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In the Deccan Trap, the west coast around Mumbai is presently designated as a “sheared margin” with nearly N-S

trending strike-slip brittle shears. The eastern part of the Deccan trap shows prolific conjugate strike-slip faults. Tertiary

and Quaternary reactivations of the sub-Trappean discontinuities had a geomorphologic implication since they modified

the Deccan drainage systems.The marine geophysical investigations carried out in the western offshore regions have

yielded a detailed understanding of the role of Deccan volcanism on the India-Seychelles-Madagascar breakup and the

subsequent formation and evolution of the Western Indian Ocean. The revised plate tectonics takes care of the micro-

continental slivers and the extinct spreading centers. The fossil Gop-Narmada-Laxmi Triple Junction was initiated by the

earliest manifestation of the Deccan volcanism ~ 68.5 Ma. The Western Indian Ocean depicts a sharp drop in the spreading

rate at around chron C28no (~ 63.63 Ma), soon after the main pulse of the Deccan volcanism. Based on the correlation of

estimated 40Ar/39Ar ages for the onshore Ghatkopar-Powai tholeiites and the inferred age of the Raman-Panikkar-Wadia

seamount chain in the Laxmi Basin, both these features are interpreted to represent the volcanic emplacement coeval to the

Deccan volcanism at ~ 62.5 Ma.
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Introduction

The (sub)horizontal stratification of the basaltic flows

that can be traced across several tens of km led to

the erstwhile conclusion that the Deccan Volcanic

Province (DVP; Fig. 1) is a tectonically stable,

structurally undisturbed terrain of Peninsular India.

Its current geomorphology was attributed to

continental-scale isostatically driven cycles of uplift.

The advent of remote sensing and global digital terrain

data, modern computing techniques, and focused

software solutions provided a fascinating platform for

assessing the morphological evolution of terrains.

Drainage anomalies in this terrain recorded through a

quantitative geomorphic analysis were ascribed to

Quaternary climate changes rather than the structural

controls or the neotectonic activity. The different sub-

provinces of the Deccan trap viz., Saurashtra

(+Kutch), Malwa Plateau, Amarkantak Plateau,

Satpura and Deccan Plateau presumably have distinct

eruptive histories (Kale, 2020). The structural features

such as the Panvel flexure (Samant et al., 2017) were

linked with the eruptive history of the Deccan Traps

during the passage of the Indian plate over the Rèunion

hotspot and its separation from Madagascar and

Seychelles (Misra et al., 2014).
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Structures and Tectonics

Based on seismic image interpretation and gravity

studies, Misra et al. (2015) decipher that the Laxmi

ridge is composed of high-density oceanic crust. Radha

Krishna et al. (2002) conclude that the Laxmi ridge

is underlain by continental crust up to 11 km depth,

and there exists a dense rock (3.0 g cm–3) between

11-26 km. A stretching factor (β) > 3.0 is estimated

from the lithosphere below the Laxmi-Gop basin region

by Rao et al. (2018), and they interpret this as an

outcome of extension either since India–Madagascar

rifting or even much before. Recent gravity studies

of the DVP document its lithosphere at the NW part

is thinner. Mitra et al.’s (2015) geochemical studie

sreveal the smectite and kaolinite variations related

to the faults bounding the Matanomadh Basin

(Gujarat). They deciphered a Cenozoic rifting-induced

palaeoslope.

Misra et al. (2017) study subsidence on the

ridges in the NW Arabian Sea and seismic carbonate

facies to analyze the role of the Deccan mantle plume

in the tectonics of the offshore DVP. Gupta et al.

(2017) use multiple geophysical techniques in the

Koyna region to explain the seismicity induced by

cyclic loading and unloading of water in the artificial

reservoirs since 1967 (also see Gupta et al., 2015).

