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ABSTRACT

In this study, structural lineaments and fracture zones of the northern region of the Central Indian Ridge have
been determined using gravity data from XGM2019¢ 2159 global gravity model. In this scope, firstly, the edge
detection performances of the gradient amplitude of the tilt angle (THDR), theta map (TM), improved local phase
(ILP), and improved logistic (IL) methods have been evaluated on synthetic examples. The results show that the IL
method effectively avoids false edges and produces high-resolution edges. Then, the methods are applied to the
gravity anomaly of the northern region of the Central Indian Ridge. It has been determined that the most prominent
structural lineaments observed over the region are in the NE-SW and NW-SE directions. These trends match
reasonably with the significant trends of the Tilt depth solutions that show a depth range of 2.2 km to 7 km for
different geological structures. In addition, the obtained results are compatible with the known fracture zones of the
study area. The findings help us to improve our understanding of the structure and tectonic framework of the study

region.
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1. Introduction Chamoli, 2021). In the past, some
investigations were conducted to improvise

The Central Indian Ridge is a )
the knowledge of the evolution process of the

prominent structure of the Western Indian ¢ i ) )
Ocean (Fig. 1a). The study on the formation, Central Indian -Rldge (ie., McKenz%e and
evolution and growth of oceanic crust along Scalter, 1971; Fisher et al., 1971; Patriat and
the Central Indian Ridge will help to better Segoufin, 1988; Cochran et al., 2003; Dick et
comprehend the tectonic and geodynamic al., 2003). However, most of the results
evolution of the Western Indian Ocean (Sahoo obtained from these investigations were based
et al., 2022a, b). The structural boundaries are ~ on bathymetric and magnetic data. Although
related to discontinuities or contacts among some seismic and potential field studies were
the different formations (Dwivedi and performed elsewhere in the Indian Ocean, the

northern part of the Central Indian Ridge is

*Corresponding author, Email: luanpt@hus.edu.vn poorly explored. It is well known that
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gravity data are used in various
applications, including the study of various
geodynamic/tectonic processes and oil and
gas exploration (Oksum, 2021; Ghomsi et al.,
2022a, b). Recently, some studies based on
interpreting gravity data were carried out to
describe structural lineaments of the Central
Indian Ridge. For example, Sahoo and Pal
(2019) applied the tilt angle methods to
gravity data from the EIGEN 6C4 model to
map crustal lineament pattern in the Central
Indian Ridge, Sahoo et al. (2022a, b) applied
the normalized standard deviation and
normalized gradient amplitude to gravity
anomaly from the marine gravity model to
determine the lineaments in the area. Since
their studies cover extensive regions, the
determined structure images in the north
Central Indian Ridge have a low-resolution.
Many methods have been introduced to
outline the structures from the gravity
anomaly (Eldosouky et al., 2022a). These
edge enhancement methods evolve with the
use of the derivatives of gravity data (Ekinci
et al., 2013; Kafadar, 2017; Ghomsi et al.,
2022c). Cordell (1979) first used the gradient
amplitude maxima to recognize the source
edges. This method has been applied in many
studies to extract geological formations
(Ekinci and Yigitbag, 2015; Pilkington and
Tschirhart, 2017). An improved modification
of the horizontal gradient has been used by
Fedi and Florio (2001). They developed a
technique that employs higher-order gradients
to minimize the interference effects caused by
nearby sources. Roest et al. (1992) showed
that the analytical signal peaks can determine
the source’ horizontal boundaries. Many
researchers have used the analytic signal to
enhance subsurface structural features (Saibi
et al., 2016, 2019; Hang et al., 2017). Hsu et
al. (1996) improved the resolution of the

148

analytic signal using the second-order
gradients of the data. Gravity data contains
signals having a wide anomaly amplitude
range, and the low amplitudes may be
considered valuable geological elements.
However, it is difficult to recognize the low
amplitudes among the higher amplitudes
when using the horizontal gradient, analytic
signal, and their enhanced
(Eldosouky et al., 2022b).

