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Abstract

Palacomagnetic results of the Vindhyan Supergroup Formations are
summarized in terms of the palaeogeography drift history and
magnetostratigraphy  considerations during the Meso  Neoproterozoic eras
which cover the sedimentation period of the basin .The basd Semri Group
Pandwafall Sandstone Formation results revea that the subcontinent has
occupied a geographic position that is similar to the present day situation
with a palaeolatitude of 21° N and an orientation of 1° W of present north.
The Gangau tilloid results negate the existence of glacia conditions during
Meso- Neo Proterozoic times in India a well debated point until now. A
large latitudinal drift of 60 between the Malani Rhyolite and Rewa

period was supp by i palaeoposition obtained
from the Kaimur Group Baghain Sandstone Formation. The end of the
sedimentation period was provided by the Rewa and Bhander Groups by an
agreement of their palaeomagnetic data with that of the Lower Palagozoic
rocks from the Sdt Range which are well constrained by fossil evidence.
The paacomagnetic data from severa sites of the different Vindhyan.
Groups provide magnetozones from several formations that hefp to construct
a geomagnetic polarity timescale during the Vindhyan sedimentation period
which can be used for correlation purpose. There is however plenty of
scope to refine our understanding in terms of the above aspects from rest
of the exposed rocks from other regions.With this background an exhaustive
sampling of Vindhyan Supergroup rocks has been undertaken in recent
times by collecting 550 oriented block samples from 100 sites to better
under stand the evolutionary history of the Vindhyan basin and studies on
these samples are underway. Available results on some of these formations
are presented.

Introduction

The Vindhyan basin in Centrd Indiais an intracratonic sedimentary basin
with a sandstone shale limestone sequence of deposition without any metamorphic
and tectonic effects. It contains the geological and evolutionary history of the
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Indian subcontinent hidden in these rocks covering a very long period of Meso-
Neoproterozoic eras in geological history. Systematic studies on these rocks
were initiated as long ago as 1856 (Oldham, 1856), till we know very little
about them. In recent times some advances are made with the development of
new methods to date the rocks and sensitive instruments to measure their
remanent magnetic directions even in limestone formations. An overview of
these results of radiometric dating and palasomagnetic measurements on some
of these Vindhyan Supergroup rocks is presented that bring in to light some
salient features with regard to the geological history, evolution of the Indian
sub-continent and nature of the geomagnetic field during this Meso-
Neoproterozoic eras.

Geology

The Vindhyan basin is an intracratonic sedimentary basin in Central India
in the states of Bihar, Uttar Pradesh, Madhya Pradesh and Rajasthan occupying
an area of 1,04, 000 sy km. This Vindhyan Supergroup rocks cover an
important period of geological evolution during late Palaeo-Neoproterozoic eras
of the Indian sub-continent.. These rocks range in thickness from 4000-5000 m
comprising mainly sandstone-shale-limestone formations of shallow-water marine
origin. The Vindhyan Supergroup rocks are divided in to four major groups
namely the Semri, Kaimur, Rewa and Bhander (Sony et. a. 1987; Bhattacharya,
1996). However, on the basis of presence of a local maor unconformity these
are often referred to as the Lower and Upper Vindhyans. The Semri Group
rocks are referred to as Lower Vindhyan overlain by the Upper Vindhyans
consisting of Kaimur, Rewa and Bhander Groups. Most of the Vindhyan
Supergroup rocks are flat lying to gently dipping and unmetamorphosed. A
geological map of the Vindhyan basin after Sony et. a. (1987) is shown in
Fig. 1

The age of the Vindhyans was not known with certainty due to lack of
suitable material for radiometric dating and absence of fossil occurrences
(Haldar and Ghosh, 1981; Mathur, 1981). The fossil record of the Vindhyan
rocks indicates an age ranging between 1400-400 Ma (Venkatachala et. al.
1996; De, 2003). The K-Ar dating of glauconite from the Semri and Kaimur
Groups (Tugarinov et. a. 1965; Vinogradov et. a. 1966) and K-Ar and Rb-Sr
dating of kimberlites intrusive in to these Groups (Crawford and Compston,
1970; Paul et. al. 1975) suggest that the base of the Semri Group is at least 1200
Ma and perhaps as much as 1400 Ma and that the Kaimur Group is at least 910-
940 Ma and possibly > 1150 Ma On the basis of lithological correlations the
Rewa Sandstone is correlated with the Jodhpur Sandstone of Marwar Supergroup
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Fg 1 Geological map of MesoNeo Proerozoc Vndhyan Basin Central Inda after Sony e al (1987)
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in Trans-Aravali Vindhyan. These Jodhpur Sandstones overlie the Malani
Rhyolites which are well constrained with palacomagnetic and Rb-Sr date
assigning an age of 745+10 Ma (Crawford and Corapston, 1970) and 771-751
Ma (Torsvik et. a. 2001) to the Rewa Group of rocks.

