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ABSTRACT

In north-western India, Cambrian sediments—Marwzr Supergroup, were laid down in the
Mezrwar Basin ; they are correlatable to Saline Series, Salt Range, and are unknown in Gujarat. They
were followed by glaciation and marine incursion during the Permian. Continental and marine sedimen-
tation in Jurassic and Cretaceous alternzted in Rajasthan Shelf, Kutch Basin, and parts of Saurashtra, while
Deccan Trap volcanism enveloped Kutch and Saurashtra. Gujarat. Paleocene and Eocene were deposi-
ted in the Jaisalmer Basin, and other basins of Rajasthan, and upto Pliocene in Gujarat ; the sequence is
correlatable to that of the Indus Basin.The sedimentation was tectonically controlled, the basinal architec-
ture having developed along a NNE-SSW trending graben. The Meso-Genozoic basinal framework was
evolved on NNW-SEE trending grabens. The Cambay graben extended nerth-northwestwards, being co-
extensive with Barmer Basin and the Shahgarh depression ; the tectonic set up was related to Deccan Trap
volcanism. The stratigraphic sequence of rock fcrmations in north-western India  and the Indus Basin
is  closely comparable and indicative of these rock formations being part of one large and deep basin.

Lt is correlatable to that of Malagasy and South Africa, that represent drifted segments of Gondwanaland.
An identity in their Pre-Cretaccous geological history is inferred.

INTRODUCTION

Several assemblies have been proposed for the reconstruction of Gondwanaland
comprising India, Africa, South America, Australia, ai.d Malegasy. The island of Mala-
gasy has been placed between the west coast of India and cast coast of Africa (King,
1950, Smitu & Harram, 1970; FisHER ¢t al., 1971 ; MckeNzIiE & SCLATER, 1971), or the
castern coast of India and Antarctica (CAREY, 1954); or between the eastern coast of
Africa and southern coast of Australia (Anmap, 1961). The palaeoposition of Malagasy
has beea considered adjacent to east Africa off’ the coast of modern Somalia, Ketiya, and
Tanzania (Du Torr, 1937; SmitH & Harvawm, 19705 McELHinNy, 1979); adjacent to
Mozambique in the coastal embayment in south-east Africa(WEGENER, 1929; FLOREsS,
1970). Stratigraphic sequences of Malegasy, South Africa, north-western India, and
Indus Basin, that once formed part of the Go..dwanaland, are compared and co-related
to draw an inference (PareEk, 1980). All these coutinents witaessed Palzeozoic, Meso-
zoic, and Tertiary sedimentation, and their stratigraphy is likely to bring out points of
comparisoa. '

Data oa Malagasy (BESAIRIE, 1946, 1953, 1972, 1973; Furon, 1961), South
Africa (Furon, 1961; MARTIN, 1961, 1_954, 1968; BicARELL A, 1970; HAUGHTON, 1970),
Indus Basin (WirLrams, 1959; GANSSER, 1964), and Po.war region (Girw, 1952 a, b)
is existing, while that on the nort.h-western India is being built up. The r.orth-western
India comprises the states of Rajasthan and Gujarat (Fig. 2) traversed dizgonally by
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the Aravalli mountain-range, through the middle. The region, west of t%le range, pre-
sents the Palaeozoic, Mesozoic, and Tertiary sequence of rock formations (PAREEk,
1981).

NORTH-WESTERN INDIA

RajastaaN

The Aravalli mountain-range has NE-SW regional trend for 2,200 kr.n, from
Delhi to Champaner, at the head of Gulf of Gambzy, coatinuing southwards into the
Laccadives (KrisunaN, 1961, p. 4, 5). The eastern margin 1s 'faulted—the Great
Boundary Fault running from SW to NE for 400 km. T.hlS range must have
been similar to the present dzy Himalaya, during -the po;t-Delhl‘and] ?MIY Vlndhyan
period (GANssER, 1964, pp. 16, 17), acting as a barrier for Trans-Aravalli Sedlnlentatlén.
The Aravalli and Delhi foldings of Archzean (Proterozoic age) formed the basement of
the Western Indian platform (Sastrt & Dutra, 1972, p. 371). _

A shallow ridge postulated to be burried underneath the alluvial cover pro-
truded northwards as Delhi-Sargodha ridge, extending to the east Of. Salt Range Lren
beyond Sargodha, and northwards as Delhi-Harwar rid.ge. The existence of a ridge
at shallow depths, underneath the alluvium cover, where it was expected, could not be
indicated by refraction seismic survey alo:.g the € cross sections(SimHA & Bosk, 1963) ;
“a sort of hump over the crystallires possibly occurs much farther to the south, at a
fairly large depth”, running aloag Tosham-Sirsa-Chautala, the crest plunging north-
west.

The arer being essentially covered by the Thar desert, the data has to be eva-
luated on subsurface information, and the tec.ouic pattern reve- led appears in Figure 1
(after GHosH, 1952; PODDAR, 1964; CHANDRA & CHowbpHARY, 1969; SastrI &
Durtra, 1972; RAGHAVENDRA Rao, 1972; Das Guera, 1975; Roy, 1977; PAREEK,
1981, 1981a). The:e ultimately led to the coacept of basin evolution. The tectonic
structures are delineated in NE-SE and NNE-SSW trends, extending into the Arabian
Sea, and are traversed by another NW-SE fault which extends into north-western Rajas-
than (Fig. 1). The NNE-SSW trending fault systems extend from east of Barmer to

near Ganganagar, west of J.lor to Jodhpur (0 Nagaur and possibly much beyoud. They
were possibly responsible for controlling the formation of fissures for erruption of Malani
igneous suite of rocks (PAREEk, 1981). The Malani extrusion spread mnorth-wards
through Barmer-Jalor graben, and successive intrusive phase. The Malani igneous suite
of rocks are not reported to occur north of the graben off NW-SE fault, and alsc beyond
the southera boundary of Rajasthan, unless they are buried under the thick Deccan

Trap cover. These tecioaic structures are possibly related to the other segments of the

Gondwanaland and would have been responsible for extrusion of similar felsic lava
material,

Nagaur Basin

The post-Malani sedimentation, i.e. Marwar Supergroup, was confined to the
Nagaur Basin (Fig. 2) of Marwar Basin (PAREEk, 1981a) and this basin seems to have
been an exteasion of Upper Indus Basin. The sediments of the Nagaur Basin comp-
rised a total thickness of 1,000 m, and classified into the Jodhpur, Bilara and N. gpur
Groups (PAREEK & SINHA, 1978; PAREEK, 1981, 1981a). They exhibit flat to rolling dips
towards north and north-west, being folded only locally. These rock formations have

2 . Geophytology, 13(1)
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Fig. 1. Tectonic map of the North-Western India after Poddar (1964), Biswas and Deshpande (1970),
Sastri and Dutta (1972), Das Gupta (1975), and Roy (1977).

lithological and stratigraphic similarity with those of the Salt Range and the basin can
be postulated to have been extensive, deepening northwards, being bound southwards
by the Jodhpur-Malani ridge (Sipprguik, 1963).

The continuity of the basin is strengthered by the occurrence of a cap of Bap
Boulder Bed over the Nagaur Group of rocks and by the overlying marine Badhaura
Sandstone (Artinskian-Sakmarian); this marire sequence is traceable in the Salt Range
also (Table 1). . The subsurface data reveal that the Permian srediments are 255 m thick
and are overlain by the non-marine Triassic sediments (TikkU et al., 1976).