Over the past few decades, many methods
have been introduced to enhance deep and
shallow structures (Pham et al., 2022a). For
the first time, Miller and Singh (1994)
pioneered the development of the balanced
edge detector called the “tilt angle,” which
brought a balanced image for different source
depths but could not delineate the source
boundaries. Verduzco et al. (2004) showed
that the tilt angle gradient clearly highlights
the boundaries. Wijns et al. (2005) introduced
the theta map, which normalizes the total
horizontal gradient by the analytic signal.
Cooper and Cowan (2008) proposed using the
normalized standard deviations to balance the
anomaly amplitudes due to shallow and deep
sources. Cooper (2009) suggested using the
balanced edge detector based on the analytical
signal and its Hilbert transforms. Ma and Li
(2012) used the normalized gradient
amplitude to improve deep source results. Ma
(2013) proposed using the improved local
phase technique that combines derivatives
with different orders to display the boundaries
more precisely. Cooper (2014) introduced the
tilt angle of the analytic signal to balance the
strong and weak anomaly amplitudes. Zhang
et al. (2015) showed that using the tilt angle of
the high-order gradients shows the edges more
clearly. Yuan et al. (2016) proposed using the
modified theta that fully uses the measured
gradient components. Nasuti Y and Nasuti A.
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(2018) introduced an improved version of the
tilt angle to improve its edge detection ability.
To increase the result resolution, Pham et al.
(2018, 2019a) developed some methods using
the logistic functions of the analytical signal.
Since the logistic methods are less effective in
mapping the boundaries of the thin bodies,
their modified versions have been introduced
by replacing the analytic signal with the
gradient amplitude (Pham et al., 2019b, 2020).
Oksum et al. (2021) proposed using a fast
sigmoid function technique to balance the
strong and weak anomaly amplitudes. Kafadar
(2022) suggested using the Kuwahara filter to
bring more clearly edges and detailed results

compared to the traditional methods.
Recently, Prasad et al. (2022a, 2022b)
introduced balanced methods using the

derivatives of the gradient amplitude to
enhance the edge detection resulting from the
deep-seated sources.

In this study, we applied the horizontal
gradient of the tilt angle (THDR), theta map
(TM), improved local phase (ILP) and
improved logistic (IL) methods to high-
resolution  gravity data  from  the
XGM2019e 2159 global gravity model to the
study region in the north Central Indian Ridge
to recognize density boundaries in the area.
The obtained results help us to have a clear
understanding of the Nature, structure, and
tectonic framework of the study region.

2. Geology and Tectonics

The location of the studied region in the
north Central Indian Ridge and its bathymetry
map are shown in Figs. la and 1b,
respectively. The fracture zones in the study
region, reported by Wessel et al. (2015), are
marked in Fig. 1b by solid black lines. The
plate tectonic evolution of the Central Indian
Ocean started in the Late Cretaceous (A29)

