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Graphical abstract Abstract

The Great Sumatran Fault (GSF) is a 1900-km-long fault extending from
Lampung, Indonesia, to India's Andaman Islands. The fault location is not only
on the land but also in the marine area. Previous studies were only focused on
the land area of Sumatra and Andaman Islands even though the marine fault
has also impacted earthquakes and tsunamis such as in 2004. As an effort to
disaster risk mitigation, this study used the gravity method to map and study the
continuity of the GSF in the marine area from the Aceh Province, Indonesia, to
the Andaman Islands, India. The gravity data were obtained from Topex with a
resolution of 1.85 km/px. Based on the Bouguer data, the subduction zone in the
western part of the Indian Ocean is observed with the anomaly of 500-700
mGal, while the residual structure of GSF, relative to the subduction zone, only
comes to clarity through a horizontal derivative transformation with anomaly
130-250 mGal. To delineate the fault's geometry, the data were inverted by
GRABLOX 1.6 using Singular Value Decomposition and Occam methods. The 3D
modeling results also clearly show the contrast density between regional faults
such as subduction zones on the Westside of the West Andaman Fault (WAF).
The GSF faults can also be well demonstrated at 50 km depth. Based on these
results, the gravity Topex is potentially used as a preliminary study of the GSF
activity in the marine area.
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1.0 INTRODUCTION km from Lampung to the Andaman Sea. Such a long
fault system splits info 20 segments. The seismic activity
along the GSF has been studied extensively, primarily
on the ground using geological and geodetic studies

Eurasia, and the Pacific plate, actively shifting past [1] and active fault mapping along the Sumatran fault

one another. The plate's activity is performed by the frajectory based on seismological and
Great Sumairan Fault (GSF) that extends about 1900 geomorphological data [2], [3].

Indonesia is exceptionally prone to earthquake events
because it is being at the intersection of Indo-Australia,
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The GSF slip rate in the Aceh region is also predicted to
be at 3.8 cm/yr using geodetic data [4]. By far, the
GSF studies have been predominated and focused on
the land area [5], while the continuity of the GSF in the
marine area that extends to the Andaman Islands has
been rarely studied [6]. In reference to the seismic
activities data derived from United States Geological
Survey [7], the earthquakes of a wide range of

magnitudes have taken place in the Andaman Sea
from 1980 fo 2020 by Mw > 3 (Figure 1). The seismic
activity is more dominant on the sea area than on the
mainland of Sumaftran Island. Therefore, as an effort to
disaster mitigation, it is necessary to conduct a
geophysical study to delineate the GSF and study the
geometry structure in the marine area.
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Figure 1 Seismic activity spread within the Sumatran sea area overlaid by bathymetry data from GEBCO. The green dot is
earthquakes of magnitudes greater than Mw 1. Earthquake data are derived from USGS in 1980-2020. The A-A’ is a profile
representing the 2D slice area to see the earthquake depth shown in Figure 3. And the blue box is an area that is used for 3D
inversion, while P symbols are a cross-section profile from 3D inversion

A variety of geophysical methods have been used
to estimate fault structures on the marine areaq; such
as the application of the seismic reflection to map the
Anatolian faults in the Aegean Sea, Turkey [8],
combining of high-resolution aeromagnetic and
seismic reflection for mapping Seattle fault zone in
North America [?], the marine magnetic method for
mapping Northern segment of the North Anatolian
Fault, Turkey [10], seismology and geodetic as applied
in Lefojanni fault system, Italy [11]. Al of the
conventfional methods can map well the fault
structure in the subsurface. But on the other hand, it