Fig. 1: Generalized tectonic map of the Indian subcontinent showing major tectonic units. The Indo-Gangetic alluvial plains

represent the Quaternary alluvial plains. Orange shaded area: Indian Peninsular Shield, capped in the west-central

parts by the green shaded DVP. Dashed green line: postulated outer limits of the DVP. Red dashed lines: major active

zones of structural heterogeneity. Red arrows: the direction of plate movement. Blue arrows: the plate movement

driven by ocean floor spreading of the Indian Ocean
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Borehole investigations by these authors reveal weak

planes, viz., foliation planes, and faults. Sarkar and

Saein (2017) highlight the need for doing new seismic

studies to constrain faults in the Koyna region better.

Subbarao and Courtillot (2017) question the tectonic

significance of the triangular fracture set in the Warna

region. Kumar and Dixit (2017), based on local

earthquake tomography document a ~ 5 km wide and

3-7 km deep seismic cluster south of the Warna region.

Patro et al. (2017), based on ground electrical and

electromagnetic studies, deduce the thickness variation

of the Deccan trap lava around the Koyna region. A

similar approach by Patro et al. (2018) reveals the

same in other parts of the western Ghat as well. The

P-wave receiver functions enable Mandal (2017) to

delineate the crust-mantle structure below the rift zone

in the Kutch region, which he links with the lower-

crustal seismicity. Rajaram et al. (2017) identify

seven sub-surface lineaments in part of the Deccan

Trap region based on the magnetic study. These

lineaments are linked by them with the brittle shear

zones, faults and river courses. The work can have a

far-reaching implication since these lineaments can

lead to the identification of  blind faults/shear zones/

sediment-filled basins. Maurya et al. (2017) present

the neotectonic roles of the active faults in the Kutch

region. The work is relevant in the present-day

seismicity and inversion of the Kachchh basin.

Interestingly, Maurya et al.’s (2017) ground-

penetrating radar studies document a few blind faults

as well. Using borehole image logs, Chatterjee et al.

(2017) document typical fracture patterns from the

basement of the Cambay basin, which is the Deccan

trap rock. Kaotekwar et al. (2014) detail the primary

volcanic structures from the Deccan basalts at

Anantagiri Hills (Andhra Pradesh).

Several papers have come up related to the field

interpretation of dykes from the DVP in the last few

years. The structural field studies by Misra and

Mukherjee (2017) reveals differences in the structural

deformation of different age groups of basaltic dykes

in the province. An older c.65.5 Ma group of dykes

(Group I) are faulted and lack a uniform trend.

Younger c.65-63 Ma Group II and Group III dykes

are syn- to post-deformation intrusions and intrude

into the faults. The authors point out that, in addition

to the dyke trends, the direction of the Seychelles –

India separation can also be studied from the attitude

of the brittle shear planes exposed in the coastal region

of the Deccan Trap.

Based on detail geomorphologic studies, Kaplay

et al. (2017a) interpret neotectonic signatures around

the city Nanded near the eastern extremity of the

Deccan trap in the state Maharashtra. Interestingly,

the numerical model of Yadav and Tiwari (2018)

reveals 20-25 MPa magnitude of the present-day

NNE-oriented stress active in the Deccan trap.

Neotectonic activities in the Deccan trap, therefore,

seems plausible. The other signature of neotectonics

is landslides, which have an additional constraint of

erosion around the Mahabaleshwar area (Joshi et al.

2018). A neotectonic role of slides in the Kalsubai

region cannot be ruled out (Gawali et al. 2017).

Kaplay et al. (2017b) report dykes from the Kinwat

region in the eastern part of the Deccan Traps. Based

on the occurrence of faults and lineaments, the

authors consider Kinwat to be a future location of

intra-plate seismicity. Babar et al. (2017) report brittle-

sheared NE-trending dykes from the Aurangabad

region that match the trend of the Narmada – Tapti

lineament. They also report from the field the local

directions of lava flows.The NW part of the DVP

has been geophysically proved to have significantly

altered crustal and mantle structure due to the Deccan

volcanism (Deshpande and Mohan 2016).