However, with the recent report of small shelly fossils of Cambrian
affinity in Rohtasgarh Limestone (Semri Group) by Azmi (1998) there is a spurt
in the radiometric dating of Semri Group rocks (Kumar et. al. 2001; Rassmussen
et al. 2002; Ray et. d. 2003). Severd U-Pb and Zircon dating results of the
Semri Group rocks extend the lower limit of the Vindhyan Basin to 1650-1600
Ma. The palacomagnetic study of the Khairmalia Andesite Formation from the
western part of the Vindhyan basin in Rajasthan also support an age of 1650 Ma
for the beginning of the Vindhyan sedimentation (Poornachandra Rao et. al.
2004a). The C, O, Sr and Pb isotopic systematics of carbonate sequences of the
Vindhyan Supergroup suggest that the Lower Vindhyans were deposited during
the Mesoproterozoic era and the Upper Vindhyans were deposited during the
Neoproterozoic era (Ray e. al. 2002, 2003; Kumar and Schidlowski, 1999;
Kumar et. a. 2002). Therefore, it suggests that the Vindhyan sedimentation
lasted over a very long period of 1650-400 Ma.

Palaeomagnetic study of the Vindhyan rocks is launched on a mgor scale
at the National Geophysical Research Institute in order to recover the
palacomagnetic signatures of the geomagnetic field during this period to
understand some of the problems associated with the evolution of the Indian
subcontinent. There is a complete sequence of Vindhyan rock formations
exposed in Son Valley as well as in Rgjasthan from where we have sampled for
palacomagnetic study. The stratigraphy of the Vindhyan Supergroup rocks
proposed by Sony et. a. (1987) from these areas is given in Table 1. Table 2
gives details of oriented block samples collected for palacomagnetic studies
from the Son Valley, Rejasthan, Guna-Shivpuri regions and Bhopal Inlier as
well as Marwar Basin in Trans-Aravalli Vindhyan region under the above
programme.
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Table 1: Stratigraphy of Vindhyan Supergroup in Son Valley and
Rajasthan

Group Son Valey Rajasthan
Maihar Sandstone -
Sirbu Shde -
Bhander - Tilsava Sandstone
Nagod Limestone Singoli Limestone
Simravel Shele B
Gehadra Sandstone Umar Sandstone
Rewa Jhiri Shle Ratangarh Shale
. Dehpur Sandstone
B Deopura Shde
Upper Kaimur Sandstone Dicken Sandstones
Kaimur Bijaigarh Shde Panoli Shde
- Morwan Sandstone
- Suket Shae
Hinauti Limestone Nimbahera Limestone
- Bari Shde
Jiran Sendstone
Senmri - Khori-Maa
Conglomerate
Deonar Porcellinite Pdri Shde
- Sawa Sandstone
Kuteswar Limestone Bhagwanpura
Limestone
Kanwar Shde Bandki Shdle

Deoland Sandstone

Khardeola Sandstone
Khairmdia Andesite
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Table 2 Samples collected from Vindhyan Supergroup
Formations for palacsomagnetic study

SON VALLEY
Formetion Age Lndex
Nagod Limestones Lower Bhander 7
Govindgargh Sandstones Upper Rewa 6
Dhandraul Sandstones Upper Kaimur 4
Rohtasgarh Limestones Upper Semri 2
Fawn Limestones Lower Semri 1
RA.TASTHAN

Eormation Age

Tilsava Sandstone Lower Bhander 7
Smgoli Limestones Lower Bhander 7
Umar Sandstones Upper Rewa 6
Ratangarh Shales Upper Rewa 6
Dehpur Sandstones Lower Rewa 5
Dicken Sandstones Upper Kaimur 4
Nimbahera Limestones Upper Semri 2
Jran/Sawa Sandstones Middle Semri 1
Khardeola Sandstones Lower Semri 1
Khairmalia Andesites Lower Semri 1

GUNA - SHIVPURI

Eormation Age

Sanwara Sandstones Upper Rewa 6
Dudauni  Sandstones Upper Kaimur 4

BHOPAL INLIER

FEormation Age

Nurganj Sandstones Upper Bhander 8
Salkanpur Sandstones Lower Bhander 7
Nazarganj Sandstones Upper Rewa 6

MARWAR BASIN, (RAJASTHAN;

Earmation Age

Jodhpur Sandstones Upper Rewa 6

Sites
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Sites
14

Samples
24
32
27
53
16

Samples
30

10
18

6
27
26
25
22

1
62

Samples
20
20

Samples
15
25
10

Samples
70

Index  Denotes the position of the Rock Formation in the Vmdhyan Supergroup Stratigraphy
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Palaecomagnetism

Ever since the formation of the Earth it is surrounded by its own magnetic
field which has been protecting the life and atmosphere on it over the last 45
Ga. Rocks get magnetized at the time of their formation and serve as record of
the geomagnetic field over the geologica time. The study of this geomagnetic
field recorded in rocks is termed as palacomagnetism and a study of this
geomagnetic field can be used to understand the evolution of different tectonic
regions through geological time period (Athavale et. a. 1963; Klootwijk, 1976,
1979). A palaeomagnetic study involves recovering the magnetic signatures in
rocks through a detailed study of representative rock samples of a geological
formation from severa sites. In-situ and un-metamorphosed samples collected
from the rock formations are subjected to critical |aboratory demagnetizations
using AF, thermal and chemical fields to recover the magnetic signature from
these rock formations. The remanent magnetic signatures thus recovered from
some formations of the Vindhyan Supergroup rocks are provided below as listed
in Table 3. These remanent magnetic signatures recovered from the Vindhyan
Supergroup rock formations are used in understanding the evolutionary history
of the subcontinent (Poornachandra Rao et. d. 1993, 1997) and nature of the
geomagnetic field (Khramov, 1987; Poornechandra Reo and Bhdla, 1996)
during their sedimentation period in the geological past as shown in Figures 2A
and 2B.

