale 
lithesenes. Similar phenomenon is observed in the 
northern area section (Fig. 5*12), though shales and 
sandstones are represented by one lithesome each.



The striking featare is the sharp increase in the 

format 1m thickness along the transverse Motion 

(Fig. 5*14). The inerease in the discrete anther 

ef shale and sandstone hods is noted on traversing 

from N to S. Shale lithessmes appear te pineh out 

towards 8, while the sandstone lithesome# do so 

towards V. Thus the faeies diatribeties shews a 

close relation Alp te the paleeslepe and Arrent 

direetiens.

The Vashtawa Formation Aewe a wedge Aaped 

elastie body with tapering end towards ME.

Teetenie Setting

The eeearrenee ef pare qaarts arealte along 

with qaarts waeke, silty shales and siltstones 

indieates a stable Aelf te mildly an stable Aelf 

teetenie conditions ef the depositions! area (dapples, 

Xrambein Ad Sloes, 1948, p.1943, Table 1). Sneh a 

teetenie framework is snpperted by the general 

eeearrenee of eress bedding and ripple marks. Besides, 

tke f Anal assemblage like gastropods, braehiepeds, 

lamellibrAehs ete, also indieates nnstable te stable 

Aelf teetenie conditions ef trAsitienal to spin or i tie 

environ Ants (Krnnboin, SI ess and Dappl es, 1949 ,p. 1878).
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Bewewer, it has Ini frail that within the basin 

the conditions senewhat raried fren plaee te plate.

The stratigraphic eeetien of the Merthern Range (Fig.5.12) 

for exanple ehowe a eery gradual change in the fox-national 

thickness «M lithology, ant this in4ieatea a rather 

•table teetenie setting for northern and north oaetern 

parts of the hasin. Farther, exposures of eenparatirely 

thin stratigraphic eelnans within the various Northera 

Range structures is a result ef wild uplift.

In sentrust to the abcre, the south central and 

south western areas shew a sharp increase in the 

thickness which is depleted by isepaeh nap and strati- 

graph!* cress seetion of the Southern Range, as well as 

transferee cress section (Figs. S.l, i*13 and f.14).

This fact eeupled with eeoarrenec cf quartz wacko, 

silty shales, and widespread dowelepneat ef cress 

bedding and ripple narks, strongly reflects unstable 
conditions (Krunbein, SIess and Bapples, i§49, p.1876).

Am the Southern Range structures like the Kaathket 

dene $ Nara dene, Vashtawa dene, and the Mewasa dene 

expose wash elder herizens than these exposed in the 

northern range, it is, Obriens that the southern part 

ef ■ the basin has underwent a naeh higher degree ef 

uplift than the northern part.
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Saaaiag up, the northern stable part af tka 

basin has undergone a *ild subsidence an* a ail4 aplift, 

ahile the eeaparatirely «astable southern part is 

eharaeterised by a higher degree af subsidence fallowed 

by greater aplift.

ttrxxs . t Mmift viiimvAH ^ ■AMdiax' Atr
Titfii i*mnm liiiMiT y8B«ragi

Bnvironnants af Baaasities

Tka Lever Kaathket Poraatiaa aaataias a riek 

aariaa faaaal assenblages in tka westera half, tka 

aastara kalf baiag devoid af aay favaila. Tka 

easteraaest laaalitias apta which tka feraatiea is 

fossilifareas are tka Traaaa a ala, Mer'ada - dene, aad 

the western fleaks af Chitred dene. Tka eharaeteristie 

fossil (as rapartad by Cex, 1938, af. Pasaee, 1939, 

p.1148) free the Traaaa bale ia Mytilua (Palunytilns ?) 

Tranaaeasis Cox. Aatkar has aatad warions spaaias af 

laaallibraaaks aad brack!epads freatke above three 

laaalitias. Tka aaaarraaaa af aariae fauna is laifanly 

aaaaaa throughout tka western parts af tka area. Maakal 

(1972, p.234-237, Table 3,4) has stated that eepkelepads 

aad break!epads essentially aaaar ia tka snbtidal aaaa 

af neraal Mtriaa envirenaents with-salinity varying
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f rea SO to 49 ppt. So the above fossils indicate a 
aarine environaont. The shore lias existed along 
Narada-Ghitred axis during the La war Kanthket deposition 
with aaa to its W (Fig. 10*2).

