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Cretaceous-Paleocene extension at the southwest continental margin
of India and opening of the Laccadive Basin: Constraints from
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Abstract. Previous geophysical investigations of the Western Continental Margin of India (WCMI) confirm the deuble-two-phase
breakup history of the margin with the first breakup taking place between India and Madagascar in Late Cretaceous and the sec-
ond breakup event in early Paleocene with Seychelles separation-separating from India. Despite numerous geoscientific studies
along the WCMI, the opening of the Laccadive Basin, lying along the southern part of the margin, is-not-diseussedremains
poorly constrained. In this study, we evaluate the multi-channel seismic reflection and gravity anomalies at the margin to iden-
tify the early rift signatures in conjunction with the magnetic anomaly identifications in the Mascarene Basin. The analysis
led to the identification of two extensional directions, a ENE-WSW oriented extension over the Laccadive Ridge north of
Tellicherry Arch, and the NW-SE extension in the Laccadive Basin region towards seuth—Plate-the south. Previous plate re-
construction models of the Mascarene Basin staggest-using marine magnetic lineations suggest that the ENE-WSW extension
observed over the Laccadive Ridge could be related to the India-Madagascar separation. Hewever,—the-sediment-depesition
pattern-We associate the pattern of sediment deposition and the presence of Paleocene-trap-a Paleocene trap, associated with
the NW-SE extensional grabens observed in the Laccadive Basin regionhas-been-attributed-to-, to the extension between the
Laccadive Ridge and the West coast of India after the separation of Madagascar from India. We further propose that the

anti-clockwise rotation of India and the passage of the Réunion plume have facilitated the opening of the Laccadive Basin.

Copyright statement. TEXT

1 Introduction

The Western-breakup of Gondwanaland into the Eastern and Western Gondwana during the Early Jurassic period has initiated
the formation of western Indian Ocean (fig. 1). The subsequent breakup of Madagascar and the Seychelles from India, and
the seafloor spreading along the Carlsberg and Central Indian ridges culminated into the present northwest Indian Ocean. The
Laccadive Ridge (LR), the Maldives ridge (MR), the Chagos Bank (CB) and the Saya-de-Malha Bank (SMB), the Nazreth
Bank (NB), the Mauritius Island (MI), the Reunion Island (RI) are the major topographic features present in the northwest
Indian Ocean (fig. 1A), and some of these are believed to be the micro-continents (Torsvik et al., 2013).
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Figure 1. A) Regional tectonic map of the northwestern Indian Ocean with satellite-derived seafloor topography (Smith and Sandwell, 1997

. The area shown in the dashed black rectangle is shown in figure 2A &2B. B) The map shows the position of India relative to Madagascar

and Deccan Volcanic Province in late Paleozoic fit (Lovecchio et al., 2020, modified after). The area of interest is marked in black rectangle.
SB: Seychelles Bank; SMB: Saya-de Malha Bank; NB: Nazarat Bank; MI; Mauritius Island; RI: Reunion Island; RTJ: Rodrigues Triple
Junction;LR: Laccadive Ridge; MA; Maldives ;CB: Chagos Bank; MR: Murray Ridge.

The Western Continental Margin of India (WCMI) formed through the breakup and separation of India and Madagascar in
the late-Cretaceous (Storey et al., 1995; Pande et al., 2001). This breakup event resulted in the formation the Mascarene Basin
(fig. 1A & 2B), the details of which are recorded in the magnetic anomalies in the basin (fig. 2B). The northern part of the
margin then experienced another breakup event when the Seychelles block separated from the combined Laxmi Ridge and India
in the early Paleocene time. Fhe-This second breakup event is well studied with the pre-drift juxtaposition of the continental

blocks fairly well established from the magnetic anomaly identifications and geochronology (Collier et al., 2008; Chaubey

et al., 2002; Ganergd et al., 2011; Shellnutt et al., 2015, 2017). Earhierreconstruction—studies-place-the-seuthwestern-margin