Recently, mapping of flow layers and field

studies by Bhave et al. (2017) reveal an NW-trending

Sutawardi Fault Zone with reverse faulting, traceable

for ~ 5 km, around the Koyna-Warna seismic zone.

This fault needs further studies to find its relevance

in the Deccan tectonics.

From the Saurashtra region (Gujarat), Vanik et

al. (2018) identify multiply activated, brittle, localized,

reverse, oblique-slip Katar fault with a sinistral slip

component near the location Rajula/Katar. Very detail

fault slip analyses by these authors conclude that the

Katar Fault is a post-Deccan trap oblique-slip reverse

fault with a sinistral slip component arising due to the

movement of the Indian plate. High-velocity seismic

anomalies reaching up to the Moho in the Saurashtra

region probably indicates the intrusives related to the

Deccan Traps (Prajapati et al. 2016). Mishra et al.

(2017) and Sinha et al. (2017) detail the structural

geology (fractures, faults, conjugate joints, gouge, and

breccia) to some extent from the basement rocks

located at the Koyna deep drilling site.
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Structurally Affected zones: Few Specific

Regions

Konkan Coastal Belt

Westward dips have been recorded in the basaltic

flows and intertrappeans along this belt associated

with the Panvel flexure in the northern parts of the

Konkan Coastal Belt (Dessai and Bertrand, 1995;

Misra et al., 2014). In the southern regions, several

NW-SE trending faults/shear zones have been

recorded (Kale et al., 2014; Arora et al., 2018) that

affected presumably not just the Deccan basalts but

also the capping lateritic cover and the basement of

the Deccan Traps. The recent studies related to the

Koyna–Warna Seismic zone suggest that the NW-

SE trending Chiplun lineament (Kale et al., 2014) may

have a close connection with the ongoing seismic

activity in the zone; and that it is a reactivated basement

shear (Arora et al., 2018). This compares well with

the emerging models that many of the deformation

zones in the DVP represent reactivated basement

zones of weakness having a long history of episodic

tectonics (Peshwa and Kale, 1997; Kale et al., 2017).

Narmada Valley

Different blocks of crust across the length of the

Narmada river uplifted/subsided differentially in the

post-Trappean times. This is further supported by

geological and geophysical observations (Ravi Kumar

et al., 2015; Valdiya, 2016; Kumar et al., 2019). The

dyke swarms along the Narmada river indicate that

the river trace is one of the foci of the eruption of the

Deccan Traps (Shrivastava et al., 2017). The

interpretation of geophysical data (Ravi Kumar et al.,

2015; Kumar et al., 2019) of the > 52 km thick crust

along the Narmada–Tapi belt as against its flanks

(reducing to < 40 km) requires significant field data

to understand the evolution of the valleys of the two

(anomalously) westerly flowing rivers, the Narmada

and Tapi and the Satpura belt between them. Lack of

data and studies along this zone renders ambiguity in

the existing models of this region as a horst, graben,

or otherwise (Sheth, 2018; Kumar et al., 2019).

Western Ghats Escarpment/Sahyadri Ranges

These features suggest that neotectonic differential

uplift can explain the current morphometric set up on

the flanks of the WGE (Kale et al., 2017) and the

downstream topography in the Deccan Plateau.

Deccan Trap in the Indian Western Offshore

The western continental margin of India and the

adjacent deep ocean basins containing the imprints of

rifting and the subsequent evolution are further

affected by several major geodynamic events, e.g.,

the Marion and the Rèunion hotspots volcanisms at

~88 Ma and ~65-66 Ma (Storeyet al., 1995; Courtillot

et al., 1988), extinction of spreading centers at ~60.25

Ma and ~56.4 Ma (Bhattacharya and Yatheesh, 2015;

Shuhail et al., 2018), ridge jumps at ~63 Ma (Misra

et al. 2015) and the India-Eurasia collision initiated at

~52 Ma.