The Lower Kanthket Pernation shows a general 
increase in thiclmoaa Iron I to 1 and this inoroaso 
is partly a fanetion of depth of deposit!eaal environaont. 
Gross sand-shale ratio shows high values in the aenthorn 
and eastern areas shile the ratio dooreases towards V.
Pryor (i960, p.1496) has aontionod that the area ef 
high elastic ratio coincides with that having lew percen­
tage of aarine hods and generally occurs in the area ef 
thinner dopositien. Thus occurrence of thicker shale 
bodies in the V is a clear indication of aarine enviren- 
■ent. The shale iselith nap also shews a gradual increase 
ef shale thickness towards V due - to progressively increasing 
aarine influence. Besides, shale colour varies frea 
brownish red, rod, khaki, to variegated in the B to grey 
to dark grey in the W. Bed and reddish brown shales are 
characteristic ef nen-narine environaont while grey to 
dark grey shales indicate open circulation shallow aarine 
enviroanents (Forgetson Jr., 1964, p. 2484).



The sandstone isolith alee furnishes valuable 
inlornation. In the eastern fart it deplete as 
elongate-dendroid or halt type el sand body el Fetter 
(1992, p.1893, lig. 3,4,5), which epefis eat in the 
W and SW. This eleagate sand body comprising the 
reeks areaad Fragpar, Bhutakia, and Bhinasar, having 
NE-SW tread indicates deposition aader delta channel 
environsent. Fetter (1992, p.1894) has postalated 
siailar origin ler sash sand bodies el FennsylTaaian 
age el Illinois basin*

The or i eat at ion el delta channel (Fig. 19.2 ) 
as revealed Iron the geometry el sand body in the 
eastern Waged is reaghly perpendicular to the 
depesitieaal strike which is Mf-SS.

It is signilieant te note that the deposits 
to the M and S el this elongate sand body (areaad 
Senalwa and Kidianagar) shew lew sand-shale ratios* 
This last illustrates that lloed plains existed on 
the two llanks el the delta channel. Selley (1972, 
p.42 and 77) supports the idea el deposition el 
liner silts and clays on the lloed basins el the 
inter distributary area*
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Tke rose diagram for the cross bedding data 

of the north castors fart of the forsation areand 
Rapar, fihatakia, Bhimasar asd Haairper shoos a strong 
nnimodal charaetor sash dispersal pattern is a resalt 
of flavial or foresot and bettemset parts of delta 
environment (Klein, 1W7, p.373, table i). The rose 
diagram for the soath eastern part resembles to a 
similar diagram prepared bp MeCave (1988, p. 84-85, 
fig. 4) for the Catskill Complex in the middle Berenian 
of hew York indicating marginal channel complex 
deposits* Similar diagram for the soath eastern part 
is somewhat trimedal, thoagh one mode is gaite strong 
and others rather weak. Fellowing the MeCave*s (i988, 
p.84-88, fig. 4) interpretation for Catskill Complex, 
the anther also thinks that the large modes shoving 
INK trend might indicate the principal 'channel trend 
while the small modes indicate the small tribatary 
channels.

Thus, the cross bedding data for the entire 
eastern part clearly indicates a delta channel 
environment. The prevalence of flnvial or delta 
channel environment for this part is fnrthpr sapported 
by oeearronce of asymmetrical ripple marks. (Allen and



friend, 1968, p. 42} Coleman and dagliane, 1968, 
p.147, table l).

Besidea,in the eastern half ef the area, 
several sedimentary straetnres like scour and fill, 
eresienal trnneatien, trough eress bedding and load 
easts are encountered. These structures are 
typically developed in delta channel er tidal channel 
environments (Celeaan and aagliano, 1968, p. 147, 
table 1} Hesters, 1967, p.2846), Allen and friend 
(1968, p.S6) have also noted several scour and fill 
structures betueen finer and coarser grades of sand­
stones within Catskill facies of Appalachian region 
representing alluvial deposits. Yisher (1972,p.94-96 
table II) has classified the scour surfaces and the 
separation ef channel and flood plain deposits as 
responses of channeling and seasonal discharge peak 
processes.