(Patriat and Segoufin, 1988). The Central
Indian Ocean is developed due to the rifting
and subsequent drifting of the Gondwanaland
fragments. The relative motions between these
fragments resulted in the evolution of critical
structural features, namely the Crozet basin,
the Madagascar basin, and the western and
eastern parts of the Central Indian basin
(Yatheesh et al., 2019). The western Indian
Ocean marks the presence of the Rodrigues
Triple Junction (RTJ), where the African,
Indo-Australian, and Antarctic plates meet
and is considered a stable triple junction
(McKenzie and Sclater, 1971; Fisher et al.,
1971). The RTJ came into existence during
the Late Cretaceous period (64 Ma) when the
Seychelles plate drifted away from the Indian
plate, which led to the formation of the
Carlsberg Ridge (Fig. 1a). The Central Indian
Ridge (the boundary between the African and
Indo-Australian plates), Southwest Indian
Ridge (the boundary between the African and
the Antarctic plates), and Southeast Indian
Ridge (the boundary between the Antarctic
and the Indo-Australian plates) form an
integral part of the RTJ in the Indian Ocean
(Tapscott et al., 1980). The central Indian
basin is located on the eastern side of the
Central Indian Ridge. In contrast, the western
portion is covered by the Reunion, Mauritius,
the Mascarene Islands, and the Mascarene
basin (Fig. 1a). Reunion, Mauritius, and the
Mascarene Islands are wholly volcanic
edifices (Fisher et al., 1967). The Mascarene
Islands form a volcanic archipelago in the
Southern Indian Ocean stretching from
Reunion Island for about 1000 km, situated on
the aseismic part of the central Indian Ocean.
Mauritius Island, lying on the southern
extension of the Mascarene Plateau, is an
eroded complex volcanic pile surrounded by a
narrow shelf and barrier reefs dated in the
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Tertiary age. Mauritius Island shows the same
regional trend (bathymetry) as the Mascarene
Plateau, with a large central volcano rising
5000 m above the sea floor (McDougall and
Chamalaun, 1969). The Reunion Island is a
volcanic pile separated by a distance of
170 km west-southwest of Mauritius Island.
The Reunion Island represents the second
largest volcanic island of the Mascarene
archipelago with 2.1 Ma old data lavas
(Hantke and Scheidegger, 1998). Since the
Southeast Indian Ridge extends from the RTJ
(25.5°S, 70.0°E) to the Macquarie Ridge

Complex in the southeast of Australia, it has
the fastest spreading rates among the three
arms of the RTJ, controls the present opening
of the Indian Ocean (Royer and Schlich,
1988). The Southwest Indian Ridge spreads
slowly at 14 mm/year and is related to cold
mantle temperatures and thick lithosphere
representing an end-member in the global
mid-oceanic ridge system (DeMets et al.,
1990). The Central Indian Ridge is a slow-
intermediate spreading-rate plate boundary at
43 mm/year (DeMets et al., 1994; Royer et
al., 1997; Muller et al., 1993).

Magnitudes

o M=25
O M=35
(OM>45

[ Large igneous provinces (LIPs)
& Volcanoes

— Fracture zones (F2)

@ Very deep (> 20 km)

Indian Ridges

— Discordant zones
O Intermediate depth (10 - 20 km)
v Magnetic lineation picks

Figure 1. a) Geodynamic framework of the Central Indian Ocean, b) Bathymetry the study area.

The study area is marked by a red box. The fracture zones reported by Wessel et al. (2015) are displayed

by red and black lines in Fig. 1a and 1b, respectively
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3. Methods

Verduzco et al. (2004) presented the
THDR filter using peak locations to map the
boundaries. It is defined as:

THDR = J(aa%)z + (a(%)z. (D

where the tilt angle (TA) of the field (F) is

given by:
(e )

9z

TA = tan™? l . 2
ey )

The TM filter normalizes the gradient
amplitude and provides the minimum values
over the edges. The TM can be stated as
follows (Wijns et al., 2005):
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The ILP is formed by calculating the
different order derivatives of gravity data. The
method is known as an improved local phase
method. The maximum values detect the
edges of the density structures in the ILP map.
The ILP is given by (Ma, 2013):
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The IL is another method that uses the
peak locations to outline the edges of the
density structures. It uses the horizontal
gradient and improves on the method of Pham
et al. (2018). The IL equation is given by
(Pham et al., 2020):

IL

1
= : 5
1+ exp[-p(Ryg — 1) + 1] )
where 2 < p < 5 (Pham et al., 2020) and Ryg
is given by:
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where the horizontal gradient (HG) is given
by (Cordell, 1979):
dF\?>  (OF\?
o= |(5) +(5:) - (7
ox * dy
4. Synthetic model study

