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The Chagos–Laccadive Ridge (CLR) is a prominent 
aseismic topographic feature in the northern Indian 
Ocean. The evolution and origin of the CLR continues 
to be a subject of great debate. Geomagnetic depth 
sounding studies have been carried out in five different 
Lakshadweep Islands. Transfer functions, summering 
relationship between anomalous and normal compo-
nents of transient geomagnetic variations, by virtue of 
their sensitivity to sub-surface electrical conductivity 
distribution facilitate to constrain the deep structure 
and thermal state of the CLR. 
 The induction arrows over a wide range of periods 
indicates dominance of island effect. The residual in-
duction arrows (obtained after accounting for the  
Island effect) suggest the concentration of anomalous 
induced currents in an elongated structure corre-
sponding with track of the Reunion hotspot. Further, 
the thin sheet modelling of the residual induction ar-
rows brings out a narrow belt of high-conductivity 
zone close to the eastern margin of the CLR. This is 
interpreted in terms of partial melt associated with the 
northward drifting of Indian plate over the Reunion 
mantle plume (65 Ma). The increase in the longitudi-
nal conductance from north to south can be attributed 

to the degree of partial melting with younging of the 
age of volcanic intrusion to the south.  
 
Keywords: Chagos–Laccadive Ridge, induction arrows, 
Lakshadweep Islands, Reunion hotspot. 
 
THE southwestern continental margin of India comprises 
several tectonic features, including the Chagos–Laccadive 
Ridge (CLR), Pratap Ridge and a chain of grabens filled 
with sediments bordering the west coast of India. The CLR is 
a prominent aseismic topographic feature over which the 
Laccadive (Lakshadweep), Maldive and Chagos group of 
islands have formed. The Lakshadweep group of islands 
forms the northern part of the CLR and is parallel to the 
western continental margin of India. 
 Various theories have been proposed regarding the 
evolution of the CLR.  
 
(a) Fisher et al.1 and McKenzie and Sclater2 associated 

the Chagos–Laccadive ridge with an old transform 
fault formed during the Cretaceous to Eocene period 
while India moved northward.  

(b) Francis and Shor3 have considered a hotspot origin for 
the ridge. This ridge was formed from the interaction 
of transiting Indian plate with the Reunion hotspot. 

(c) Ben Avraham and Bunce4 proposed diverse segmental 
origin for the CLR. The north and south segments 
have a volcanic origin, whereas the central part (Mal-
dive segment) is a continental fragment drifted away 
from India.  

(d) From the joint interpretation of seismic reflection and 
magnetic profiles, Naini and Talwani5 and Harbison 
and Bassinger6 suggested that the northern part of the 
CLR was a fragment of the Indian continent.  

(e) Based on free-air anomaly and seismic profiles, Radha 
Krishna et al.7 inferred that the northern part of the 
ridge formed a transition between continental crust 
and oceanic crust to the east and west respectively.  

 
To constrain the nature of the crust beneath the northern 
part of the CLR, by conductivity imaging, we have carried 
out long-period magnetotelluric and geomagnetic depth 
sounding (GDS) experiments during April–May 2004 at 
five different Lakshadweep Islands (Figure 1). In this 
communication, we present the results obtained from the 
GDS experiment.  
 In GDS, deduction of the lateral conductivity distribu-
tion is based on the three components of the time-varying 
geomagnetic field, generally the geographic north (X), 
east (Y) and vertical (Z) components. The time-varying 
magnetic fields, which have their origin in the current 
systems in the ionosphere and distant magnetosphere, act 
as a natural source and induce secondary currents in the 
conductive layers of the earth. Transformation of the 
time-varying magnetic fields into frequency-dependent 
response functions is suitable for drawing qualitative and



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 92, NO. 12, 25 JUNE 2007 1768 

 
 

Figure 1. Map showing locations of GDS sites occupied in relation to the Chagos–Laccadive Ridge and 
trace of Reunion hotspot (dashed line) along the southwestern continental margin of India (after Subrah-
manyam et al.26). The five different islands covered are Chetalat (CHT), Amini (AMI), Bangram (BAN), 
Kavaratti (KAV) and Minicoy (MIN). 