The cress bedding rose diagrams for the western 
half ef the area show bimedal and trimedal type ef 
dispersal patterns (Fig. 6.6). These types indicate 
estuary, beach er shallow marine environments (Klein, 
1967, p.279, table 1} Salley, 1968, ef. Barrett, 1976



p.4iQ, table 8). This alse.reseublos with til* 

dispersal patten ef Cat skill era^tt, Middle -Bevenian 

ef New York, represent lag shallow marine environnents 

(ICeCere, p.84-88, fig.4). The frequent occurrence ef 

spmMtrieal ripple narks around Adhei and lanthkot in 

the western parts, also snpperts narine envirennent 

(Coleaan and Gagliane, 1986, p.373, table l).

♦he lower parts of the Chitred and Hhlnasar
*

sent ions in the eastern parts, ef the f emotion skew 

upward eearsening patterns of Mean grain sine ef 

sedinents, and the upper portions shew a 'fining up*. 

This sequence ef 1eearsening up* followed bp 'fining 

up* is indicative ef a deltale node!. The initial 

eearsening up suggests a progressive Marine regression, 

while the * fining up* at the top characterises a delta 
envlrenacnts (Seller, 1972, p*77). Seller (i972,p*77) 

has stated "Yertieal seeties ef a delta reveals a fine 

grained uarine faeies, whieh pass up transitienallr 

into eearser fresh water sedinents and in searching 

for ancient deltas, therefore, we aust leek for thick 

elastic sequences shewing repeated cpeles ef upward 

eearsening grain size*.
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The author has, therefore, assigned tka eastern 
part at tka Lenar Kantkket Format!an as a result al 
mainly daltala daposition (marina regressian fallawed 
by delta channel). Visher (i965, p. 44-54, fig. 2 and 
11) kas also stated tkat 'coarsening np' pattern of 
grain size ekaraetarisas marine regression medal vhile 
’coarsening np* followed by 'fining up* pattern 
ekaraetarisas a deltaic medal. Similarly, Ooatkens 
(1970, p, 204-206) kas also described 'coarsening np* 
pattern as a result af fluvie-marine regressive 
environments*

Tka Vashtawa, Adhei and tka Kantkket saatians 
ef the vast am half af tka area skew an upward 
coarsening pattern af the naan grain else, and tibia 
fact typically indicate a marina regression cycle 
of envirenment for this area. Farther evidence to 
sapport this eonelasien is drawn from tka frequency 
carves ef the individual samples* Tka carves from 
tka Adhei and the Vashtawa area resemble to those 
from the Vann and tka Almond Formation af marine 
origin in rolatien to a delta complex (Tiskar 1969, 
p.1998, fig. 18), In contrast to this, tka carves 
of the samples representing eastern part viz. the



Dabunda, Xidianagar ud the Ehinasar seat teas are 
eenparable with those fren fluvial sands- ef Missourian 
age, Okla, tidal inlet sene of Altanaha river estuary, 
and nedern channel sand ef Breses river Texas (Tisher, 

1969, p.1091-95, fig. 13B, 15A, and 19A).
Considering all the above faets. the author 

has, with sufficient confidence, assigned shallow 
narine environnents ef deposition for the western half 
and the delta eonplex environnents for the eastern 
half ef the area during the Lower Kanthfcot deposition 
(Pig. 10.2). The strand line probably existed along 
the Bapar-Chitred axis. The delta eenplex is further 
differentiated into ehannels and flood plain deposits 
eeeupying the interdistributary areas ef the eastern 
part. The region elese to the shore line to its 
iwediate 1 probably represents the distributary neuth 
bar sab-eavir ennen t. The western half ef the area 
experteased pre-delta or shallow narine environnents 
asseeiated with a delta.