Geophytology, 13(1) 3



Latht Basin | | |
ixtensive erosion during the post-Permian period was followed by fluvia tile
‘F ) ln p : L i 1 P lv' 3 P
limentation as the Lathi Sandstone (Liassic) which had the basin spread from e
sedimentation as the La ' R cadfron
Pokaran in the east to Barmer in the south, and possibly into the Upper Indus Basin, dye
. ?m“ d oxvlh';vcal\w\rd\‘ The thickness of the Lathi Sandstorc could be as my,
north and north-westwalas.
(R, KARANTH).
as 600 m (pers. comm—K. R. KARANTIL

Jaisalmer Basu . 18 . vt T

Towards the upper portion, t!le Lathi Safldstc_)m'e has marllnc mlezcalattlons. an‘d
develops an  intertonguing conta‘(.:t with lh.e marme Jalsal{ner Lfme.stone (Callowan),
Tue.e calcarcous beds are overlain by Ba{sz.\khl Shale‘ (Kimmeridgian), and Bedesar
Sandstoae (Portlandian), occurring as repetitive ban(}s in sub;L.lrfacc. Felspathlf: sand-
tones and quartzites of Pariwar Sandg{.()ne (Neocomian) overlie t'hem. The Jalsa.]mer
Rasin was inveded by sea during the Aptian and records the Abur Limestone of restricted
distribution (NARAYANAN, 1971; PAREEK, 1979, 198la; PAREEK et al., 1977).

The Me ozoic rock formations are overlain by the Sanu Sandstone (Paleocere),
which is an arenaceous fluvia.ile sequence. The rflarine transgressions are repre ented
by Khuiala Limestoi.e (YPRESIAN), .andv Banc]fajth leestoz;.e (Lutetian). In subﬂuri'"ace,
the Khuiala Limestoi.e compares with Ghazij Shale and limestor.e and Durghan Lime-
stoae and marly clay, and the Bandah Limestoie also coasists of two members (Das
Gupra, 1975).  The gap beoween the Hobur and the Sanu is represented by Goru and
Parh Formations (Lukosg, 1974).

The stratigraphic columns from Jaisalmer (outcrop), Kharatar (wells), Mari
(wells), and Sui (wells) and their correlation indicate marked increases in thickiess of
the sediments westwards. The sediments are 150 m thick in Jaisalmer and have thicken-
ed to0 3,100 m; similar columns irom Jaisalmer to Quetta indicate thickening from 300
m to 10,000 m (Sastrt & Durta, 1972, p. 374). Itis, the:efoue, interpre:able that the
Jaisalmer Basin ex.euded into the Lower Indus Basin and they rnow form part of one
exiensive basin.

The mzjor structural features recorded in the Jaisalmer Basin are the SE-NW
trending Jaisalmer-Mari arch exiending as far as Quetta; Kishangarh shelf on its north-
east, forming a gently sloping plaiform; and the Shahgarh depression on the south-west.
The Jaisalmer-Mari arch is a large anticlinal uplift and its length is considerably greater
than the width; it ex'ends subsurfuce north-westwards. It lies en echelon with the Jeco-
habad High on its west, and Hyderabad High on its south in Pakistan (RAGHAVENDRA
Rao, 1972). Subsurface structures delireated are Band Taba, Sadewala, Kharatar,
Manhera Tibba, Ghotaru, Bakhri Tibba, Langwala, Vikhran Nai, Shumarwali Talai,
Bhuana, and Ifunar (Das Gupra, 1975, fig. 1). The basinal architecture is attribu-
table to teclonic movements of Jurassic and post-Jurassic ages. Tectonic trough in  E-W

trend near Kolayat and Palana locateq the Palana embzyment, which pre erves a thick
Leitary sequence (Table 1), Similar trough is delineatable in subsucfice near Ganga-
nagar (Paruk, 1981a).

Palana Iimbayment

I'he entire north-western Rojasthan wag enveloped by ‘Tectiary sedimentation
of fresh water and marine derivations (Jacon & SASTRI, 19505 Sanwt et al., 1974, 1975+
: T Q"2 10K Of:( MTha ¢ MO YOV W agnat J A 4 Q -
SINGH, .13.).’)7: l‘).)’7, ‘1.)(;J). 'Jvlu, sequence vomprries Palana - Shale, Marh Sandstone,
and Jogira Fuller’s Barth, The existence of (he Latter in parts of notthern Rajasthan
4 Geophytology, 13(1)



(KHAN & Trwarz, 1973) and also its occurrence and that of nummulitic limestone re-
vealed through bo:ehole data in areas of Ganganagar district have proved that the Ter-
tiary rock fo-matioss covered the entire north-western Rejasthan touching the Aravalli
range (PArReEk, 198la).

Barmer Basin

An elongated to oval-shaped remnant of 100 km ex'ent in roughly N—S dir.ec-
tion and 50 km width in E-W direc:ion prese-ving the Tertary rock formations exists
north of Barmer (Fig. 2). The oldest Tertiary rock fo:matioz} rests on the marine
Fatehgarh Sandstoae (G-etaceous) and comprise the Akli Bentonite '(=Sanu =Palana),
overlain by Mandai Sandstone (=Khuiala =Marh), and Kopurdi Fuller’s Earth (=
Bandah =Jogira). On the basis of fish remains, the K- purdi Fuller’s Earth has been
assigned an early Eocere (Ypresian) 2ge (SAHNT & CHOWDHURY, 1972). The Paleccere
records igneous activity and is coasidered respoasible for instability of the shelf (Das
Gupra ¢t al., 1975).

The western R2jasthan, thus, pre-ents stratigrephy of the N=gaur, Lathi, Jai-
salmer, and Barme: basins and Palana embayment. It shows identity of lithological

and palaeoatological co-relation with that of the Indus Buisin which will be discussed
subsequently.

GUJARAT
Kutch Shelf

Three mojor fault zones trending in NW-SE direction form  post-Cretaceous
grabens for sedimentation in Kutch (Fig. 1). The Kutch Mainlard fault runs in WNW-
ESE direction getting submerged below the cover westwords; Vigodi and Kntrol hill
Faults traverse the Me-ozoic rock formntious (Biswas & Desupanpe, 1970). The
Nagar Parkar High, Median High, and N gar Park:r-Khadir-Bhuj ridge form the main
structural features (SAsTrr & Dutra, 1972). The Great Rann of Kutch depression,
Islanid Belt High, Banni depression,Wagad High, and Mainland High repre-ent the down-
thrown blocks form no:th to south tilted southwards. The south is bounded by Kathia-
war Uplift and north by Radhanpur-Barmer arch. The Me ozoic rock formations
form a domal structure and have undergo-.e uplift, E-W faultirg and domal flexures
(Biswas & DEsHPANDE, 1970). The first fault line is parallel to Pachham, Khadir, and
Bela islands; the second to the southern boundary of eastern Kutch extending through

~Banni; and the third and fourth lines are aloag the northern borders of the mainland as
the hill range south of Bhuj (PoDDAR, 1964).
. In Kutch, the rocks are exposed as domes in the central part and are capped
J.n the coastal pax:t by the Deccan .Trap. The Tertiary rock formations overlie the trap
1;1 the coastal plains. The Mesozoic sediments directly overlie a crystalline Precambrian
asement (BISV\{AS & DEsHPANDE, 1968). Palzeontologically, they are classified into
Patcham, Chari, Dhosa Oolite, Katrol, and Umia (RajnaTh, 1932). The lithological

rock units evolved are Jhurio, Jhumara, Jhuran,

1970; PaTIL, 1975). and Bhyj (Biswas & DESHFAND

They are compared in table 1.
Saurashira Shelf

. Saurashtra represents rectar.gular faulted mainland, the bourdary represen-
ting fractured zones along the sea coast (Fig. 2). A concealed ENE-WSW fault forms

Geophytology, 13(1) 5
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Fig. 2. Geological map of basin-wise sedimentaries of North-Western India—after Geological Survey of
India (1962) and Pareek (198la, 1981b),

the northern coast, straight coast line fault appears as the south-western edge, the
southern coast line being the extension of Narbada geofracture, and the eastera margin
by the Gambay basin zone of faulting (Poppar, 1964, p. 139). The plateau has been
elevated, during recent times, as appears from the overlying relationship of the Porban-
dar Limestone and older formations. The Dwarka beds are 136 m thick in the type
area (BAWEJA & Prasap, 1967). The sequence appears in table 1.

Gambay Basin

The Gambay Basin referred to as graben or half-graben or both ('RA]U, 1968)
extends from north of Mehsana, near Tharad, for about 385'km southw.ard into thfa qulf
of Cambay and beneath the Arabian sea. Itis 190 km wide as seen in Broach district.