A
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Fig.2.(a). Schematic diagram showing the migration of the Indian subcontinent derived from
palacomagnetic results of Palaeo-Peterozoic to Early Palacozoic periods.
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Table 3 : Palaeornagnetic Data of Vmdhyan Supergroup Formations

formation N Dm Im K as Ip Lp Reference

Upper Bhander 3 049- 19 200. 0 5.7 3L.5S10.0E Athavale et d . 1972

Sandstones 7 108+10 1375 55 4855 34.5E Klootwijk, 1973

Bhander Group 6 200+1136,5 112 5135 427E  McElhinney et al
1978

Upper Rewa 1 032-3715.0137 %5 7542 .0E Athavale et. a. 1972

‘Sandstones 1 220- 08 4 0511 3  Meklhiney et . 1978

Gonvindgarh 3 029-2475.99.30 60.3508 6 E Poornachandra Reo

Sandtones Rewa 2 017+ 31 12. 428 1 448S59.5E  2004b; 2004c

Rewaroup

(Neo Proterozoic)

Jodhpur Sandstone 3 020+46 2062 5.6 324 S513 E  Poomachandra Reo
e d . 2004p

Ghagar Quartzites 20 357+31 - 60 810 N 77.0W Sahasrabuche &
Mishra, 1966

Bagham Sandstone 10 002 +39 510 60 720N 20.0W Poornachandra Rao
e d. 1997

(Meso Proterozoic) 6 355 -4337.010. 0 40IN 26626  -do-

Pandwafall 5 350+42374.03.0- 89. ON 34 OW Poornachandra Rao
e a . 1993

Gangau Tilloids 7 161+63- 13.0 18. 2N 86. 6w Williams & Schmidt,
1996

Semri Group

(Meso-Proterozoic)

N= Number of sites Dm, Im = Mean Declination and Inclination;
Kags = Precision Parameter and Radius of Circle of Corfidence;
Ip, Lp = Latitude and Longitude of the VGP
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Fig.2(b). Geomagnetic Polarity Time Scale (GPTS) constructed from the magnetozones
recovered from the Vindhyan Supergroup formations from several regions of the Vindhyan
Basin . The GPTS of the Russian platform after Khramov (1987) is also show for comparison
that also covers the Vindhyan sedimentation period.

1993) and Khairmalia Andesites (Rgjasthan) (Poonachandra Reo et. al. 2004a).
Willaims and Schmidt (1996) analysed 91 drill core samples from 7 sites and
encountered 3 components, a low-temperature early Tertiary component, an
intermediate steep downward pointing component and more rarely a high-
temperature less steep component in these rocks. After bedding correction it is
having a direction of magnetization that yielded a palaeolatitude of 44.7 + 158
°S to the subcontinent negating glaciation during their formation. 25 oriented
samples of Pandwafall Sandstones were collected from 5 sites and subjected to
AF, thermal and chemical demagnetization studies by Poonachandra Reo et al.
(1993). These results indicate that during this period the subcontinent was
situated in @most identical position of present time with a palaeolatitude of 20.6
°N for the reference town Nagpur (Fig. 2A). The basd Khairmaia Andesite
formation of Semri Group from Rejasthan had been studied by Poonachandra
Reo et. al., (20043) by collecting 62 oriented samples from 12 sites. These
samples resulted in a well grouped ChRM direction with reverse magnetization
with downward inclination as shown in Figure 3A. The VGP corresponding to
this ChRM after Euler rotation is loceted & 1650 Ma on the Australian APWP
(Idnurm and Giddings, 1988) corresponding to an East Gondwanaand
reconstruction proposed by Veewers et. a., (1991). Thus the location of the
Khairmalia Andesite VGP on the Austrdian APWP confirms the radiometric
dating results of other Semri Group rocks and the beginning of the Vindhyan
sedimentation as early as 1650 Ma (Fig. 3B).
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Fig 3(a). Sereographtc plot of ChRM directions of basal Semrt Group Kluiirmaha Andesites
Formation. Western Vmdhyan Basin. Rajasthan.

