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Abstract: In the recent past, several global geopotential models (GGM) were made available in the public
domain but all these models have variable spatial resolution which is not always readily apparent on visual
inspection. In the present study, evolution tests based on the statistical estimates, spectral analysis and Image
enhancement filters have been performed to assess the spatial resolution and quality of Earth Gravitational
models (EGM2008, GOCE, DTU13 and SSV23.1) and crustal magnetic field model (EMAG2) over the Indian
shield and its surrounding offshore regions. Our study reveals that EGM2008 and satellite altimetry (DTU13
and SSV23.1) derived gravity models provide remarkable accuracies and wavelength resolutions (< 19 km for
EGM 2008; < 4 km for DTU13 and SSV23.1) equal to the terrestrial (ground /shipboard gravity) measurements
in the continental and oceanic regions respectively. It is also evident from both 2-d forward modeling and
spectral analysis that the accuracy of GOCE derived global gravity models lies at longer wavelengths (i.e., >
125 km) which is useful for the delineating the subsurface density heterogeneities and deep crustal features such
as suture/contact zones. Further image enhancement interpretation of these global geopotential models resolve
the major structural trends, and provide new information on the crustal architecture.
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1. Introduction

During the first-half of the 20" century, the global
coverage of potential field measurements was very
sparse and mostly confined to the continental regions.
However, subsequent developments of satellite
altimetry as well as advancement in the ship-borne
gravity and magnetic measuring instruments and
navigation systems have led to the acquisition of large
amount of potential field data in the marine areas also.
Due to the concerted efforts of all major geophysical
research institutes throughout the world, several
global geopotential models (GGM) have come into
existence covering both the continental and oceanic
areas sufficiently at high resolution. This dramatic
improvement in the knowledge of both the earth’s
gravity and magnetic field models also has made
several significant contributions to the field geodesy,
geophysics and oceanography. EMAG?2 is one such
Earth Magnetic model which was derived based on
the combination of CHAMP satellite, ship, and
airborne magnetic measurements [1]. On the other
hand global gravity field models have been computed
either based on only satellite/altimetry measurements
or combination of both satellite and terrestrial gravity
data. The GOCE (Gravity Field and Steady-State
Ocean Circulation Explorer) gravity model is based
on the satellite-only data derived from GOCE mission
[2]. Similarly, several marine gravity models have

also been computed recently based only on the
satellite altimetry measurements which include
DNS13 model [3] and the SSV23.1 model [4]. Among
these EGM2008 model is a milestone in the
development of global gravity field models which
combines both satellite and terrestrial data [5]. Even
though it is claimed that all these newly available
global geopotential models are useful for regional
tectonic/structural interpretation and local crustal
scale modeling, but it is always important to evaluate
them with the help of independent measurements such
as ground truth/ship-borne datasets in order to ensure
the accuracy and resolutions of these models for local
studies. Several studies were conducted by different
workers over different parts of the world [6, 7, 8, 9,
10, 11, and 12]. However such studies concerning the
validation of these GGM’s have not performed in the
Indian context till date. Therefore, the main aim of the
present study is to understand whether EGM2008,
GOCE, DTU13, SSV23.1 and EMAG?2 global models
can aid in recognizing major tectonic/ structural
elements and crustal density inhomogenities. For this
purpose we have evaluated these global geopotenial
models with the available ground truth/ship-borne
data sets through statistical estimates, spectral
analysis and 2-D gravity modeling.
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Figure 1. Topographic map showing various
morphological features Indian shield and its
surrounding ocean basins. Black rectangles are the
locations of blocks considered for the analysis

2. Data
2.1. Gravity data

The GOCE model utilized in the present study was
obtained from data of GOCE satellite mission
(GO_CONS_GCF_2 TIM_R3) and it provides the
earth’s gravitational field up to spherical harmonic
degree and order 250 which is equivalent to a
maximum spatial resolution of 80 km [2]. In the

