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The Chagos-Laccadive Ridge (CLR), a prominent linear aseismic ridge in the Western Indian Ocean is
believed to be a trace of the Réunion hotspot. In order to understand the mode of emplacement of this
ridge and the nature of the underlying crust, we carried out three-dimensional (3D) flexural modelling
and coherence analysis of satellite-derived gravity and bathymetry data along the ridge. The analysis
revealed variations in Effective Elastic Thickness (7,) along the CLR. While the northernmost part of
CLR is associated with low T, of 3 km with a subsurface to surface loading ratio (f) of 1, towards the
south, the Maldive Ridge and the Chagos Bank have a fairly uniform 7, of 8-10 km with a very low
loading ratio f of 0.1-0.2. We consider the Laccadive Ridge as a continental sliver possessing underplated
magmatic rocks caused by the Réunion hotspot volcanism. The Maldive Ridge and the Chagos Bank
appear to have emplaced on a lithosphere of intermediate strength possibly on the flanks of the Central
Indian Ridge.
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1. Introduction

The massive eruption of the Deccan flood basalts
over western India during the Cretaceous—Tertiary
(K/T) boundary (~66 Ma) (Courtillot et al. 1988)
is known to be associated with the India—Seychelles
breakup. Subsequent volcanism on the Indian and
African plates led to the formation of the Lac-
cadive and Maldive ridges, the Chagos Bank and
parts of the Mascarene, Mauritius and Rodrigues
plateaus (Dietz and Holden 1970; Morgan 1972).
Geochemical studies further suggest varying basalt
compositions along the Réunion hotspot track due
to the interaction of the hotspot with spreading
ridge segments (Fisk et al. 1989).

Morphologically, the Chagos—Laccadive Ridge
(CLR) could be divided into three main segments
Published online: 04 June 2019

separated by relatively deep channels (figures 1 and
2). The northern segment, Laccadive Ridge, lies
approximately north of ~9°N, is a plateau with
several topographic highs reaching near to and
above the sea level. The western boundary of the
Laccadive Ridge is characterised by a steep scarp,
whereas the eastern and northern boundaries have
gentle slopes. The middle segment, Maldive Ridge,
is an elongated topographic high, lying approxi-
mately between 7°N and 1°S. The southernmost
part, the Chagos Bank, is separated from the Mal-
dive Ridge with a deep water channel of about
4500 m depth. The eastern boundary of the Cha-
gos Bank has a steep scarp and coincides with the
Vishnu fracture zone (Whitmarsh 1974).

Unlike the Ninetyeast and 85°E ridges located in
the eastern Indian Ocean, some parts of the CLR
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Figure 1. (a) Bathymetry map (GEBCO) of the Western Indian Ocean with a 2000-m depth contour. The study area is
indicated by a thick rectangle. Positions of ODP drill sites and seismic refraction stations are shown as dark circles and
red triangles, respectively. (b) Satellite-derived free-air gravity map of the study area. DT = Deccan trap, OFZ = Owen
fracture zone, CIR = Central Indian Ridge, CR = Carlsberg Ridge, LR = Laccadive Ridge, MR = Maldive Ridge, CB =

Chagos Bank.

such as the Laccadive Islands, Maldives and Cha-
gos Bank are believed to be the continental frag-
ments that were severely altered by the Réunion
magmatism. Narain et al. (1968) opined that the
Laccadive Ridge forms a transition between the
oceanic crust to the west and continental crust to
the east. Based on seismic refraction data, Naini
and Talwani (1983) evoked continental origin for
the Laccadive Ridge. Furthermore, Murty et al.
(1999) identified several rotated fault blocks from
multi-channel seismic reflection data and inter-
preted them as continental ribbon structures asso-
ciated with the Laccadive Ridge. Seismic refraction
measurements just south of the Laccadive Ridge
indicated volcanic rocks of thickness of about 5 km
over a crustal layer of thickness 10 km and velocity
6.84 km/s (Francis and Shor 1966). Avraham and
Bunce (1977) interpreted the Maldive Ridge seg-
ment of the CLR as a micro-continent that rifted
away from India probably before the Palaeocene,
whereas the Chagos Bank had formed from a
leaky transform fault. Torsvik et al. (2013) opined

