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Post-Gondwana tectonics of the Indian

Peninsula

K. R. Subrahmanya

Department of Manne Geology, Mangalore Untiversity, Mangalagangotn 574 199, India.

The concept of plate tectonics implies that the plate
boundaries are sites of tectonic activity and that regions
within the plate are stable. Exceptions to this rule are
known from the Indian Ocean where the oceanic crust
Is undergoing folding and fracturing. Examples of
Intraplate deformation within the continental crust are
rare. The uplift of landmass in the region of 13°N of
the Indian peninsula is one such unusual occurrence.

THE peninsular India, which is a Precambrian shield
area, 15 considered to be a stable landmass. Hence it
i1s generally believed that no major earth movements
are possible in this region. This view gains strength
from the fact that the Peninsula is an intraplate region
bound by passive margins on all sides except in the
north. Although this picture is generally true, there is
evidence to indicate that certain regions have been active
over a considerable period and have left their imprints
on the landforms"?. Most of the major geomorphic
features owe their genesis to the post-Gondwanaland
plate tectonic regime.

The following picture emerges when the history of
the Peninsula is traced over the past 150 Ma. It is then
that the East Coast emerged due to its separation from
Antarctica and Australia. The West Coast came into
being much later, due to separation of India from
Madagascar. This event can be placed at 93 Ma if the
columnar rhyodacitic volcanics of St. Mary istands oft
Karnataka coast™ represent the rift stage volcanism.

This was followed by the hotspot volcanism which
gave rise to Deccan Traps (67 Ma). Due to northerly
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Figure 1. Scparabon of Madagascar from Indha along an MOR closwe
to Madagasear (93 Ma). Titung of blocks and fonnation of scaps
along the Western macgin of India (Western Ghaes) and the eastetn
margin of Madagascar, Instiation of castesly dramage i India (indicated
by an arrow on the Deccan platcau), Outpouring of large quanuty of
basalue lava resultng m Deccan Traps (67 M) and a marginal plateau
in the Arablan Sca (67 Ma 10 &40 Ma)
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movement of India, the hotspot left its trail as a marginal
plateau in the Arabian Sea, which was later split into
two, Mascarene Plateau and Laccadive-Chagos ridge
due to northerly shift of the spreading axis around 40
Ma. The collision of India with the Asian mainland and
continued creation of new crust in the Indian Ocean
has tilted the Indian Peninsula in a northerly direction.
The continued sea floor spreading has resulted in uplift
of the landmass along the Mulki-Pulicat lake axis.

Easterly tilt of the Peninsula

Associated with the origin of the West Coast (passive
continental margin)’ was the development of the Arabian
Sea and the genesis of the Western Ghats®. The counter-
part of the Ghats i1s seen along the East Coast of
Madagascar where a simtlar scarp faces the Arabian
Sea and the landmass has a westerly tilt. The formation
of the Western Ghats gave an easterly tilt to the entire
Peninsula. As a consequence, a dominant easterly
drainage developed (Figure 1). However Cox’ considers
the drainage of the Peninsula as radial and related to
dome-flank systems. Radhakrishna® while disagreeing
with the views of Cox opines that the easterly drainage
reflects uplift along a linear belt. The easterly tilt was
also responsible for commencement of sedimentation
along the East Coast which i1s now represented by the
Cretaceous rocks of Tiruchinapally area'. Subsequent to
the 93 Ma event which saw the initiation of the Arabian
Sea, another event of great significance was the Deccan
volcanism (67 Ma)® when enormous quantity (about one
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Figure 2. Northerly shift of spreading axis resulting 1o {urther uphilt
of Western Ghats (40 Ma) Separation of Mascarene Plateau from
Lak<hadweep-Chagos ndge

528

million cubic kilometers) of lava flowed out as a result
of Reunion hotspot activity. The lava which flowed on
the already elevated Western Ghats, resulted in giving
a variable dip and slope to the region (for example,
the Panvel flexure). The open asymmetrical anticline,
changes in the direction and intensity of its plunge’ can
all be ascribed to the nature of topography prior to lava
flow and the nature of lava flow itself. Viewed this
way, the structures seen in Deccan Traps can by and
large be considered primary.