onshore areas, the free-air gravity data is extracted
from EGM2008 global earth potential field model
complete upto spherical harmonic order and degree
2159 with additional coefficients upto degree 2190
[5]. This model includes terrestrial, satellite altimetry
and satellite gravimetry (GRACE mission) datasets
and provides gravity data at 5'x5’ minutes grid
resolution. While, in offshore regions the free-air
gravity anomaly data is extracted from1’x1> min a
global marine gravity grid (Version 23.1) of Sandwell
et al. [4] which has been prepared by combining new
radar altimeter measurements from the CryoSat-2 and
Jason-1 satellites with existing data. The Bouguer
anomalies were computed by applying terrain
correction to the free-gravity data using the ETOPO1
elevation data [13] and density of 2670 kg/m3. The
ground gravity data is extracted from the published
Bouguer gravity anomaly maps available for the
Indian shield [14, 15, 16 and 17]. It was claimed that
these datasets were acquired along major roads and
tracks with a station spacing of 2-5 km [14, 15, 16 and
17]. All the data were tied to the IGSN71 reference
system, and a density of 2670 kg/m3 was used for the
Bouguer correction. Additionally large number of
ship-borne gravity profiles in the Indian offshore
region available from marine geophysical track line
database of National Institute of Oceanography
(NI1O), Goa and from the National Geophysical Data
Center, USA.

Figure 2. Bouguer gravity anomaly maps of (A) Southern Granulite terrain (B) Godavari basin (C) Saurashtra
basin prepared using the Terrestrial, EGM08 and GOCE data (from left to right) respectively
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2.2. Magnetic data

The total field magnetic anomaly data for the study
region is retrieved from the global Earth Magnetic
Anomaly Grid (EMAG2) which is a compilation of
CHAMP satellite magnetic anomaly model MF6 (for
wavelengths > 330 km), the aeromagnetic and marine
magnetic data [1]. It provides magnetic data with
2'x2" minute grid resolution at an altitude of 4 km
above the geoid [1]. Additionally, large number of
ship-borne magnetic profiles in the Indian offshore
region available from marine geophysical track line
database of National Institute of Oceanography
(NIO), Goa and from the National Geophysical Data
Center, USA is used to represent anomalies above
oceans. The ground magnetic data used in this study is
extracted from the published total magnetic Intensity
maps of the Indian shield region [18, 15]. These
datasets were acquired along major roads and tracks
with a station spacing of 2-5 km and corrected for
IGRF and diurnal correction.

3. Comparison of EGM2008 / GOCE / satellite
altimetry with ground truth/ship-borne data

In this study we have evaluated EGM2008 and GOCE
models in the selected parts of the continental regions
such as Southern Granulite terrain (SGT), Saurashtra
(SB) and Godavari basins (GB) by comparing the
Bouguer anomaly grids obtained from these models
with the ground truth data (Block 1-3 in Fig. 1). While
in the offshore region we have validated the GOCE
and satellite altimetry (DTU13 and SSV23.1) derived
gravity models with the available ship-track gravity
profiles both in the Arabian Sea and Bay of Bengal
(Block 4-5 in Fig. 1).

International Journal of Earth

3.1 Continental regions

Visual comparison of Bouguer anomalies of the
GOCE and EGM 2008 models with available ground
truth data in the SGT, SB and GB regions suggests
that EGM2008 reveals almost similar anomaly
highs/low trends in comparison with the ground truth
data. While Bouguer anomaly maps of GOCE only
reveals a smooth and broad anomaly trends (Fig. 2).
The Bouguer anomaly maps (Fig. 2A &B) of
Southern Granulite terrain prepared using both ground
gravity and EGM2008 data exhibits several NNW-
SSE and E-W trending gravity highs and lows
coinciding with the known major shear zones in this
region such as Bavali, Moyar,Bhavani and Palaghat
cauvery shear zones. Similarly, Bouguer anomaly
maps (both EGM2008 and ground gravity) of
Godavari basin (Fig. 2D & E) show several NE-SW
gravity highs and lows over the basement ridges and
depressions respectively. Further, Bouguer anomaly
maps of Saurashtra basin (Fig. 2G & H) also revealed
several isolated circular gravity highs of 40-60 mGal
amplitude coinciding with volcanic plugs in this
region. These are marked as H1-H2 near Junagadh in
the western Saurashtra and H3-H5 near Vallabhipur,
Palitana and Rajula in the SE part of Saurashtra
region. A broad gravity low marked as ‘G’ over the
Jasdon plateau in eastern Saurashtra is also seen on
these two maps. In contrast to this the Bouguer
anomaly map of GOCE data (Fig. 2I) reveals only
broad gravity high (marked as H1) and low (marked
as G1) in the western and eastern parts of Saurashtra
basin respectively.
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Table 1: Statistics for the amplitude difference between terrestrial (ground gravity/magnetic data)
measurements and global geopotential models over the Indian shield region. GD=ground Gravity/Magnetic
data

