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A Bouguer anomaly map of Peninsular India prepared from the published
data of the Survey of India and the Geological Survey of India, along
with some observations made by the author, is analysed in relation to the
geology of the Indian Peninsula.

Broadly speaking, the Bouguer anomaly map shows contours paralleling the
Aravalli-Eastern Ghats, Dharwar, Mahanadi and Satpura structural strike
lines. This leads to the inference that the Bouguer anomaly map probably
indicates the structural grain of the Peninsula.

The Aravallis, Satpuras, Assam Plateau, Nilgiris and Eastern Ghats show as
regions of gravity maxima. It is postulated that these gravity maxima
indicate horst-like nature of these orographic elements. Beneath them
the sub-crustal material of higher than normal density has probably been
pushed upward.

A triangular area bounded by the Satpuras, Nilgiris, Eastern Ghats and the
Western Ghats shows as a large area of relatively low Bouguer anomaly
values. It is probable that this crustal block has subsided epeirogenically
with respect to the surrounding horst-like areas.

There is some geologic evidence to speculate that the gravity minimum over
the Mysore Dharwars probably indicates a partly dissipated ‘root’ of the
now eroded away Dharwar mountains.

This study leads to the tentative conclusion that within the Indian shield
large crustal blocks have moved up and down epeirogenically during the
geologic past in-a rhythmic way, as if the earth breathes.

INTRODUCTION

The term Indian Peninsula as used here comprises most of India and
portions of Pakistan. Its geologic boundaries are indefinite, as they are
covered by the alluvium of the Indo-Gangetic Plains that separate it from the
Himalayan ranges lying to its northeast, north and northwest, and by the
waters of the Bay of Bengal, Arabian Sea and the Indian Ocean that lie
to its east, west and south.

Its topography includes several plateaus or parts of plateaus which have
escaped denudation, remnants of ancient mountains such as the Aravallis
and the Kastern Ghats, and block uplifted segments of the earth’s crust
such as the Nilgiris. The maximum known elevation of 8,837 ft. is encountered
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at the peak of Anaimudi in the Nilgiri Hills.

N. QURESHY

The major mountain ranges

and plateaus of the Indian Peninsula are shown in Fig. 1, where their average

elevations are also given.
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Stratigraphically, the Peninsula is an Archaean shield with Archaean and
Precambrian (including Cuddapahs, Vindhyans and their equivalents) rocks

over more than half of its area.

The Archaeans include Dharwars and Aravalli

metasediments, highly metamorphosed volcanic rocks, gneisses and granites.

The Precambrian rocks are but slightly disturb
intrusives.

ed sediments, volcanics and

The other rock formations that occupy the region are the sedi-

ments of Gondwana and later periods, and a vast expanse of basaltic lava

flows.
found in the Indian Peninsula are given in Table

The geologic formations and densities of the more prevalent rocks

L
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Structurally, the Indian Peninsula forms a single, rigid, horst-like erustal
block. Its rigidity has not been weakened by any overloading of large or
deep belts of deposits such as a recent geosynclinal mountain chain—except
perhaps on its margins. It has, however, had several mountain chains in
the antiquity that have been eroded to rather deep levels. Four major trend
lines or structural strikes in Peninsular India are: (1) the Aravallis and
Eastern Ghats strike lines having a NE trend, (2) the Dharwar strike with a
NNW trend, (3) the Satpura strike with an ENE trend, and (4) the Mahanadi
strike with a NW trend. It is interesting to note that in spite of its rigidity
this shield has experienced a considerable amount of fracturing and faulting.
Block faulting and development of horst- and graben-like features have occurred
at various times in its geologic history. According to Wadia (1953, p. 429)
such subsidence of blocks is represented by trough-faulting of the Gondwana
basins, the Malabar and Mekran coast faults, the Narbada-Tapti faults and
the Rajputana boundary fault.