6 Geophytology, 13(1)
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Northwards, it is co-extensive with Kutch, Sanchore and Barmer basins. On eastern and
western sides it is flar ked by Precembrian and Deccan trap, respectively. Tt is consi-
dered by SAsTRI AND DutTA (1972)as““a Mero-Ce ozoic structure, representing the north-
ernmost part of the extensive Meso-Ce::ozoic Kerala-Laccadive-Ce mbzy greben. Thick,
mostly Upper Cretaceous, Deccan Trap lava-flows form the tectonical basement of the
graben and pre-trappean data are not known. The southern part of the CGamb:y graben
between Narmada and Tapti rivers seems to be in the westerly continuation of Nurmada-
Son-Damodar graben. TFurther to the south, it merges with the Deccan syreclise”.

The Gambay Basin, an intra-cratonic basin between the Saurashtra craton to
its west and the Aravalli swell and Deccan shield on its east, is of post-Me ozoic age
(CHANDRA & CHOWDHARY, 1969). According to GamsHIR (1975), it forms part of the
pericratonic depression off the west coast and came into existence during Deccan Trap
volcanicity. The Trappean and post-Trappean periods formed two major stages in
the basin evolution; the former had intense tectonic instability. The deep-seated faults
of the west-coast fault-zone extended during this period into the basin, the Trappean
tectonism intensity waning upwards in the Paleogene. KaLinin (1964, p. 251) described
it as being related to .he Precambrian basement thrust, and has two steged structure;
the Precambrian basement is overlain by Deccan Traps, in turn overlain by a sequence
of Tertiary sediments; the Deccan Traps are cut by faults, forming a graben with step-like
slopes and the block-movement controlled sedimentation and Tertiary folding. Crow-
DHARY (1975, fig. 2, p. 93) considers the subsidence of the basin along the ancient tec-
tonic trends resulting due to outpouring of colossal volumes of flood basalts, dike swarms
and eruptic ceantres, the dike swarms being aligned ENE-WSW, parallel to the Satpura
trend. Rifting began parallel to the dike swarms and the graben subsided along ancient
tectonic trends.

CrowbpHARY (1975) considers that compressional forces were developed in the
competent crust and were relieved by the uplift of faulted blocks in the sagging basin
floor. The location of the Cambay Basin at the junction of three ancient Precambrian
tectonic trends—the Aravalli-Delhi, Satpura, and Dharwar, was of significance in adjust-
ment of the blocks. The significance is that possibly “rejuvenation along one of the three
Precambrian trends led to unstressing of the fault horsts pounded by the remaining two
ancient trends.” Unstressed blocks then seem to have readjusted by vertical move-
ments in response to other forces.

The stratigraphic sequence of rock formations appears in table 1. The gene-
ralised stratigraphic column down from Kirthar range to Kutch, Viramgam, Kalol,
Cambay, and Ankleshwar indicates marked thinning from 8,000 m in Kirthar to 2,800
m in Kutch and 1,000 m in Viramgam. In Cambay Basin, 3,000 m of strata in K=lol is

reduced in Cambay and finally to 1,800 m in Ankleshwar (SasTtrr & Durra, 1972, p-
376). This data brings out northwards thickening of the beds.
the basin is thus suggested in the Indus Basin.

The occurrence of Tertiary rocks resting over the Malani Rhyolite in Rajas-
than gave a clue to their continuity into the Cambay Basin. In Serau well, 367 m thick
sediments resting on granites were found and established the link between Barmer—
Sanchor—Cambay Basins (Rovy CHowpHURY, MATHUR & Misra, 1972). The general
slope of the basin was towards the north, during Eocene, with a zone of highs along the
Cambzy—Kathna alignment (MATHUR ¢t al., 1966). The O. N. G. C. dill hole data
indicates a thick pile of marine and fresh-water sediments on an uneven Decean Trap
floor, diminishing {rom 5,800 s near a major fault north of Narmada to 1,600 m near

The deeper part of
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Tharad. The coatinuity of the Gambay Basin north-north-westwards into Rajasthan
is thus suggested by this data (Fig. 2), as also the slope of the '.basm 18 mdlcate.d to be
originally northwards, till the Eocene and becoming southwards in post-Eocere times,

INDUS BASIN

The Indus Basin is subdivided into Upper and Lower, falling rorth ard south,
respectively, of 32° latitude. The Upper Indus Basin €xposes the sequence of tke Cam-
brian, Garboniferous to Permian, through Me ozoic to Tertiary, while tke Lower Ir.dus
Basin has from Permian to Siwalik Group (Table 1). The Cretaceous-Tertiary stratigra-

phy of the Indus Basin forms the standard section with which the successions zre corre-
lated. '

UprprErR INDUS BasIN

The Upper Indus Basin has the Salt Range which is over 200 km long located
between the Rivers Jhelum and Indus, and the predominant strike direction is E-W. Its
preteat geological knowledge is largely due to Gk (1945), SCHINDEWOLF & SEILACHER
(1955), Pascoe (1959) and GANSSER (1964). The cection exposed in its eastern part
comprise; Precambrian-Lower Cambrian sequerice. The Salire Series (Precambrian-
Cambrian) forms the oldest outcropping reck formation exposing over 500 m thick
sediments comprising gypsum, salt-marls, and rock-salt. The Lower Cambrian sequence
mcludes the Purple Sandstone of 150 m thickness that conformably overlie the
gypsum bed comprising cross-bedded shaly sandstones, red-brown shales and purple
quartz-sandstones. Grey to geeen pyritic clay shales, oolites and dolomitic bards con-
taining trilobite fauna coastitute the Neobolus-Shale, which are overlain by ‘““M2gnesian
Sandstone”—a dolomite of 80 m thickness. Salt Pseudomorph Beds are unfossiliferous
and cousist of red to violet sandstones and shales rich in salt pseudomorphs.

Uncoaformably overlying the Lower Cambrian rock sequence is the Shahpur
System subdivided into Nilawan Series comprising glacial Boulder Bed, Conularia-Bed,
Speckled Sandstone and Lavender Clays; and Productus-Limestone Series; Talchir Boul-
der Bed containing sandy to argillaceous matrix with boulders and pebbles of Gambrian
rocks and of granite; and rhyolites, similar to the Malani igneous suite. The overlying
*€quence comprises Speckled Sandstone (Early Permian——WENsmK, 1975b, p. 283),
unfossiliferous Lavender Glay and Productus-Limestone, In the eastern Salt Range,
marine Pe'mian Productus-Lime;toae is missing, probably eroded awzay, while in the
western Salt Range, they grade no:mally into marine Lower Triassic, comprising soft
sandstoae, sandy limestone with greenish clay nodules. The Upper Triassic comprises
dolomi-e;, and is ove lain, uncoaformably, by shales with plant fossils and marine limes-
tore—Upper Jurassic. Glauconite-hearing Belemnite-Shales coaformably merge into
the Gre:aceous; the eastern Salt Range doe; not preserve the Cretaceous rocks.

Tae Tertiary rock formations comprise the Ranikot Limestone (Paleocere),
waich ove-lies the glacial dillite directly in the eastern Salt Range; Loki Shales ard
Lime;oie;, and Kohat Siline Series  (Kirthar).  Upper Eocene and Oligocere are
abseat. The Murrce Series (Mioceue), followed by the Siwalik Series, appears vorth
of the Salt Range in the Potwar Plateau.

GansseEr (1964, p. 26) describes the Salt Range as a relatively simple structure
and is “..eseatially faulted and folded monocline, rising southwards with a marked
scarp to the south and dipping gently into the Potwar Tertiary Basin. .. The southern
scarp of the Salt Range is formed by steep southwards  dipping faults which cut the
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monocline into a sysiem of large blocks”. It, however, requires definite evidence to
say that the Salt Range is a monocline.