that the Chagos Bank, Maldive and Laccadive
ridges along with continental fragments from the
southern Mascarene plateau was part of a micro-
continent ‘Mauritia’ that was thinned, fragmented
and concealed during the Cretaceous—Cenozoic
times. Recently, Kunnummal et al. (2017) observed
a gradual decrease in crustal thickness from 27 km
near the Maldive Ridge to 9 km near the Cha-
gos Bank and opined that the nature of the crust
could be either continental or oceanic with mag-
matic underplating. Shear wave velocity studies
using receiver function analysis of seismic data
unambiguously revealed the presence of magmatic
underplating of varying degrees beneath the entire
hotspot track (Gupta et al. 2010; Fontaine et al.
2015).

Transfer function analysis of bathymetry and
gravity data can be used to estimate the Effec-
tive Elastic Thickness (T¢) and ratio of subsurface
to surface loading (f) and thereby providing con-
straints on the mode of isostatic compensation and
crustal structure including the degree of magmatic
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Figure 2. (a) Sediment thickness map generated from seismic and global data (Divins 2003). The high sediment thickness
on the shelf is masked for better visualisation of sediment thickness variations along the CLR. The dashed box represents
the extent of seismic data used for the preparation of sediment thickness data. Locations of profiles AA’ and BB’ used
for forward gravity modelling are shown. (b) Basement map of CLR and the adjoining oceanic region. The positions of
overlapping blocks (B1-B8) are shown. Positions of seismic refraction stations (Francis and Shor 1966; Naini and Talwani
1983) and seismograph stations (Gupta et al. 2010; Fontaine et al. 2015) are shown as black triangles and white rectangles,

respectively.

underplating (e.g., McKenzie and Bowin 1976;
Watts 1978; Forsyth 1985). Two-dimensional (2D)
admittance analysis of the CLR (Ashalatha et al.
1991; Chaubey et al. 2008) carried out using ship-
borne gravity and bathymetry profiles generally
suggest local compensation with very low T, (<4
km). Ashalatha et al. (1991) computed admit-
tance from seven ship-borne profiles from 10°N to
10°S, whereas Chaubey et al. (2008) utilised 12
profiles from 8° to 15°N, covering the Laccadive
Ridge region. On the other hand, Tiwari et al.
(2007) carried out 3D admittance analysis of satel-
lite gravity and bathymetry data and estimated T,
variation along the Réunion track including CLR
except for the Laccadive Ridge. However, in their
analysis, the variation in T, is examined assum-
ing a uniform loading ratio (f = 0.5) for the
entire ridge. Similarly, Dev et al. (2007) modelled
T, for two windows covering Laccadive Ridge and
a portion of the western continental margin of
India (WCMI) using f = 1. Hence, the need for

a systematic investigation of T, variation and the
degree of magmatic underplating along the entire
ridge is felt which may provide better constraints
on the complex interaction of the Réunion hotspot
with various crustal domains during the evolution
of the ridge. In the present study, we investigate
the variations in isostatic compensation mecha-
nisms along the CLR using 3D flexural modelling
of satellite gravity and bathymetry data. We also
estimated the variations in the loading ratio along
the ridge by modelling residual mantle Bouguer
anomaly (RMBA) and topography coherence func-
tion to understand the variations in the degree of
underplating along the CLR.

2. Geophysical data
Bathymetry from the general bathymetric chart of

the oceans (GEBCO) and gravity from Sandwell
et al. (2014) were used for the transfer function
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analysis. This recent version of satellite-derived
gravity data is obtained by merging the CryoSat-2
and Jason-1 satellite altimeter data to the existing
data from ERS-1 and GEOSAT, resulting in 24
times improvement in accuracy than that of the
previous global gravity models (e.g., Sandwell and
Smith 2009).