Systematic gravity studies in India have been carried out by the Survey
of India. As is well known, it was on the basis of investigations in India

TaBLE I

Densities of more prevalent rocks of Peninsular India

Density value

Rock formations Age Description
and source
Cret.-Recent Marine and alluvial sediments 2-4 gfcm3, estimated
Deccan Traps U. Cret.- Plateau basalts 2-9, Krishnan 1960a
L, Eocene
Gondwanas U. Carb.- Continental deposits, shales, 2-5, Gulatee 1948
L., Cret. sandstones, coal
Malani series Purana Rhyolites and granites 2-63, Pascoe 1959
(Precamb.)
Vindhyans Torridonian- Mainly clastic sediments ma- 2:5-2-6, rough estimate
Cambrian rine lst in lower section
Erinpura Purana Includes granites and asso- 2-65, Pascoe 1959
(Precamb.) ciated intrusives
Cuddapahs Algonkian Quartzites, shales and basic 2:75, Glennie 1951
(Purana) intrusives
Aravallis Huronian Mainly metamorphosed argil- 2-74, Gulatee 1952
laceous sediments
Dharwars Huronian Hornblende-chlotite-mica 2-85, Pascoe 1950
schists
Charnockites Archaean Hypersthene bearing granu- 2-67-3-73, Krishnan
lites 1960a
Khondalites Archaean Garnetiferous, sillimanite 2-85, Pascoe 1950
gneisses and schists
Undifferentiated Archaean Highly folded gmeissic rocks 2-73, Pascoe 1950

crystallines
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that Airy and Pratt proposed their hypotheses of isostatic compensation
in 1855. Subsequently, Burrard (1912), Hayden (1913), Oldham (1917),
Glennie (1932, 1951), among others, studied gravity anomalies in India for
geologic as well as geodetic purposes.

The present investigation is an attempt to study correlation between
the regional geology and Bouguer anomalies in Peninsular India in which the
data so far available have been used. Of the total of 1,604 stations used here,
1,553 are from the Survey of India Technical Paper No. 10 (Gulatee 1956), 23
from the Geological Survey of India published data (Kailasam 1958), and 28

;f o oF 912'
BOUGUER ANOMALY MAP OF
PENINSULAR INDIA
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are those observed by the present author durirg July, 1962, in the Salem-
Vriddhachalam area, Madras. The Bouguer anomaly map of Peninsular
India prepared from these data appears here as Fig. 2.

CORRELATION BETWEEN THE BOUGUER ANOMALY MAP AND REGIONAL
GrorogYy oF PENINSULAR INDIA

Fig. 2 shows gravity anomaly contours with four dominant treuds:
(1) the northeasterly trends parallel to the Aravallis and Eastern Ghats
strikes, (2) the northwesterly trends parallel to the Dharwar and Mahanadi
strikes, (3) the easterly trends parallel to the Satpura strike and (4) trends
parallel to the Himalayan strike. The axes of major gravity anomaly areas
are shown in Fig, 3.
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The near parallelism between the Bouguer anomaly contours and the
major strike lines in Peninsular India suggests that, broadly speaking, the
Bouguner anomaly map probably reflects the major structural grain of
Peninsular India. Superimposed on these regional trends are found highly
localized anomalies caused by near surface anomalous masses, such as the
Tertiary and Quaternary sediments, the Gondwana rocks and the Deccan
Trap lava flows. Description of different anomaly areas in relation to the
regional geology of the Indian Peninsula now follows.

Anomaly areas with northeasterly trends.—Some of the more prominent
anomaly areas with their axes running in a northeasterly direction are
(see Fig, 3):

1. Umia-Ranisar-Ludhiana High (NE 1H).
2. Palanpur-Didwana-Hissar Low (NE 2L).
3. Ghodadar-Khetri-Panipat High (NE 3H).
4. Partabgarh-Alwar-Khurja Low (NE 4L).
5. Manakhur-Agra-Bareilly High (NE 5H).
6. Dholpur-Shahjahanpur Low (NE 6L).
7. Rath-Bahraich High (NE 7H).
8. Chhindwara-Jabalpur-Sultanpur High (NE 8H).
9. Ambikapur-Gaya-Darbhanga High (NE 9H).
10. Dharmavaram-Zullakallu Low (NE 10L).
11. Ootacamund-Gudur High (NE 11H).
12. Bezwada-Angul High (NE 12H).
13. Midnapore-Shillong High (NE 13H).
14. Palghat-Salem-Gummidipundi Low (NE 14L).