Fig.3(b) Plot of Elder rotated VGP derived from the ChRM direction of Khairmalta Andesite
Formation on the Australian APWP after Idnurm and Giddings (1988)
as per the Gondwanaland reconstruction proposed by Veewers et al. (1991).
The fChatrmalta Andesite VGP, KA. is located at 1650 Ma.
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The report of small shelly fossils of Cambrian affinity in Rohtasgarh
Limestones of Semri Group by Azmi (1998) has attracted the attention of
several workers towards the Vindhyan stratigraphy. It has created lot of interest
in the radiometric dating of several formations of the Lower Vindhyan Semri
Group rocks (Kumar et. a., 2001; Ray et. al., 2002, 2003; Rasmussen, 2002).
Samples from a number of formations of Semri Group from both Son Valley
and Rgjasthan regions were collected for palacomagnetic study as listed in Table
2. The rock formations collected from the Semri Group include Fawn Limestone
(16 samples from 2 sites) and Rohtasgarh Limestone (53 samples from 9 sites)
Formations from Son Valey and Khairmaia Andesites (62 samples from 12
sites), Khardeola Sandstones (11 samples from 2 sites), Jiran Sandstones (22
samples from 4 sites) and Nimbahera Limestone (25 samples from 5 sites)
Formations from Rajasthan. NRM results on these formations are available
which can confirm their stratigraphy after detailed demagnetization studies on
these rocks. The Fawn Limestones of lower Semri Group and the Rohtasgarh
Limestones of upper Semri Group exhibit very good grouping with steep
downward inclinations with normal magnetization as shown in Figure 4.
However, two sites in Rohtasgarh Limestone also exhibit SW declination with
steep downward inclination. The upper Semri Nimbahera Limestones from
Rajasthan aso exhibit normal magnetization with steep downward inclinations
as shown in Figure 5. However, there are some samples that also show scattered
magnetization. The middle Semn Jiran Sandstones from Rajasthan reveal
westward pointing declinations with intermediate to steep downward pointing
inclinations (Figure 5). The identical remanent magnetic directions of upper
Semri Rohtasgarh Limestones from Son Valley and Nimbahera Limestones
from Rejasthan provide very good opportunity to confirm their correlation from
the two regions.

Kamur Group

The Kaimur Group is the lowermost group of the Upper Vindhyans and
dated to be at least 1200 Ma on the basis of K-Ar and Rb-Sr dating of
kimberlites intruding the Baghain Sandstone Formation around Majhgawan
(Crawford and Compston, 1970. Paul et. al. 1975). Palacomagnetic study of the
Vindhyan Supergroup rocks has begun with the study of Ghaghar Quartzites
around Mirzapur by Sahasrabudhe and Mishra (1966) who studied 60 samples
from 20 sites. These results suggested two groups of ChRM directions with
normal and reverse polarities indicating a geomagnetic field reversal and
yielded a palaeolatitude of 14 °N to the subcontinent. The other investigation is
on Baghain Sandstones of Upper Kaimur Group from the Panna region by
Poornachandra Rao et. al. (1997). ChRM directions isolated from 60 samples
collected at 14 sites around Panna region revealed both normal and reverse
magnetic directions with upward and downward inclinations that imply two
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FAWN LIMESTONES

ROHTASGARH LIMESTONES

Fig. 4. Senographic plot of NRM vectors of specimensfrom Fawn Limestones (Lower Serri)
and Rohtasgarh Limestones (Upper Seri) from Son Valley of the Vindhyan Basin . The
specimen NRM vectors are shown site-wise with their circles of confidence at each site. Al
inclinations are downward pointing
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Pig.5. Ste-wise specimen NRM directions plotted on stenographic projection from Jiran
Sandstonei (Middle Semn) and Nimbahera Limestones (Upper Semri) of Western Vindhyan
Basin in Rajasthan. Ste mean directionsfor the Jiran Sandstones are also shown with circles
of confidence. Closed (Open) circles denote downward (Upward) pointing inclinations.
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reversals of the geomagnetic field (Fig. 2B) and palaeolatitudes of 18 °N and 28
°S to the subcontinent (Fig. 2A). These palaeolatitudes from the Kaimur Group
rocks indicate smooth passage of the Indian plate from northern hemisphere to
the southern hemisphere between the Maani Rhyolite and Rewa Bhander
periods to form Gondwandand/Pangaea dong with other continents by early
Palaeozoic era.

In a recent programme dedling with palaeomagnetic study of Vindhyan
sediments, Dhandraul Sandstones from Son Valey and its equivaent Dicken
Sandstones from Rajasthan were investigated. 27 oriented samples from 4 sites
of Dhandraul Sandstones and 26 samples from 5 sites of Dicken Sandstones
were collected and subjected to detailed palasomagnetic tests (Poornachandra
Rao et. al. 2003). The NRM directions of Dhandraul Sandstones exhibit very
good grouping with normal and reverse directions of magnetization from these
sites (Figure 6). NRM directions of Dicken Sandstones reveal only normal
direction of magnetization with steep downward inclinations. It can be seen
from these NRM directions shown in Figure 6 that these two rock formations
can be correlated, which suggest inter-basina correlation of sedimentation
among the Vindhyan sub-basins. The Dhandraul Sandstones exhibiting both
normal and reverse magnetic directions of magnetization indicate a reversal of
the geomagnetic fied (Fig. 2B).