Revised Plate Ttectonic Evolution Model for the

Western Indian Ocean (88.0 to 56.4 Ma)

Bhattacharya and Yatheesh (2015) review all the

available constraints and utilized their data to provide

a revised and updated plate tectonic evolution model

for the Western Indian Ocean between 88 to 56.4

Ma. They conclude that the most reasonable

interpretation of age in the Laxmi and the Gop basins

represent the magnetic anomaly sequences of C30n-

C25r-C30n (67.6-56.4 Ma) and C29r-C25r-C29r

(~64.8-56.4 Ma), respectively. In both the basins, these

identifications suggest a drop in the half spreading

rates after the time of the peak of Deccan Flood

Basalt volcanism, and there will not be much

difference in the ages of the Laxmi and the Gop basin

regimes. Shuhail et al. (2018) attempt to improve this

model to depict the formation and evolution of

conjugate tectonic elements from the SW continental

margin of India and SE continental margin of

Madagascar. This revised model also suggests a sharp

drop in the half spreading rate during the evolution of

the Mascarene Basin at around C28no (~63.63 Ma),

i.e., soon after the peak of the Deccan Flood Basalt

volcanism. This timing nearly coincides with a sharp

drop of spreading rates observed in the Laxmi and

the Gop basins and the opening of the conjugate

Arabian and Eastern Somali basins between the Laxmi

Ridge and the Seychelles Plateau.

Correlation of Onshore-offshore Deccan Volcanism

Pande et al. (2017) carry out a geochronologic

investigation on the tholeiitic flows and dykes in the

Ghatkopar-Powai area located in the structurally

disturbed Panvel flexure zone on the Indian mainland.

Dating of these seaward dipping pre-flexure flows
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and the sub-vertical post-flexure dykes yield 40Ar/
39Ar ages of 62.5 Ma, indicating that the Panvel

flexure has formed very rapidly and instantaneously

at 62.5 Ma. Since the age of 62.5 Ma has significance

in terms of the tectonic events occurred in the deep

offshore regions adjacent to the western continental

margin of India, they correlate the 62.5 Ma old

onshore-offshore magmatism with the India-Laxmi

Ridge-Seychelles breakup. One major coeval event

is the onset of seafloor spreading between the Laxmi

Ridge and the Seychelles Plateau that created the

conjugate Arabian and the Eastern Somali basins. This

inference was based on the oldest magnetic lineation

representing the chron C28ny (62.5 Ma) identified

from the Arabian Basin (Laxmi Ridge side) and the

Eastern Somali Basin (Seychelles side). Pande et al.

(2017) infer that the onshore emplacement of the

Ghatkopar-Powai tholeiitic flows, the dykes and the

offshore emplacement of the Raman-Panikkar-Wadia

seamount chain formed coevally to an intense phase

of Deccan volcanism ~62.5 Ma.

Laccadive Basin and Surroundings

Bijesh et al. (2018) carry out a detailed marine

geophysical investigation over the bathymetric high

features located in the southwestern continental margin

of India, Laccadive Basin, andthe eastern sector of

the Laccadive Plateau. They infer the detailed

morphological characteristics of all these features and

create a database with the derived morphometric

parameters.

The Offshore Extent of the Deccan Flood Basalt

The size of the Deccan Flood Basalt on the Indian

mainland has been mapped in detail by field geologists.

However, its offshore size is poorly constrained

geophysically. This is probably due to the unavailability

of adequate marine geophysical data and the lack of

an appropriate approach to determine the flood basalt.

Kumar and Chaubey (2019) attempted to delineate

the offshore extent of the Deccan Flood Basalt using

the P-wave velocity in flood basalt (4.2-5.2 km-1) as

a proxy, integrated with the drilled well results and

the seaward dipping reflectors (SDRs).

Fig. 2: Tectonic setting of the deep offshore regions adjacent to the western continental margin of India (modified after

Bhattacharya and Yatheesh, 2015 and Pande et al., 2017). R: Raman Seamount; P: Panikkar Seamount; W: Wadia

Guyot
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