The southern part of the margin is considered to be conjugate with the Madagascar (Katz and Premoli, 1979) based on the

matching of the major shear zones and reconstructed to 2000 m isobath. However, recent close-fit reconstruction models
have incorporated the continental fragments like Laccadive Ridge (Bhattacharya and Yatheesh, 2015) or Mauritia, consisting

comprising of Mauritius, the Southern Mascarene Plateau, the Laccadive Plateau and the Chagos Bank (Torsvik et al., 2013)

between India and Madagascar in the India-Madagascar pre-drift scenario, and suggest a breakup timing of around 83 Ma.
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Figure 2. A) Regional tectonic map of the western continental margin of India (Smith and Sandwell, 1997). Black solid lines in the offshore

region represent shear zones and faults. B) Tectonic map of Madagascar and Mascarene basin showing mapped seafloor spreading type

magnetic lineations in solid green coloured lines (Bhattacharya and Yatheesh, 2015, and references therein). Solid white lines represent the
mapped fracture zones or pseudo-faults. SB: Seychelles Bank; SMB: Saya-de Malha Bank; NB: Nazarat Bank; MI; Mauritius Island; RI:
Reunion Island; NMR: Northern Madagascar Ridge; DC: Dharwar Craton; SGT: Southern Granulite Terrain; LB: Laccadive Basin; AP:

Alleppey Platform; TT Trivandrum Terrace; CKE: Chain-Kairali Escarpment; COB: Continent-Ocean transition.

Ridge (Plateau) is the bathymetric high feature in the southwest offshore margin and lies parallel to the west coast of India.
The Laccadive Basin lies between the Laccadive Ridge and the continental shelf (fig. 2A) south of Tellicherry Arch. It is

known well that the southwest margin was affected by Réunion plume volcanism towards the end of Cretaceous (Singh and
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Lal, 1993) —Further;-due-to-as revealed by the presence of wide-spread trap layer below the thin Tertiary sediment cover at the

margin (Singh et al., 2007; Singh and Lal, 1993), as a result, the vintage seismic data was not of much help to decipher the

basin architecture. However-therecent-hieh-reso

Most of the drilled-wells along this margin neither penetrated the Paleocene trap layer nor encountered the crystalline
basement, except the well CH-1-1 well located within the shelf, which penetrated through the trap and encountered Santonian
formations (Singh and Lal, 1993). One of the key questions-thatremain-to-be-question that was not resolved is the absence of

Late Cretaceous sediments in the basin;-thatis-thelong-time-Laccadive basin as a whole and the long time gap of more than 20
m-y-+-Ma between the India-Madagascar breakup at 83 Ma and the oldest sediments of 65-Ma-encountered-in-almost-ath-wells

ept-at-CH well-which-could-penetrate-through-Santenian-formations<(Singh-and-Jzal; 1993)Paleocene age. This long-
time gap indicates either the presence of older sediments below the Paleocene trap layer or the opening of the Laccadive basin
subsequent to the Madagasear-India-Madagascar separation. Further, the accommodation of the continental fragments between

India and Madagascar (Bhattacharya and Yatheesh, 2015; Torsvik et al., 2013) brings-new-complexity-to-the-geodynamies-of
this—areamakes a complex geodynamic setting, as how this separation took place, and therefore provides some insight-inte

the-inheritance-of-the-lithosphere-that-existed-beforeinsights into the pre-existing lithospheric inheritance. Hence, examining
the Laecadive Basinformation-development of the Laccadive Basin will provide important constraints on the early breakup

evolution of the margin. In this study, we presentmade a correlative analysis of the multi-channel seismic data with the residual
ravity anomalies which provided evidence of a major extensional event that occurred at the southwest margin that eannet-be
eorrelated-withis not related to the India-Madagascar separati i i i

and-breakup. The time-stamping of this major extensional event will-previde-provides important constraints on the evolution of
the western-continental-margin-of India-and-help-in-tight-fit reconstruction-studiesWCMI and help to build improved tectonic

reconstruction models.

2 Description of tectonic elements The-of the study areaunder-investigation-falls-towards-

The study area lies south of Tellicherry Arch and contains the southern part of the Laccadive Ridge and the Laccadive Basin it
the-offshere—(fig. 2A). The major geomorphic features present in the study area from west to east are the Laccadive Ridge, the
Laccadive Basin, the Alleppey Platform and Trivandrum Terrace together called the Alleppey-Trivandrum Terrace Complex
(ATTC) ;-and the continental shelf (fig. +2A). The ATTC is beunded-tocharacterized by horst-graben structures and bounded
in the west by the Chain-Kairali Escarpment (CKE) and-shows-the-horst-graben-struetures-within-it-feature (Yatheesh et al.,
2006, 2013; Nathaniel, 2013) as revealed in the seismic sections (See fig. S1). There-are-numerous-Numerous seamounts/guy-
ots/knolls are present in the LaceadiveBasin-which-tiesregion between the Laccadive Ridge and the continental shelf within
the Laccadive Basin (See fig. S2) (Bijesh et al., 2018). In addition to this, the entire region is characterized by several intrusive
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Figure 3. A) Satellite-derived free-air anomaly map B) Crustal Bouguer anomaly map. The location and orientation of identified extensional