A large number of 2D multichannel seismic
profiles acquired as part of hydrocarbon explo-
ration in the western offshore by the Oil and
Natural Gas Corporation (ONGC) pertaining to
the CLR (8-15°N) were utilised to prepare the total
sediment thickness grid of the northern part of the
ridge (figure 2a). Towards the south, the sediment
thickness data was obtained from the world sedi-
ment thickness grid (Divins 2003). Both these grids
were merged together to obtain sediment thickness
data of the entire CLR and the resulting map is
presented in figure 2(a). The map reveals the pres-
ence of thicker sediments up to 2400 m mainly over
the eastern flank of the CLR in the north (north
of 8°N) and the rest of the CLR is covered by
only a thin layer of sediments (100-500 m). The
bathymetry grid is corrected for the sediments by
unloading them after applying isostatic corrections
to obtain the basement depth map of the CLR
(figure 2b).

3. Analysis and results

3.1 RMBA of the CLR

The mantle Bouguer anomalies (MBA) over the
oceanic topographic features are used to under-
stand crustal thickness variations or subsurface
density heterogeneities (Kuo and Forsyth 1988).
Here, the MBA data over the CLR have been gen-
erated from the free-air gravity anomaly data of the
ridge by subtracting the attraction of the seafloor
topography, sediments and the crust—-mantle inter-
face assuming an average 6-km thick crust. How-
ever, the computed MBA values will still have the
influence of thermal effects, so the gravity effects of
lithosphere cooling and age-dependent subsidence
have to be removed from the MBA. For this pur-
pose, we considered the latest version of the global
age grid of Miiller et al. (2008) and the age—depth
relation of Parsons and Sclater (1977) as refer-
ence models for the calculations. The MBA and
RMBA computations were carried out using Parker
(1972) algorithm. The RMBA map of the CLR is
presented in figure 3.
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Figure 3. RMBA map of the CLR.

The RMBA values, in general, reflect the devi-
ations in crustal thickness from a 6-km normal
oceanic crust and/or density distributions. The
RMBA map of the CLR (figure 3) reveals that
the Chagos Bank and the Maldive Ridge part of the
CLR is associated with more prominent negative
anomalies, reaching up to —200mGal compared
to the Laccadive Ridge. The prominent negative
RMBA anomalies associated with the Chagos Bank
and Maldive Ridge is separated by a gap near 2.5°S
which also correlates with a gap in the topography
(figure 2). The segmented pattern of the RMBA
thus clearly suggests non-uniformity in crustal
structure or composition along the CLR.

3.2 Effective Elastic Thickness (Te) along
the CLR

Gravity anomalies at the sea surface are sensi-
tive to both topographic loads and deflections at
the Moho boundary. The relationship between the
topographic loads and underlying Moho deflections
as well as the gravity response to each can be
described in the Fourier domain, considering the
elastic plate approximations (Watts 2001) to be
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Table 1. Model parameters used for the flexural computa-
tions.

Parameter Value
Density of sea-water (pw) 1.03g/cm?
Density of oceanic crust (pc) 2.80g/cm®
Density of mantle (pm) 3.30g/cm?
Average crustal thickness (t) 7km

Young’s modulus (E) 100 GPa
Poisson’s ratio (o) 0.25

Universal gravitational 6.67 x 107" N m?/kg?
constant (G)
Acceleration due to

gravity (g)

9.8 m/s?

Ag (k)=27G (p1—pyw) e " (1—e (k) e_kt) H(k),
(1)

where Ag (k) and H (k) represent the Fourier
transforms of gravity anomaly and topography,
respectively, and e (k)= [1+(Dk*/g(pm—pc))] -
D is the flexural rigidity and is related to T as

ETe3
D= m (2)

The parameters in the above expressions are
described in table 1.