Anomalies on the northern margins of the Peninsula.—The northern margins
of the Peninsula are covered with the Indo-Gangetic alluvium, and as such the
geologic knowledge regarding the structure of the older rocks that underlie
the alluvium is quite fragmentary. However, extensions of the Peninsular
structures into the Himalayan regions have often been pointed out by earlier
investigators. For example, Wadia (1931) suggested that a ridge of Penin-
sular India extends up to the northwest beneath the younger rocks, and that
it has acted as an obstacle around which the mountain waves have been
deflected. A similar extension of the shield was postulated by him (1936) to
be present in northeastern India.

It is interesting to note (see Fig. 3) that the gravity features NE 1H
through NE 9H extend far into the Indo-Gangetic plains. It is conceivable
that these gravity features reflect prongs of the Peninsular shield at depth.

Anomalies associated with the Aravally range—Particular attention may
now be drawn to the gravity minima NE 2L and NE 4L, and the maximum
NE 3H. It will be observed that the maximum NE 3H occupies the main

8s
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tract of the modern Aravallis (Neo-Aravalli range of Fermor), the minimum
NE 2L occupies the area of Malani volcanics and Erinpura granites, and the
minimum NE 4L mainly that of the Vindhyan rocks east of the Aravallis.
The average density of the Malanis, Erinpura granites and the Vindhyan
rocks is less than the normal of 2-67 g/em3. Although part of the gravity
maximum over the Aravallis may be due to the heavy rocks, such as the
Kishengarh syenites, the source of the larger part of the anomaly must, however,
lie at a depth.

Structurally, the Neo-Aravallis are considered to be a horst by Fermor
(1930). The eastern face of the Aravallis is marked by a boundary fault
along which the Aravalli tract is believed to have moved upward with respect
to the Vindhyan tract of eastern Rajputana and central India. To the west
of the Aravallis, however, no evidence of a fault has been reported so far.
But, according to Fermor, the possibility of the existence of a boundary
fault somewhere along the western front of the Aravalli range cannot be
ruled out.

The gravity features NE 2L, NE 3H and NE 4L would seem to support
the hypothesis that the Neo-Aravallis are a horst-like structure. The gravity
minima NE 2L and NE 4L may thus indicate grabens or tilted blocks with
respect to the Aravalli tract horst.

Anomalies over the Nilgiris and Eastern Ghats regions—~The Ootacamund-
Gudur (NE 11H), and Bezwada-Angul (NE 12H) Highs occur over the Nilgiri
Hills and Eastern Ghats respectively.

The Nilgiri Hills are essentially made up of charnockites and granitoid
gneisses and, according to Wadia (1942), are vertically uplifted mountains
of the ‘fault mountains ’ type. Fermor (1936-40) is of the opinion that the
Fastern Ghats and other charnockite regions have been uplifted along a belt
of weakness or fault line or zones. Krishnan (196056) considers it probable
that the Eastern Ghats proper between the Mahanadi and Krishna rivers is a
horst-like structure.

This geologic summary would seem to suggest that the gravity maxima
NE 11H and NE 12H probably reflect the horst-like nature of the Nilgiris
and Eastern Ghats.

The Palghat-Salem-Gummidipundi Low (NE 14L) may be interpreted
to reflect the corresponding graben to the south of the Nilgiris. And it will
be seen from Fig. 2 that the area to the northwest of the Nilgiris and Eastern
Ghats is also characterized by relatively low Bouguer anomaly values. The
rock formations in the area of these gravity maximum and minimumn differ
but slightly in regard to their average densities; and this suggests that the
bulk of the change in gravity value must be attributed to anomalous mass
distribution at depth.' It therefore seems probable that beneath the Nilgiris
and Eastern Ghats the sub-crust (Mantle 2) has been pushed upward.
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A plausible relationship between gravity anomalies and charnockite areas.—It
is to be noted that most of the northeast-trending gravity maxima seem to be
associated with what appear to be horst areas within the Peninsula. These
horsts are known to have had repeated vertical movements during the past
geologic ages. Moreover, they also appear to have associated with them
highly metamorphosed rocks such as the charnockites and khodalites.