 
 
quantitative deduction on conductivity distribution which is 
obtained through the transfer function formulation sug-
gested by Schmucker8. At any given period, Xn, Yn and Zn 
represent the Fourier coefficients of the orthogonal mag-
netic fields. Then the observed magnetic field compo-
nents at field site (Xo, Yo and Zo) can be represented into 
normal and anomalous parts (Xo = Xn + Xa). In such a 
case, frequency-dependent transfer functions that relate 
the anomalous field components at a given site with nor-
mal field components can be expressed as  
 
 Za = TzxXn + TzyYn, 
 
where Tzx and Tzy are the vertical field transfer functions. 
These transfer functions are obtained under the assump-
tion of uniform source field for short-period fluctuations, 
where (a) Zn is small compared with Za (Zn → 0); the entire 
observed Z could be treated as anomalous. (b) The 
anomalous parts of the horizontal fields are small, i.e. 
Xa << Xn and Ya << Yn. (c) Zn does not correlate with either 
Xn or Yn. This allows cross-spectra terms between Za and 
Xn as well as with Yn to be replaced by those between the 
total observed Z and X (or Y) fields. 
 Conventionally, the information contained in vertical 
transfer functions concerning the nature of conductivity 
distribution is extracted by presenting them as induction 
arrows. As Tzx and Tzy are complex functions, there exist 
two sets of induction arrows: corresponding to real (r) 

and quadrature (i) parts. The magnitude (Sr and Si) and 
azimuth (φr and φi) of the arrow are given by: 
 
 Sr = Sqrt(Real(Tzx)

2 + Real(Tzy)
2), 

 
 Si  = Sqrt(Imag(Tzx)

2 + Imag(Tzy)
2), 

 
 φr = tan–1(Real(Tzy)/Real(Tzx)), 
 
 φi  = tan–1(Imag(Tzy)/Imag(Tzx)). 
 
It is usual to reverse the direction of real arrows so that 
they points towards the region of high internal electrical 
conductivity9. Hence when these arrows are displayed on 
the geographical grid of the stations, they form a powerful 
tool to locate and define the trend of the involved conduc-
tivity structures. For subsurface geoelectrical mapping of 
the CLR, three long-period magnetotelluric (LMT) and 
five fluxgate units were operated at different Laksha-
dweep Islands. The telluric fields could not be measured 
properly due to the high-contact resistance of electrodes 
with resistive coral reefs and due to the noise from the 
DC power supply. Therefore, estimation of magnetotelluric 
impedance tensors was difficult. Further, due to the en-
croachment of sea water during a cyclonic storm, data 
from two LMT and GDS sites were lost. In the present study, 
we present the results of the GDS data from four sites. 
Magnetic data from one LMT site (Chetalat, CHT) is also
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Figure 2. Observed induction arrows (real and quadrature) for four different periods at five different Lakshadweep 
Islands. Dashed line indicates trace of the Reunion hotspot. 

 
 
employed. The observed induction arrows of Lakshadweep 
array are discussed next. 
 Night-time transient geomagnetic variations recorded 
at all five island sites (shown in Figure 1) have been con-
sidered. Robust regression analysis has been implemented 
in determing the single-station transfer functions. Vertical 
field single-station transfer functions are presented in the 
form of induction arrows and four sets of real and 
quadrature arrows for periods 8, 19, 26 and 57 min are 
shown in Figure 2. The observed induction arrows are 
relatively small at all sites. Each site is affected by the 
induction in the surrounding sea water due to the large 
land–sea electric conductivity contrast. This is known as 
Island effect and is caused by the perturbation of electric 
current induced in the sea surrounding the island.  
 The observed induction pattern is partly controlled by 
the trend of the bathymetry and local conductivity anomaly  
as evident from Bangram (BAN). At this site for short 
periods (19 min), the real induction arrows do not point 
towards deep sea. The induction arrows, with their NE–SW 
orientation, point at right angles to the local bathymetry 