Lower Indus Basin

The Lower Indus Basin comprises the folded belt, corresponding to the moun-
tainous regions, being an area of uplift and tectonic activity, and the alluvial area
of the Indus Valley (WirLiams, 1959).  Productus-Limestone (Permian) forms the
oldest sedimentary rock observed near Wulgai, overlain by Wulgai Formation (Triassic)
comprising grey mudstore; and <hale, bedded limestone and “slatey’’ shale at the top,
of maximum thickness of 914 m. The Spingwar Formation (Liassic) comprises dark
grey to black limestone and inter-bedded shale, exposed in the folded belt, having a
maximum thickness of 1,828 m. The Sulaiman Limestore Group comprising Loralai
Limestone (Liassic), Aajira Formation (Toarcian-Bajocian), and Takatu Limestone
(Upper Jurassic) of a maximum thickness of 1,737 m. The Cretaceous System includes
the Sembar Fo-mation (Neocomian)—glauconitic-silty shale, siltstone and nodular
limestoae of 1,34 m; Goru Formation (Albian—Cenomanian)—limestone, alternating with
shale in the upper part and constituting 540 m thickness; Parh Limestone (Senonian-Tu-
roaian) seldom over 305 m thick; Mughal Kot Formation (Maestrichtian) composed
of calcareous mudstone being 1178 m thick; Ft. Munro Limestoze Member (Maestri-
chtian) sandy in the upper part and being 100 m thick; and Pab Sandstone (Maestri-
chtian) comorising coirse quartzose to quartzitic sandstore with silty shale being 497
m thick in the type sections. Olive-coloured to yellow-brown sardstone and shale with
limestoe of 67 m thickness forming the Gardita beaumonti beds designated as Khadro For-
m1tioa (Danian) separated the Pab Sandstone with the overlying Ranikot Formation
(Lower Paleocene), comprising variegated sandstone and shale, locally containing thin
seams of coal, and is barren of marine fauna. The overlying Tertiary formations in-
clude the Dunghan Formation (Paleocene) which is exclusively limestore, 367 m thick;
Ghazij Formation (Lower Eocene) is olive shale with limestone, sandstore, ard coal of
597 m thickaess in the type section ; Kirthar Formation (Middle Eocere to Lower Oligo-
ceae) is limestone of 570 m thickness in type cection. The Nari Formation (Middle
Oligocene)—b-own sandstone with interbedded shale; Gaj Formation (Lower ard
Middle Mioceae)—gypsiferous shale; and Siwalik Group (Plio-Pleistocere) are of thick-
ness upto 1524 m, 762 m, and 4372 m, respectively. The deeper parts of the basin thus

pre-ecve as much as 11, 584 m thick Mesozoic and Ce:ozoic steata (WILLIAMS, 1959).

Potwar Plateau

The Potwar Plateau is located between the river Indus on the west and river
Jhelum o2 the east; the Salt Range on the south, and the Hazara foothills on the north.
It has a distinct tectonic set-up and stratigraphy (GiLL, 1952); the tectoaic structures
being defined into three major zoaes of deformation that include a zone of open folding
affected by fold-faulting, a fault zone with no-therly heading reversed faults, and a zone of
closely-spaced strike faults and severely compressed folds terminating at the main boun-
dary fault (Girr, 19522). The stratigraphic sequence is represented by the Murree (Mio-
cene) of thickness 2,440 m -2,740 m, and Siwalik (Pliocene-Pleistocene) Series of upto
3,960 m making a maximum total of 9,448 m, the boundary between them being gradual.
The Murree transgresces into Lower Eocene beds with gypsum and salire red beds, and
they form 40 km wide band crossing the Jhelum thinning south-eastwards (GANSSER,
1964, p. 40). The Siwalik Series shows variation in facies and thickness in the region,
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their thickness estimated in Soan Syncline being 3,722 m in the northern flank and 3‘,173
m in southern flank (Gir, 1951, Table II, p. 382). On the Jham.at ff)ld, the Mlddle
Siwalik is 1,981 m thick while at the eastern end of the Soan Syncline its total thickress
is 1,737 m; the:e beds show thinning rapidly towards the lire of the river Jhelum. In
the Lower Siwalik, thee is progressive thickening eastwards (GiLr, 1952a).

MALAGASY

The island of Malagasy is a plateau inclined towards. the Mozamb.ique
channel. Its eastern part is faulted and the basement is of Precambrian rock f.orma.txfms,
having a regional strike of NNE-SSW. The western part expo-es Mesozoxc-TertlaFy
sequence of rock formations that show seaward dips (BESAIRIE, 1.946, 1953): The rift
—Mozambique Channel, appeared during the Permian and W{dened d‘urlng Upper
Permian and Jurassic; it remained coanected with India till Aptian marire transgre-
ssion when Malagasy and Africa drifted away as indicated by closely allied species of
reptilian remains existing in the middle and upper Cretaceous on the east coast of
Malagasy. India and Mzlagasy were connected until the middle Gretaceous (Du Torr,
1937, p. 214). ’

Now there is strong evidence that Malagasy fitted along the south-eastern coast
of South Africa, adjaceat to Rhodesia and Kaapvaal (KrRONER, 1977, fig. 1, p. 168).
The pre-Mesozoic Goadwana palaeoposition (King, 1973; Taruing, 1972; fig. 1, p.
92) includes this island to be a part of Precambrian evolution of Africa, in which the
island existed as a “large Early Precambrian sialic crustal fragment in southern Africa
which included most of South Africa, Southern South West Africa (Namibia), Rhodesia
and Malagasy ard for which the name Kalahari-Malagasy Protoshield is propoced”
(KRONER, 1977, fig. 3, p- 171). There is evidence of southerly derivation of Malagasy
(TArRLING, 1972, p. 93). Thus, after this strong evidence, if itis considered that Kutch
lay to the east of Malagasy, Ceylon must have been to the south of South Africa, which is
a reconstruction not going to be subscribed by any one now. Malagasy lay south-east
of South Africa and south-west of India, as per recent work (see fig. 1, p. 92 of TARLING,
1972).

The complete sequence of rock formations appears in table 1. The Karroo

Supergroup of rocks are classified (BESAIRIE, 1972, 1973) into three following groups
separated by unconformities :

Isalo Group .. Middle Triassic to Middle Jurassic, comprises red sandstones,
shales, and mudstones.

Sakamena Group .. Upper Permian to Lower Triassic ; lower are 2,500 m, middle
400 m, and upper 600 m thick.

Sakoa Group .« Upper Carboniferous to Lower Permian; comprises tillites with

shales 400 m thick (Sakoa I), Coal measures (II), and Lower Red
Series (IIT) 1,400 m thick.

SOUTH AFRICA

In Africa, the oldest part of the Sahara Platform is located in the western Aha-
ggar. Early and middle Precambrian and late Precambrian provinces on both sides
of the southern Atlantic were attempted by MARrTIN (1961). The general pattern of
the tectonic structures is considered to be suggestive of existence of a former link between
Africa and South America (MARTIN, 1969, p. 70). The Palaeozoic basins were formed
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s intercratonic basins by subsidence of the basement, and sequences from Cambro-
Ordovician 1o Devonian were deposited in Ahggar area; the Gambro-Ordovician is divi-
ded into four formations of arkoses, conglomerates, cross-bedded sandstones, micaceous
sandstones with organic structures (BIGARELLA, 1970). In the Gape Province, the Cape
System coasisting of sandstones, shales, and quartzites overlies older formations and
overlain by Karroo System (Du Torr, 1954). The:e sediments resemble thoze of cen-
tral Sahara.

In Upper Paleozoic, MARTIN (1961, 1964) described several outcrops along the
eastern border of Parana Basin concluding that the ice sheets came from east and south-
east. In the northern part of the Karroo Basin ice movement was mainly from N and
NE. The Permian sediments had no direct coanections between Parana and Karroo
basins, as suggested from cross-bedding measuremeats (BIGARELLA, 1970, p. 87).