Before applying the THDR, TM, ILP, and
IL techniques to the accurate data, we must
test their feasibility. A synthetic model is
designed to evaluate the effectiveness of the
methods (Fig. 2a). Table 1 shows the
parameters of the bodies of the synthetic
model. The model gravity anomaly is
computed and displayed in Fig. 2b.
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Figure 2. a) Synthetic model, b) synthetic gravity data,
b) synthetic gravity data with noise. Dashed lines show the true edges

Table 1. Parameters of the bodies

Parameters A B C D E
Coordinates of center (km, km) 100; 135 100; 135 40; 60 100; 60 160; 60
(Width (km) 10 40 40 40 40
ILength (km) 100 140 40 40 40
Top depth (km) 3 4 8 6 4
Bottom depth (km) 4 7 11 9 7
Density contrast (g/cm’) 0.17 0.25 0.35 -0.35 0.35

Figure 3a displays the edges determined
using the THDR method. As shown in this
figure, the THDR is predominate by the
responses of high amplitude signals from the
shallow structures B and E, but the low
amplitude responses from the deep-seated
bodies C and D are blurred. Besides, the
THDR produces spurious maxima around the
body D. Fig. 3b displays the edges
determined using the TM method. As
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observed, this technique is more effective
than the THDR in bringing balanced edges,
but it cannot detect the edges of body A.
Similar to the THDR, the TM also generates
spurious boundaries around body D.
Moreover, the locations of the minimum
values obtained from the TM for the deepest
body C are shifted out from the natural
edges. Fig. 3c presents the edges estimated

by the ILP technique. Although the ILP has
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much sharper gradients over the edges than
the THDR and TM, it also produces artifacts
around the bodies A and D. In addition, the
ILP does not provide a clear image for the
edges of the body A. Fig. 3d depicts the
edges estimated by the IL. This figure shows
that the IL provides excellent estimates of all
the edges with different depths. This method
can bring the edges in a high resolution
without any spurious edges.

To test the noise sensitivity of the THDR,
TM, ILP, and IL methods, we added 3%
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Gaussian noise to the gravity data. Fig. 2c
presents noise-corrupted gravity data. Figs. 4a-
4d represent the results of the THDR, TM, ILP,
and IL techniques, respectively. We can
observe that the response from the THDR filter
is more sensitive to noise when compared with
the TM, ILP and IL filtering techniques.

Moreover, the edges obtained from this
technique are very faint. In this case, the IL
This
method brings clearer and more accurate
edges compared to other methods.

still estimates all the source edges.
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Figure 3. a) THDR, b) TM, c) ILP, d) IL of the gravity anomaly. Dashed lines show the true edges
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Figure 4. a) THDR, b) TM, c) ILP, d) IL of the noisy gravity anomaly. Dashed lines show the true edges

5. Data

The Global Gravity Models (GGMs)
provide helpful information to the various
geoscience disciplines such as geophysics,
oceanography, glaciology, hydrology, and
climatology, which play a critical role in
understanding and gaining knowledge related
to the shape of the Earth and its internal
structure, mass transport and distribution,
glacial isostasy, continental hydrology, and
sea level changes. There are many recently
developed GGMs, such as EGM2008 (Pavlis
et al., 2012), EIGEN6C4 (Forste et al., 2014),
GECO (Gilardoni et al., 2016), XGM2016
(Pail et al.,, 2018), and XGM2019¢ 2159.
These models are classified based on the
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model and type of acquisition. The former is
sub-classified as satellite-only (e.g., CHAMP,
GRACE, GRACE-Follow-On, GOCE,
GRAIL, etc.) and satellite plus the data
acquired by terrestrial, airborne, ship, and
altimetry gravity observations. And the latter
is sub-classified as static and time-variable
gravity data. However, the data's better spatial
and temporal resolution accuracy is achieved
by combining the satellite data from altimetry
satellites and data from terrestrial, marine, and
airborne gravity measurements.