requires much time and is expensive for acquiring the
data, instaling the seismograph and geodetic
stations, and involves many people in data collection.
Moreover, the geophysical methods were developed,
which can be acquired through satellite. One of them
is gravity anomaly [12]. The gravity method was also
applied for fault mapping in some other locations,
such as in Nigata, Japan [13] and the Trgndelag Fault
in Norway [14]. The gravity method is regarded as a
geophysical method with the highest effectiveness for
fault structure delineation [12]. The gravity method
uses gravity anomalies due to differences in
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subsurface rock densities. For bigger-scale surface
applications, the technique lacks its potential to be
implemented. It is tfime-consuming and cost-
ineffective in its operation, especially in a marine area
that applied different gravity instruments than used in
the ground survey. Therefore, gravity data are not only
acquired using ground-based instfruments but can also
be measured with airborne and spaceborne
insfruments. According to Kaye [15], some gravity
satellites of various resolutions can be used freely, i.e.,
Topex (NASA) and Poseidon (CNES) satellites with a
resolution of 1.5 km/pixel [16]. The research results by
[16] showed that satfellite data response is associated
with the marine gravity data derived by ship-borne
measurements in Indian offshore, and [17] in the East
Seq, Korea.

The gravity satellites have also been specifically
applied in several locations in Indonesia, for example,
in the basin mapping in the hydrocarbon fields on the
East Islands, Timor — Timor Indonesia [18] and Tanimbarr,
Maluku [19]. The results obtained correspond to
ground-based gravity measurement. The gravity
satellite data also used to delineate the Seulimeum
and Aceh segments' structure in Sumatran Island [20].
For another case, gravity is also efficient to study the
small object, i.e., archaeology [21], [22]. In this
research, we study a potential use of the satellite
gravity data in mapping the structure of the GSF in the
marine area, which extends from Aceh Province
(Indonesia) to the Andaman Islands (India).

This study's gravity data were obtained from the
Scripps Institution of Oceanography, University of
California, San Diego. The satellite gravity data
analysis has been proven effective in early sub-surface
geological mapping in hard-to-reach areas [23]. This
study aims fo implement the vertical and horizontal
derivatives as an infterpretation technique to improve
the linear trend of the gravity data. In order to
delineate the fault geometry in the subsurface, 3D
gravity was inverted using the Singular Value
Decomposition (SVD) and Occam modeling [24]. To
solve the ambiguity of gravity inversion, the models
were combined with the geological fault structure
obtained from several previously published studies in
the areas stretching from Sumatera to the Andaman
Sea as a constraints model [6], [25], [26].

2.0 MATERIAL AND METHODS

Gravity is one of the geophysical methods for
measuring anomalies in the earth's gravitational field
due to differences in sub-surface rock densities. The
gravity method is based on Newton's law that the
magnitude of the force of attraction between two
objects is directly proportionate to mass and inversely
proportional to the square of the distance from one
object's focal point fo the other [27]. Mathematically it
can be written with the equation [28]:
my s

F=¢2 (1)

e

F is the force between two objects, G is the constant
of gravity (6.67 x 1017 Nm2/kg?), m; and mz are the
mass of the objects, while r is the distance between
the mass centers of the two objects. In the fields, the
physical parameters of the methods can be
influenced by several factors, such as differences in
elevations, latitudes, and weather, which needed to
be corrected with the so-called standard corrections
such as the fide, driff, free-air, Bouguer, and
tfopographic corrections. The gravity method is a
common application (2D or 3D) in a range of early
explorations to study structures on either a regional
scale, such as fault and basin [20], [29] or a local scale
such as a shallow anomaly in archeology site [21],
[22].

Based on the concept measurement [17], The
gravity method does not require direct contact with
the ground surface, which allows for acquisition
through ground-based, ship-borne, airborne, and
satellite with various instrumentation sensors. The ship-
borne instrument is a gravity sensor used for marine
surveys, but the operation in the field surveys is
uneconomical. In this study, we introduce a low-cost
method to examine sub-surface structures in the
marine area. We used free-air anomalies data from
Topex (NASA) and Poseidon (CNES) altimeter with
fransformation and 3D data inversion technique to
enhance the edge boundaries of sub-surface fault
structures. The Topex altimeter satellite works at the
frequencies of 53 GHz and 13.6 GHz, while the
Poseidon altimeter satellite at 13.6 GHz only. A
comparison between the two satellites produces free-
air anomaly data at a resolution of 1.85 km/px, which
accessible from http://topex.ucsd.edu [30].