Rewa Group

The Rewa Group occupies the middle position in the Upper Vindhyans
and on the basis of lithological correlations with the Jodhpur Sandstones of
Marwar Supergroup in Rgjasthan, the base of this Group has been extended up
to 750 Ma from the radiometric dating of the Maani Rhyolites underlain by the
Jodhpur Sandstones. Not many formations of Rewa Group were investigated
and only the Upper Rewa Sandstones from two areas were studied by Athavale
et. al. (1972) and McElhinny et. dl., (1978) (one site each) (Table 3). These
studies result in norma and reverse polarities with upward inclinations with
palaeolatitudes of 24 °S and 0.4 °N respectively. However, recently 25 samples
from 5 sites of Govindgarh Sandstones representing the Upper Rewa Sandstones
around Rewa town were investigated by Poornachandra Reo et. a. (2003).
These studies reveal norma magnetic directions with upward and downward
inclination identical to other studies (Fig. 7) implying two reversas of the
geomagnetic field during their deposition (Fig. 2B). The Jodhpur Sandstones in
Marwar Basin in Trans-Aravdli Vindhyans in Rgasthan, lying above the
Malani Rhyolites dated at 771-751 Ma and correlated with the Upper Rewa
Sandstones, from 14 sites were investigated by Poornachandra Reo et. al.
(2004b). These studies aso revea similar ChRM directions as that of the Son
valley Rewa Sandstones confirming their correlation and assigning a lower age
between 771 and 751 Ma for the Rewa Group.
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Fig. 6. Specimen NRM directions on stereographic projection for four sites each of Upper
Kaimur Dhandraul Sandstones, Son Valley (easternmost part of the Vindhyan Basin) and
Dicken Sandstones, Rejasthan (Western Vindhyan Bonn) Site mean directions are shown with
cirdle of confidence .Closed (Open) circles denote downward (Upward) pointing inclinations.
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DEHPUR SANDSTONES

RATANGARH SHALE

GOVINDGARH SANDSTONES

Fig. 7. Stenographic plot of specimen NRM directions of Dehpur Sandstones and Ratangarh
Shale (Middle Rewa) Rejasthan (Western Vindhyan Basin) .and Upper Rewa Govindharh
Sandstones, Son Valley (Eastern Vindhyan Basin). Closed (Open) circles denote downward
(Upward) pointing indlinations
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TILSAVA SANDSTONES

Fig. 8. Plot of specimen NRM vectots on stenographic projection of Nagod Limestones (Son

Valley) and Singoli Limestones (Rajasthan) of Lower Bhander Group and Tilsva Sandstones

(Rejasthan) from Middle Bhander Gioup .All inclinations are positive and downward pointing
and site mean directions are shown with confidence circles.
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Under the Vindhyan palaeomagnetic study programme undertaken recently,
Upper Rewa Govindgarh Sandstones from 5 sites (32 samples) from Son Valley
and Upper Rewa Umar sandstones (18 samples from 3 sites) and middie Rewa
Dehpur Sandstones (27 samples from 4 sites) from Rgasthan were studied.
ChRM directions from all the 5 sites of Govindgarh Sandstones revea normal
directions with both downward and upward pointing inclinations implying two
reversals of the geomagnetic field (as mentioned above) during their deposition
similar to that of upper Kaimur Baghain Sandstones around Panna region and
Banganapalle Quartzites of Cuddapah Supergroup far south (Poornachandra
Rao et. d. 1997 and Goutham et. a. 2004). The Dehpur Sandstones from
Rajasthan reveal norma magnetization with mostly downward pointing inclination
(Fig. 7), which may aso result in smilar ChRM directions as that of the other
upper Rewa Group sandstones. The Umar Sandstones being more quartzitic
needed better coring bits that delayed their coring operation and studies on these
rocks are in progress.

Ratangarh Shales were collected from Rgjasthan whose NRM directions
exhibit very good grouping with very steep downward inclination and normal
magnetization. The ChRM direction obtained after laboratory demagnetization
studies reveal norma magnetization with steep positive inclination (Fig. 7)
similar to that of Malani Rhyolites with a VGP close to around 800 Ma. Further
studies on them are in progress. In generd shales are very difficult to sample
for laboratory studies, However, we are successful in collecting samples from
one site for laboratory studies from Ratangarh Shale Formation that proved to
be very useful. This study may result in very good correlation with Jhiri Shale
exposed in amost all the sub-basins of the Vindhyan basin, an advantage
available from palacomagnetic studies.

Bhander Group

The uppermost group of the Upper Vindhyans is represented by the
Bhander Group and widely studied among the Vindhyan rocks. The Upper
Bhander Sandstones were investigated by Athavale et. al. (1972), Klootwijk,
(1973) and Mc Elhinny et. al. (1978) from a total of 16 sites (Table 2). While
Athavale et. al, (1972) reported norma magnetic directions with upward
inclinations from 3 sites Klootwijk (1973) reported reverse magnetic directions
with upward and downward pointing shallow inclinations from 7 sites. The
studies undertaken by McElhinny et. d. (1978) show both results of Athavale
et. a. (1972) and Klootwijk (1973). Thus the studies on Bhander Group rocks
reveal two reversals of the geomagnetic field with southern palaeolatitudes to
the Indian subcontinent.