Southern Granulite Terrain

Godavari Basin

Saurastra Basin

Standard

Min  Max Mean peyiation Min

Max Mean peyiation Min Max

Standard Standard

Mean  peviation

GD-EGM 2008 -66.31 58.17 -5.29 12.85 -28.56 2217 -0.78 7.88 -20.81  32.01 0.50 8.02
(mGal)
GD-GGOCE -91.65 175.35 -18.86 29.98 -56.10 66.99 -1.49 21.82 -2451 77.23 10.57 20.54
(mGal)
GD-EGMAG2 -64.93 319.55 97.15 52.46 -436.51 608.10 10495 196.43
(nT)
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Figure 4. Comparison of satellite/altimetry derived gravity anomalies with the ship-borne gravity measurements
in the Arabian Sea and Bay of Bengal

The statistical estimates for the difference between
EGM2008/GOCE and terrestrial measurements were
reported in the Table 1. In general EGM2008 shows
strong correlation with ground truth data in the
smooth topography regions such as Godavari and
Saurashtra basins with a standard deviation of 7.88
and 8.02 mGal respectively (Table 1). However,
higher mean (-5.29 mGal) and standard deviation
(12.85 mGal) values are noticed over Southern
Granulite terrain where topography is relatively high
suggesting low correlation with ground truth

measurements [19]. Similarly statistical estimates for
the difference between GOCE and ground truth data
also shows strong correlation over Godavari and
Saurashtra basins compared to the relatively high
topographic Southern Granulite terrain. Further,
radially averaged power spectrum is computed for
both ground and EGM2008/GOCE data (Fig. 3) to
compare these datasets quantitatively at different
wavelengths [20]. It is noticed that the ground gravity
data has more power at higher wavenumbers than
EGM2008 model (Fig. 3A-C). This is due to the fact
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that the spatial resolution of ground gravity data 2-5
km and contain shortest wavelengths of 4-10 km,
while the EGM2008 grid have resolution of about 9.3
km and contain shortest wavelength information of
about 19 km [5]. While the GOCE derived gravity
models have higher spectral density relative to the
EGM2008 at longer wavelengths > 125 km (Fig. 3A-
C).

3.2 Offshore regions

For the comparison of satellite altimetry (DNC13 and
SSV23.1) and GOCE with the ship-borne gravity in
the offshore regions, free-air gravity anomalies are
extracted along ship tracks from their respective
models and the error statistics were estimated between
the satellite and ship-borne gravity data (Table 2).
Visual inspection as well as statistical estimates both
in the Arabian Sea and Bay of Bengal shows that
satellite altimetry DTU13 and SSV23.1) derived
gravity models matches better with the ship-borne
data than the GOCE with significant improvement at
short wavelengths (Table 2). The GOCE data shows
agreement with the ship-borne data for long
wavelength anomalies (Fig. 4). It is also observed for
that the mean difference and standard deviation
between the satellite-altimetry and ship-borne datasets
are relatively small in the Arabian Sea compared to
the Bay of Bengal (Table 2). The mean difference and
standard deviation between the DTU13 and ship-
borne varies respectively from 2.47, 1.60 mGal in the
Avrabian Sea to 2.63, 2.04 mGal in the Bay of Bengal.
However these values are relatively high for SSV23.1
in both the regions. The mean values for both Arabian
Sea and Bay of Bengal are 2.90 and 3.41 mGal
respectively. Similarly the Standard deviation for
SSV23.1 model ranges from 1.61 mGal in Arabian
Sea to 2.47 mGal in Bay of Bengal. These relative
differences between DNSC13 and SSV23.1 could be
due to the use of different data reduction procedures
in their anomaly computations. In order to further
quantify the short-wavelength resolution of the
Satellite altimetry (DTU 13 and SSV23.1) and GOCE,
the power spectrum analysis between the satellite and
ship-borne gravity profiles are carried out [6,20]. At
wavelengths longer than 125 km, the GOCE data has

high power spectral density compared to ship-borne
and satellite altimeter-derived gravity fields in both
the Arabian Sea and Bay of Bengal regions (Fig. 3D-
E). The power spectral density of both ship-borne and
satellite altimeter-derived gravity field are essentially
identical between wavelengths of 8.5-250 km;
whereas, the ship-borne gravity spectrum has greater
amplitude than the satellite altimeter-derived gravity
data for wavelengths from 8.5 km to 4 km.