Figure 10.4 represents a generalised eavirennental 
cress seotien during the Lower and Upper lanthhet 
deposition and lithefaeies relationships. This cress 
seetien natehes well with the conceptual diagran ef
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the ItUftio sediaentatioB (pregrading delta indicative 
•f greater rata af deposition than sedi Mentation) as 
proposed by Cnrtis (itT©, p.293-295, fig. i).

Baring the aatira coarse of hewer Kanthket 
deposition, the western half af the area experienced 
a eentinaeas Marine regression cycle, while the 
eastern half experienced initially a sarine regression 
fallowed hy a deltaic nodal•

Basin ■ lee nstry

Baring the hewer Kanthket depositien the Waged 
basin broadly retained its arehiteetnre that existed 
daring Washtawa tine. The general paleaslope eentinned 
to be towards WWW. The naxinsn thickness of this 
fematien is tkis encountered in the seath western 
parts* The basin also retained its asynnetrieel cress 
section with deeper southern and seath western parts. 
Towards the close of hewer Kanthket deposition the 
north eastern part shallowed ap and probably the extrene 
north eastern portion heeane positive* i.e. area of 
nen~depeeit$h»t.

Directional Streetares

As sack, cress bedding ni ripple narks are well 
developed all ever the hewer Kanthket exposures. The



276

cress bedding directions iB mat of the arc* closely 
follow tho kaiia axis. The ripple work strikes show 
broad parallelism to tho basin .margins. The vector 
stmeturos iBdieate the general direct!es of sediment 
transport from EDS to WSV. This is farther sapperted 
bp increase in isopach values in that direction. Thus 
a longitudinal transportation prevailed daring the 
Lower Kaatkket Formation.

Lithic Fill

Tho eastern half of the area comprising seathorn 
and northern elongate patches represents non-marine 
rooks and shows a high percentage of sandstones varying 
between 00 to over 90, shales occupying the rest of 
the volamo. Bighost sandstone percentage is sneoantered 
around Chitrod in the S and Htimasar-lamirpar in the Ml. 
The sandstone percentage gradually decrease to the W, 
and the westernmost area contains abent 50% sandstones 
and 80% shale.

The sandstones are mainly of quarts aronite to 
quarts waeke type and of fine to medium. grade sise with 
occasional variations towards fine to coarse grained 
in the eastern parts.



Lithie Arraagsxaat

The lithie arrangement Is ehar»ei»ri««i by the 
longitudinal in fillleg eltag the paleeslepe la the 
eastern deltaic area as veil as la the vestera aariae 
area* The tetal seetiea expands te the S and ¥ saeh 
that tve thia shale lithesenes eeearriag in the B 
increasingly replaee the iaterraaiag sandstone lithe- 
sexes giving rise te a thick shale body la the V. 
Besides, eae aere dials litheseae appears in the V. 
Thus the gradual increase ia the finer elastics ia 
the V is a charasteristie feature.

The transverse erase seetiea (Fig. 5*14) shews 
a sharp iaerease in the thickness ef the Lever 
Kantkket Feraatiea te the S. It is significant that 
this filling was brought about least by the transverse 
dispersal pattern and was aestly a result ef lengitu- 
diaal filling ealy. The scarce area was ebvieusly 
tawards MB aad EMB.

The Lever Kaathket Feraatiea alse shews a wedge 
shaped bedy with preaeuaeed thickening ia the seuth 
western parts.
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Toctonic Sotting

The eastern part ef the area predoninantly 
eeneista ef pure quarts sandstones er quarts arenites 
along with laminated shales and elaystene peekets 
and lenses. Generally clays are light grey, and 
shales shew variegated eelears. The sandstones 
often shev ferruginous brick red colour. These facts 
indieate a stable shelf depositions! conditions for 
the majority ef the eastern half ef area daring the 
Loser Kanthket tine (dapples, Kranbeln and Sloes,
194$, p.1943). This is farther snpperted by occurrence 
ef thin stratigraphic thickness indicating a nild rate 
ef subsidence in this part ef the area. The sporadic 
occurrence of carbonaceous shales along with deninantly 
current bedded sandstone (e.g* in a nala N of Kidianagar) 
supports the transitional environments under stable 
shelf eenditions (Krumbein, SIcss and Dapples, 1949, 
p. 1876).