The safellite imageries of gravity anomalies within
the Andaman region were obtained from the Topex
website with coverage spanning from 91°E to 97°E and
2°N to 15°N. The free-air anomalies obtained from the
satellite was in the ASCI-XYZ format [16], covering
285.552 data points. The free-air anomaly data range
from -90 to 125 mGal, where the West and East sides
are dominated by low values and are relatively high
values in the middle area of the survey area. Figure 2
shows the free-air anomaly data obtained from the
research area. However, the free-air data have not
yet to be applicable for the geological structure
interpretation as they are solely associated with
changes of surface topographic or bathymetric
height [16].

Free air anomaly in the gravity method is a
gravitational acceleration parameter that only
associates to the topographical conditions of the
study area [31], which requiring Bouguer and terrain
corrections in order to acquire complete Bouguer
anomaly data based on sub-surface anomalies. This
research also used the seismicity data from the United
States Geological Survey (USGS) from the magnitude 1
to 10 Mw, which was acquired from 1980 to 2020. The
acquired data of the Topex and Poseidon satellite
were in the form of fee-air anomalies associated with
the sea level data; the data need to be converfed to
a flat sphere by Bouguer correction.
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Figure 2 Free air gravity that extracts from TOPEX Satellite. The
data only associated with topography or bathymetry. A
correction technique is needed for the data before use for
interpretation

In confrast to ground gravity, which requires
several standard corrections such as drift, fidal, and
latitude to obtain free air data [17], [27]. The gravity
satellite only needs to be corrected by Bouguer and
terrain to get a complete Bouguer anomaly. This is
because satellite data is already available in a free-air
anomaly. The Bouguer correction was performed to
calculate the rock mass between the data station
and the geoid sphere [24]. This correction computes
the gravity data caused by rocks in the subsurface,
which have an average thickness and density. In the
correction process, an assumption of density contrast
in the research area is needed. This information can
be obtained through geological maps showing the
dominance of rocks in the survey area. In this study,
we used the rock density contrast for 2.67 gr/cm3 as a
response to the igneous rock of the oceanic crust, as
has been done in several studies in the Andaman
area [25], [32].

Besides, the Bouguer anomaly data also need to be
corrected with the tfopographic correction by
Hammer's chart method [33]. The correction of the
terrain was performed due to the irregular distribution
of the mass around the survey area. In Bouguer
correction, it is assumed that the data measurement is
on a flat sphere, whereas in reality, the fopography or
bathymetry of the place is not flat. Furthermore, to

obtain a complete Bouguer anomaly, the ferrain
correction must be applied to gravity data. The data
topographic/bathymetfry used as a parameter in
terrain correction is obtained from the General
Bathymetric Chart of the Oceans (GEBCO), which
provides the global coverage bathymetry on a 15 arc-
second.

In several cases, the Bouguer gravity anomaly is
challenging to interpret the geological structure in the
subsurface. It is due to affected by the regional,
residual anomaly and also caused by slow fectonic
movements. In the gravity method, various techniques
are available to detect edge boundaries in gravity
field anomalies generated by geological structures;
even foday, edge detection constitutes a critical step
in gravity data interpretation [34]. The vertical
derivative is the first transformation technique
applicable to finding the edge boundaries of each
sub-surface geological structure. It is typically applied
to gravity data to delineate near-surface geological
features and to enhance high-wavenumber
components of a spectrum. The zero values of the
vertical derivative of gravity data usually correspond
to geological boundaries [35]. The mathematically
vertical derivative is given below:

vo=(5) 2

T is Bouguer gravity data and dz is gravity in the
vertical z-direction, and VD is a vertical derivative in
mGal/m. Hence, the fransformation of this sort can be
used to map sub-surface geological and fault
structures. However, due to more lineaments structure
are shown by this data, vertical derivatives are sfill
difficult for mapping the fault in the subsurface. Thus, a
horizontal fransformation calculates the horizontal
plane gradient with 8T /dxin the x-direction, and

dT /dy as the gravity anomaly derivative in the y-
direction becomes necessary. The total horizontal
derivative method has been extensively used to map
the boundaries of gravity density confrast.
Mathematically, the horizontal derivative is given

below:
1

o =[2) + (0] g

Where T is Bouguer gravity data, and HD is Horizontal
derivative in mGal/m.