The XGM2019e 2159 is a GGM with
spherical harmonics at degree and order 5399,
corresponding to a resolution of about 4 km

(Zingerle et al., 2019). The XGM2019¢_ 2159
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experimental  gravity model includes
GOCOO06s for the Ilonger wavelength
measurements combined with terrestrial

measurements (data over land (EARTH2014)
and ocean (DTU13) of gravity anomalies
provided by courtesy of NGA augmented with
topographically derived gravity over land) for
the shorter wavelengths up to degree and
order 719 (15"). The XGM2019e can perform
better than the other GGMs in the regions
where the terrestrial data gap exists. Studies
like Apeh and Tenzer (2022) and Yuan et al.
(2022) established that XGM2019e 2159
performs better than EIGEN-6C4 and par with
EGM2008 GGM. Apeh and Tenzer (2022)
mimicked major geological boundaries better
than other GGMs in the Afikpo Basin, South
Africa. Nzeuga et al. (2022) also used gravity
data from this model to determine the
geological  structures in  Southwestern
Cameroon. The satellite-based global gravity
models are well-suited for delineating
structural maps in regions where in-situ data
determination is difficult (Pal et al., 2016a, b;

67° 68° 69° 70°

Pham et al., 2019c¢c; 2021, 2022b, c¢; Melouah
et al., 2021). The present work uses the
XGM2019e 2159 model with a resolution of
about 4 km (Zingerle et al., 2020) to delineate
the pseudo-tectonic map over the study region
near Central Indian Ridge (latitude between
14°-17°S and longitude between 67°-70°E).
High-resolution bathymetry data (Fig. 1) and
XGM2019e 2159 Free-air and Bouguer data
of the studied region are generated from the
International GEBCO and Centre for Global
Earth Models, respectively. The free-air and
Bouguer gravity anomalies of the studied
region in the Central Indian Ridge are shown
in Figs. 5a and 5b, respectively. In this area,
the free-air anomaly broadly ranges between -
50 to 60 mGal, whereas the Bouguer gravity
anomalies range between 174-319 mGal. The
high-amplitude Bouguer gravity anomalies are
observed towards the north-eastern region of
the study area, and the low-amplitude
Bouguer anomalies are found in the western
region of the area (Fig. 5b).

mGal

300
280
260
‘ 240
220
200

180

67° 68° 69° 70°

Figure 5. a) Free-air gravity anomaly, b) Bouguer gravity anomaly of the study region.
Black lines show the fracture zones

6. Results

The Bouguer gravity data from XGM2019¢
(degree 2159) model is used to extract a new
structural map of the studied area. The

lineaments delineated using the THDR, TM,
ILP and IL are shown in Figs. 6a, 6b, 6¢ and
6d, respectively and are overlaid by the
existing tectonic features (solid black lines on
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the subsets of Fig. 6). Even though most of the
lineament features were detected by the THDR,
the signal is not balanced effectively (Fig. 6a).
The delineated lineaments by the TM are
closely connected each other that makes the
interpretation difficult (Fig. 6b) and a similar
issue is found with the ILP (Fig. 6c). The
lineament map generated with the use of IL is
shown in Fig. 6d that proves to be a better filter
when compared to the above discussed
techniques. The study region mostly comprises
lineaments trending in random directions and
spread all over the study region (Fig. 6d). The
north-west corner consists of lineaments
trending mostly in NW-SE followed by NNW-
SSE. The north-east corner of the map is found
with NE-SW trending lineaments followed by

rad/km

N L7 1
--‘\\
\ -~/
\
b

S

/

\
¢

almost E-W trending lineaments on either side
of the former lineaments. Similarly, the
southeast corner of the studied region is found
with NE-SW trending lineaments that are
mostly linear, and some are partly curvilinear.
The southwest corner of the map is observed
mostly with NE-SW trending lineaments
followed by patches of NW-SE trending
lineaments. The region along the NE-SW zone
at the center of the map shows the minimum
possible correlation with the existing tectonic
features. The existing tectonics are marked by
continuous linear tectonic features whereas the
delineated new structural features are marked
with discontinuous linear trends with a
spectacular correlation along the spreading
zones.
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Figure 6. a) THDR, b) TM, (c) ILP, d) IL of Bouguer gravity data. Black lines show the fracture zones