features, grabens and intrusives are marked. Black solid lines represent the location of the profiles. Interpreted seismic sections are shown

in fig. 4.The thick broken reddish line in the centre of the basin represents the identified volcanic ridge. (refer to fig. 4 & S1 for seismic

sections). CRS represents the Cannanore Rift System as identified by DGH. CKE: Chain-Kairali Escarpment; AP: Alleppey Platform; TT:

Trivandrum Terrace.

structures within the Tertiary sediments (Unnikrishnan et al., 2023). The southern part of the Cannanore Rift system (CRS

identified over the Laccadive Ridge (fig. 3) by the Director General of Hydrocarbon (source: DGH) lies within the study area.
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Figure 4. Figure showing interpreted seismic sections. The faults are marked and the intrusives are shown in dotted circles. The inset free-air

anomaly map on the right bottom corner shows that location of seismic profiles. The time is given two-way travel times (TWT). TWT is the

elapsed time for a seismic wave to travel from its source to a given reflector and return to a receiver at the Earth’s surface.
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Figure 5. A) Crustal Bouguer anomaly, B) Band-pass filtered crustal Bouguer anomaly, C) First vertical derivative (FVD) of band-pass
filtered crustal Bouguer anomaly, D) Total horizontal derivative (THD) of band-pass filtered crustal Bouguer anomaly. The black lines show
the structural highs and the blue dotted lines show the continuity of rift basins identified. The chartreuse coloured solid ticked line represents
the Chain-Kairali escarpment (CKE). The brown line represents the identified volcanic ridge. The thin black lines close to the coast represents
major faults identified on the continental shelf Singh and Lal (1993). TA: Tellicherry Arch.

3 Data and Methods

In this study, we used the satellite-derived free-air gravity (Sandwell et al., 2014) and bathymetry from General Bathymet-
ric Chart of the Oceans (GEBCO, 2020) for comparative analysis with the-tong-offset-multichannel-multi-channel seismic
reflection profiles. The large volume of industry seismic reflection data (see supplementary fig S3) at this margin provided
information on the sediment thickness above the Paleocene trap layer and the-intermediate-horizons-and various horizons
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within the post-Paleocene sediments (Unnikrishnan et al., 2023). We also eompiled-gathered a few published seismic sections
(Nathaniel, 2013; Yatheesh et al., 2013) within the study area —(see supplementary fig S1).

The e-gravity effects of bathymetry-and-sediments—the water layer
and the sediments are removed from the satellite-derived free-air anomaly data which gave rise to crustal Bouguer anomalies.
High-resolution sediment thickness derived from TW¥-two-way travel time (TWT) maps is used to calculate the gravity effect
of the sediments. The two-way-travel-time-(TWT-)-TWT maps are available for three different times: the early Paleocene, early
Eocene, early Miocene —(Unnikrishnan et al., 2023). These maps were converted to depth with respective interval velocities
tafter Unnikrishnan-et-al;-2023)(after Unnikrishnan et al., 2023) and the total sediment layer is used to calculate the gravity
effect of sedimentsby-assigning-the-. The densities of 2.3 g/cc for sediments and 1.03 g/cc for the water column respectively are

used. For the crustal rocks, an average density of 2.8 g/cc was considered as the study area lies within the extended continen-
tal crust (Unnikrishnan-etal;-2023)-A-band-pass-filter-of-(Unnikrishnan et al., 2023). A 10-200 km wavelengths-wavelength
band-pass filter was applied to the crustal Bouguer anomaly map to highlight the crustal heterogeneities—Fhis-map’s-, and the
first vertical derivative (FVD) was-alse-as well as the total horizontal derivative (THD) of the band-pass filtered map was pre-
pared to identify shallow structural features. The identified-features-location of the identified features such as rifts and volcanic

intrusives in the seismic seetton-sections are then transferred on to these gravity anomaly maps and-theircontinuttyis-mapped:
in order to understand their continuity. Scientifically derived colour maps are used to prepare maps(Crameri et al., 2020).