4. Comparison of EMAG2 with ground truth/ship-
borne data

Similar to gravity, in order to evaluate the EMAG2
model in the study region we have compared the total
magnetic anomaly grids of EMAG2 with the available
ground magnetic grids in continental region (Block 2
&3 in Fig. 1) and along track anomalies of EMAG2
with ship-borne magnetic data available in the
offshore regions (Block 4&5 in Fig. 1).

4.1 Continental regions

It should be noted that visual comparison of these two
datasets in Godavari basin depicts almost a well-
defined set of magnetic lows and highs coinciding
with the known structures in this region though the
EMAG2 is smoother in appearance and poorly
resolved at shorter wavelength anomalies (Fig. 5A&
B). In contrast to this the total intensity magnetic map
(Fig. 5C & D) prepared using the EMAG2 data in
Saurashtra basin shows only broad long wavelength
anomalies and hard to correlate with any known
features present in this area. It is also observed that
the absolute difference in the amplitude of magnetic
anomalies of EMAG2 and ground magnetic data also
shows large variation from -400 to 600 nT with a
maximum standard deviation of 196.43 in this region
(Table 1). Further comparison of radially averaged
power spectra of EMAG2 with ground magnetic data
shows that the power spectra of EMAG2 fairly
matches with Ground magnetic data at all
wavenumbers in the Godavari basin (Fig. 6A). While
in the Saurashtra basin EMAG2 have low power with
a constant shift at all wavenumbers than the Ground
magnetic data (Fig. 6B).

Table 2: Statistics for the amplitude difference between terrestrial (ship-borne gravity/magnetic data)
measurements and global geopotential models over the Arabian Sea and Bay of Bengal regions. SD= Ship-
borne Gravity/Magnetic data

Arabian Sea Bay of Bengal

Standard Standard

Min Max Mean  Deviation Min Max Mean Deviation
SD-SandwellV23 -1.19 7.11 2.90 1.59 -4.98 11.24 3.41 2.47

(mGal)

SD-DTU13 (mGal) -2.92 6.10 2.47 1.60 -3.36 11.11 2.63 2.04
SD-GOCE (mGal) -20.66 13.82 1.49 5.79 -16.74  20.59 3.12 6.08
SD-EGMAG2 (nT) -531.12  -301.80 -405.10 39.81 -45.99  91.13 20.29 30.09
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Figure 5. Total magnetic intensity maps of (A) Godavari basin (B) Saurashtra basin derived using the ground
and EMAG2 data (left-right) respectively
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Figure 6. shows the power spectrum obtained from
the EMAG?2 derived magnetic anomalies and
terrestrial magnetic measurements (ground/ ship-
borne data)

4.2 offshore regions

Along track comparison of EMAG2 with ship-borne
magnetic data reveals similar set of oceanic magnetic
anomalies both in the Arabian Sea and Bay of Bengal

(Fig. 7). However a regional shift in the magnetic
anomalies of about ~250-450 nT is noticed in the
Arabian Sea.