Although sediments are preserved in areas of sub-equatorial Africa, the comp-
lete rock sequence is to be found in the Great Karroo Basin occupying a large area within
the Cape Province and soathern Transvaal. The Karroo System commences with
glacial Dwyka Tillitc and terminated by Drakensberg (Stormbecg lavas, as detailed
helow; HaucnToN, 1970) :

Stormhberg Series .. Drakensberg Volcanic Stage
Cave Sandstone Stage
Red Beds Stage
Molteno Stage

Beaufort Series .. Upper, Middle, and Lower stages
Ecca Series .. Upper, Middle, and Lower stages
Dwyka Series .. Upper Stage, and Tillite Stage

The Beaufort and Stormberg successions are dominantly reptilians; the plant
remains are confined to the coal-bearing Ecca Series and Molteno Stage. The Glossop-
teris flora characterises from Dwyka to Middle Beaufort, and the upper part of Karroo
succession is of Dicroidium flora. The Karroo sediments and lavas are practically undis-
turbed over most of the Great Karroo Basin, but subjected to folding in the south and
the east (HaueHToN, 1970). The stratigraphic sequence of the rock formations appears
tabulated in table 1.

It may be meationed here that in the north-western Africa, volcanic activity
is repreented by a series of rhyolites, tuffs, associated with final Precambrian move-
ments. To what extent these Precambrian rhyolites and tuffs are comparable to those
of the Malani igaeous suite of Rajasthan is of interest in view of their similar age and
nature. With the distances involved between north-western Africa and India, this simi-
larity could just be accidential even though requiring clozer examination.

STRATIGRAPHIC COMPARISONS
PRECAMBRIAN

The Malani Igneous suite of rocks is exposed in northern and western Rajas-
th.an, and has.not been recorded from Gujarat and the Indus basins. The Malani Rhy-
olite gave an ischron age of 745410 my (CRaWFORD & COMPSTON, 1970, p. 364) ard

is of Pre-Marwar Supergroup (Precambrian) age (PAREEK & SINHA, 1978, p. 18; PAREEK,
1981). Erupted through fissures, resulting from tectonic grabens they have not been
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recorded from Malagasy but have been reported from no:th-western Airica. “At the
western end of the Mo-occan Anti-Atlas mountains, rear Ifui, BOURCART (1936) has re-
corded a series of rhyolites covering the folded and eroded Precambrian, then an alter-
nation of volcanic tuffs and dolomites and finally a last extrusion of rhyolite before the
hasal Geo-gian coaglomerate. The same series has been ncticed in other parts of
Morocco by CHOUBERT AND NETTER ard by MENCHIKOFF in the Qugarta Ranges a far
away as Guinea. Thus, in a large part of north-western Africa the final Preczmbrian
movements were accomnanied by volcanic activity producing outpourings of rhyolite
(FuroN, 1961, p. 8). A tectonically-controlled volcanic activity of acidic composition
thus prevailed in the Go:dwanaland during the closing of Precembrian epoch.

Lower ParLArozoic

The Marwar Supergroup is correlatable to the Jhelum Series of Upper Indus
Basin. The Saline Serie; is correlatable to the Nagaur Sandstoae, which has thick eva-
porite sequence with po:ash salts, polyhalite, recorded by G. S. I., after halite was first
struckin a bore hole (SiNHA ef al., 1973).

CGambrian beds are not recorded from Gujarat but occur in South Africa as
the Transvaal System. The Black Reef Series is correlatable to the Jodhpur Group and
the Dolomite Se:ie; comprising stromatolitic cherty dolomitic rocks to Bilara Group.
The tillite of 20 m thickness could account for correlation with Khichan Conglomerate,
forming the base of N.igaur Group. There is an interruption in sedimentary processes
by the basic lavas forming the Pretoria Series.

The Ordovician, Silurian and Devonian sediments are recorded only from South
Africa. The rock formations commence with a tillite bed and comprise an arenaceous
and calcareous sequence of 5,050 m thickness coataining well-prezerved fossils. The
top-most bed, the Witteberg Series, is described to preseat a transition from the Upper
Devonian to Lower Carboniferous. The Ordovician, Silurian and Devonian rock for-
mations are not prezent in the Indo-Pakistan subcontirent; this area might have been
uplifted during the period.

UprPER PALAEOZOIC

Glaciation covered Goadwanaland left its mark as Bap Boulder Bed in West-
ern Rajasthan (PAREEk & SiNHA, 1978) and Talchir Boulder Bed in  Salt Range (WEN-
SINK, 1975a); the'e have Malani rhyolite and granite pebbles, cobbles and boulders. In
Malagasy, Sakoa Group commences with a tillite bed of 150 m thickness, and is “‘similar
to the Dwyka tillites in South Africa” (Furon, 1961, p. 356). The Dwyka Forma-
tion has a sequeace of lower shales, tillite, and upper shales. The climatic zones are
concluded (Du Torr, 1948, p. 113-126; In Aumap, 1961, p. 87) to be NE-SW in Africa,
which coincides with the axis of ellipse drawn by AEMAD in fig. 3. The direction of
the ice-movement is “from soine where in the eastern part of Africa to Simla and the
Salt Range’ (p. 86). This line of movement is in agreement with Rajasthan also, since
the rhyolite, granite, and syenite boulders were transported from western Rajasthan
to Salt Range.

A shallow arm of the sea “ex‘ended in Permian times to Rewa in Central In-
dia from southern Rajputana through Cutch and Narbada valley” (Krisunan, 1961,
p- 111). Marine Permians are found in Umaria area of Madhya Pradesh, Badhaura
area in Western Rajasthan, and are not known from Gujarat; they have been described
from the Indus Basin. The Umaria Marine Bed had a direct link to the south-east
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AnMaD, 1938, by way of an incursioa from Australia; seaway to the west existed simul-
raneously and coatinued during the Permian and the subzequent Barakar drainage-
system discharged in the we:t (AEMap, 1970). Tne Bzdhaura Sardstoae (Sakmarian-
Artinskian) comprises bouldery sandstones, ferruginous fossiliferous sandstones, grits,
and clays containing iossil wood, and a variely of marine fossils. The fossil assemblages
in the desceading order are (i) Liaguilids and the plant remains in the ferruginous sand-
stone, (ii) mostly brachiopods in fine grained ferruginous sandstoi.e, ard (iii) pelecypods,
gastropods, crinoids, and coaularids in medium-graired ferruginous sandstones (DIcKINS
& SHaH, 1973). Ranca Rao ¢z al. (1979) have reco:ded and described Eurydesma fossils
from Bap Formation for the first time, and Conularia fauna irom Badhaura Formation.
A marine source from the south-east for the Maheuadragarh ard Umaria, opening west-
wards and coaneciing Badhaura and Indus Basin 1s thus re-affinmed as put forth by
Anumap (1970).

In Salt Range, “the Talchir are iollowed by a wide-spread marine invasion
which, afier a mo-e derital sedimeatation giving such formations as the Speckled Sand-
stones and Lavender clay:, culiminate in the well-known Permian Productus limestones”
(GANSEER, 1964, p. 23).

In Mulagasy, the tillites are overlain by Coal Beds, co.itaining a flora character~
istic of the South Lcca, Red CGlays, and Vohitolia Marine Beds that are Productus and
Spirifer-bearing limestones.  They beloag to Lower Permian sensu lato (Furon, 1961, p.
357). Muarine and coatinental facies overlie the Sakoa G.oup, the latter passing late-
rally into marine facies. The Mozambique channel had appeared at this time and
the rift valley widened till the Permian. A Jurassic derivatioa of the island from the
Mozambique area has been evidenced (Frores, 1970).

In South Africa, the LEcca Formation oveclies the Dwyko, and comprises bluish
shales, coal-hearing fossiliferous felspathic sand stones, ard in its turn is overlain by bluish
shales. The Lower Permian rocks exhibit coasiderable facies change.  The Indo-Pakis-
tan subcoatinent, Milagasy, and South Africa uniformly witnesced marine transgression
during the Lower Permian period, and the Airican shield arca had fluviatile sedimen-
tation with terrestrial vegetation.

TRIASSIC

The Mesozoic Era commenced with fluviatile Triassic sedimentation in the
deeper parts of the Jaisalmer Basia in north-western India. No Triassic beds are repor-
ted from Gujarat, and may possibly be underlying the massive Deccan trap, not pene-
trated yet. Triassic beds are represented by Wulgai Formatio. co.taining Ceraliles and
Halorites in Lower Indus Basin, and dolomites, limestones, and clay rodules with Ophi-
ceras fauna in the Upper Indus Basin.