as well as conductivity anomaly. Thus at short periods, 
the induction pattern is dominated by the conductivity 
anomaly of the islands. The magnitude of the NE oriented 
arrow diminishes progressively with increasing periods, 
vanishing almost around 43 min. At still longer periods 
(shown only for 57 min), they rotate anti-clockwise and 
point towards the deep sea (where the water column has a 
thickness over 3 km). At Kavaratti (KAV) and Minicoy 
(MIN), the induction arrows point towards deep sea in SE 
directions for all periods. At Chetalat (CHT) and Amini 
(AMI), the magnitudes of the observed induction arrows 
have been reduced due to 2 km deep sea water. This sug-
gests that the observed induction pattern is dominated by 
the Island effect. Thus it is essential to estimate the same 
and eliminate from the observed induction response. The 
residual induction pattern thus estimated will be useful to  
infer the nature of deep crustal conductivity anomaly. 
 In the present study, for calculating the island effect, 
we have used the thin sheet algorithm developed by Vas-
seur and Weidelt10. This formulation requires that a region 
of normal structure must surround by the anomalous domain. 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 92, NO. 12, 25 JUNE 2007 1770 

In the regional model, normal structure is represented by 
a conductive medium of 3300 S, equivalent to sea water 
of 1 km depth. The edge effect that arises due to artifi-
cially confining the observational (anomalous) domain by 
normal structure of uniform conductivity is minimized by 
extending the grid to sufficiently larger distances away 
from the observational domain11. Thin sheet of 5 km 
thickness with laterally varying conductance includes sea 
water as well as sediments of varying depths. This thin 
sheet is underlain by three-layers which have a resistivity 
of 200, 1000 and 10 Ωm, with a thickness of about 20 
and 60 km respectively. The thicknesses of the various 
layers have been adopted based on gravity and seismic 
data analysis carried out by Radha Krishna et al.7. They 
considered the thick oceanic crust (15–20 km) underlain 
by a high-density underplated material and the thickness 
of the lithosphere ~80 km. For the purpose of conductance 
calculations12, sea-water resistivity was taken to be 
0.33 Ωm and that of the oceanic crust to be 200 Ωm. For 
deeper layers, the resistivity values have been taken from 
LMT investigations carried out in the western part of Dha-
war craton13. They considered 150 km thick lithosphere of 
1000 Ωm underlain by an asthenosphere having a resistivity 
of about 10 Ωm. Thus, we considered the resistivity values 
and thickness of different layers and carried out thin-sheet 
calculations. 
 For numerical calculations, the region between 71–80°E 
and 5–15°N (bathymetry is shown in Figure 1) was divided 
into a grid of 50 × 50 meshes, with a node spacing of 
about 25 km. For estimating the Island effect (arising due 
to land and sea water of variable depth), numerical com-
putations have been carried out for a period range of 8–
128 min. Figure 3 shows the real induction arrow pattern 
at 19 min, corresponding to the conductance distribution 
model depicting lateral variation associated with land and 
sea water of variable depth. The most dominant induction 
pattern is seen at the land–sea transition and persists for 
all periods. However, the presence of the Lakshadweep 
Islands in the Arabian Ocean produces strong perturba-
tions in the flow path of induced currents in the oceanic 
region. As a result, the induction arrows point towards 
the deep ocean and are directed away from the land mass.  
 Residual induction arrows have been obtained by sub-
tracting the modelled induction arrows (of oceanic res-
ponse) from the observed induction arrows. The residual 
induction arrows obtained for four different periods are 
shown in Figure 4. These arrows show clear directional 
reversal between BAN and CHT with reduced magnitude 
at AMI. The reduced amplitude at AMI suggests concen-
tration of induced currents in a conductive structure be-
neath AMI. The induction arrows at KAV and MIN point 
towards the Reunion hotspot trace and favour the presence 
of an elongated conductivity structure along the axis of 
the ridge. 
 Studying analytically the frequency response of 2D 
structures, Rokityansky14, and Chen and Fung15 noted that 

there exists a characteristic period Tc at which quadrature 
arrows flip their sign and at this period, the modulus of 
the real induction arrows is maximum. Tc is used to esti-
mate the longitudinal conductance (G = σQ S). 
 