4 Results

We-present-twelve— Wntemreted seismic sections whieh-—reveal-(fig. 4) which reveal several rift-related
horst-graben structures an
MMMMM&W
noticed that the grabens are oriented in the NNW-SSE direction interpreted-as-a-ENE-WSW-extension-and-towards-the-seuth;

in the area north of the Tellicherry Arch, whereas, the grabens are oriented in NNE-SSW direction which-is-interpreted-as
extenstonis-in-the NNW-SSE-direetion—south of Tellicherry Arch (see fig. 3 & fig. 4). These identified extensional structures

show low gravity anomalies ;-and the continuity of which can be traced as gravity lows surrounded by gravity-highs in the
anomaly maps (fig. 2-3A-B & fig. 3A-C5A-D). This is particularly true-tewards-the-seuth-of-the-Tellicherry-Areh—A-voleanie
intrustve-is—tdentified-prominent within the study area (south of Tellicherry Arch). The seismic sections also reveal series of




Early Paleocene to
Early Eocene
(66-56 Ma) |

Early Eocene to
Early Miocene

(56-23 Ma)
1000

Sediment Sediment

11° Patch - 800

600

Sediment

channel | 400

9°

200

Horst-graben\ .
complex N

‘ 0
! ‘ »
I: \ JTWT (msec) 5o ? ;! ,: \ | TWT (msec)
! 1

7

Early Miocene to Total sedimentary

Present day layers 4200
(23-0 Ma) 2400
3600
11° 2000 449 2000
1600 2400
1200 1800
9° 9° 1200
800 ¥
| 600
_____ ’ = 400 ; ;
‘l I/n ¥ ,Horst-grab n ‘ , gl.Horst-graben\\ o
! ! complex ! | complex
; // ! ,'I P \\ 0 . 5 // | :I P \\ TWT (msec)
r : ;! )" N | TWT (msec) r ' ;! " A
C ? Y ? ? D ? Y ? ?
1 1 1 1 1 1 1 1 1
72° 74° 76° 72° 73° 74° 75° 76° 77°

Figure 6. Isochron maps prepared from the TWT for selected time intervals: A) Early Paleocene to Early Eocene; B) Early Eocene to Earl

Miocene; C) Early Miocene to Present day; and D) Total sedimentary layers. The brown line in B represents trend of the identified volcanic

Ridge. (Refer to text for detailed explanation and interpretation). TA: Tellicherry Arch; CKE: Chain-Kairali Escarpment.

volcanic intrusives in the centre of the Laccadive Basin which is traced-almost-parallel-to-the-identified-extensional-trend-in-the
seuth-and-to-CKE-(fig-2)—Thisis-seen in the gravity anomaly map also as a broken chain of highs (fig. 2-&-3)-
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4&5).

The isochron map-fer—the-maps were prepared for three time periods in the study area (fig. 6). These maps show that for
the early Paleocene to early Eocene time intervalshows-significant-deposition-of-sediments—, significant sediment deposition

occurred parallel to the coast with very less sedimentation in the Laccadive Basin. During this period, maximum deposition

oceurred-took place in the area between Tellicherry Arch and off Kochi (marked sediment patch in fig. 4A6A) with a minor
sediment channel extending into the basin (fig—4Amarked sediment channel in fig. 6A). During the Early Eocene to Early
Miocene time interval, the deposition within the sediment patch is almost absent, whereas, significant deposition is observed
in the northern part of the Laccadive Basin on either side of the identified volcanic ridge (fig 4B6B). During Early Miocene
to recent time, the sedimentation is uniform in the Laccadive Basin (fig. 4€6C). The sediment deposition in-the-coast-paratiel
grabens-along the coast remained high throughout the time intervals (fig 4A-€6A-C). The total sediment deposition pattern

shows that most of the sediments were accommodated parallel to the coast and towards the south there is an axis of high

sediment deposition into the Laccadive Basin (Figure 4B6D).

extenstonal-directionfrom ENE-WSW-in-the-northera-part-This study identifies two major extensional events in the southern
art of WCMLI, one, the NNW-SSE oriented rift grabens over the Laccadive Ridge north of Tellicherry Archte-NW-SE-inseuth