In the recent study of Vindhyan palacomagnetism, samples were also
collected from Lower Bhander Nagod Limestone Formation (24 samples from
4 sites) from Son Valley, Singoli Limestone Formations (10 samples from 2
sites) from Raasthan and middie Bhander Tilsava Sandstone Formation (30
samples from 6 sites) from Rgjasthan were also collected. The Nagod Limestones
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lesult in a NNW pointed declinations with steep downward inclinations (ChRM)
and the Singoli Limestones exhibit well grouped NW pointed declinations with
very steep positive inclination as shown in. Figure 8. The Tilsava Sandstones
from Rajasthan show well grouped normal magnetization with steep to very
steep positive inclinations (Fig. 8). Therefore it can be inferred that this
provides very good correlation of lithological units (Nagod Limestones and
Singoli Limestones) in these Vindhyan sub basins when the ChRM directions
are established.

The Vindhyan Inliers

Apart from the main Vindhyan basin in centra India, the Vindhyan
Supergroup rocks are aso available and exposed as Bhopa and Harda Inliers
For the first time palaeomagnetic studies were extended to the Bhopal Inker that
may provide very good information with regard to depositional history,
environment correlation of lithological units and their tectonic relation with the
main basin and the inhere. There exists a difference of opinion about the
stratigraphy and tectonic relation of the rocks in the Inliers with the main
Vindhyan basin From Guna Shivpuri region Upper Kaimur Dudauni Sandstones
(20 samples from 4 site) and Upper Rewa Sanwara Sandstones (20 samples
from 4 sites) were collected. From the Bhopal Inker Upper Rewa Nazarganj
Sandstones (10 samples from 2 sites), Lower Bhander Salkanpur Sandstones (25
samples from 5 sites) and Upper Bhander Nurganj Sandstones (15 samples from
3 sites) were

Table 4: Inter Basinal Correlation of Vindhyan Supergroup Rocks

Son Valley Rejasthan Guna-Shivpuri  Bhopal Inlier
— — — Nurganj S. St
— Tilsva s, St — —
Nagod L. St Singoli L. St — Sdkanpur S. St
Govindgarh S. St. Umar S. St Sawaa S, St Nazarganj S. St
Dharmondganj S. St Dehpur S. St — —
ri Shale Ratangarh Shde  Jhiri Shdle
it Shdle

Baghain S. St Dicken S. St Dudauni S. S, -
Dhandraul S. St. — — —
Rohtasgarh L. St. Nimbehera L .St — —

— Jravsana S. St — —
Fawn L. St Khardeola S. St - —

Pandwafall S. St. Khairmalia Andesite —_ —
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collected. Oriented samples from the Guna-Shivpuri area adjacent to the
Bundelkhand Granite Massif were also collected. Laboratory studies on these
samples are in progress and are expected to result in very useful information
from these formations. If once the ChRM directions from all these rock
formations are available it would provide a wonderful opportunity to correlate
lithounits across the Vindhyan sub-basins as shown in Table 4.

Conclusions

Though the palacomagnetic studies on the Vindhyan rocks were initiated
four decades ago not many formations were studied because of certain limitations
such as their weak magnetic nature and non-availability of sensitive instruments
for their laboratory investigations until recently. Palacomagnetic studies on
Vindhyan rocks were restricted to only red sandstones of Upper Rewa and
Upper Bhander Groups. A review of the available results from these rocks was
provided by Poornachandra Rao et. al. (2000). Subsequently a major programme
of palacomagnetic study of Vindhyan sediments has been initiated a NGRI
under which a large number of samples were collected representing the complete
stratigraphic column of the Vindhyan Supergroup from Son valley and Rejasthan
regions. Preliminary results on some of these formations are available and are
very much encouraging. The following are some of the salient results that have
emerged as a result of palasomagnetic study of Vindhyan Supergroup rocks
over the last four decades.

1) The Vindhyan basin started evolving during the late Palaeo-Proterozoic
Erawith the effusion of Khairmalia Andesites and deposition of sediments.

2) During the initidl stages of Vindhyan sedimentation the subcontinent
occupied a palaeoposition just similar to that of the present day location
of 21 °N (palaeolatitutde of leference town Nagpur) and orientation just
1 °W of present north (with a declination of 359°) in the equatorial
latitudes and thus negating existence of glacial conditions as proposed by
some.

3)  The subcontinent drifted to the southern hemispheric latitudes during the
Rewa and Bhander periods in Neo-Proterozoic Era and formed
Gondwanaland/Pangaea with other continents.

4)  During most of the Vindhyan period the geomagnetic field was of reverse
polarity which is more dominating during the Riphean Era as can be seen
from the Russian geomagnetic polarity time scale also (Khramov, 1987).
The geomagnetic field changed its polarity at least once during each
period of Semri, Kaimur, Rewa and Bhander Groups. These reversals can
be used as marker horizons for correlation of lithological units across the
entire basin.
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5)  In Kaimur rocks as many as six mangetozones (three each of normal and
reverse polarity) were observed that suggest as many as three reversals of
the geomagnetic field.