As the northward movement of India progressed due
to continued spreading along the Indian Ocean ridge
system, the relative southerly movement of the Reunion
hotspot left its trail in the form of a marginal plateau
of the Arabian Sea. This scenario lasted for a period
of 27 Ma between 67 and 40 Ma. Around 40 Ma, the
shifting of the spreading ridge from a position close to
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Figure 3. Nature of coastline in different parts of India (Adapted
from the Map ‘Coastal Landforms of India’, GSI, 1972). Sub-
mergent (cliffed) coast in the north (Konkan) and emergent

(alluvial plains) coast in the south (Malabar) with transitional
coast 1n between.
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Madagascar to one closer to India (the Carlsberg ridge)
resulted 1n the splitting of the marginal plateau into
two—the Mascarene plateau and the Lakshadweep-
Chagos ridge'” (Figure 2). This must be the time when
the Western Ghats experienced a further major uplift.
Subsequent to this, there may have been several episodes
of minor uplift as indicated by the planation surfaces
at altitudes of about 50, 200, 800, 1100 and 1400 m,
noticed to the west of Western Ghats. As the Indian
subcontinent 1s anchored to the Asian mainland, spreading
along the Carlsberg ridge can be accommodated mainly
by underplating of mantle material. This may explain
the minor uplifts along the Western margin of India.

Northerly tilt of the Peninsula

The coastal geomorphology of India'* (Figure 3) indicates
that the West Coast can be roughly demarcated into
two regions: the northern having a submergent character
(the Konkan coast) and the southern having an emergent
nature (the Malabar coast). The plausible explanation
for this situation is that the Indian plate tilted northward
due to subduction, collision, and continued spreading
in the Indian Ocean. This tilt caused the submergence
of the coastal plains of the Konkan, making the Ghats
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come closer to the sea, thus giving it a cliffed character.
The same process has lifted up the Malabar region, thus
exposing part of the continental shelf resulting in a
wide coastal plain. The hinge line separating the two
distinct coasts is situated to the south of Karwar. Similar
features along the East Coast cannot be identified as
they are masked by deltas of major rivers.

East-West trending upwarp

The Indian plate is a zone of compression and the
compressive forces are not being fully accommodated
at the collision boundary. This has resulted in the
intraplate deformation in the equatorial region of the
Central Indian Ocean'”'*. The same forces are acting
on the landmass too. The rheological pattern being
different in oceanic and continental crust, the manifes-
tations are to be distinct. The nature of drainage pattern
around 13°N (Mulki-Pulicat lake axis, Figure 4) indicates
the presence of a major water divide separating the
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Figure 6. Map of the Peninsula indicating Easterly ult (93 Ma &
40 Ma), Northerly tilt (post collision} and upwarp along Mulki—Pulicat
lake axis (post-collision to Recent).

north flowing rivers from the south flowing. It is possible
to interpret this as an ancient arch. However, even if
it 1s a Precambrian basement feature, there are evidences
to indicate that this ridge is active now. One of the
evidences 1s that the drainage developed on the Quater-
nary landforms along the cast and west coasts also have
an east-west water divide. Even the drainage in the
older surfaces is migrating away from the arch“. In
addition, the protrusion of landmass near Mangalore
along the West Coast and near Madras along the East
Coast'®, more precisely at the extremities of the Mulki—
Pulicat lake axis, is a further proof of uplift. The
offshore bathymetry in the Mangalore region, when
compared with earlier records indicates shifting of the
contours away from the land indicating shallowing of
the sea. The picture is different 1n the adjacent areas,
which points out that this feature is not related to
sedimentation. The progradation and uplift i1s substan-
tiated by the tide gauge records of Mangalore and
Madras which indicate a relative fall in sea level
(Figure 5). Accretion along beaches”, presence of
beach ridges'", occurrence of dead oyster colony a
few centimeters above the highest high water line
near Mangalore, highly dissected nature of the latentic
plateau in the southern Karnataka coast are ample
evidences to show that the uplift has been active
during Holocene. The Bouger and Free-Air anomaly
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maps® show gravity highs approximately coinciding
with this upwarp. The complimentary troughs that are
to be associated with the ridge are seen to the south
and north, but they are not prominent.

From the foregoing, it i1s evident that the Indian
Peninsula is not as stable as it is believed to be (Figure
6). The youthful topography of the Western Ghats, the
submergent and emergent nature of coasts, the behaviour
of drainage along Mulki—Pulicat lake axis are all pointers
in this direction.
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