WWWW%M%H%MWW&W
of the onshore Dharwar structural trend which suggests that the pre-existing structural weakness have important influence on

localization of deformation and thinning (Zwaan et al., 2021). Detailed analysis of multichannel seismic data in the southwest

margin of India -
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the Directorate General of Hydrocarbons (DGH) helped to identify a complex block-like basement structures comprising
of grabens, half-grabens and faults over the Laccadive Ridge (source: DGH) north of Tellicherry Arch, and named as the
Cannanore Rift System (CRS). These rifts were mostly observed along the eastern flank of the Laccadive Ridge and extends
between 17°N-9.5°N parallel to the west coast of India. The NNW-SSE rifts identified in this study are part of the CRS
(ﬁg 1va Ragin A the an h o adiva Ragin

3A-B). As mentioned earlier.
India-Madagascar breakup took place at 83 Ma and resulted in the opening of the Mascarene Basin. The analysis of magnetic

anomaly identifications together with plate-tectonic reconstruction studies (Shuhail et al., 2018) revealed that during the initial

B). This spreading direction matches well with the
NNW-SSE oriented rift system observed over the Laccadive Ridge which had resulted from the E-W extension during initial
stages of India-Madagascar separation.

5.1 Opening of the Laccadive Basin

Since the entire Laccadive Ridge area was in extensional regime during India-Madagascar (as it was sandwiched between India

and Madagascar), normally one would expect this trend to continue further southwards in the Laccadive basin area. Further;

es-However, the observed

NNE-SSW orientation of the identified grabens in the study area (Unnikrishnan-et-al52023)—The-high-S-valuesin-theeentre
of-south of Tellicherry Arch suggests that the Laccadive Basin indicate-maximum-thinningconfirming our-observation-in-this
stady-—

5.2 Timingefoepening

had formed through a different evolutionary history that is not related to India-Madagascar separation. The sediment deposition

in the basin is interpreted from the perspective of the creation of accommodation space and sediment supply. The available

high-resolution time-structure maps (fig. 4A-€6A-D) provide insights on the timing of opening of the Laccadive Basin. These

11
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Figure 7. A) Depth to the basement map with all structures identified in the study, B) 5-value map redrawn from Unnikrishnan et al. (2023
C) Proposed Tectonic map of the study area. Bottom panel shows a seismic section (Seisl), showing the general characteristic of the

Laccadive Basin area. The seismic section is from Unnikrishnan (2018). The black lines show the structural highs and the blue dotted lines

show the continuity of rift basins identified. The chartreuse coloured solid ticked line represents the Chain-Kairali esc

solid brown line represents the identified volcanic ridge. The thin black lines close to the coast in A &B represents major faults identified
on the continental shelf (Singh and Lal, 1993). TA: Tellicherry Arch; AP: Alle latform; TT: Trivandrum Terrace; CKE: Chain-Kairali

Escarpment. AP: Alleppy platform; VR: Volcanic Ridge.

maps clearly reveal significant sediment deposition along the coast parallel grabens within the shelfal part of the margin in
all time periods. Further, during the Paleocene-Eocene period, sediment deposition was very significant on the northern fringe
of the Laccadive Basin (sediment patch in fig. 4A6A) with negligible sediments elsewhere in the basin. During Eocene to

Miocene the sediment deposition shifted further offshore into the Laccadive Basin (Fig—4Bfig. 6B). The development of the

medianhigh-volcanic ridge within the basin is also aetieed—Fhis-occurred during this time since it is observed that the sediments
are deposited on either side of the location of the ridge. Further the seismic sections show sediments onlapping to the identified
volcanic ridge (fig. 4 sections NN’ & PP’). The comparative analysis of fig. 6A & 6B indicates that the basin opened semetime

after-some-time after the early Eocene as a result of which accommodation space was created and all the incoming sediments

migrated southward into the basin. N
A small channel of sediment deposition into the Laccadive Basin towards the southwest of the sediment patch (marked as

sediment channel in Fig. 4A-6A) may represent the initial stage of opening of the basin. During the Miocene to recent period

12



(Fig. 4€6C), the sediment deposition is more or less uniform throughout the basin. The western edge of the western basin
has relatively less deposition which may be due to the area”’s location far from any sediment supply. By-this-time;-the-basin
195 Unnikrishnan et al. (2018) identified the Alleppy platform as a continental fragment and inferred its development during the
i i . Alle latform is located adjacent to the Laccadive

e

Oligocene-Miocene period

Basin and hence the development of the basin and the platform is related. The timing of the development of the Alle
latform given by Unnikrishnan et al. (2018) closely agrees with the inferred timing of the opening of the Laccadive Basin
from this study.