The south central and south vestern parts ef 
the area around Chitrod-Vashtawa and Nara-Adhoi are 
narked by a mildly unstable tectonic setting. This 
is evideneed by frequent occurrence ef quartz vaeke
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type micaceous sandstones, flaggy siltstenes and
i

silty shales (Dapples, Srumbein and SIess, 1948, 

p.1943). The occurrence of cross bedded and rippled 

quartz areaite te quartz wacko*, and their ealeareeas 

nature along with silty shales and siltstenes indicate 

epineritie environment nnder unstable shelf conditions 

(Krunbeln, Sless and Dapples, 1949, p.l87§). Farther 

the high sand-shale ratio around the Chitred-Washtawa 

area along with greater formatienal thiekness 

characterises higher rate of subsidence in this area. 

Potter (l9«a, p.1903) has assigned high sand-shale 

ratio as a result of rapid subsidence. The transverse 

cross section (Pig. S»i4) eloarly reveals this fact.

The lower datum plane shows a sharp downwarp indicating 

a contemporaneous subsidence with roferenoo to the 

northern part during the Lower Kanthket deposition.

The structures, occurring in the southern parts 

uniformly expose elder reeks as compared to their 

counterparts in the north. This phenomenon is a 

result of higher degree of uplift of the southern 

and south western parts.
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THIS teetenie setting •! the Lever Kanthket 
basin eerrespesdf fairly vail vitb that »f the 
Vaahtava tiae. It aay hevever ba pointed ant that 

though sabsidonee vaa eontospareseons with tha 
deposition, aplift phase vaa probably aaa single avast 

daring tha past Upper Kanthket tine,

TSE UPPER KAMTHKOT FORMATION

Invironaonts of Penesition

Is general, this feraatien also shovs that tha 

area vast af Narada-Vashtava axis experienced aarina 

deposition, while daltale envirensents prevailed in 
the area east af it (Pig. 10.3).

The anther uniferaly esceastered aarina fossils 

is tha venters parts ef this f eras ties, the fossil-* 

bearing aeanrrasea da sat extend aastvard beyond 
f rasas nala and tha sen tilers flasks af tha Vashtava 
dona, this fast aespied vith tha decrease la tha 
sand-shale ratio valsas in tha V indicates aariaa 

dapasitiasal esviresaest is tha vastars part.

the sandstone iselith nap (Pig. 5,T) af the 

Upper Eaathket Porsatiea shavs strong elongate pattern

\



•£ Mil bodies I el Narada-Chitredaxis. The#© seed 
bodies are el dendroid and ped shaped, and typieally 
represent delta channel er llurial environments el 
deposition. The sandstene iselith nap broadly 
reseables with the siailar sap lor Sehular Feraatien 
el Cotton Valley Creep el eastern beasiana and vestera 
Mississippi el Forgetsen Jr. (1954, p.248 te 293) she 
has euggested seeh iselith pattern to represent a 
typical delta deposit. Potter (1992, p.1894) has 
suggested siailar environment ler elongate sand bedies 
el Illinois basin.

The erase bedding data Iron the western hall 
el the area, shews binedal rose diagram. Seeh 
binedal earrent pattern typically develops andor 
estuary, beach er shallow narine environments (Klein, 
1995, p.3T3, Table Ij Selley, 1998 el. Barrett, 1970, 
p.410; MeCave, 1999, p.84-85).

The prevalanee el shallow narine or marginal 
environment in the western part is also clearly 
indicated by common occurrence el symmetrical ripple 
marks. Together with occasional development el graded
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bedding within Adhel aid Kakarwe anticline (leekel ,
1970, p.243, fig. 6$ Celcaan and Oagilane, 1965,p.147, 
fable I).

Aa elated befere la Chapter 7, the fretneaey 
earree ef the ladiTldaal saaplee from tie Mae, lakarwd 
aad Adhel deaea ef the Upper Kaathket Vernation la W, 
ladleate a Marine origin. The enrre ef the sample 
free the Kakarwa aatleliae la the extreae west, reeeablea 
to that ef eediaeate frea Altaaaha river estuary belonging 
to a ware zone area.