The gravity data, inadequate as they are, in the southern Peninsula
would seem to support the view, first expressed by Fermor (1936-40), that
the charnockites were probably consolidated at considerable depth, and have
been subsequently pushed up.

Anomualy areas with northwesterly trends—The major anomaly areas
with their axes running in a northwesterly direction are:

1. Lyallpur-Ranisar High (NW 1H).
2. Khanpur-Dalmera Low (NW 2L).
3. Bahawalpur-Bikaner High (NW 3H).
4. Ahmadpur East-Bap Low (NW 4L).
5. Jacobabad-Umarkot-Petlad High (NW 5H).
6. Umia-Rajkot-Jambusar Low (NW 6L).
7. Khetri-Amarpur-Satna High (NW 7H).
8. Seroni Road-Piprai-Amdara Low (NW 8L).
9. Baran-Bhopal High (NW 9H).
10. Ghodadar-Dhar High (NW 10H).
11. Palanpur-Pavargarh Low (NW 11L).
12. Gaya-Burdwan Low (NW 12L).
13. Daltonganj-Ranchi-Jaleswar Low (NW 13L).
14. Amarpur-Hingir-Angul Low (NW 14L).
15. Bhandara-Paloncha Low (NW 15L).
16. Warud-Yellandlapad Low (NW 16L).
17. Sholapur-Raichur Low (NW 17L).

18, Mahad-Dharwar-Mandya Low (NW 18L).

Somewhat poorly defined anomaly areas NW 1H through NW 6L occupy
regions of the Thar Desert of Punjab and western Rajasthan, the Rann of
Kutch and the Kathiawar Peninsula. There is geologic reason to speculate
that the Rajasthan shield may be fractured in places with the resulting vertical
movements within this shield area. And this leads to the suggestion that
the anomaly areas NW 1H through NW 6L probably indicate either the
basement topography or segments of a dissected crust, or more likely a
combination of the two.

Attention may now be drawn to the Lyallpur-Ranisar High (NW 1H).
Auden (1949; 1951) considers this gravity maximum to be caused by a
concealed ridge of Precambrian rocks, and further believes this ridge to be a
continuation of one of the western ranges of the Aravallis.
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It will be seen from Fig. 3 that this gravity feature falls in line with the
gravity features NW 9H and NW 16L in south-central India. It is conceivable
that these gravity features indicate a major lineament or a zone of weakness
along which movements might have occurred during different geologic ages.

Similarly the Jacobabad-Umarkot-Petlad High also aligns with gravity
features NW 17L and NW 20L in southern India. A postulate that these
features may indicate a lineament extending from Sibi to Madras is worth
considering,

The anomaly areas NW 7H through NW 11L occupy parts of eastern
Rajasthan, Madhya Pradesh and Gujarat. Various geologic formations
encountered in the region of these gravity features include the Archaeans,
Vindhyans, Deccan Traps, Cretaceous and Tertiary sediments, and Quaternary
and Recent alluvium.

The Amarpur-Satna section of the maximum NW 7H occupies portions
of the Bundelkhand granite massif in Madhya Pradesh. Apparently this
gravity maximum probably reflects the horst-like structure of the Bundel-
khand massif. )

The Khetri-Amarpur section of the maximum 7H, although of some
interest, is very poorly defined. More data are needed before an interpretation
of this gravity feature can be attempted.

The axis of the maximum anomaly NW 9H extends southeastward from
Baran, Rajasthan through Bhopal to the Narbada river. In the southern
three-fourths of the area of this gravity feature Deccan Traps are exposed,
whereas in the northwestern portion it is the Vindhyans that outcrop.

Reference to the geology of Narbada valley (Pascoe 1950) reveals that
near Chhipaner, about 50 miles southwest of Bhopal, Archaean rocks striking
in a northwesterly direction and showing crush structure are exposed in the
bed of the river.