3.0 RESULTS AND DISCUSSION
Seismicity

The seismicity study by the USGS in the Andaman Sea
shows that from 1980 wunfil 2020, many seismic
epicenters were identified, most of which are found in
the subduction zone and the GSF. To study the sub-
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surface fault geometry, hypocenter slicing is
performed in the area intersecting the subduction
zone and the GSF offshore. The hypocenter distribution
data are presented in two dimensions, with ifs
longitude as the x-axis and its depth as the y-axis,
depicting the inferaction between plate strata
structures at  which earthquokes occur.  The
earthquake vertical data profile to depth are
presented in detail in Figure 3. The slicing result shows

the convergent subduing motion of the Indian Plate
underneath the Andaman Plate 50 km below the
surface. This technique was also demonstrated by
Radhakrisna (2008) in the Andaman area, which used
the seismic activity from 1900 - 2004 [25]. The oceanic
plate (Indian) subdues beneath the continental plate
(Andaman) as a result of differences in densities, the
latter being smaller than the former.
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Figure 3 Cross-section from A to A’ that shows the Vertical earthquake distribution against depth. The green color is the Indian
Plate subduing under the Andaman Plate. The blue color is the rupture zone resulted from the earthquake

The collision of the two plates brings about an
earthquake. In the long ferm, recurring seismic activity
may lead to rupfures along with every plate. In
general, the seismicity hypocenter pattern shows an
earthquake distribution at an angle of roughly 50°. The
seismicity distribution on the Indian and Andaman
plates also brings several local faults out of the
pressure from the +two coliding plates. The
earthquakes on the Indian Plate outnumbered those
of the Andaman Plate, resulting in more faults formed
on the former.

Bouguer Anomaly

The lineament structure of the Great Sumatran Fault
and Andaman Faut was demonstrated by complete
Bouger anomaly, as shown in Figure 4. The Complete
Bouguer anomaly data within the research area
range are from -100 to 700 mGal, where the resolution
of the data is also the same as free air anomaly
(1.85km/pixel). The western Indian Ocean area is
dominated by low anomalies (=200 to 50 mGal), while
the orange-red color marks the higher-range zones at
approximately 300 to 450 mGal. These high Bouguer
values are a response to undersea fault anomalies,
with the pafterns in the west and the east
corresponding to the geological structure of the
Sumatran Fault and the subduction zone. Black lines
are fault locations based on several publications. The
black friangle is the subduction zone.

The Bouguer gravity anomalies of the Andaman
Islands and Nicobar are at high values, indicating that
both were formed out of a collision between the

Indian and the Sumatran plates. In general, the
Bouguer gravity data can demonstrate a confrast
between the subduction zone and the surrounding
regional areas. Sfill, for the Sumatran fault, the data
have yet fo show such contrast. Thus, it is necessary to
perform the edge detection method to clear the sub-
surface geological and fault structures.
92°30'0"E 95°0’0"E
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Figure 4 Bouguer anomaly data from gravity satellite in the
marine area from Sumatera to Andaman
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Gravity Transformation

The horizontal and vertical derivatives have been used
fo evaluate the effectiveness of edge techniques for
mapping the lineament sfructure, which corresponds
to a fault and geological in the subsurface. Figure 5.a
shows the vertical derivative of the gravity data in
mGal/m. The vertical derivative values range
between 1 and 90 x 103 mGal/m. The data are
relatively low on the western and eastern sides of the
Indion Ocean and high in the middle. The edge
boundary in the west clearly shows the subduction
zone and also possible to detect the West Andaman
Fault (WAF). In the middle region where the GSF is
assumed fo lie, only the Aceh segment is clearly
shown by vertical derivative data, while the
Seulimeum segment is not confirmable. Therefore, the
more local areas such as Weh Island, this data does
not show the existence of subsurface faults. The same
is also seen in fault structures that are close to the
Andaman Islands. This factor is caused by vertical
derivative data that are not sensitive to structures that
are close together because they only calculate the
vertical plane dT/dz as the z-direction.