Malagasy had marine facies developed as Sakamena Group, and Isalo Group,
while South Africa had Beaufort Formation with distinctive reptile fauna subdivided in-
to six zones. The end of Triassic was marked by large scale faulting and vulcanicity
leading to emanation of basaltic flows. No such flows have been recorded in Indo-
Pakistan coatinent, during this period  Vulcanicity, representative of the Deccan Trap,

thus seems to have commenced firstly from the southern coatirents, spreading south-
wards. ;

Jurassic

The Mesozoic sedimentation in Rajasthan commenced with fluviatile sedimen-
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tation (Lathi Sandstone) and the first marine transgression was recorded during Callg-
vian (Jaisalmer Limestone). In Kutch, the entire Mesozoic sequence is of marine origin
(RAJNATH, 1932); the marine transggession that invaded Kutch and Indus Basins, early
Jurassic, did not reach Rajasthan earlier than Callovian. In Malagasy and Africa,
biotic relationship is suggestive of free migration in Jurassic with difficulty of migration
until completion of final separation in mid-Gretaceous (TArLING, 1972, p. 92).

Upper Jurassic forms a continuous and very fossiliferous succession with entire
sequences represented. The beds of Kutch are folded which could have happened
during Lower Eocene and may be related to Narbada geofracture zone. The Saurashtra
beds commenced with Himmatnagar Sandstone/Dhrangadhara Sandstone. Jurassic
fauna for some reason was very widespread.

The correlations drawn are deduced below, during the Jurassic period, for the
rock formations in the different countries (see Table 1).

1. Lathi, Spingwar, Jhurio, Patcham, Stormberg Formations (Lower part),
Isalo I, II Group.

2. Jaisalmer, Loralai, Variegated Shales, Anjira, Chari, Jhumara and Dhosa
Oolite Formations, Isalo Group III.

3. Baisakhi-Bedesar, Anjira, Katrol, Jhuran, Glauconitic Belemnite Shales,
Takatau, Galcareous Facies (Malagasy), Uitenhage Formation.

4. Parihar (=Pariwar), Umia, Bhuj Sandstones with carb. matter, Sembar,

Dhrangadhara, Himmatnagar, Fossiliferous and unfossiliferous Beds (Malagasy), Uiten-
hage Formation (South Africa).

CRETACEOUS

Gujarat witnessed volcanic outpourings in Cretaceous, continuing till Paleo-
cene. The extrusion of Deccan Trap was prolonged and the sequence of events ima-
gined by AupEn (1949, p. 149) is (a) eruption of the traps of Kutch and Kathiawar,
(b) plutonic foci of Kathiawar, (c) subsidence in Kutch accompanied by Lower Eocene
marine transgression, and (d) renewed lava eruption over main Deccan area.

Malagasy recorded large sheets of basalt during Campanian—Maestrich tian—
Danian epoch, along its western faulted portion and in association with western sedimen-
taries, while South Africa recorded volcanic activity as diamond-bearing kimberlite
pipes. The coastal South Africa had marine facies. Volcanicity thus commenced in the
different assemblies of the Gondwanaland earlier to or concomitant with the drifting
of the coatinents, and was restricted mainly and mostly to the coastal areas which once
formed part of one coatinent. Western Rajasthan, Gujarat, and Indus Basins
witnessed marine transgression recorded as Abur, Fatehgarh, Goru, and Ukra
formations. Coastal deposits of marine transgressions are also recorded in Malagasy
and Africa. '

PALEOCENE

In Rajasthan, Paleocene is represented by Sanu (Jaisalmer Basin), Palana
(Palana Embayment) and Akli (Barmer Basin) of continental deposition; in Gujarat by
Mata-no-Madh (Kutch Shelf), Olpad and Vagadkhol (Cambay Basin; Southern Guja-
rat) Formations. Marine deposition took place in the Indus Basin which has Ranikot
limestones. In Malagasy, Danian is composed of marine fossils, while in South Africa
the beds pass directly into the Eocene.
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FEOCENE

' A widespread marine transgression marked the Eocene which has thick seams
of lignite in Kutch and Gambay Basins and thin seam in Indus Basin. The deposits are
mainly limestones with beds of arenaceous rocks. Khuiala Limestore is recorded in
Western Rajasthan; Ghazij Formation in Lower Indus Basin; Laki Series in Upper
Indus Basin; Berwali Series in Kutch; Cambay Black Shale, and Kosamba, Lower Ank-
le;hwar Formations in Cambay Basin; Limestone facies in Malagasy; and Marine Dia-
mondiferous conglomerate in South Africa.

The second marine transgression took place in Middle Eocene and the rock
formations represented are Bandah Limestone (Rajasthan Shelf), Kirthar Series (Lower
Indus Basin), Kohat Saline Series (Upper Indus Basin), and Berwali Series (Kutch Shelf).
The Kalol Fo:mation, Narbada Shale and Upper Ankleshwar Formation of Cambay
Basin are their equivalents.

The Eocene marked the end of Tertiary sedimentation in Rajasthan.
OLIGOCENE

The Bermoti Series (Kutch Shelf) is equivalent of Tarapur Shale, Dadhal and

Dadhar formations (Gambay Basin) and correlatable to Nari Formation of Lower Indus
Basin.

Mi10CENE-PLIOCENE

The Khari and Kankawati Series of Kutch correlate with Kathna, Baba Guru,
Kand, and Jhagadia Formations, and Broach Formation of Gujarat. In Saurashtra, the
Dwarka Beds directly overlie the Deccan Trap. In Malagasy, this period was represen-
ted by volcanic activity, and associated with clays and lignite. In Indus Basin and Pot-
war region, Murree and Siwalik sedimentation progressed.

CONCLUSION

In north-western India, NNE-SSW treading tectonic structures controlled
effusion of the Malani Igneous suite of rocks and formation of basinal architecture for
deposition of the Marwar Supergroup (Gambrian). While Gujarat does not show any
evidence of Cambrian deposition, Indus Basin (Salt Range) exhibits close correspon-
dence.

Glaciation covered the Gondwanaland during late Palaeozoic period and is
recorded as Bap Boulder Bed (Rajasthan Shelf), Talchir Boulder Bed (Indus Basin),
Sakoa Tillite (Malagasy), and Dwyka Tillite (South Africa). This was followed by
marine sedimentation evidenced by Badhaura Sandstone (Rajasthan Shelf), Productus
Limestone (Indus Basin), Coal Beds (Malagasy), and fluviatile Ecca Series (South
Africa).

Marine Triassic outcrops are nct recorded from north-western India but occur
in Indus Basin, and South Africa. This was followed by large scale volcanicity and,
thus, the Deccan trap activity initially commenced from southwards. While Rajasthan
shelf witnessed fluviatile sedimentation during Liassic, marine deposits occur in all other
regions; correlations in the different rock formations exist.

During Cretaceous, volcanic outpourings reigned Gujarat, Malagasy, and
South Africa, concomitant with drifting of continents, while Rajasthan, being away from
the tectonic zone, escaped volcanicity, as also Indus Basin. Volcanicity thus comm-
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enced with Drakensberg Volcanics in Africa and spread to north-western India, tecyq.
nically accelerated by drifting of the contirents. Post-Cretaceous NW-SE grabens cop,.
trolled futher Tertiary sedimentation in Razjasthan Shelf, Kutch Shelf and Gambay Basin,
in north-western India and these extended into the Indus Basin which form the standard

Tertiary section.

The stratigraphic comparison indicates indentity of Mesozoic and Tertiary
rock fo-mations of Gujarat, Rajasthan, with those of the Uppf:r Indus pasin. Identity
exists between the pre-Cretaceous rock formatious with those of South Africa. Malagzsy

shows ideatity in stratigraphy to that of South Africa.

REFERENCES

Anumap, F. (1958). Palacogeographic maps of the Gondwana period. [Ind. Min. Jour. Jan. p.1-3.