In the flexural modelling, the gravity effect of
the bathymetry and its compensation is computed
for a range of T, values, and the computed gravity
anomalies are compared with the observed anoma-
lies. Traditionally, the best-fitting 7T, is considered
based on the minimum RMS error criteria. Anal-
yses of several profiles along the CLR reveal that
the best-fit T, is not tightly constrained by a simple
RMS error method as it does not contain informa-
tion about the anomaly shape. Hence, we use an
objective function as formulated by Smith et al.
(1989), which combines the RMS error and correla-
tion coefficient between the observed and modelled
gravity for determining the best-fit T, values. The
objective function is defined as

RMS

fn=05|——-—
obfn 05[RMSmaX

+ Rﬂ : (3)

where RMS,,ax is the maximum RMS error of all
models and R? represents the correlation coefficient
between the topography and the modelled grav-
ity anomaly. The upper and lower bounds of T,
are determined using the intersection of the line
defined by obfnyiy*(14x), on the obfn curve, where
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x is the tolerance parameter defined as 5% of the
obfnyin. The model parameters used for the com-
putation of the flexural model are listed in table 1.

In this study, we carried out 3D flexural
modelling for the eight overlapping grids to obtain
variations in 7, along the entire length of the CLR.
Previously, Sreejith and Krishna (2013) carried out
2D flexural modelling along the Ninetyeast Ridge
to understand finer variations in 7} along the ridge.
Theoretically, a 2D modelling of a 3D geological
feature is based on the assumption that the feature
is infinitely long and the profile is perpendicu-
lar to the feature. However, by the thumb rule,
the length of the feature should be >250 km for
the safe assumption of two dimensionality (Ribe
1982). Considering the rugged topography of CLR,
we prefer 3D flexural modelling along eight over-
lapping blocks (B1-B8) for reliable T, estimation
(figure 2b). The objective function misfit curves
and best-fit T, estimates with upper and lower lim-
its for each block are presented in figure 4(a) and
table 2, respectively. The above analysis gave rise
to T, values of about 810 km for the blocks B3-BS&
covering the Chagos Bank and Maldive Ridge part
of the CLR, and a low T, value of 3 km for the block
B1 over the Laccadive Ridge. We run the model
over a range of spatial windows along the ridge
and found that the transition from low 7, to inter-
mediate T, values occur around 9°N, the southern
limit of the Laccadive Ridge. The flexural computa-
tions were made assuming a simple one-layer crust
of average density 2.85g/cm? over a mantle layer
of density 3.3g/cm®. The gravity response from
the derived crust—mantle interface (flexure Moho)
and the seafloor-water has been compared with
the observed gravity anomalies along selected pro-
files from each of the blocks and are presented in
figure 4(b).

3.3 RMBA-residual topography coherence analysis

The traditional way of determining the T is usually
by comparing the observed and theoretical admit-
tance function (Watts 1978, 2001). In this method,
the theoretical admittance is calculated by loading
elastic lithosphere from above (surface) and below
(subsurface or underplating). The best-fit model
is obtained by changing three unknown parame-
ters: T,, depth to the subsurface load (z.d) and
the subsurface to the surface loading ratio (f).
However, in this approach, a strong plate with
a subsurface load and a weak plate with surface
loading may provide similar admittance results.
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Thus, different models having different T, may
match with the observed admittance, thereby mak-
ing the interpretations non-unique (Forsyth 1985).
To overcome this uncertainty, an improved method
based on the coherence analysis between RMBA
and topography is considered here for a robust
determination of T, and subsurface loading (after
Forsyth 1985; Luis and Neves 2006). Coherence is
defined as

C(k)C* (k)
By (k) Eu(k)

where C(k) is the cross-spectrum of bathymetry
and gravity, F, (k) and E¢(k) are the power spectra
of gravity and topography, respectively. The theo-
retical coherence between RMBA and topography
can be computed from

: (14 (/e ok)’
b= )

(14 (F/6D") (14 PoR)?)