The results obtained by the HD method are
considered a quick way to process gravity data to
provide accurate information on structural settings,
tectonic trends, and depth. These horizontal derivative
data are in mGal/m. Figure 4.b provides the horizontal
derivative from the Bouguer anomaly data within the
0-250 mGal/m range. Some locations with geological
and fault structures are indicated by high and low
graduations of the derivative data. According to [36],

92°30'0’E 95"01'0"E

the maximum horizontal derivative value may get
smaller if the fault structure has a gentle slope (non-
vertical approaching) or lies in the vicinity of another
fault structure. Derivative data can point out a
marked contrast between a fault sfructure and
neighboring setftings. Not only the regional-natured
subduction zone, but the stretch from the Sumatran
fault to the Andaman Islands can also be mapped
clearly. At the other locations where no geological
and fault structures are present, the derivative value
stands within the 80-125 mGal.

Horizontal derivative data also represent the
distance between one fault structure and another, in
which case a low derivative value indicates that there
are many geological structures within a given areaq,
and a high value indicates that the faults are sparsely
situated from one another. Besides, [34] pointed out
that vertical fault structures predominantly have high
derivative values. This suggests that the subduction
zone is dominated by high derivative, while the Great
Sumatran Fault by low derivative. The overall
fransformation of this tilt derivative is able to map the
structures of the fault and subduction zone within the
Indian Ocean area. Even the data obtained are open
to direct interpretation, albeit without geologically
structure overlay. The horizontal derivative also shows
that the Great Sumatran Fault extends to the
Andaman Islands, with the Weh Island situated right in
the Sumatran fault trajectory, while the Andaman
Islands 50 km away from the GSF. To study the
geometry of the subduction zone and the Sumatran
fault, 3D modeling of the gravity data is performed at
a location that crosses the two structures.

95"?’0"E
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Figure 5 Vertical and Horizontal Derivatives data to delineate the Sumatran fault contrast in the marine area. The fault structure is
generally indicated by the graduation change of high and low derivative values, while no structure is characterized by a medium

derivative value
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Inversion of 3D Gravity Data

To study the fault's geometry in the subsurface, we
inverted the 3D gravity models with the forward
modeling approach and integration of the geological
setting as a constrains model. The 3D gravity models
were inverted using GRABLOX 1.6, developed by
Pittijarvi [37]. GRABLOX measured the gravity anomaly
as synthetic of the large rectangular superblock,
divided into smaller columns like volume elements. The
soffware combines two inversion methods; Singular
Value Decomposition (SVD) and Occam inversion,
which is processed sequentially [24]. The SVD method
is a powerful technique that has been used in the
analysis of matrices in many fields. In confrast, Occam
is an inversion method that utilizes the roughness level
of the model. This method is often applied in
magneto-telluric data processing [38] and possible to
use in gravity data [24].

The data used in the inversion process is a Bouguer
anomaly with several considerations; the research
location is a large area, the anomaly studied is
regional, and the satellite data resolution is also
relatively regional, so the Bouguer data does not need
to be converted to a residual anomaly. One of the
classic problems in gravity inversion is the high data
ambiguity; we used the depth penetration model
based on the analysis of seismicity data from 1980 -
2020 obtained from USGS. Overall, the maximum
depth of an earthquake is up to 250 km in the
subsurface. Still, only at a depth of 0 - 200 km, which

Z | Depth (km)

Z | Depth (km)

Distance (km)

has a relatively more earthquake distribution, the 200
km of the depth is used in model assumpftion and the
Bouguer anomaly in mGal as the input parameter for
inversion of 3D gravity. Furthermore, the geological
constraints (density values) are used in the range of 2 -
3 g/cm3. This density is obtained from the 2D modeling
of gravitational data in the Andaman Islands that are
relatively close fo the study area [25], where the water
layer is 1.03 g/cm3, crust 2.7 g/cm3, and mantle 3.3
g/cm3. The contrast of background density, i.e., 2.1
and 2.67, was selected for modeling the GSF structure.
These bodies are related to sedimentation rock.