Anmap, F. (1961). Paleogeography of the Gondwana period in Gondwanaland, with special reference
to India and Australia, and its bearing on the theory of continental drift. Mem. geol. Surv. Ind., 90 :
1-142.

Anmap, F. (1970). Marine transgression in the Gondwana System of Peninsular India—A Reappraisal.

Proc. II Gondwn. Symp. S. Africa, Internat. Union Geol. Sci. Comm. Stratigr. : 179-188.

AUDEN, J. B.  (1949). Dykesin Western India. A Discussion of their relationships with the Deccan Traps.

Trans. nat. Inst. Sci. India, 3(3) : 123-157.
Bawgja, B. K. & Prasap, K. K. (1697). On the thickness of the Dwarka Beds. Ind. Min., 21 : (2) 102-

107.

Besamrie, H. (1946) Geologic de Madagascar. Ann. Geol. Surv. Min., Madagascar, Fasc., 12,

Besamrie, H. (1953). Geologie de Madagascar—Le Sud du Bassin du Morondova. Trav. Bur. Geol.
Madagascar, 4% :

Besamrie, H. (1972). Geologic de Madagascar I. Les terrains sedimentaries. Ann. Geol. Madagascar,
35 : 463.

Besamrie, H. (1973). Precis de geologic Malgaches.  Ann. Geol. Madagascar, 36 : 141.

BicAreLia, J. J. (1970). Continental drift and palcocurrent analysis (A comparison between Africa and
South America). Proc. II Gondwn. Symp. S. Africa, : 73-97.

Biswas, S. K. & DrsupanNDE, S. V. (1968). The basement of the Mesozoic sediments of Kutch, Western
India. Bull. geol. Min. Met. Soc. Ind., 40 : 1-7.

Biswas, S. K. & DEsuPANDE, S. V. (1970). Geological and tectonic maps of Kutch. Bull. O.N.G.C.,7
(2) s 115-116.

CAREY, S. W. (1954). The Rheid concept in geotectonic. 7. geol. Soc. Aust., 1(1) :

CHANDRA, P. K. & CHOwDHARY, L. R. (1969). Stratigraphy of the Cambay Basin. Bull. 0.N.G.C., 6 :
(2) & 37-50.

CrowpnARry, L. R.  (1975). Reversal of basement-block mations in Cambay Basin, India, and its impor-
tance in petroleum exploration. Bull. Am. Assoc. Petrol. Geol., 59 : (1) 85-96.

CrAwrorD, A. R. & Cowmpston, W. (1970). The age of the Vindhyan System of Peninsular India. Q.

Fl. geol. Soc. Lond., 125 : 351-371.
Das Gupra, S. K. (1975). A revision of the Mesozoic-Tertiary stratigraphy of the Jaisalmer Basin,

Rajasthan. Ind. Four. Earth Sci., 2 (1) = 77-94.

Das GUPTA, S. K., DHAR, G. L. & Swon, N. P. (1975). A note on the occurrence of a bioclastic foramini-
feral bed on the top of Fuller’s Earth sequence in Barmer district, Rajasthan. Seci. Cult., 41(3) :
127-129.

Dickis, J. M., & Suam, S. C. (1979).  Correlation of the Permian marine sequences of India and Western
Australia. IV. Intern. Gondwn. Symp., Calcutta, 2 : 387-408.

Dietz, R. S. & HorpENn, J. C. (1970). Reconstruction of Pangea ; break up and dispersion of conti-
nents, Permian to Present. jour. Geophys. Res., 75 : 4939-4956.

Du Torr, A. L. (1937). Our Wandering Continents. Oliver & Boyd, London.

Du Torr, A. L. (1954). The Geology of South Africa. Oliver & Boyd, London, 3rd Ed.

FisHER, R. L., SCLATER, J. G. & Mckenz, D. P. (1971). Evolution of the Central Indian Ridge, Wes-
tern Indian Occean. Geol. Soc. Amer. Bull., 82 ;3 533-662.

Frores, G. (1970). Suggested origin of the Mozambique Channel. Geol. Soc. S. Africa Trans., 3 : 1-16.

18 Geophytology, 13(1)



Trrox, R. (1961). Geology of Africa. (Translated by A. Hallam & L. A. Stevens) Oliver & Bovyd,
Edinburgh & London.

Gamesir, S. C. (19753). Tectonic Control of Paleogeae Sedimentation in Mehsana area of Cambay Basin.
Bull. O.N.G.C., 11(2) 12(1) : 51-36.

Gaxsser, A. (1964). Geology of the Himalayas. Interscience Publisbers, London. .

Gee, E. R. (1945). The age cf the Saline Series of the Punjab and of Kohat. Proc. nat. Acad. Sci. Ind.,
14(6) : 269-212.

GeoLocicar Survey o Inpia (1962). Geological maps of India. Scale 1 : 2 million. G.S.I., Cal-
cutta. .

Guosu, P. K. (1952). Western Rajputana—Its tectonics and minerals, including evaporites. Proc. Symp.
Raj. Desert, Bull. nat. Inst. Sci. Ind., 1 : 101-130. . '

GiLL, W. D. (1952a). The stratigraphy of the Siwalik Series in the Northern Potwar, Punjab, Pakistan.
Q. jl. geol. Soc. Lond., 107 : (4) 375-394. .

GiLL, W. D. (1952b). The tectonics of the Sub-Himalayan fault zone in the northern Potwar region
and in the Kangra district of the Punjab. Q. 7I. geol. Soc. Lond., 107(4) : 395-413.

Haucrron, S. H. (1970). The Gondwana (Karroo) System in Southern Africa. Proc. II Gondwn. Symp.,
S. Africa  : 49-54. : .

Jacop, K. & Sastri, V. V. (1950). Some new microforaminifera from the Fuller’s Earth, Bikaner,
Rajputna. Sci. Cult., 16 : 80-83.

KaLmin, N. A. (1964). Problems of oil and gas geology in India.
Sess., India, Part I, Geology of Petorleum : 244-271.

Kuan, E. A., & Tiwary, R. K. (1973) On the eastern limit of Eocene sea in Rajasthan. Sem. Recent
Advances Geol. Raj. Guj. (Abstract) : 13.

King, L. (1950). Speculations upon the outline and the mode of disruption of Gondwanalaund. Geol.
Mag., 87(5) : 353-359.

King, L. G. (1973). An improved recoastruction of Gondwanaland, In D.H. Tarling and S. K.
Runcorn (Editors). Implications of Continental Drift to Earth Sciences. Vol. 2.
London, p. 851-864.

Krisunan, M. S. (1961). The Structural and Tectonic History of India. Mem. geol. Surv. India, 81.

KRrONER, A. (1977). The Precambrian geotectonic evolution of Africa : Plate Accretion Versus Plate
Destruction.  Precambrian Research, 4, (2): 163-213.

Lukose, N. G. (1974). Palynology of the subsurface sediments of Manhera Tibba structure, Jaisalmer,
Western Rajasthan, India. Palacobotanist, 21 (3): 285-297.

MarTiv, H.  (1961). The Hypothesis of Continental Drift in the light of Recent Advances of Geolcgical
knowledge in Brazil and Southwest Africa. Geol. Soc. South Africa, A. L. du Toit Mem. Lectures,
7, 47 p.

MarTiv, H.  (1964). The direction of flow of the Itarare ice sheets in the Parana Basin. Hol. Paran.
Geogr. No. 10/15, : 25-76.

MarTiv, H.  (1969). Upper mantle properties and the evolution of the Parana and the Karroo Basins.
An. Acad., Bras. Cienc., 40, (Supplements) : 149-157.

Matnur, L. P., Rao, K. L. N. & Cuousg, A. N. (1966). Tectonic framework of Cambay Basin, India
7th World Petroleum Congress, Mexico, 1968. Bull. O0.N.G.C., 5 (Iy: 7-28.

MeeLHiNNy, M. W. (1979). The Palaeoposition of Madagascar as deduced frcm palacomagnetism
Fourth Intern. Gondwn. Symp., Calcutta, 1 : 21-22.

Mckenzie, D. P. & ScLATER, J. G.  (1971). The evolution of the Indian Ocean since the late Cmetaceous
Geophy. ¥. R. Astr. Soc., 25 : 437-528.