200

205

5.2 Opening Distribution of the Laceadive BasinBathymetry highs and intrusives

A_striking feature along this margin is the presence of many intrusives and bathymetric highs (see fig. S2) observed in

the seismic and bathymetry data, respectively (Unnikrishnan et al.,, 2023; Bijesh et al.. 2018). These features have very clear
210 expressions on the gravity image of the area (figs. 3 & SA-D). The intrusives and bathymetric highs in the study area, south

of Tellicherry Arch (fig. S2) appear to be elongated roughly parallel to the trend of the Laccadive Basin. In the centre of the

Laccadive Basin, we noticed a series of volcanic mounds with a trend almost parallel to the CKE (fig. 3), which are clearly.

expressed in the seismic sections (fig. 4). The observed trend correlates well with the crustal Bouguer anomaly map (fig. SA) as

well as the depth to basement map prepared by removing the sediment thickness from sea bottom (fig. 7A). This trend divides
215 the Laccadive Basin into eastern and western basins. The composite tectonic map of the study area is shown in fig. 7C.

Further, the §-value (crustal stretching factor) map (fig. 7B) calculated (Unnikrishnan et al., 2023) clearly reveals the extensional

trend in the study area. The high

observation in this study.

-values in the centre of the Laccadive Basin indicate maximum thinning, confirming our

220

5.3 Evolutionary model

Existing plate tectonic reconstruction models (Bhattacharya and Yatheesh, 2015; Shuhail et al., 2018), the pre-existing structural
trends along WCMI, India and Madagascar (Subrahmanyam et al., 1994; Kolla and Coumes, 1990; Bhattacharya and Yatheesh, 2015)

13



225 , and the results from this study have been used to build a schematic evolutionary model for the opening of the Laccadive Basin

at the southwest margin of India. Additionally, we also looked at analog and numerical modelling studies that explain extension
Pinvidic and Manatschal, 2010; Zwaan et al., 2021; Bonini et al., 1997; Henza et al., 2010
- The locations of India and Madagascar in various stages (I-IV) were adopted from the reconstruction model of Shuhail et al. (2018)
- The salient aspects of each stage is given below:

alon

230 5.3.1 Stagel

Stage I shows India and Madagascar along with all the continental fragments in between them and a large number of suture
zones on-tand-in-onshore for both India and Madagascar (Bhattacharya and Yatheesh, 2015, and references therein) (fig—-&fig-

5-Stage-h-which-immediately after the spreading started at 83 Ma. These suture zones were earlier used as piercing points to find
the relative position of India and Madagascar in plate reconstruction-studies(Katz-and Premoh; 1979:-Subrahmanyam-and

235 —Earlier studies—along-WEM-has—the matching of coastlines (Katz and Premoli, 1979; Subrahmanyam and Chand, 2006).
Besides, studies along the WCMI have shown the extension of onshore structural trends into the offshore region (Subrah-
manyam et al., 1994; Kolla and Coumes, 1990) and studies (Péron-Pinvidie-and-Manatschal;-2010)-(Péron-Pinvidic and Manatschal, 2010;
show that structural inheritance plays a role during rifting and breakup. Dating of volcanics in Madagascar yields an age of 88

2018

Ma (Storey et al., 1995; Pande et al., 2001) and magnetic anomalies indicate spreading started around 83 Ma (Shuhail et al.

2

240 . Hence, we infer that th

to-thisduring this extensional span, CRS formed on the Laccadive Ridge following the Precambrian Dharwarian trend which is
dominant north of Tellicherry Arch.

