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ABSTRACT - The structural transition between Sumatra and Java presents significant geological challenges
due to the change in the orientation of the convergent plate boundary, shifting from NW-SE in western
Sumatra to W-E in southern Java. This study focuses on the regions of Lampung (representing Sumatra’s
tectonics), West Java (representing Java’s tectonics), and the Sunda Strait as the boundary between them. The
research aims to map tectonic stress conditions using formal stress inversion methods based on earthquake
focal mechanism data, constrained to depth intervals of 0-15 km and 15-33 km. Focal mechanism data
are categorized by geographic and regional structural geology with kinematic homogeneity, leading to the
identification of ten inversion zones. Findings show that Lampung’s average stress regime (R’) is strike-slip
fault regime at both depth intervals. The Sunda Strait displays a transtensive fault regime across these depths,
while West Java has a thrust fault regime at 0-15 km, transitioning to strike-slip fault regime at 15-33 km.
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INTRODUCTION

The Sunda Strait is in western Indonesia, within
the structural transition region. The Sunda Strait
separates two distinct geodynamic settings (Ghose
et al. 1990) as transition zone (Budiarto 1976; Zen

& Sudrajat 1983), lithosphere transition (Hamilton
1988), and boundary zone (Ranneft 1979; Huchon &
Pichon 1984). To the northwest of the Sunda Strait,
the N140°E-trending Sumatra Island is subducted
by the Indo-Australian Plate, with an NNE vector
toward Sumatra (Sieh & Natawidjaja 2000; Carton
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et al. 2014; Dokht et al. 2018) about 200-250. To
the east of the Sunda Strait, Java Island, with an
axis of N100oE, is orthogonally subducted by the
Indo-Australian Plate, which moves towards N3o-
110E. There is a bending of the plate boundary from
Sumatra to Java. The differing tectonic conditions
in Sumatra and Java result in distinct deformation
patterns. Deformation in Sumatra involves simple
shear, resulting primarily in strike-slip faults or faults
with a dominant strike-slip component. In Java,
deformation is characterized by pure shear, mainly
leading to strike-slip faults or faults with a more
prominent reverse dip-slip component. The impact of
the subduction of the Indo-Australian Plate south of
Sumatra and Java produces different stress patterns
in each region, especially focused in Lampung,
Sunda Strait, and West Java. This study aims to map
the stress regime in the structural transition region
and its implications for geomechanical fracture as a
hydrocarbons pathway.

METHODOLOGY

This study primarily utilizes earthquake focal
mechanism data, which are grouped into ten zones,
one of which is based on a regional geological
structure map developed as the basis for zone
delineation. The focal mechanism data in each zone
are analyzed using formal stress inversion methods
to determine the principal stress axes, stress ratio R,
and stress regime R’, as well as maximum (SH,_ )
and minimum (Sh__ ) horizontal stresses. The results
are then used to map and interpret the stress patterns
in the study area.

Data compilation

Using earthquake focal mechanism data to
perform formal stress inversion provides a powerful
approach to understanding stress patterns in this
structural transition zone. This method can identify
the stress patterns that occur due to the bending
of the subduction zone in the structural transition
region. This paper compiles data on earthquake
focal mechanisms from various sources and
categorizes them into ten zones. The earthquake
focal mechanism data used are sourced from the
Global CMT (The Global Centroid Moment Tensor),
BMKG (Meteorology, Climatology, and Geophysical
Agency), GFZ Potsdam (Geo Forschungs Zentrum),
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and the results of optimum inversion analysis for
small-medium magnitude moments (Mw < 5) using
the method developed by Halauwet (Halauwet et al.,
2024). The earthquake focal mechanism data also
uses earthquake data with small magnitude moments.
The data is divided into two depth intervals: 0-15 km,
which is as much as 269 data, and 15-33 km, which
is as much as 169 data (Figure 2).

Formal stress inversion method

The data for this formal stress inversion analysis
is earthquake focal mechanisms to analyze the
ongoing stress regime R’ in the structural transition
zone of Lampung — Sunda Strait — West Java, which
was analyzed using stress inversion software (e.g.,
Delvaux & Sperner 2003). Due to the complexity
of geological conditions and processes, certain
assumptions must be made when performing
stress inversion. In the purpose of addressing these
complexities, the following assumptions were
utilized in the stress inversion process (Delvaux &
Barth 2010): (1) the rocks are considered isotropic,
(2) stress distribution is assumed to be consistent and
constant across both space and time and (3) during
an earthquake, slip movement occurs in the direction
of maximum shear stress (Wallace-Bott hypothesis,
Bott 1959).