Another problem in 3D gravity modeling is the
relatively high memory space requirements, so we
only do inversions in selected areas that cover the GSF
and West Andaman Faults (WAF) on the western side
of the Andaman Islands (in Figure 1 show by the blue
box). The number of block matrices used in the
inversion is 60 x 50 x 15 as a function of latitude (X),
longitude (Y), and depth (Z). By using a Core i5 and 8
GB RAM, it takes more than 10 hours for the running
process for Occam and SVD methods. The block was
discretized by grid block with dimensions of 4.47 km
and 4.58 km in the direction of the E-W and N-S. The
RMS error of the model is 0.7 mGal, and the maximum
difference between observed and calculated data is
10 mGal aofter 5 iterations. To study the geomeftry
structure of the fault, the 2D profile in the W-E direction
was sliced in the four areas that corresponded to the
GSF strike obtained from the bathymetry data, as
shown in Figure 6.
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Figure 6 2D gravity across the section from 3D inversion, the data also overlaid with the earthquake event > 1 Mw that

derived from USGS

The results of 3D modeling show the subsurface
model to a depth of 180 km. This section model was
made by crossing the structure of the West Andaman
Fault on the west side and the Great Sumatran Fault
on the middle side. In the profile 1 shows three density
confrast zones, where the third layer from a depth of
140-200 km is dominated by a density of 3 g/cm3,
while a density of 2 g/cm?3 is obtained at shallow

depth. The WAF fault structure is shown by low-density
contrast at a distance of 600 km, and the GSF
possible to detect at a distance of 850 km. Both of
these faults are at a depth of 50 - 150 km in the
subsurface. The depth also corresponds to the
hypocenter of the earthquake, which predominantly
at a depth of 50-150 km, and also forms a fault
pattern of GSF. A lot of seismicities occurred due to



152

friction of two plates (Andaman and Sumatran) and
caused the accumulation of energy released when it
reaches maximum stress. In profile 2, a density of 2.5
g/cmd is estimated as a WAF structure. The depth of
WAF and GSF fracture was obtained for 200 km in the
subsurface that also corresponds to the epicenters of
the fault. Besides, at a distance of 650-800 km, there is
a bolder with a density of 2.5 g/cm3. This anomaly
can be interpreted as a tectonic response of the
Nicobar Islands, India. In profile 3 the response is
relatively the same as profile 2, it caused both profile
slices is in the close area. While in profile 4, the GSF
structure leads to the West Andaman fault in the
Westside. Furthermore, the earthquake epicenter af
this location is predominantly in one direction as a
response to tectonic activity from both faults.

The results of 3D modeling show the subsurface
model to a depth of 180 km. This section model was
made by crossing the structure of the West Andaman
Fault on the west side and the Great Sumatran Fault
on the middle side. In the profile 1 shows three density
contrast zones, where the third layer from a depth of
140-200 km is dominated by a density of 3 g/cms,
while a density of 2 g/cm?3 is obtained at shallow
depth. The WAF fault structure is shown by low-density
confrast at a distance of 600 km, and the GSF

Y/ West

Y/ West

X/ East

N . g
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Density
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possible to detect at a distance of 850 km. Both of
these faults are at a depth of 50 - 150 km in the
subsurface. The depth also corresponds to the
hypocenter of the earthquake, which predominantly
at a depth of 50-150 km, and also forms a faulf
pattern of GSF. A lot of seismicities occurred due to
friction of two plates (Andaman and Sumatran) and
caused the accumulation of energy released when it
reaches maximum stress. In profile 2, a density of 2.5
g/cmd is estimated as a WAF structure, the depth of
WAF and GSF fracture was obtained for 200 km in the
subsurface that also corresponds to the epicenters of
the fault. Besides, at a distance of 650-800 km, there is
a bolder with a density of 2.5 g/cms3, this anomaly
can be interpreted as a tfectonic response of the
Nicobar Islands, India.

In profile 3 the response is relatively the same as
profile 2; it caused both profile slices is in the close
area. While in profile 4, the GSF structure leads to the
West Andaman fault in the Westside. Furthermore, the
earthquake  epicenter at this location s
predominantly in one direction as a response to
tectonic activity from both faults. To study the
structure of the Great Sumatran Fault on the seaside,
we present 3D gravity modeling that is overlaid with
earthquake data, as shown in Figure 7.