156



Vietnam Journal of Earth Sciences, 45(2), 147-163

Once the structural trends in the studied
region are extracted using the IL method, we
further proceed to estimate the top depth of
these structural features using the second-
order Tilt depth method (Oruc, 2011). The
depth map of wvarious structural features
observed in the studied region is shown in

Fig. 7a. The depth of these structural features
varies between 2-7 km, being distributed
randomly all over the study region. The
histogram of the computed lineament depth
map is shown in Fig. 7b, which depicts that
70% of these lineaments exist at 3-5 km
depth.

67°

a 69°
-14° ( ) 7

RO\ A

68°

-15°

-16°

_170 :‘, :2

70°
.y ‘1 4o

600 (b)

N
o
o

N
o
o

Frequency

Figure 7. a) The depths from the second order Tilt_depth method,
b) Histogram of the depth estimates. Black lines show the fracture zones

7. Discussions

The IL method is used to demarcate the
boundaries of the geological features and these
features are overlaid on the base map of the
studied region (Fig. 8). Although the THDR
does not bring a balanced image of the edges,
and the edges obtained from the TM and ILP
methods are connected, the presence of most of
gravity lineaments in the IL map is also
verified by the signals of the THDR, TM and
ILP (Fig. 6). By comparing the results in Figs.
7a and 8, we can see that the structural trends
from the IL method match reasonably with the
major trends of the Tilt depth solutions.
However, unlike the solutions of the Tilt depth
method, the IL can delineate the structural
lineaments and fracture zones more clearly

without any connected structures. This finding
illustrates the helpfulness of the IL technique
for gravity data interpretation. As discussed in
section 4, the IL method cannot only delineate
the true edges, but it can also be able to avoid
any spurious and fallacious edges that are
produced by noise in the data. As shown in Fig.
8, three fracture zones in the region are clearly
illustrated by the IL method. The IL method is
also useful in highlighting a wide range of
structural features of the northern region of the
Central Indian Ridge. However, it is
noteworthy that the fracture zones reported by
Wessel et al. (2015) in the area were derived
from bathymetry data interpretation, while the
use of the gravity anomaly can extract both
surface and subsurface structures. Therefore,
the additional boundaries may respond to
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deeper sources, which do not show signs on the
ocean bottom. It is well known that the slower
tectonic activity generates more lineaments
leading a high lineament density (Casas et al.,

6 68°

2000). Our results show a high lineament
density in the study region (Fig. 8), indicating
that the Central Indian Ridge is a slow
spreading ridge.
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Figure 8. Structural map derived from the IL method. Black lines show the fracture zones