where £(k)= [1+ (Dk*/g(pm — pc))] " and p(k)=
[1+ (DE*/g(pe — pu))] -

RMBA-residual topography coherence is com-
puted for eight overlapping blocks on CLR, as used
for the flexural modelling. Theoretical coherence
was computed for a range of loading ratios and
using T, values as obtained from the 3D flexural
modelling for each of these blocks. The coherence
vs. wavelength plot (figure 5) shows a typical drop
in coherence from 1 to 0.1 for the waveband 50—
200 km, indicating transition from compensated
to uncompensated topography and considered as a
diagnostic waveband for lithospheric flexure (Watts
2001). The observed and theoretical coherence was
compared in this transitional waveband to find out
the best-fit loading ratio. On the whole, the coher-
ence analysis suggests the presence of subsurface
loading beneath the entire CLR with a variable
degree of loading, ranging from 0.1 to 1. The Lac-
cadive Ridge (B1) is associated with a high loading
ratio of 1, whereas, blocks 3-8, representing the
Chagos Bank and Maldive Ridge, show low load-
ing ratios of 0.1-0.2, block 2, partly covering the
Laccadive Ridge shows an intermediate value of
0.3-0.4.

(k) = (4)

3.4 Forward gravity model

We incorporated the above results on T, and f
variation over the ridge and carried out 2D forward
gravity modelling to derive the crustal structure
along two profiles AA’ and BB’, which traverse
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across Laccadive Ridge and Chagos Bank, respec-
tively. Seismic refraction results from oceanic and
adjoining continental regions were utilised to iden-
tify the density and thickness of the crustal layers
(Francis and Shor 1966; Kaila et al. 1979; Naini
and Talwani 1983). Seismic refraction studies near
the western flank of Laccadive Ridge suggests
velocities of 5.6, 6.2 and 6.9 km/s correspond-
ing to volcanic rocks (2.6g/cm?®), upper conti-
nental crust (2.75g/cm?®) and lower continental
crust (2.85g/cm?), respectively. Seismic refraction
studies in the adjacent oceanic basins of CLR
suggest velocities of 5.1-6.3 km/s (Layer 2) and
6.4-7.0 km/s (Layer 3). For the crustal model,

08 n Il n Il n Il n Il n 08 n Il n Il n Il n Il n
| B1 B5 |
0.6 - 0.6 -
f=
5 | |
@)
0.4 - 0.4 -
02 T T T T 02 T T T T
0 4 8 12 16 20 0 4 12 16 20
0.8 L L L L 0.8 L L L L
| B2 B6 |
0.6 - 0.6 -
f=
5 |
@)
0.4 - 0.4 -
02 T T T T 02 T T T T
0 4 8 12 16 20 0 4 12 16 20
0.8 L L L L 0.8 L L L L
| B3 B7 |
0.6 - o.eA\/ :
f=
£ |
@)
0.4 - 0.4 -
02 T T T T 02 T T T T
0 4 8 12 16 20 0 4 8 12 16 20
0.8 L L L L 0.8 L L L L
| B4 B8
0.6 - 0.6 -
f=
bS]
@)
0.4 - 0.4 -
02 T T T T 02 T T T T
0 4 8 12 16 20 0 4 8 12 16 20
Te (km) Te (km)

Figure 4. (a) Objective function misfit for 3D flexural
modelling along blocks B1-B8. The best-fit T. with error
bounds are listed in table 2. (b) Gravity model depicting the
gravity response of bathymetry and flexure Moho along the
E-W profiles corresponding to the best-fit T, from blocks
B1-B8. The RMBA extracted along the gravity profile is also
shown as a grey line. Thick vertical lines in B1 represent the
extent of the Laccadive Ridge inferred from seismic reflection
data.
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Table 2. Best fit Te with lower and upper limits and subsurface to surface loading ratio (f) along
CLR obtained from gravity—topography flexural modelling and RMBA—topography coherence analysis.