At present it is rather difficult to say whether the gravity feature NW 9H
indicates local thickening of the Deccan Traps, or some northwest-trending
sub-Deccan Trap structural feature. The geology of the Narbada river would
seem to support the latter view.

The Ghodadar-Jhabua-Dhar High (NW 10H) and the Palanpur-Pavargarh
Low (NW 11L) occupy portions of southeastern Rajasthan, northwestern
Gujarat and southwestern Madhya Pradesh.

The oldest rocks exposed in the region of these gravity features are the
Aravallis, The strike of these rocks swings from a north-northeasterly
direction to northeast in the east, which becomes almost E-W further east.
And it is this E-W component which predominates in the rocks through
central India to Madhya Pradesh, Singhbhum and Son valley.

The Bouguer anomaly map shows a change from NE-SW to almost
NW-SE in the pattern of Bouguer anomaly contours south of the Palanpur-
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Ghodadar latitude. Whether or not this change in the trend of gravity
contours is related to the change in the strike of the Archaean rocks is not
clear at present, because the gravity observations in this rather structurally
critical area are too meagre.

The Amarpur-Hingir-Angul Low (NW 14L) occupies the region where
Gondwana rocks are exposed. This gravity minimum probably indicates
the Mahanadi Gondwana basin. 1t is, however, interesting to note that this
gravity feature is almost in line with the Khetri-Amarpur-Satna High. The
speculation may be offered that these gravity features indicate another major
lineament.

The Mahad-Dharwar-Mandya Low (NW 18L) in its northwestern one-
third lies over the region where the Deccan Traps lie on surface. The south-
castern two-thirds of this minimum, however, falls over the Dharwars and
other associated Archaeans of Mysore.

The general strike of the Dharwar outcrops in Mysore is NNW-SSE.
They comprise a number of bands of schistose rocks. Their average density
is of the order of 2-85 g/ecm3. Structurally these bands are believed to be
remnants of synclinal folds with a northerly plunge. Stratigraphical base
of the Dharwar system has not been recognized anywhere with certainty;
and this led Fermor (1919) to suggest sub-crustal fusion, i.e. remelting of
the pre-Dharwar granitic crust, with accompanying fusion of the base of the
overlying Dharwars.

These views of Fermor provide at least one explanation for the gravity
minimum over the Dharwars of Mysore; because at least qualitatively the
gravity minimum may indicate a partly dissipated ‘root’ of the ancient
Dharwar mountains. And thus the sub-crustal fusion as suggested by Fermor
might have been a manifestation of the destruction of the ‘root’ of the now
eroded away Dharwar mountains.

However, two other alternatives that may also account for the gravity
minimum are: (1) a general tilt to the Peninsula towards the northwest as
was postulated by Fermor (1936-40) on geologic reasoning and (2) epeiro-
genic sinking of the Dharwar-Mysore block of the Peninsula with respect to
the Satpuras, the Western Ghats and the Nilgiri-Eastern Ghats regions. 1t
is worth noting in this connection that the average elevation (see Fig. 1)
of this block is lower than those of the surrounding areas.

Anomaly areas with east and east-northeasterly trends.~Of the anomaly
areas with their axes running east or slightly north of east, the attention is
drawn to :

1. Barwani-Barkhera-Bakal Low (E 1L).
2. Navapur-Balaghat-Hingir High (E 2H).

These two gravity features occupy the regions of Malwa plateau, Vindhyan

range and Satpura mountains. Fig. 4 shows a Bouguer and Airy-Heiskanen
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anomaly profile across the Vindhyan and Satpura ranges from Ratlam
(23° 20" N; 75° 03’ E), Madhya Pradesh to Ladkhed (20° 20’ N; 77° 56’ E),
Bombay.

Of special interest along this profile is a ‘low’ between Ratlam and
Talwadia as it occurs where the Deccan Traps are on surface. The minimum
anomaly value (Airy-Heiskanen, T = 30 km) of —39 mgals is found at
Kalbund, some 40 km north of the Narbada river in the Malwa plateau region.
Very little is known about the sub-trap geology of this area. It is, however,
a geologic possibility that the Vindhyan rocks may exist beneath the traps.
If so, then a thickness of approximately 45 km of Vindhyan sediments
(density about 0-2 g/cm3 less than normal) would account for this anomaly.