In general, earthquakes along the Central
Indian Ridge axis are related to strike-slip and
normal faults (Fig. 1la). Indeed, Radha
Krishna and Verma (2000) carried out a
detailed interpretation of earthquakes along
the Central Indian Ridge through a
comparison of the seismicity pattern with
different morphotectonic segments of the
ridge. Their study showed that focal
mechanisms for strong earthquakes occurring
along the ridge largely show either strike-slip
motion on steeply dipping nodal planes
parallel to the transform, or normal faulting
with one of the nodal planes parallel to the
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local spreading segment. As shown in Fig. 1a,
most of the normal faulting occurs near the
RTJ. The uniform distribution of the strike-
slip faulting along the ridge axis indicates that
most of the tectonic movements occurring
near the Central Indian Ridge are in the NW-
SE and NE-SW and directions. We can see
that most of the structural lineaments
observed in the north Central Indian Ridge are
also predominantly oriented in the NW-SE
and NE-SW directions (Fig. 8). The formation
of the NE-SW trending lineaments,
representing the current spreading direction,
could probably be due to the shift in plate
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movement to a more NE direction along the
Central Indian Ridge (Sahoo et al., 2022b).
The presence of long NE-SW lineaments is
possibly associated with the slow spreading
rate along the Central Indian Ridge during the
Early and Late Eocene (Patriat and Segoufin,
1988), while short lincaments in the NE-SW
direction point towards a relatively high
spreading rate during the Early Eocene as
reported by Sahoo et al. (2022b). On the other
hand, the lineaments in the NW-SE direction
were the result of the ridge jump occurred
during the anomaly 20 and 18 (Patriat and
Segoufin, 1988; Sahoo and Pal, 2019). Mellor
(1998) showed that this jump resulted in
forming of many sub-parallel linear volcanic
ridges and lines on the crust closer to the
Central Indian Ridge. The upwelled mantle
material, of volcanic origin, at these structures
is denser and so, the gravity anomalies at
these structures are found to have relatively
high amplitude. Some of the NW-SE trending
lineaments are related to the orientation of the
present-day Central Indian Ridge axis. In
addition, a few of these lineaments are also
related to breaking continuity in the long
lineaments oriented in the NE-SW direction
(Fig. 8). Note that the NW-SE trending
lineaments were not mapped by the analysis
of magnetic data reported by Patriat and
Segoufn (1988).

One of the recent studies by Sahoo et al.
(2022a) gave a lineament map generated by
the normalized standard deviation method,
which is dependent on the window size. Due
to the selected window being large, most of
the small lineaments in various directions
along the spreading axis of the Central Indian
ridge were not detected which finds a major
concern in the lineament density and fractal
estimates of Sahoo et al. (2022a). The low
fractal dimension and lineament density
values computed by Sahoo et al. (2022a) over
the present study region (Middle block)
indicate a greater uniformity in the lineament
distribution, which could need a new

interpretation based on the present study
results. Here, the present study is successful in
enhancing the quality of the structural map
and producing a clear image of the sub-
surface features. Most of the structural
lineaments observed in the IL map (Fig. 8) are
related to the extensional ridge tectonic
process observed all along the Central Indian
Ridge. Since much of the study region is
disturbed by an extreme lithospheric
deformation and the diffuse tectonic Nature of
the plate boundaries separating the three main
plates, i.e., Somalian, Antarctic and Capricorn
(Patriat, 1987; Yatheesh et al., 2019) (Fig. 1a),
there is a possibility of multiple and random
folding and faulting that is clearly visible in
the generated tectonic map. As discussed in
earliest studies (e.g., Weissel et al., 1980;
Zuber, 1987), the present study confirms the
presence of the crustal folding with basement
features that are parallel Moho structures and
block faulting along the Central Indian Ridge.

8. Conclusions

We have applied the THDR, TM, ILP and
IL methods to high-resolution gravity data
from the XGM2019¢ 2159 model to
determine the structural lineaments and
fracture zones of the northern region of the
Central Indian Ridge. Model studies were
performed to consider the major problems of
the boundary determination methods before
applying these techniques to the Bouguer
anomaly of the studied region. The findings
show that the IL method is more effective
than other methods in bringing high-
resolution edges and avoiding false
information. The results also showed that the
structural lineaments in the NE-SW and NW-
SE directions are dominant in the area. The
NE-SW trending lineaments represent the
current spreading direction of the Central
Indian Ridge, whereas NW-SE trending
lineaments were the result of the ridge jump
occurred during the anomaly 20 and 18. These
lincaments present a good correlation with the
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Tilt depth solutions. Moreover, the obtained
density boundaries are also in accord with the
known fracture zones in the northern region of
the Central Indian Ridge. The derived
structural map provided the extension of the
major structural features along the ridge axis.
These findings could probably aid in better
understanding the geology and tectonics of the
Central Indian Ridge.
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