The vertical eeetieas ef the Kakarwa aad Adhel 
aatiellaes ahee a good finlag up pattern ef the aean 
grain nine, indieative ef aarine transgressive aedel 
(Visher, 1965, p.54-56; Selley, 1972, p.16, fig. i.i).

Thu8 sunnarising title above interpretatiena, 
the anther haa derived the following envirenaental 
analyaia for the Upper Kaathket deposition. The eaatern- 
■eat part(east ef Haairpar and Hiiaaaar) was the area 
ef aea depeaitiea at the atart ef the Upper Kaathket 
depeaitiea. The area between this, and Harada-Chitred 
in the central part, probably experteaeed a deltale
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environments. As the euterop conditions of this 
formation is these parts are tee scanty, determination 
ef farther characteristics ef this delta aodel (e.g. 
pregrading seaward or laadward etc. in a eearse ef time) 
is aet possible.

Oh the other hand, the westers half of the area 
which forms the best exposed portiea of this formation 
was deposited under transgressive marine environments
(Pig. i#.3).

Basin geometry'

Bariag the Upper Kaathket deposit!oa the 
paleeslepe eeatiaaed to be tewards SW aad ISP. Thus 
the basia retaiaed its pre-existing shape, the axis 
beiag WSV-IVS with the depesitional strike perpendicular 
to it. The greater thiekaesses in the seuthera parts 
iadieato the asymmetrical nature of tho basin with 
deeper areas of deposition in the S and W.

The general arcuate pattern of the basia is 
apparent from tho orientation of the inferred shore 
line (Pig. 10.3).
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Directional Structures

The Upper Kanthket reeks are characterised by 
nediun to snail seals cross bedding ef both tabular 
and trough types, along with synnetrleal ripple narks. 
The thickness ef the cress bedded sets generally 
decreases along the direction ef the current. At a 
few leealities sole narks showing eenfornity with 
the cress bedding directions are also encountered.

The cress bedding data eerrespends with the 
basinal paleeslope and the strikes ef the synnetrieal 
ripple,narks broadly tally with the dcpesitional strike.

Lithic Fill

The depth ef the depositions! basin is reflected
t

in the lithie fill also. The eastern and the south 
central parts ef the area shew high sandstone percentage 
npte 80$ or ewes upto 00$ around Vashtaws proper* The 
sandstones are principally of quartz arenite to quartz 
wacke type, and shew light grey to brown grey and buff 
to orange colours. Calcareous sandstones are frequently 
net with in the western parts.

The shales which are about 20$ in the south 
central and eastern areas progressively shew increase



in volume toward* W, Where these sre typically 
marine ef light grey te grey in eolour, silty and 
fessiliferess.

Lithis Arrangement

The lithie arrangement shew good conformity 
with the directional structures, and is similar te 
these ef the elder stratigraphic intervals.

The direction ef sediment transport towards 
WSW and SV is longitudinal te the basin. The 
feraation thickness also increases in this direction 
The longitudinal stratigraphic cress sections 
(Pig. 5«iS) depicting increase in the thickness shew 
a concomitant increase in the shale lithescmes. The 
transverse cress section (Pig. 8.14) also displays 
an inersass in the fermatienal thickness towards S. 
Of course this increase is net as pronounced as that 
in the elder formations.

The sediments continued to come from NE and ENB 

Tectonic Setting

The north western part of the Upper Kanthket 
Formation is characterised by the occurrence of
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cress bedded, quartseee sandstones along with pare 
shales and slltstenes. The sandstones show good 
parallel bedding and occasionally grade Into highly 
ealearooBs varieties. These facts indicate a stable 
shelf teetenie framework probably with epineritie 
environments (Dapples, Krumbein and Sless, 1948,p.1943, 
and Krumbein, Sless and Dapples, 1949, p,197S),

The sonth western area shows thieker sedimenta­
tion. This fact coupled with the eonea occurrence 
of slltstenes and silty shales, aleng with fuarts 
waeke type sandstone, indieates unstable shelf tectonic 
setting (Dapples, Krumbein and Sless, 1946, p. 1943; 
Krumbein, Sless and Dapples, 1949, p.1876). The high 
sand-shale ratio in the Kakarwa area in the W and around 
Vashtawa in the south central part is indicative of a 
greater rate of subsidence.