NArAavanan, K. (1971). Stratigraphy of the Rajasthan Shelf. Proc. Symp. Probl. Arid. KLone. CAZRI,
Jodhpuwr : 92-100. '

PAreEk, H. S.

Internat. geol. Congr., Report of 22nd

Academic Press,

(1979). The Permian-Mesozoic-Palacogene palaeogeography of the Rajasthan and Gujarat
Shelf and correlation with that o

f the Indus Basin. IV. Intern. Gondwn. Symp., Calcutta,1 :
23-36. :

Pareexk, H. 8. (1980). Stratigraphy of North-Western India, and its correlation with that of Indus Basins,
Pakistan, Malagassey, and Africa. 26 Congr. Geol. Internat. Paris. 1 : 270.

Pareexk, H. S. (1981). Petrochemistry and petrogenesis of the Malani igneous suite, India. 26 Congr. Geol.
Internat. Paris, 2 : 608.

Pareex, H. S. (1981a).

Basin configuration and sedimentary stratigraphy of Western Rajasthan. 7.
geol. Soc. India, 22(1) s 517-527.

Geophytology, 13(1) 19



Pareek, H. S. (1981b). Pre-Quarternary geclogy and mineral resources of North Western Rajasthan,
Mem. geol. Suro. India, 115 (In press). ' . .

Pareeg, H. S. & SmvEA, A. A. K. (1978). New evidence on the age rcl.atxonshlp of Bap Boulder Spread
and Badhaura Formation, North-Western Rajasthan. Curr. Sci., 4 (1) = 18-20

Pareex H. S., Rao M. R. M. & Laur, V. P. (1977).  First record of Golden Oolites from the Bedesay
Formation, Jaisalmer Basin, Rajsthan. Curr. Sci., 46(9) & 302-303. |

Pascoe, E. H. (1959). A Manual of the Geology of India and Burma. Manager of Publications, Delhi,

Patie, M. (1975). A note on the Mesozoic stratigraphy of Kutch. Bull. Q..N.G.C., 12(1) : 37-46.

Poopar, M. C. (1964). Mesozoics of Western India—their geology and oil possibilities. Prog, Internag,
Geol. Congr. : 126-143.

RAGHAVENDRA Ra0, V. (1972). Subsurface stratigraphy, tectonic setting, and petroleum prospects of the
Jaisalmer Area, Rajasthan, India. Proc. IV Symp. Develop. Petrol. Reocurces Asia Far East;
Mineral Resources Development Series No. 41 (Volume 1), UN, New York, p. 366-371.

Rajnata (1932). A contribution to the stratigraphy of Kutch Q. jl. geol. Min. metall. Soc. Ind., 4(4).

Raju, A. T.R. (1968). Geological evolution of Assam and Cambay Tertiary basins of India. Amer. Assocn,

Petrol. Geol. Bull., 52 (12) : 2422-2437.
RANGA Ra0, A., Duar, C. L. & OeercreLr, F. A. (1979). Badhaura Formation of Rajasthan—its

Stratigraphy and Age. Proc. Fourth Intern. Gondwn. Symp. Calcutta, (1977) 2 : 481-490.

RA0,K.L.N. (1969). Lithostratigraphy of Palecgene succession of southern Cambay Basin. Bull 0.N.G.C.,
61 : 24-37.

Roy, D. K. (1977). The revised tectonic map of India and the significance of lineaments. Geol. Sur.
India, Misc. Pub. 31, p. 3-4.

Roy CrnowpHURY, S. C., MATHUR, R. B., & MnsrA, G. S. (1972). Subsurface stratigraphy of Tharad-
Scrau arca, Gujarat. Bull. O.N.G.C., 9(2) : 57-54.

Sauni, A. & Cuoubpnary, N. K. (1972). Lower Eocene fishes from Barmer, south-western Rajasthan,
India. Proc. Ind. nat. Sci. Acad., 38 (3&4) : 97-102.

Saung, A. & Kumar, V. (1974). Palacogene palacobiogeography of the Indian sub-continent. Palaeo-
geogr. DPalaeoclim. Palaeoecol., 15(3) : 209-226.

Sannt, A. & Misra, V. P. (1975). Lower Tertiary vertcbrates from Western India. Monograph. Palaeont.
Soc. India, 3, p. 48.

SastrI, V. V., & DATTA,'A. K. (1972). The tectonic setting and Conozoic paleogeography of the western
part of the Indian sub-continent. Proc. IV Symp. Develop. Petrol. Resources Asia Far FEast, Min.
Resources Develop. Ser. No. 41, 1, UN, New York, p. 371-381.

ScuinpeEworr, C. H. & SEILACHER, A. ( 1955). Beitrage zur Kenntnis des Kambriums in der Salt Range
(Pakistan). Abh. Akad. Wiss. Litt. Mainz, 10 : 446,

SwopiQuie, H. N.  (1963). The Jodhpur-Malani Divide separating th i :
g the Barmer and 1 asins. 7.
geol. Soc. India, 4 : 97-107. rand Jaisalmer Basins. J

SiMHA, K. .R. M. & Bose, R. N. (1963). Refraction, Seismic Investigation to lccate the supposed suballu-
vial Delhi-Shahpur ridge. Geophys. Explor. Symp. Baroda, 1959, CSIR New Delhi, p. 180-204
SiNeH, S. N. (1953).  Species of the genus Linderina from the Kirthar of Kolayat, Bikaner, Rajasthan, India.
Proc. nat. Acad. Sci. India, 23, (1-3) : 21-28.
SiveH, S. N. (1957). Two aberrant types of Nummulitidae from the Eocene of Rajasthan, India. Palaeont.
Soc. India, 12 : 209-211.
Swew, S. N. (1969). Stratigrapty of the Eocene of Rajasthan. Proc. Ind. Sci. Congr. Assocn., 56th Sess. 3, p.
216-217.
SmmA, B. P. C., Siveh, G. D. S., BakusHr, A. R. & BuaTNAGAR, G. C. (1973). A note on the occur-
rence of Halite in Bikaner area, Rajasthan. Curr. Sci., 42 : 874.
Smith, A. G. & HALLam, A. (1970). The fit of the southern continents. Nature, 225 : 139-144.
Swamr NATH, J., I?RISHNA MURTHY,' J. G., VErMA, K. K. & Cuanpag, G. J., (1959). General geology
of the Jaisalmer Area, Rajasthan, Western India. Proc. Symp. Develop. Petrol. Resources, Ser. No.
10, ECAFE, UN, Bangkok, p. 154-155.
Swawmr Nars, J., SHUK.LA, B. N., Krisuna MurThY, J. G. & VERMA, K. K. (1955-56). Progress Report
of the Geolcgical Swvey in the Jaisalmer District and Adjacent areas of Rajasthan. Unpublished
Report GSI, 35 pp.
TARLING, D. H. (1972). Another Gondwanaland. Nature, 238 : 92-93. :
Txxku, C. L., Lukosg, N. G., SiveH, N. P., Musra, C. M., Gupta, V. K. & AsBasi, N. A. (1976). Note

17
20 Geophytology, 13(1)



on the presence of Triassic and Permian sediments in sub-surface, Shumarwali Talai area, Jaisalmer
District, Rajasthan. Curr. Sci., 45 (15) : 554-555,

WEGENER A. (1929). Die Entstehung der Kontinente und Ozeene (1912) 4th Ed. Die Wissenschaft, 60 : 231.

WENsINK, H. (1975a). The Structural History of the India-Pakistan Subcontinent during the Phanero-
zoic. “‘Progress in Geodynamics”, Royal Netherlands Academy of Arts and Science, Amsterdam,
p. 190-207.

WENsINK, H. (1975b).  The palcomagnetism of the Speckled Sandstones of early Permian age from the
Salt Raunge, Pakistan. Tectonophysics, 26 : 281:292.

WiLLians, M. D., (1959). Stratigraphy of the Lower Indus Basin, West Pakistan. Fifth World Petroleum
Congress, Section I : 15,

Geophytology, 13(1) 2




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