532 Stagell

Stage II shows the proximity of Laccadive Ridge to the spreading centre. As discussed in stage I, the lithosphere between
245 India and Madagascar was weak and as a result, when the area was proximal to the spreading centrein-the-Masearene-Basin-,

a number of parallel trans-tensional faults may have formed on the Laccadive Ridge south of Tellicherry Archéfig—S-stageH)-

Subsequentty, Even though the spreading was happening along the entire basin, the spreading was very active in the southern
part of the Mascarene basin, and also characterized by long transform faults (Shuhail et al., 2018). Also, Shuhail et al. (2018)
proposed that the CKE was connected to the spreading in the Mascarene Basin through a long transform fault. As discussed in
250  section 5.1 distribution of bathymetric highs and intrusives south of Tellicherry Arch provide some evidence for this. It is very.
likely that, later when the Reunion passed over the area, the magma may have migrated through the faults formed during this

stage and hence intrusives show this orientation. Similar argcuments can also explain the orientation of bathymetric features in
this area,

5.3.3 Stage II1
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Stage III shows the initial stages of opening of the Laccadive basin. By this time, the entire region was flooded by Deccan
volcanics during the passage of Réunion plume in the Paleocene time. Studies by Patriat and Achache (1984) andDewey

(1989) showed that the Indian plate rotated anticlockwise about 40° since 84 Ma, out of which, it underwent about 25° after
the soft collision at 50 Ma (Treloar and Coward, 1991). The plume’s-proximity-eoupled-with-India passage of the Réunion
plume over the area may have weakened the overlying lithosphere and together with India’s anti-clockwise rotation and the
presence of inherited structural weakness may have led to the reactivation and further extension in the Laccadive Basin. The

sediment thickness data during the Paleocene-Eocene period shows a sediment channel (fig. 5-stage Hbh—The- AFFCremained

6A) extending into the Laccadive basin and an area of high sediment deposition (Sediment patch in fig. 6A) which indicate

the initial stages of opening of the basin. Fig. 6B shows sediments being deposited on either side of the volcanic ridge in the
Laccadive basin. By this time the basin opened and sediments were accommodated in the basin.

534 StageIV

Stage IV shows the present-day configuration of the Laccadive Basin. The ATTC remain attached to the Indian continent with
CKE forming its western boundary. The centre of the Laccadive Basin experienced maximum crustal thinning and a series of

intrusives got emplaced in the crust{fig—S-stageIV). The change in the orientation of horst-graben structures in the ATTC from
that in the southern part of Laccadive Ridge can be noticed.

6 Conclusions

The seismic and gravity data analysis along southern part of WCMI (the-area—south-ofTellicherry—-Areh)-has—a-different

o denececofpra-DPe n EINTE N AL o ANUOR a on
v — 4

revealed two significantly different orientations of the extensional graben system, one a NNW-SSE oriented rifts over the
Laccadive Ridge, north of Tellicherry Archwhich-were-masked-by-voleanie-traps—In-the-, and the other NNE-SSW oriented
rifts in the Laccadive Basin region south of Tellicherry Arch;-a-significant-changeis-observed-in-the-extenstonal-directionto

—. The change in extensional direction in the Laccadive basin along with the

isochron maps for different times provided evidence of opening of the Laccadive Basin. The Laccadive Basin opened within
the post-Eocene period with maximum extension along the centre of the basin where the volcanic intrusives are emplaced.

The lithosphere that existed had zones of weakness and this along with the plame-plumeproximity to Réunion plume and
anti-clockwise rotation of India led to complex rifting and evelutien-ef-evolutionary history for the southern part of the margin.

Data availability. The authors do not have permission to share data.
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Immediate post-drifting configuration with
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and Madagascar (spreading just initiated )

Formation of Rift System

Stage- 11

Active seaflo6r spreding in the Mascarene
Basin; Study area close to the spreading
centre; formation of rift systems or faults

Initial Laccadive Basin opening
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Anticlock-wise rotation of India; Opening of
the Laccadive Basin and formation CKE

Present day configuration
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Map showing the evolution of the region in four stages. Stage I: The pre-rift juxtaposition of the continental fragments. Note that

he Laccadive Ridge is larger since it incorporates all the fragments that are littered between India and Madagascar. Stage I1: The formation o

e faults system or the rifts system due to the influence of spreading in the Mascarene Basin. Stage I1I: The opening of the basin with CKE +

TC and India moving away from the Laccadive Ridge. See how the orientation of the extensional feature’s changes with the anticlockwise

ovement of India. Stage I'V: The present-day configuration of the margin with all extensional features and the volcanic ridge. LaX: Laxmi

Ridge; SEY: Seychelles; MAD: Madagascar; SL: Sri Lanka; LR: Laccadive Ridge; ATTC: Alleppey-Trivandrum Terrace Complex; CKE:
Chain-Kairali Escarpment.
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