Thus, the area experienced stable shelf conditions 
in the northern parts and mildly unstable to stable 
shelf conditions in the southern parts which is in 
conformity with the teetenie conditions that prevailed 
during the deposition of elder formations. Similarly 
the southern area underwent higher degree of uplift than



its counterpart in the N. The outcrops in the 
eastern half of the area are tee aeagre to derive 
any conclusion.

THE SAMBA! FORMATION

Environments of Bowes!ties

These reeks are completely devoid of any fossil 
assemblage. It is significant to note that the Upper 
Xanthket reeks whieh just underlie these damdau reeks 
eontain rich sarine fauna.

The geometry of the damdau fornation whieh is 
essentially elongate and is restricted in between 
the twe hill ranges in the south western parts shews 
a deunwarped basal section. These facts indicate a 
probably fluvial or valley fill environment of 
deposition (Yisher, 1965, p.49; Potter, 1962, p.1894).

The cross bedding pattern shows a unidirectional 
dispersal system. Further the cress bedding asinuths 
are seen always oriented towards the synclinal axis 
which probably formed the deepest part. Such cress 
bedding pattern develops as a result of fluvial
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deposition (Klein, 1967 ; p.373, toble I; Seller, 1968, 
ef. Barrett, 1979, p.410, table 8), The western Chebari 
plain shews a somewhat fanning pattern ef the cross 
bedding data* The frequent occurrence ef asynmetrioal 
ripple narks along with ripple drift straetnres alee 
suggests fluvial deposition.

The Gamdau hill section shews fining np pattern 
ef aean grain size (Fig. 7.7), Saeh grain size * 
variation is a result ef currents which waxed quickly 
and waned slowly in velocity through tine (Seller,
1972, p,41-42). Besides Allen (1965, ef. Selley,
1972, p,41-42) has stated that the fining upward 
cycle occurs in nany ancient alluvial depesitp. Visher 
(1965, p*49) has supported sinilar upward fining 
patterns for fluvial or valley fill nedel.

The cumulative weight percentage distribution 
curves of the individual samples ef the Gamdau 
Formation farther support their fluvial origin. The 
curves Tor samples from the Gamdau hill, Adhei dome 
and the Mae dene resemble these of Atlanaha river 
main channel, fluvial Begonia sandstone, Illinois 
and Brazes river Texas, respectively.



Basin Goonstry

It is apparent froa the earlier discussion 
that the luian depeeitiea took plane ealy in the 
south western and western parts el Waged. The 
central Mid the eastern parts had already heeeae 
areas el non-deposition. The sere isepach line ol 
this fornatien probably aarks the edge el the basin 
during Gaadau time.

The (landau valley and the western Ckobari 
plain where the Gaadau sediaentatien took plaee 
indicate westerly and west north westerly paleeslope.

Thus, though slowly the basin get Tilled up 
in the eourse el time, the paleeslope continued to 
be acre or less in the saae directions Iren the start 
to the end el sediaentatien.

Biractional Structures

Median to snail scale cross bedding, asynaetrical 
ripple narks both snail and big size, and ripple drift 
are the nest prevalent vector structures el this 
formation*



The cross bedding directions match veil with 
the paleeslcpe and show preferred orientation towards 
the damdau syncline which is tarn coincides with the 
basin axis daring the deposition of damdau Formation. 
The ripple marks broadly tally with the depositions! 
strike.

Lithlc Fill

The damdau Fornation contains mainly sandstones 
with miner aaennts of shales and siltstenes. The 
sandstones constitute oyer 90% of the lithie fill.

The sandstones are mainly of quartz arenite to 
quartz waeke type occasionally micaceous. They are 
mainly light grey to grey and cream celcured with 
occasional dark ferruginous hematitie hands. The 
grain size often varies from very fine te coarse.