Formal stress inversion entails two iterative
analysis steps: improved right dihedron and
rotational optimization (Delvaux & Sperner 2003).
These methods aim to determine four reduced
stress tensor parameters that model optimal stress
conditions in a specific area. These parameters
include the three principal stress axes (o, > 6,> o,)
and the stress ratio R, which represents the relative
magnitudes of 6, and ..

R=02-03/01-03 (1)

In addition to these four parameters, stress
regimes R’, maximum horizontal stress (SH_ ), and
Sh_. were also generated. Notably, SH _ and Sh__
are perpendicular to one another. The calculations for
SH__ and Sh_. were interpreted using the methods
outlined by Lund and Townend (Lund & Townend
2007), withthe SH__calculation specifically applied
through the formal inversion stress program using
their algorithm.
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The stress regime R’ is described as a function
of the stress ratio R, following the classifications
in the World Stress Map (WSM) (Zoback 1992),
i.e., R" = R for the normal fault regime (NF), R' =
(2-R) for the strike-slip fault regime (SS), and R’ =
(2+R) for the thrust fault regime (TF). Values for the
stress regime R’ are categorized as follows: R’ 0-1
are indicative of the normal fault regime (NF), R’
1-2 are representative of the strike-slip fault regime
(SS), and R’ 2-3 are denoted as the thrust fault regime
(TF). Specific classifications are R’ 0 for the radial
extensive fault regime, R’ 0.5 for the pure normal
fault regime, R’ 1 for the transtensive fault regime,
R’ 1.5 for the pure strike-slip regime, R’ 2 for the
transpressive fault regime, R’ 2.5 for the pure thrust
fault regime, and R’ 3 for the radial compressive fault
regime. Stress regime maps are illustrated using color
scales based on (Delvaux & Barth 2010) (Table 1).

Regional geological structure

The map of regional geological structures in the
study area is based on previous research (Figure 1):
in Lampung dominated by strike-slip faults following
the research of Amin et al. (1993) Mangga et al.
(1993), Sieh & Natawidjaja (2000), Burhan et al.
(1993), Gafoer et al. (1993); in the Sunda Strait
dominated by normal faults referring to Susilohadi et
al. (2009), Fistria (2016), and Susilohadi (2019); in
the Java Sea dominated by N-S oriented subsurface
normal faults referring to Asikin et al. (2008); and
West Java is dominated by strike-slip and reverse
faults based on the research of Sudjatmiko (1972),
Silitonga (1973), Sukamto (1975), Santosa (1991),
Rusmana et al. (1991), Atmawinata and Abidin
(1991), Turkandi et al. (1992), Alzwar et al. (1992),
Achdan and Sudana (1992), Abidin and Sutrisno
(1992), Dardji et al. (1994), Effendi et al. (1998),
Koesmono et al. (1996), Supendi et al. (2018) and
Widiyantoro et al. (2022).

Zonation

Earthquake focus mechanism data varies in the
study area, which is a structural transition region.
The varied data cannot be inverted at once and
together to obtain inversion results in the form
of consistent stress regimes and stress patterns
(Barth 2007). Therefore, it is necessary to group
data based on geographical and structural geology
conditions (Figure 2). In addition, the determination
of zoning also considers the risk of earthquakes in
the megathrust segments, which include the forearc
basin and accretionary prism in the research area,

specifically the Enggano Segment in the Mentawai
Fault zone, the Sunda-Banten Segment in the Sunda
Strait indentation zone (southern of Sunda Strait)
and the West Java Segment in the South Java Sea
zone (Irsyam et al. 2017). There are ten zones. One
zone is located on the island of Sumatra, zone 1.
Semangko Fault: five zones are situated on the island
of Java, zone 2. Pelabuhan Ratu, zone 3. Cimandiri
Fault, zone 4. Baribis Fault, zone 5. Lembang Fault,
and zone 6. Southern Garut: three zones are in the
accretionary prism, zone 7. Southern Java Sea, zone
8. Sunda Strait Indentation, and Zone 9. Mentawai
Fault: finally, one zone is in the Sunda Strait, divided
into zone 10.A. The Western Sunda Strait and Zone
10.B. Eastern Sunda Strait (Figure 2).

RESULTS AND DISCUSSION

Semangko fault (Zone 1)

The Semangko Fault is an active dextral fault
representing the southeasternmost segment of the
Sumatra Fault Zone on the Sumatra Island. The
Sumatra Fault extends for 1,900 km in an NW-SE
direction along the western side of Sumatra (Sich
& Natawidjaja 2000). Within the 0-15 km depth
interval, the fault displays a strike-slip stress regime
with an R’ value of 1.67 and a maximum horizontal
stress (SH,_ ) oriented at N161°E (SSE-NNW)
(Table 2). This R’ value reflects a stress ratio of
0.3, approaching 0.5, suggesting a near-equilibrium
between compressive and tensile forces. At the 15-33
km depth interval, the stress regime remains strike-
slip (R’ 1.33) and SH__ oriented at N180°E (N-S)
(Table 3). A clockwise rotation of SH__ by 19° is
noted between these depth intervals (Figure 5).