 G = 5 × 104 × (Tc)

1.2, 
 
where σ is the conductivity (S/m) and Q is cross-sectional 
area (Q = h × l  in sq. m) of the anomalous conductivity 
body. The above relationship is site-dependent. However, 
as the site for which the above relation was derived is not 
much different from that of the present study area, we 
adopted the above relation as it is. 
 In the present study, the real induction arrows acquire a 
peak value in the period range of 19–26 min. In this period 
range, the quadrature arrows have nearly vanishing ampli-
tudes and their direction get reversed above and below 
this period (as seen at BAN and MIN stations). This critical 
period (Tc = 19 min) at which real arrows tend to be 
maximum and quadrature arrows flip their direction is 
characteristic of the anomalous body. Using the relation given 
above, the estimated longitudinal conductance of the 
anomalous conductivity structure is about 2.32 × 108 S. 
 Frequency characteristics of real and quadrature induc-
tion arrows for BAN and MIN (located on either side of 
the Lakshadweep Ridge) are shown in Figure 5. Maxi-
mum amplitude of the real induction arrow is seen at 
19 min for BAN and 26 min for MIN. The amplitude of 
quadrature induction arrows becomes minimum at this 
 
 

 
 
Figure 3. Calculated real induction arrows at a period of 19 min. 
They portray lateral variation in conductances due to land and sea water of 
variable depth. The arrows are shown for alternate grid points. Grey 
arrow at BAN shows the observed real induction arrow at 19 min and 
its scale has been doubled.  
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Figure 4. Residual induction arrows for four different periods. 

 
 
characteristic period. This suggests that the anomalous 
conductivity structure becomes more conductive from 
north to south of the Lakshadweep Ridge. 
 Induction arrows at relatively long periods are sensitive 
to local and regional conductivity structures. Recently, 
integration of large-scale magnetometer array data over 
the entire southern peninsular India, as well as ocean bot-
tom magnetometer array data in the Bay of Bengal has 
helped to develop a regional electrical conductivity distribu-
tion model16,17. This regional anomaly, named South India 
Offshore Conductivity Anomaly (SIOCA), correlates with 
low-velocity zone, low magnetization anomaly and a 
strong negative geoid, all centred near the southern tip of 
India. This regional anomaly has been attributed to the 
manifestations of the interaction of Marion plume outburst 
with Indian lithosphere. The position of the anomaly cor-
responds well with the location of the Marion plume out-
burst that led to the separation of India and Madagascar18. 
Its extension towards NE and NW are the anomalous 

conductive structures in the Palk Strait (PC) and under-
neath Comorin Ridge (CRC). 
 Both Island effect and Coast effect are due to the sharp 
conductivity contrast between land and sea. This results 
in the perturbation of induced currents in conducting sea 
water. If the Island/Coast effect is removed, one can ex-
pect to see the characteristics of any local subsurface 
anomalous conductor in the residual induction arrows. In 
order to know the nature of the local anomalous conductor, 
it is critical to include influence of regional map structure 
as detailed above (SIOCA).  
 In order to explain the residual induction arrows by 
thin-sheet model of laterally varying conductance, the re-
gion between 70°–80°E and 5°–15°N was divided into 
50 × 50 meshes, with a grid spacing of 25 km. Since the 
effect of sea water has been accounted for in the calculations 
of Island effect, the thin-sheet numerical calculations 
were carried out by replacing sea water with the land material 
having a resistivity of about 200 Ωm. 
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Figure 5. Changes in magnitude of real (solid) and quadrature (dashed) arrows as a function of square root of period 
shown for stations BAN (left) and MIN (right). These sites lie on either side of the Lakshadweep ridge. An arrow 
points the characteristic period Tc.  