T, (km)

Centre T,
Block latitude Lower Best Upper (Tiwari et al. 2007),
number (deg) limit  fit limit f f =05, z=18-20km
B1 12 2.0 3 3.4 1 2
B2 7.5 4 5 6.4 0.3—-0.4 4
B3 5 7.4 8 8.5 0.1 5
B4 2.5 7.7 8 9.5 0.1-0.2 4
B5 0 7.7 9 9.5 0.2 4
B6 —2.5 7.6 9 9.6 0.2 6
B7 -5 9 10 11.8 0.1-0.2 6
B8 -7 8.3 9 10.4 0.2 6
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Figure 5. Observed coherence between RMBA and the
residual topography (dots) of the CLR for blocks 1-8 along
with the theoretical coherence curves (solid lines) for various
loading ratios. Black lines represent theoretical curves corre-
sponding to best-fit f values. Theoretical coherence curves
are computed using the best-fit 7. obtained (table 2) for the
respective blocks.

we assigned average densities of 2.7 and 2.9 g/cm?
for oceanic crustal Layers 2 and 3, respectively.
We also included underplated rocks of density
3.0g/cm?® below the lower crust. Considering the
results of the RMBA—topography coherence anal-
ysis, the thickness of the underplated rocks are
considered as 100% and 15% of that of volcanic
rocks for the Laccadive Ridge and Chagos Bank,
respectively. The Moho surface (as suggested by
the best-fit T,) and crustal layers below the ridge
have been marginally adjusted to provide a reason-
able fit between the observed and computed gravity
anomalies along these two profiles.

J. Earth Syst. Sci. (2019)128:157

4. Discussion

4.1 Effective Elastic Thickness and loading ratio
variations along CLR

Flexural modelling as well as the coherence analy-
sis of the CLR clearly revealed that the Laccadive
Ridge is characterised by a low T, value of 3 km
and associated with a subsurface loading (under-
plating) equal to that of the surface loading. The
southern boundary of the Laccadive Ridge is well
marked with a prominent break in the basement
structure and RMBA (figures 1-3). Nair et al
(2013) have noted different NE-SW anomaly pat-
tern in filtered free-air gravity maps, which clearly
separate the Laccadive Ridge from the rest of the
CLR north of 8—9°N. While the T, value of 3 km
estimated here for the Laccadive Ridge agrees well
with that of Chaubey et al. (2008), it slightly dif-
fers from the estimate of (T, = 5km) by Dev et al.
(2007). The discrepancy could be due to a rela-
tively larger window size, which partly covers the
western continental shelf used by them in their
analysis. Towards the south, the Maldive Ridge and
the Chagos Bank are associated with uniform T,
values of 8-10 km with a very low subsurface load-
ing of f = 0.1 (10% of surface loading). Tiwari
et al. (2007) estimated rather low T, of 4-6 km for
the Maldive Ridge and the Chagos Bank using 3D
admittance analysis. The difference could proba-
bly be that Tiwari et al. (2007) estimated T, by
varying depth to the load with the assumption of
constant subsurface to surface loading (f = 0.5) for
the entire ridge. However, it should be noted that
non-uniform melt production and/or lithosphere-
hotspot interactions can cause spatial variations
in f and the crustal thickness as reported for
the Ninetyeast Ridge (Sreejith and Krishna 2013,
2015). The RMBA-residual topography coherence
method employed in the present study has pro-
vided an unbiased estimation of f and its spatial
variations along the CLR.

4.2 Crustal structure

Gravity response of crustal models corresponding
to the best-fit T, provides a reasonable match
with the observed gravity anomalies (figure 4b).
Below the Laccadive Ridge, the flexure Moho is
an excellent match with the seismically derived
Moho (figure 4b). The depth and overall shape
of the Moho topography also matches well with
that derived using the forward gravity model along
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Figure 6. Crustal models derived using 2D forward gravity

modelling along profiles AA” and BB’. Profile locations are

provided in figure 2(a). Densities in g/cc are indicated on the respective layers. OCT in profile AB stands for ocean continent

transition.