Pelabuhan Ratu (Zone 2)

The Pelabuhan Ratu zone is a tectonic depression
formed by normal faulting and is part of the Ujung
Kulon Basin in southern Banten (Asikin et al.
2008). At a 0-15 km depth interval, Pelabuhan Ratu
demonstrates a transtensive fault stress regime (R’
1.13) and SH__ oriented at N67°E (ENE-WSW)
(Table 2). Given the orientation of SH__ relative
to the E-W fault trend, the strike-slip component
is interpreted as sinistral, in agreement with
observations by Malod (Malod et al. 1995). This
interpretation is supported by normal faulting
identified through seismic cross-sections (Yulianto et
al. 2007), consistent with a stress ratio R 0.87. At the
15-33 km depth interval, the stress regime transitions
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to a strike-slip regime (R’ 1.67) and SH__ oriented at
N4°E (N-S) (Table 3), indicating a counterclockwise
rotation of SH by 63° between the 0-15 km and 15-
33 km intervals (Figure 5). This analysis suggests the
presence of a transtensional fault along the extended
section of the Cimandiri Fault.

Cimandiri fault (Zone 3)

The Cimandiri Fault is an active sinistral fault
(Dardji 1994; Pulunggono & Martodjojo 1994). Most
earthquake focal mechanism data from the western
segment of the Cimandiri Fault indicate a predomi-
nantly strike-slip fault and reverse fault within the
0-15 km depth interval. A formal stress inversion was
performed using 11 focal mechanism data from the
0-15 km interval, while only 3 data were available
for the 15-33 km interval, showing a combination of
strike-slip and normal faulting mechanisms (Figure
2). At the 0-15 km depth interval, the Cimandiri Fault
demonstrates a transpressive stress regime (R’ 1.96)
and SH__ oriented at N8°E (N-S) (Table 2). This
N-S orientation of SH__ is consistent with findings
by Tingay et al. (2012). The stress ratio R-value,
close to zero (R 0.04), indicates a predominance of
compressional stress within the Cimandiri Fault,

320000 560000 640000
.

720000

particularly in its western segment. Marliyani et al.
(2016) support the transpressive stress regime and
describe the Cimandiri Fault as a strike-slip fault with
dominant reverse dip-slip movement. However, the
low stress ratio (R 0.04) and the orthogonal conver-
gence in Java suggest that the Cimandiri Fault likely
behaves as a reverse fault, with reverse dip-slip being
more prominent than strike-slip. Several research-
ers (Bemmelen 1949; Hall et al. 2007; Clements et
al. 2009; Haryanto et al. 2017) have classified the
Cimandiri Fault as a strike-slip fault. An anomaly
was identified within the depth interval of 15-33
km, marked by a change in the stress regime (R”) to
a transtensive fault stress regime with R’ =0.98 and
SH__ oriented N18°E (N-S) (Figure 5).

This anomaly is associated with two earthquake
mechanisms: strike-slip faulting and normal faulting.
The transtensive stress regime anomaly is interpreted
to result from slab pull forces exerted by the subduc-
tion of the Indo-Australian Plate, causing vertical
stress to dominate over horizontal stress. Based on
the orientation of SH__ relative to the alignment of
the Cimandiri Fault, the fault movement is inter-
preted as sinistral (left-lateral).
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Figure 1
Map of regional geological structures in the study area. Mentawai Fault (MF) (Diament et al. 1992), Semangko Fault (SF)
(Sieh & Natawidjaja 2000), Baribis Fault (BF) (Widiyantoro et al. 2022); Cimandiri Fault (CF) (Dardji et al. 1994), and
Lembang Fault (LF) (Tjia 1968; Hidayat 2010; Daryono et al. 2019). The orange color is a basin based on (Asikin et al.
2008a): (A) Bengkulu Basin, (B) South Sumatra Basin, (C) Sunda Basin, (D) Northwest Java Basin, (E) Bogor Basin, (F)
Sunda Strait Basin, (G) Ujung Kulon Basin, (H) South of West Java Basin, (I) South Java Basin.
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Figure 2
Zones 1-10 and earthquake focal mechanism data distribution in the 0-15 km (left) and 15-33 km (right) depth intervals.
This data includes various types of faults: normal faults (red beachballs), strike-slip faults (green beachballs), thrust faults
(dark blue beachballs), and 'odd' faults (gray beachballs) with the scale of moment magnitudes.