6)  The preliminary resuits on many of the Vindhyan formations from the Son
valley and Rajasthan regions would provide a very good opportunity of
correlating the litho units across several sub basins on the basis of their
remanent magnetic directions and magnetic field reversals

Acknowledgements

The author is highly thankful to Dr VP, Drain Director NGRI Hyderabad
for his kind permission to present and publish this work. He is also thankful to
Prof. K. V Subba Rao, Depatment of Earth Sciences, Indian Institute of
Technology, Mumbai, for useful discussons he had with him during the
progress of work, suggestions in improving the presentation and preparation of
the manuscnpt. He also thanks his colleagues at NGRI for their cooperation and
assistance in the field and laboratory work and in preparation of the manuscnpt.

References

ATIIAVALE, R N., ASHA HANSRAJ axd VERMA, R. K. (1972) Pdacomegnelism and age of
Bhander and Rewa sandstones from India Geophys. J. Roy. Asir .Soc., V. 28, pp. 499- 509

ATHAVALE, R N., RADHAKRISHNAMURTY, C. ad SAHASRABUDHE, PW. (1963)
Palacomagnetism of some Indian focks J. Geophys, v .7, pp. 304- 313

AZMI, R .1 (1998) Discovery of Lower Cambrian small shelly fossils and brachiopods from the
Lower Vindhyan of Son Valey, Centrdl India. Jour. Geol. Soc. India v. 52, pp. 381- 389

BHATTACHARYA, A. (1996) Recent advances in Vindhyan geology. Geol. Soc. India Mem, v.
36,pp.331L.

CRAWFORD, A. R. and COMPSTON, W. (1970) The age of the Vindhyan System of peninsular
India Quart. J. Geol. Soc. London, v . 125, pp .351-372.

DE CHIRANANDA (2003) Possble organisms smilar to Ediacaran forms from the Bhander
Group, Vindhyan Supergroup, Late Neoproterozoic of India, J Asian Eath Sdi., v .21, pp.
387- 395,

GOUTHAM, M.R, RAGHUBABU, K. PRASAD CV.RK SUBBARAO, K.V. and
RADHAKRISHNAMURTY, C. (2004) New palaeomagnetic resits from the Kurnool and
Palnad Formations, Cuddapeh Basin . Jour. Geol .Soc. India (in Press).

HALDAR, D. and GHOSH D.B (1981) A discussion on the uncertainties in the dating of the
Vindhyan and Bijawar rocks. Misc. Publ. Geol. Surv. India,v. 50, pp. 223- 228.

IDNURM, M. and GIDDINGS, JW. (1988) Austrdian Precambrian polar wander .A Review,
Precamb. Res , V. 40/41, pp. 61- 88.

KHRAMOV, AN. (1987) Pdasomagnetology Berlin Springer Verlag pp. 253- 259.
KLOOTWJIK, C .T. (1973) Palaeomagnetism of Upper Bhander Sendstones from Central India and



246 Antarctic saence, Oceal i and

implications for a tentative Cambnan T v 18 pp
123145

KLOOTWIX, CT (1976) The diift or the Indian subcontinent An interpietation of recent
palaeomagnetic deta  Geol Rundschau, v 65, pp 885 909

KLOOTWUK, CT (1979) A review of palacomagnetic data from the Indian fragment of the
Gondwandland (In) A Farsh and K A’ De Jong (Eds), Geodynamics of Pakistan Geol Surv
Pekistan, Quetta, pp 41-80

KUMAR, A, GOPALAN, K axd RAJAGOPALAN, G (2001) Age of the Lower Vindhyan
sediments, Centrd India Cunent Science, v 81, pp 806 808

KUMAR, B , DAS SHARMA, S, SREENIVAS, B , DAYAL, AM, RAO, M N, DUBEY, N ad
CHAWLA B R (2002) Carbon, oxygen, and strontium isotope geochemistry of Proteiozoic
carbonate rocks of the Vindhyan Basin Central India, Precamb Res, v 113, pp 43-63

KUMAR, S and SCHIDLOWSKI, M (1999) Carbon and oxygen isotopes of the Rohtas
Formation, SonValley Maihar area, Cental India A pieliminay report In Workshop on
Vindhyan Stratigraphy and Palaeobiology, Uriversity ol Lucknow, Lucknow, pp 21-24

MATHUR, SM (1981) A revision of the stratigiaphy of the Vindhyan Supergtoup in the Son
Valley, Mirzapur district, UP Misc Publ Geol Surv India v 50, pp 7-20

MC ELHINNY, MW, COWLEY, JA and EDWARDS, D J (1978) Palaeomagnetism of some
tocks from peninsular India and Kashmir  Tectonophys, v 50, pp 41 54

OLDHAM, T (1856) Remarks on the dlassification of locks of Central India resulting from the
investigation of the Geological Survey J Asiatic Soc, Bengal, v 2'>, pp 224-256

PAUL, DK, REX, DC and HARRIS, PG (1975) Chemical characteristics and K-Ar ages of
Indian kimberhtes Bull Geol Soc Am, v 86, pp 364-366

POORNACHANDRA RAO, GVS and BHALLA, MS (1996) Magnetostratigraphy of the
Vindhyan Supergroup J Geol Soc India v 47, pp 29