profile AA’ (figure 6). The forward gravity model
suggests that the western boundary of the Lac-
cadive Ridge marks the transition from the oceanic
crust to the continental crust. The model also
suggests a lower crustal underplating of thickness
equal to that of the volcanic load. The present
crustal model agrees well with that of Radha
Krishna et al. (2002), Ajay et al. (2010) and Arora
et al. (2012). However, it differs considerably from
that of Chaubey et al. (2002) and Nair et al. (2013),
as these models did not consist of high-density
underplated rocks beneath the lower crust.
Towards the south, the flexure Moho below the
Maldive Ridge (B3-B6) is comparable to the Moho
topography derived using gravity inversion (Hen-
stock and Thompson 2004; Kunnummal et al.
2017) and mean depth to Moho (23-28 km) esti-
mated from receiver function studies (Fontaine

et al. 2015). Below Chagos Bank, the depth and
wavelength of flexure Moho matches well with that
derived from the 2D forward gravity model along
profile BB’ (figure 6). In addition, the forward grav-
ity model also suggests a thin layer of underplated
rocks (~1 km) below the lower crust. However,
Fontaine et al. (2015) suggested a slightly shal-
low depth of 17 km for the Moho boundary using
receiver function studies.

4.3 Geodynamic implications

We examine different possibilities of interpreting
the low T, value obtained for the Laccadive Ridge.
It is known very well that T, values largely depend
on the strength of the lithosphere at the time of
emplacement (Watts 2001). A low T, generally
suggests volcanic emplacement near the spreading
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centre. However, the breakup history of the WCMI
and the age progression along the Réunion hotspot
track clearly suggest that the Réunion hotspot
could not have had an on-ridge eruption at least
until 47 Ma (Duncan 1990). The second possibility
is the off-ridge emplacement of the Laccadive Ridge
followed by thermal rejuvenation which could have
changed the flexural rigidity of the lithosphere
causing a resetting of the 7T, to a lower value due
to the prolonged interaction of the hotspot with
the oceanic crust. The lower T, associated with the
Cape Verde rise in the Atlantic Ocean (Young and
Hill 1986; McNutt 1988) and Magellan seamounts
in the Pacific Ocean (Smith et al. 1989) is believed
to have been caused by the prolonged interaction
of a causative hotspot with a slow moving plate.
However, plate tectonic models suggest that the
velocity of the Indian plate was exceptionally high
from the arrival of Réunion plume (66 Ma) until the
India—Eurasia collision (52 Ma). Hence, the low T,
for the Laccadive Ridge could not be explained by
either an on-ridge or off-ridge emplacement on the
oceanic lithosphere.

The evolution of WCMI involves two major
rift—drift events and associated hotspot volcanisms:
(i) the late-Cretaceous rifting of Madagascar, prob-
ably when the Marion hotspot was in close prox-
imity, and (ii) the Réunion plume arrival followed
by the breakup of Seychelles from India during
the early Tertiary. Though the Marion hotspot
caused widespread volcanism along the eastern
Madagascar margin, along WCMI, the intensity of
magmatism is low and has been restricted to the
southern part (Radhakrishna et al. 1994; Storey
et al. 1995; Torsvik et al. 2000; Kumar et al. 2001).
The relatively moderate T, (10-15 km) reported for
the southern WCMI using process-oriented grav-
ity modelling (Chand and Subrahmanyam 2003;
Dev et al. 2007) also suggests that no signifi-
cant reduction in lithospheric strength has been
observed despite the traverse of the Marion hotspot
during the rifting. This is also evident from the
high T, (15 km) reported for the continental por-
tion of the Comorin Ridge compared to the low
T. of 2-3 km of its oceanic part (Sreejith et al.
2008). In contrast to the Marion, the Réunion
hotspot activity was more intense at the northern
part of WCMI and must have caused significant
weakening of the lithosphere as indicated by low
T. = 5 km (Dev et al. 2007). We conclude that
the lithospheric stretching during the rifting stage
followed by Réunion hotspot volcanism must have
caused both weakening of lithospheric strength and
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sub-crustal magmatic underplating beneath the
Laccadive Ridge. It is noteworthy that the seismic
velocity structure of the Laccadive Ridge closely
matches with that of the Laxmi Ridge, which is
considered as a continental sliver (Naini and Tal-
wani 1983; Bhattacharya et al. 1994; Talwani and
Reif 1998; Todal and Eldholm 1998; Radha Krishna
et al. 2002; Krishna et al. 2006; Minshull et al.
2008; Mishra et al. 2018). The continental nature
of the Laccadive Ridge is further supported by the
identification of seaward dipping reflectors on seis-
mic reflection profiles from the western flank of the
Laccadive Ridge (Ajay et al. 2010).