The statistical analysis of EMAG2 and ship-borne
magnetic data (Table 2) shows that the mean
difference amplitude between these two data sets is
about -405.10 nT with a standard deviation of 39.81
nT in the Arabian Sea, while in the Bay of Bengal the
mean difference amplitude is reduced to 20.29 nT
with a standard deviation of 30.09 nT. This shows that
the discrepancy between EMAG2 and ship-borne
magnetic data is significantly large in the Arabian Sea
than Bay of Bengal. Further comparison of power
spectra of EMAG2 and ship-borne magnetic fields
(Fig.6C & D) shows that these two spectra are almost
identical up to wavelengths ~36 km and beyond this
(> 36 km) the amplitude of EMAG?2 falls off sharply
relative to the ship-borne magnetic field. It should be
noted that EMAG2 data provides leveled data at an
altitude of 4 km above the seafloor; hence, differences
in the amplitude and wavelength of the anomalies
exist.
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Figure 7. Comparison of EMAG2 magnetic fields with the ship-borne magnetic data in the Arabian Sea and
Bay of Bengal
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Figure 8. (A) composite Gravity anomaly map of the Eastern Continental margin of India (ECMI) prepared
utilizing the Bouguer anomaly data of EGM2008 in the onshore and Free-air gravity anomaly data of SSV23.1
in the offshore region (B) First Vertical Derivative of Isostatic residual gravity anomaly map of ECMI (C) Total

magnetic intensity map of EMAG2 and its (D) Analytical signal map of ECMI

5. Discussion

Gravity and magnetic data derived from the global
geopotential models (GGM) gradually replaces the

terrestrial (ground, ship and airborne) measurements
for many geo-scientific investigations as they are least
affected by incorrect or missing data [8,21,4]. The
spectral comparison studies of Global Geopotential
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models (EGM2008, DTU13, SSV23.1 and EMAG?2)
with the available ground truth/ship-borne data in the
selected parts of the Indian shield and adjoining
offshore regions suggests remarkable improvement in
the short wavelength band (8.5-32 km). Although this
improved short wavelength resolution of GGMS is of
interest for investigation of sedimentary basins,
bathymetric  prediction studies and regional
geological/structural mapping, but the analysis of the
anomaly maps obtained from these datasets may not
provide meaning full interpretations in many cases.
This could either due to strong dominance of long
wavelength signal (Fig.4-6) or presence of thick
sediments [4] which produce only subdued gravity
anomalies signatures (e.g. Gulf of Mexico and South
Atlantic basin). In order to further confirm the
resolution of these datasets as well as their utility in
regional tectonic/structural interpretation, we have
applied several image enhancement filters to both
gravity and magnetic anomaly maps.

5.1 Image enhancement interpretation of global
potential models

In the present study we considered Eastern continental
margin of India (ECMI) as an example where thick
sediments obscure the signatures of the several
structural trends in the region. Based on the ship-
borne gravity, magnetic and multi-channel seismic
data, several earlier workers have mapped several
structural / tectonic trends both in the onshore and
offshore areas of ECMI [22, 23, 24, 25, 26, 27, 28 and
29]. The composite gravity anomaly maps of EGM
2008-DTU13 (Fig. 8A) and total magnetic intensity
map EMAG2 (Fig. 8B) prepared for the ECMI reveals
only smoother geophysical signatures over these
known structures and roughly defined the basement
boundaries. In the onshore region of ECMI,
Proterozoic Eastern Ghats mobile rocks (EGMB)
show a NE-SW trending gravity high compared to the
adjacent Archean Cratons which are associated with a
gravity low. It is also noticed that the gravity high
over northern part of EGMB is more prominent than
the southern part of EGMB. These two are separated
by a NW-SE trending gravity low over the Godavari
graben. In the offshore ECMI, two prominent gravity
lows were observed, one over the 85°E ridge and
other over the Basement high in deep offshore K-G
basin. Further, the Cauvery basin shows a NNE-SSW
gravity trend, while the K-G and Mahanadi basins
associated with NE-SW gravity trend.

In order to improve the signatures of the hidden
features such as faults and other structural
discontinuities, we have applied several image
enhancement filters to both gravity and magnetic
anomaly maps. For the gravity data, the first vertical
derivative (FVD) filter to the Isostatic residual
anomaly data as application of FVD enhances the
shallow sources (Fig. 8C). The Isostatic residual
anomalies were obtained by removing the gravity
effect of root/antiroot from the Bouguer anomalies. In