 

 
 The residual induction arrows have been explained in 
terms of high-conductivity anomaly running parallel to the 
trace of hotspot, which has a conductance of about 10,000 S 
in the north that increases to 20,000 S towards south. The 
thickness as well as depth of the conductivity body in-
creases towards MIN. The reversal in induction arrows bet-
ween CHT and BAN has been explained in terms of high-
conductivity anomaly, having a conductance of about 
10,000 S with a reduction at AMI. The induction arrow at 
KAV is due to the high conductivity anomaly following 
the track of Reunion hotspot that extends towards MIN.  
 Movement of the Indian lithosphere plate over a Reunion 
mantle plume19, produced a chain of volcanic islands (Lac-
cadive and Maldive Islands) during 45–60 Ma. Thermal 
remobilization/reactivation during this period may have 
increased the mantle temperature beneath the CLR20, 
which is higher than normal by 100–250°C. Using shear 
wave velocity, Manglik21 studied the anomalous character 
of the lithosphere beneath the CLR. He suggested a low-
velocity zone that decreases from south to north (25–
15 km). Asalatha et al.22 observed thick crustal roots beneath 
the CLR on the basis of admittance analysis. The presence 
of such thick high-density material is consistent with the 
gravity modelling carried out by Radhakrishna et al.7. 
They interpreted this gravity high in terms of high-
density mantle material underplating beneath the CLR.  
 The zone of low seismic velocity, high mantle tempera-
ture and underplating mantle material beneath the CLR is 
not necessarily coincident with depth, may symbolize 
partial melt of crustal and mantle material associated with 
the hotspot volcanism. Further, as a consequence of the 
above, during long geological time, this process might 
have released hydrous fluids/volatiles forming an additional 

source for the enhanced conductivity. Given strong depend-
ence of electrical conductivity on temperature, as seen 
from the conductance map (Figure 6), it can be inferred 
that thermal activity decreases from south to north of the 
Lakshadweep group of islands and coincides with the 
low-velocity zone as mapped by Manglik21. 
 Thin-sheet model required a conductance of the order 
of 10,000–20,000 S to simulate the Reunion hotspot trace. 
Thus, the observed conductivity anomaly along the hot-
spot trace can be attributed to the section of the crust/ 
mantle that has been thermally remobilized or altered by 
Reunion hotspot activity. The conductivity anomaly at 
AMI can be attributed to the narrow magma conduits re-
lated to magma transport though the uppermost mantle 
and lower crust. 
 Elsewhere, EM studies have been carried out around So-
ciety Islands23 and across the Hawaiian hotspot swell24,25. 
In the above studies, the mapped high conductivity has 
been explained by partial melt. For the Hawaiian plume24, 
the estimated conductance is of the order of 25,000–
40,000 S, having a temperature of about 1460°C. In our 
study, the estimated lower conductance (10,000–20,000 S) 
for the Reunion hotspot track seems to be consistent with 
the fact that plume–lithosphere interactions were initiated 
~40–50 Ma. 
 In conclusion, magnetovariational studies over the Lak-
shadweep Islands support the hypothesis of hotspot origin 
for the northern part of the CLR. Given the poor depth 
resolution of GDS, the conductance model developed 
provides depth-integrated conductance. The depth extent 
of conductivity anomaly associated with the Lakshadweep 
Islands still remains elusive. Seafloor EM measurements 
(across the CLR) supplemented by magnetotelluric sound-
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ings over the Lakshadweep group of islands will be useful 
in determining the electrical conductivity distribution on 
either side of the CLR and its evolutionary processes. 
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SIOCA  South Indian Offshore Conductivity Anomaly 
PC  Palk Strait Conductor 
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Figure 6. Thin-sheet conductance (logarithmic scale) map for Lak-
shadweep Islands (northern part of the Chagos–Laccadive Ridge) and 
adjoining oceanic region. Regional anomaly SIOCA as discussed in the 
text is also included for numerical calculations. Comparison of ob-
served and calculated real induction arrows is shown for 19 min.  