Large subsurface loading for the Laccadive Ridge
must have caused by the accumulation of mag-
matic rocks by the Réunion hotspot volcanism
during early Tertiary at the base of the relatively
thicker continental crust. Receiver function studies
suggest thinning of an underplated layer south-
wards from 10 to 1 km beneath the Seychelles
archipelago (Hammond et al. 2013). The low load-
ing ratio towards the south could have been caused
by lesser magma input during the waning stage of
the Réunion plume. Secondly, the southern portion
of the CLR was emplaced on a fast-moving Indian
plate which might have hampered prolonged inter-
action between the hotspot and the lithosphere
required for significant subsurface loading process.

Moderate T, of 89 km inferred for the Maldive
Ridge could be explained by emplacement near the
flanks of CIR as suggested by the plate reconstruc-
tion models and age data from the ODP drill site
715 (Malod et al. 1997; Royer et al. 2002). How-
ever, during early Oligocene (33 Ma), the Réunion
hotspot was probably located under a segment of
the Central Indian Ridge and supplying melt to the
southern Chagos Bank as well as to the Nazareth
bank. A ridge-hotspot interaction typically causes
very low T, values as observed for the Ninetyeast
Ridge. However, moderate T, values estimated for
both the Chagos Bank (T, = 9—10) and Nazareth
bank (T, = 13km) (Tiwari et al. 2007) could
be due to the rapid emplacement of the ridge
due to volcanism on a fast-moving Indian plate
(about 125 mm/yr during 60-50 Ma). Recently,
Torsvik et al. (2013) proposed that the Chagos
Bank is a continental fragment, which separated
from the conjugate Mascarene plateau as a result
of the onset of the Réunion plume. This model
suggests that the Réunion plume remained directly
beneath the Indian plate only for ~10 Myr
(65-55 Ma) and later volcanism was caused when it
was under the African plate. Although this model
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can explain the moderate T; value for the Maldive
Ridge and Chagos Bank, an unequivocal inference
on the nature of the crust needs further studies.
Indeed the seismic refraction results (Francis and
Shor 1966) from the southern Maldive Ridge and
the northern portion of the Chagos Bank suggest
lower crustal velocities typical of volcanic islands
(6.13-6.79 km/s).

5. Conclusions

Transfer function analyses of bathymetry and
gravity data of the CLR along eight overlapping
blocks have provided new constraints on the elastic
thickness and crustal underplating variations along
the ridge.

(1) The northern most part of the CLR chain
(Laccadive Ridge) is associated with low T of
3 km with a subsurface to surface loading ratio
of 1. However, towards the south, the Maldive
Ridge and the Chagos Bank Ridge have fairly
uniform 7, of 8-10 km with a very low loading
ratio of 0.1-0.2.

(2) The Laccadive Ridge was emplaced on a
stretched continental crust in the presence
of sub-crustal underplated rocks of thickness
similar to the surface load.

(3) The Maldive Ridge and the Chagos Bank
might have been emplaced by the Réunion
hotspot on the flanks of the Central Indian
Ridge. The low subsurface loading inferred
for the southern part of the chain could be
related with the rapid emplacement on the
fast-moving Indian plate.
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