addition, Analytical signals ((Fig. 8D) were applied to
the total magnetic intensity data for delineating the
magnetic source locations especially in the presence
of vertical contacts and is less influenced by the
direction of magnetization [30]. The combined
analysis of image enhancement maps of both gravity
and magnetic (Fig. 8 C&D) shows excellent
correlation with the compiled structural trends along
the ECMI [22, 23, 24, 25, 26, 27, 28 and 29]. The
study revealed the extension of major Precambrian
structural trends, basin scale faults / fractures into the
offshore areas. In the southern part of ECMI, two
major Pre-Cambrian lineaments, namely the Moyar-
Bhavani Attur (MBA) lineament and the Palghat-
Cauvery Lineament (PCL) are marked with E-W
trending gravity and magnetic signatures that were
extending from onshore to offshore of Cauvery basin.
While in the central part of ECMI several NW-SE
gravity and magnetic anomalies are seen to be
associated with the Chintalapudi and Avanigadda
cross trends in the KG basin, Vijayanagaram and
Pudimadaka lineaments in the north of K-G basin.
Similarly the Dharma (DOL) and Chilika lake
offshore Lineaments (COL) in the Mahanadi basin are
characterized with NW-SE gravity and magnetic
anomalies. In addition to this several localized
gravity and magnetic high and lows were noticed over
the host and graben structures of the individual basins
along the East coast of India. Further, some of these
lineaments were associated with low-to-moderate
earthquake activity both in the onshore and offshore
regions.

Gravity (mGal)

Depth (km)

200 300 400 500 600
Distance (km)

Figure 9. Crustal model (transect-1) obtained along
the Kavali-Udipi deep seismic sounding (DSS) profile
through the 2-D forward gravity modeling. The model

is additionally constrained by both geological and
seismological information (black). Different gravity
anomalies are shown in the upper panel. The block
dotted line shows the calculated gravity from the
model matched to the surface gravity data (blue
curve). The correlation EGM2008 (green curve) and
GOCE (red curve) models with the predicted gravity
values are also shown in the upper panel. The
location of transect is shown in Fig.1

5.2 Sensitivity of EGM2008/GOCE for Crustal
scale modeling
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Gravity data obtained from Global models very often
used to study the crustal density inhomogeneities and
thickness variations over much larger scale. However,
on a regional scale, the deviations between seismic
and gravity derived Moho depths might be very large
due to the inherent ambiguity involved in the potential
fields [9, 31]. Therefore, we performed the 2-D
forward modeling along the three regional crustal
transects (see Fig.1) in the study region in order to
assess the spatial resolution and quality of the global
potential models (EGM 2008 and GOCE) in modeling
the crustal structure on a regional scale. The transect 1
is the Kavali-Udipi Deep Seismic Sounding profile
[32] in the Southern India shield region, While
transect 2 and 3 are the seismic reflection profiles
across the Arabian sea and Bay of Bengal compiled
from the previous workers [33,34].

Based on the gravity modeling along Kavali-Udipi
seismic profile, Singh et al., [35] revealed a three-
layered crustal configuration with a Moho depth
ranges from 37-41 km beneath the Dharwar Craton,
40 km below the Cuddapah Basin, which gradually
decreases to a depth of 35 km beneath the Eastern
Ghat mobile belt (EGMB). Further their model
suggests two deep crustal faults with a high-density
ridge like body at a depth of 5-20 km near the
Closepet Granite and EGMB. The two faults represent
the ancient suture zone: one between the Western and
the Eastern Dharwar Craton (WDC and EDC), and the
second occurs between the EDC and the Eastern Ghat
mobile belt (EGMB). In the present study, we have
remodeled the structure along this transects by
adopting their crustal geometry along with the
additional constraints on Moho depth from 32 stations
of receiver function data [36].

It is evident from our modeling studies (Fig. 9) that
the EGM2008 exhibits better correlation in terms of
both the wavelength and amplitudes with the
calculated gravity (ground gravity) than GOCE.
However a deviation of about ~20 mGal between the
EGM2008 and calculated gravity is observed in the
high topography region of Western Dharwar craton
region. Although the GOCE gravity is relatively
smooth and comparable for longer wavelengths of
calculated the gravity field, it does not agree well in
terms of amplitudes. It shows a large deviation of
about ~20-40 mGal from the calculated gravity in the
WDC and EGMB regions. On the other hand, the
deep crustal faults that mark the ancient suture zones
between the EDC-WDC and WDC-EGMB are well
resolved in the GOCE with a distinct bipolar (positive
and negative) gravity signatures and sharper gradient
in the anomalies (Fig. 9). While the EGM2008 shows
only a subdued gravity anomaly signatures with
gentle gradient over these contact zones. Therefore
new global gravity models combining both EGM
2008 and GOCE would be required to generate a well
resolved lithospheric model at the regional scale.
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Figure 10. Crustal model (transect-2) across the
Western Continental margin of India obtained
through the 2-D forward gravity modeling. The short
bars annotated with numbers represent seismic
velocities compiled from Naini and Talwani.
[37].UCC and LCC: Upper and Lower Continental
crust. UOC and LOC refer to Upper and Lower
Oceanic crust. The location of transect is shown in
Fig.1
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Figure 11. Crustal model (transect-3) across the
Central Bay of Bengal obtained through the 2-D
forward gravity modeling. UCC and LCC: Upper and
Lower Continental crust. UOC and LOC refer to
Upper and Lower Oceanic crust. The location of
transect is shown in Fig.1