POORNACHANDRA RAO, GV'S, MALLIKHARIUNA RAO, J, ASHA HANSRAJ and
SUBRAHMANYAM, K (1993) Palaeogeography of the Indian landmass from the lower
Vindhyan Pandwafall Sandstones Proc 30th Cov & Sera Indian Geophys Union,
Hyderabad, pp 50-55

POORNACHANDRA RAO, GV'S, MALLIKHARJUNA RAO, J, CHACKO, ST and
SUBRAHMANYAM, K (1997) Palacomagnetism of Baghain Sandstone Formation, Kaimur
Group J Indian Geophys Urion, v 1, pp 41-48

POORNACHANDRA RAO, GV S, MALLIKHARJUNA RAO, J and BHALLA, MS (2000)

Palaeumagne(lsn of Vindhyan Supefgroup A Review Proc Nat Sem Tectonomagmatism,
Terrains, Gyam, KC and Kataria, P
(Eds), unlversty Department of Geology Udaipur, pp 59-73

POORNACHANDRA RAO GV S, MALLIKHARJUNA RAO, J, RAJENDRA PRASAD, N P,
VENKATESWARLU, M , SRINIVASA RAO, B ad RAVI PRAKASH, S (2003) Tectonics,
correlation and palacomagnetism of Upper Kaimur Sandstones 40 th Annual Convention of
the Indian Geophysica Union, Chennai, December 2003, (Abstract)

POORNACHANDRA RAO, GV'S, MALLIKHARJUNA RAO, J, RAJENDRA PRASAD, NP,
VENKATESWARLU, M, SRINIVASA RAO, B and RAVI PRAKASH, S (20043



An Overview of Vindhyan Supergroup Palaeomagnetism 247

Pakeomagnetism and age of the Khairmaia Andesite Formation Semn Group, from SE
Rajasthan, India, (in preparation)

POORNACHANDRA RAO, GV'S, SINGH, SB ax PRASANNA LAKSMI KJ (20045)
Neoproteiozoic palacomagnetic resuits of Jodhpur Sendstones (Mawar Supergroup) Western
Rajasthan, India J Geol Soc Inda (Communicated)

POORNACHANDRA RAO, SRINTVASA RAO and MALLIKHARJUNA RAO M (2004c)
Palaeomagnetic results of Upper Rewa Govmdgah Sandstones avound Rewa India (In
preparation)

RAY, JS, MARTIN, MW VEIZER, J axd BOWRING, SA (2002) U Pb zircon dating and Sr
isotope systematics of the Vindhyan Supergroup, India Geology, v 30, pp 131134

RAY, JS, VEIZER, J and DAVIS, W.J (2003) C, 0, Sr and Pb isotope systemtics of carbonate
sequences of the Vindhyan Supergroup, India age, diagenesis, correlations and implications
tor global events Precamb Res, v 121, pp 108140

RASSMUSSEN, B, BOSE, PK, SARKAR, S, BANEREE, S, FLETHCER, IR and
MCNAUGHTON, NJ (2002) 16 Ga U Pb zrcon age for the Chorhat Sandstone lower
Vindhyan, Indid Possible implications for early evolution of animas, Geology, v 30 pp
103-106

SAHASRABUDHE, PW axd MISHRA, DC (1966) Palacomagnetism of Vimdhyan rocks of
India Bull Nat Geophys Res Instt, v 4, pp 4955

SONY, M K, CHAKRABORTHY, S andJAIN VK (1987) Vimdhyan Supergroup - A Review
Geol Soc IndiaMem, v 6, pp 87

TORSVIK, TH, CARTER, LM, ASHWAL, LD, BHUSHAN, SK, PANDIT, MK ad
JAMTVEIT, B (2001) Rodima redefined or obscured palasomegnetism of the Malani
igneous suite (NW Indig) Precamb Res, v 108, pp 319 333

TUGARINOV, A 1., SHANNIAN, L L, KARAKOV, G A, and ARKEYANIAN, M M (1965) On
the g\aucomllc ages of the Vmdhyan System, India Geokhimiya v 6, pp 652 660

VEEWERS, JJ, POWELL, C MCA, ad ROOTS, SR (1991) Review of seefloor spreading
around Australia, | Synthesis of patterns of spreading Aust J Earth Sci, v 38, pp 373
389

VENKATACHALA, B'S, SHARMA, M and SHUKLA, M (1996) Age and life of the Vindhyans
- Facts and Conjectures (In) Bhattacharya, A (Ed) Recent Advances in Vmdhyan Geology
Geol Soc India Mem, v 36, pp 137-165

VINOGRADOV, AP, TUGARINOV, Al, ZHYKOV, CI, STAPNIKOVA, N, BIBIKOVA,
EA, ad KHORRE, K G (1966) Geochronology of the Indian Precambnan 22nd Int Geol
Congr, Part 10, pp 553-567

WILLIAMS, GE and SCHMIDT, PW (1996) Origin and palasomagnetism of the Mesoproterozoic
Gangau Tilloid (basd Vmdhyan Supergroup), Centrdl India Precamb Res, v 79, pp 307-
325