It is worth noting that in the Bagh area, which is the southwestern
extreme of the area covered by the minimum E 1L, marine Cretaceous beds
(Bagh beds) are known to occur. These beds were probably laid down in
an arm of the Tethys sea which transgressed into the Narbada valley area
from the northwest.

It is not known as to how far to the northeast of Bagh this sea might have
extended, because the region is covered with the Deccan Traps. Tt is con-
ceivable, however, that the gravity low in the Bagh-Kalbund area may indicate
a pre-Deccan Trap sedimentary basin in which the Bagh beds and perhaps
other older sediments might have been deposited. It may be well to point
out here that a gravity minimum also occurs over the Kathiawar-Kutch
region (NW 6L) in the area where Deccan Traps lie on surface. It is probable
that there also the gravity ‘low’ may be associated with the Mesozoic basin
of Kutch and Kathiawar.

However, if the assumption be made that beneath the traps little or no
light density rocks exist, then the anomaly may have to be explained in
terms of dislocation at either the base of the Airy crust or at the boundary
of the so-called ‘granitic’ and ‘basaltic’ crusts.

Anomaly over the Satpura mountains region.—A broad ‘high’ with an
average Airy-Heiskanen anomaly of plus six mgals is found to occur over the
Satpura mountains part of the profile shown in Fig. 4.

It is probable that the anomaly indicates a local thickening of the basalt
(density == 2:91 g/em3) in the Talwadia-Mano area. If all of the plus six
mgals be attributed to this cause, then the basalts in this region should be
06 km thicker than in the adjoining areas to the northwest and southeast.
But, in view of the large horizontal extent of the basalts, this interpretation
seems improbable,

Reference to the geologic literature indicates that Wadia (1942), among
others, believes that the Satpura chain of mountains have been produced
by parallel linear faults, and probably in post-Eocene times. Tt would seem
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that, like the Neo-Aravallis, the Eastern Ghats, the Nilgiris and the Assam
plateau, the Satpuras are also a horst-like structure.
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The rather low amplitude isostatic anomaly over the Satpura mountains
may thus indicate the horst-like nature of these mountains. The average
Airy-Heiskanen anomaly of plus six mgals would mean that the sub-crust
(Mantle 2) has been pushed upward by approximately 240 m. It is also
probable, however, that the crust beneath the Satpuras is normal; and that
it only appears as an area of gravity high with respect to the gravity lows
over the subsided areas to the north and south.

StMMARY AND CONCLUSIONS

Although presently available data are found to be lacking for an elaborate
and quantitative investigation, the present study suggests that a fair degree
of correlation does exist between the Bouguer anomaly map and regional
geology of Peningular India.

The Aravallis, the Satpuras, the Nilgiris, the Eastern Ghats and the
Assam platean show as regions of gravity maxima. It is inferred that these
gravity maxima indicate horst-like nature of these orographical features.

The Deccan Tableland which shows as a large area of gravity minimum
is postulated to have sunk epeirogenically with respect to the Western Ghats,
the Satpuras, the Nilgiris and the Eastern Ghats. Because of the lack of
data it is not clear whether the gravity maxima surrounding the Deccan Table-
land reflect the superimposed Peneplains of Peninsular India as was deduced
by Wadia from his geologic studies in Ceylon in 1943 (Wadia 1943).
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Within this large Deccan Tableland crustal block, several gravity maxima
and minima are found. These may be due to local sinking of blocks within
the Deccan Tableland. The Cuddapah, Kurnool and Gondwana basins which
lie within this block are associated with localized gravity minima.

Of the regions of ancient mountain systerms, it is only that of the Dharwars
of Mysore which shows as gravity minimum. It is likely that this minimum
indicates a partly dissipated ‘root’ of the Dharwar mountains.

It appears that within the Indian shield large crustal blocks have moved
vertically with respect to one another. It is not clear as to why the ancient
land masses have shown tendency to rise rather than to sink. Answers to
fundamental questions of this nature should await further data and studies.
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