In the Oceanic regions, satellite altimetry derived
gravity models (SSV23.1 and DTUL3) are in
agreement with calculated gravity (ship-borne) field
than GOCE interms of both wavelength and
amplitudes (Fig. 10 and 11). Both SSV23.1 and
DTU13 well depicted the several short-wavelength
crustal scale features which are buried beneath thick
sediments. On the other hand GOCE data resolves the
structures only in thin covered sedimentary regions. In
the Arabian Sea where the sediment thickness is only
2-4 km the GOCE data reveals three different crustal
domains [38, 39]. The Continent-Ocean boundary at
west of Laxmi ridge is clearly defined as sharp
transition of gravity low over the Laxmi ridge to a
positive gravity in the Arabian Sea (Fig. 10). The
thinned crust with a broad gravity high over the
Eastern basin indicates either intruded continental
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crustal rocks or the initial oceanic crust (Fig. 10).
Further thickening of crust towards coast associated
with a sharp gradient in the GOCE gravity data
clearly demarcates the boundary between the intruded
continental/initial oceanic crust and extended
continental crust (Fig. 10). The mapped Moho
boundary in the Bay of Bengal does not show well
correlation with the GOCE data (Fig. 11). The
gradient at Moho interface beneath the Ninetyeast
ridge is associated with the subdued gravity signatures
(Fig. 11). This could be either due to the presence of
thick sediments (> 4km) which diminishes the gravity
signatures of the crust-mantle interface or the ridge is
isostatically compensated by thicker crust.

6. Conclusions

Based on the statistical estimates and spectral

comparisons of global Earth’s gravitational models

(GOCE, EGM2008, DTU13 and SSV23.1) and Earth

Magnetic model (EMAG2) with the terrestrial

(ground/ship-borne) measurements in the Indian

shield and adjoining offshore regions, the following

conclusions were derived from the present study:

o EMAG?2 resolves wavelength features down to 36
km resolution and it can be utilized for first order
regional tectonic/structural interpretations.
However, the absence of short wavelength
information <36 km in the EMAG?2 data hinders the
interpretation of shallow source anomalies, which
requires a high resolution. We also observed that
the resolution of EMAG2 is very poor in the
regions (e.g. Saurashtra basin in the present study)
where the original ground/ aeromagnetic data were
absent/ limited.

e EGM2008 and satellite altimetry (DTU13 and
SSV23.1) derived gravity models provides the most
comprehensive picture of the earth’s gravity field in
the continental and oceanic regions respectively
with  remarkable accuracies and wavelength
resolution (< 19 km for EGM 2008; < 4 km for
DTU13 and SSV23.1) equal to the terrestrial
(ground /shipboard gravity) measurements. Image
enhancement interpretation of gravity anomalies
across the Eastern continental margin of India
further confirm their utility in the regional
geological mapping/ structural interpretation.

e The GOCE provide better accuracy at longer
wavelengths (i.e., > 125 km) relative to the
EGM2008 and satellite altimetry (DTU13 and
SSV23.1) derived gravity models in both
continental and oceanic regions. Our 2-D gravity
modeling studies along the deep seismic sounding
transect suggests that GOCE shows distinct gradient
across the suture/contact zones rather than the
EGM2008. Therefore new global gravity models
combining GOCE and EGM 2008/ satellite
altimetry (DTU13 and SSV23.1) would be required
to generate a well resolved lithospheric model at the
regional scale.
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