Lithie Arrangement

the total section of this formation expands 
westwards along the direction of the paleoslope. The 
thickness increases from zero to over 600' in the
west in areas around Mae and Kharoi. This indicates
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a longitudinal filling sub-parallel to tie basin axis. 

This westerly increase in the format!onal thickness 

corresponds Tory well with the regional distribution 

pattern of the entire Vagad basin eemprising all 

formations.

Tectonic Setting

The dandau synclinal area commonly contains 

quartz waeke and micaceous sandstones along with flaggy 

to bedded siltstone beds. The sandstones show bedded 

to maestro nature* These obserrations probably indicate 

a mildly unstable shelf tectonic setting (Bapples, 

Krumbein and Sloes, 1948, p.l§43; Kruhbeia, SIess and 

Bapples, 1949, p.i876). Further, somewhat quick increase 

in the formation thieknees in the south western part 

indicates rapid snbsidenee of this south western area.

The northern part of the area (west of Sharodia) shows 

poor exposures of the (landau Formation. Hewer or, on 

the basis of a few eutereps studied, it appears that 

somewhat stable shelf condition prerailed in this area. 

The lithologic association here is bedded sandstone with 

laminated shales at places. Sandstones are principally 

of quartz area!to type.
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EMTT namiESTAL SHOEKMCB AMP MCT&HIC SIftMIFIGAMCB

Free the above account, it is obvious that the 

Waga€ area, could be divided late two along Rapar-Chitred 

axis - eaeh eharaeterieed by dietiaet envirenaents in /

a single basis,

fhe eastern part (l of Rapar-Chitrod axis), 

underwent tve distinct successive cycles el aarine 

regression, each followed upward by delta channel 

envirenaents on the top. fhese two aarine regression \

eua delta ehannel cycles roughly eerrespend with the 

Vashtawa and the hewer Eanthket deposition, fhe delta 

ehannel envirenaent of the younger eyele probably 

continued at least during the deposition of the lower 

part of date Upper Kanthkot Foraatien as well. It 

appears that this eastern hall el the area beeaao 

positive towards the end el Upper Kanthkot time.

fhe western hall of the area (west el Rapar- 

Chitrod axis) on the ether hand experienced twe 

eyeles el aarine regression, without any deltale sequence. 

Except lor the Mara shale aeabor, the twe lower and 

upper aarine regression cycles - roughly correspond 

with the deposition el the Vashtawa and the Lower
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Kanthket itdimats. The Nara shale deposit lea 
probably belongs to the apper phase el marine regression 
cycle, fhe Upper Kanthket deposition probably represents 
narine transgressive phase, restricted to the western 
parts only. The Gawdau reeks eecarring in the extreme 
south western and western parts were deposited under 
fluvial conditions, directly over the narine transgression 
recks.

9he author could not establish any regional 
correlation of the environments for the Upper Kanthket 
and the (landau Formations for want of sufficient geologic 
record in the field. However, a possible explanation 
seems to be that while the eastern half of the area 
typically represents reeks characterising upper part 
of a delta sequence and shows a gradual tendency of 
becoming positive, the western half of the area experienced 
a contemporaneous subsidence resulting in a local marine 
transgression. Further it appears that during Post-Upper 
Kanthket time the entire area became positive and there 
was seme time lapse, resulting into stripping of the 
strata due to erosion, hater on the (landau sedimentation 
took place.
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The isopaeh and the facies strikes ef the Washtawa, 

Lever as* the Upper Kanthket Formations vary Mostly 
between the NW-S1 te NE-SW directions. These strikes are 
quite discerdant with the regional struetural trend of 
the area which is principally E-W. Thus, it is clear 
that the structural disturbances took place at a later 
date, after the Initial subsidence which is reflected 
in the thickness and facies distribution (Xrubein and 
SIess, 1963, p.49©). Thus the uain tectonic episode 
or the uplift of Waged area took place during post-Upper 
Kanthket tine*

The isopaeh contours of the &andaa Format ion 
shew very good parallelism with the structural pattern 
ef the area* This fact denotes that no major structural 
disturbances took place during post Gawftau deposition.

Thus the main tectonic events ef the Wagad basin 
took place during pest-Epper Kanthket and pre-Samdau 
times.