X/ East

/em3
3

Figure 6 The 3D model of gravity inversion, the model also overlays with the seismicity data (black dofts) at a relatively similar depth
to the density model. The seismicity data is from 1989 to 2020 with magnitudes starting from Mw 1
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The 3D models are presented in different depths, as
well as seismicity data plotted according to the
gravity model depth. In general, a relatively high
density is on the West side of the 3D inversion area,
while the Eastside is obtained by a low density, at a
depth of 160 km from the inversion model, the
confrast density does not correspond to the GSF and
WAF fault structures.

The model is in response to a deeper regional
anomaly i.e., subduction zone, which collides with the
Andaman plate. The hypocenter seismicity data also
showed at this depth, and there was no significant
tectonic activity from both faults. Whereas at a depth
of 120 km, the 3D model shows a very clear confrast
between the WAF fault and the subduction zone
area on the Westside. This anomaly is clearly shown
caused by the Indian Plate (oceanic crust) has a
different density than Andaman Plate (continental
crust). Furthermore, the Sumatran faults in the shallow
depths cannot be shown by the density model in this
depth because GSF and WAF structures have the
same relative low density (2 g/cm?). The seismicity
data plotted at depths of 100-120 km also show a
small distribution of the earthquake events.

In a depth of z = 50 km, the 3D gravity model can
show very clearly more faults structure in the
subsurface, both regional and residual anomaly, such
as the boundary structure of the subduction zone
(Indian Plate and Andaman plate) on the Eastside,
the structure also corresponds to the earthquake
data distribution that plotted in the depth of 40 — 75
km. The West Andaman Fault is also shown by a very
contrasting density (2 g/cm?3) extending from the
Nicobar Islands to the Andaman Islands. More
earthquake events at this depth also show the
tectonic activity from the fault. While the Great
Sumatran Fault in the middle of the 3D area is
characterized by relatively high density (2.5 g/cm3),
the GSF is moving sideways from the Weh Island,
Indonesia, and coinciding with the West Andaman
Fault in the Andaman Islands. This also describes more
seismicity over the Nicobar Islands, India. In a shallow
depth of the model (z = 25 km), the contrast density
of the 3D inversion does not indicate the subduction
zones and WAF faults on the Westside. This density
model is only responses to the Nicobar Islands.
Whereas in more seismicity data such as the Sumatra
Fault, the 3D model can show the fault structures in
the subsurface.

4.0 CONCLUSION

We use the 3D inversion and transformation of gravity
satellites to delineate the Great Sumatran Fault (GSF)
structures in the marine area. In general, the research
of the marine area is required an expensive
technology. But in this study, we performed a low-cost
method to study the deep structure of the GSF and
West Andaman Fault (WAF) that in the subsurface. We
used the gravity satellite, namely Topex with a

resolution of 1.85 km/px. Bouguer anomaly from
satellite data shows the contrast difference between
the subduction zone and WAF on the West side of the
Andaman Islands, but for the residual structure, the
GSF can only be shown by derivative data. The
vertical and horizontal derivatives can clearly show
the fransforming movement of WAF fault and GSF
structure fo the Nicobar and Andaman Islands.
Another fault in the Andaman area can also be
delineated through this technique, which s
characterized by contrasting differences in values
from low to high anomaly data.

A cross-section from the 3D model shows the
structure of GSF at a depth of 50 km in the subsurface,
which correlates to seismicity from USGS data. The
overall 3D model that has been plotted at different
depths and overlaid with hypocenter of the
earthquake with the depth of the model shows at a
depth of 25 - 50 km; the existence of GSF and WAF are
shown clearly with different densities. This can also be
demonstrated by the relatively more seismic
distribution. Based on the results, we concluded the
gravity satellite is potentially used as an economical
method to study the fault's detailed structure in the
marine area. While the derivative technique also
allows for imaging a lineament structure and responds
to the regional and residual anomaly, which
corresponds to a fault and geological structure in the
Andaman area. However, due to ambiguity in 3D
gravity inversion, this method requires other supporting
data, such as the seismicity and geological
information applied in this research.
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