Baribis fault (Zone 4)

Recent studies classify the Baribis Fault as
part of the West Java Back-arc Thrust (WIJBT),
dated to the Pliocene (Aribowo et al. 2022)but the
faults’ nature, timing, and activity remain partly
elusive. Characterizing the structure and activity
of the seismogenic Java Back-arc Thrust (historical
earthquakes up to 7 Mw. The Baribis Fault is
primarily a reverse fault (Haryanto 1999) with a
dominant reverse slip (Widiyantoro et al. 2022). Yet,
sinistral movement has also been identified, with

rupture displacements measuring 5 + 1 m (Daryono et
al. 2021)including Cirebon, Indramayu, Sumedang,
and Subang area (with a probability of continuing
to Jakarta and Banten areas.

Focal mechanism data for earthquakes along
the Baribis Fault primarily utilize the data of
(Widiyantoro et al. 2022), with events of moment
magnitude < Mw 3.2. The earthquake mechanisms
from beachball diagrams indicate that the Baribis
Fault is a reverse fault with a minor strike-slip
component. At the 0-15 km depth interval, the
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Baribis Fault exhibits a transpressive stress regime
(R’2.24) with SH__ oriented at N28°E (NNE-SSW)
(Table 2), approaching a thrust fault stress regime
(R’ 2.25). In this interval, the fault movement is
interpreted as sinistral, with a dominant reverse
slip component over strike-slip. The stress regime
remains transpressive (R’2.0) in the 15-33 km depth
interval and SH__ oriented at N38°E (Table 3).

Lembang fault (Zone 5)

The Lembang Fault, which extends 29 km
(Daryono et al. 2019), runs from Padalarang to Mount
Palasari in a west-east direction. Interpretations of
the Lembang Fault’s movement vary, with some
researchers classifying it as a normal fault (Hidayat
2010; Aribowo et al. 2022; Agustya 2018), a reverse
fault (Agustya 2018), or a sinistral fault (Supendi et
al. 2018; Tjia 1968; Daryono et al. 2019; Meilano et
al. 2012; Hussain et al. 2023).

Most earthquake focal mechanism data for the
Lembang Fault come from Supendi (Supendi et al.
2018), who indicate a strike-slip fault mechanism.
At 0-15 km depth, the fault exhibits a strike-slip
stress regime (R’ 1.73) with SH__ oriented at
N61°E (ENE-WSW) (Table 2). Similarly, the stress
regime remains strike-slip at 15-33 km depth (R’
1.5) (Table 3). The stress ratio R across both depth
intervals ranges from 0.27 to 0.33, indicating a slight
compressional component. It suggests that while
the Lembang Fault primarily displays strike-slip
movement, a minor reverse-slip component exists
with compressional strike-slip stress tensors. Based
on SH_  orientation at 0-15 km and 15-33 km
depths, oriented at N40°E (NE-SW) relative to the
E-W alignment of the Lembang Fault, the fault is
interpreted as sinistral. The SH __ orientation along
the Lembang Fault aligns with (Tjia 2001), who
noted a NE-SW orientation, and with (Marliyani et al.
2020), who identified major tectonic stress directions
in the region through volcanic morphology analysis
at Mount Tangkuban Perahu.

At the 0-15 km depth interval (Figure 5), SH__
along the three active faults (Cimandiri, Baribis,
and Lembang Faults) exhibits rotational patterns.
From the Cimandiri Fault to the Baribis Fault, SH__
rotates clockwise by 20°. A further clockwise SH__
rotation of 53° is observed between the Cimandiri
and Lembang Faults, while the rotation from the
Baribis to the Lembang Fault is 33°. In contrast, at
the 15-33 km depth interval, SH__ rotation is smaller,
displaying a more parallel and consistent pattern
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than the 0-15 km depth. Between the Cimandiri and
Baribis Faults, SH _ rotates counterclockwise by
20°, while from the Baribis to the Lembang Fault, it
rotates clockwise by only 2°. The SH___rotation from
the Cimandiri to the Lembang Fault is 22°. These
variations reflect data heterogeneity across West
Java, particularly within these three active faults.

Southern Garut (Zone 6)

The Southern Garut Zone (SGZ) is characterized
by its active seismicity, particularly along the
Garsela Fault, which trends NE-SW (Arisbaya et
al. 2021). The earthquake focal mechanism data
for the Southern Garut Zone (Zone 7) exhibit
significant heterogeneity. The stress inversion results
provide insights relevant to the regional geological
framework, and we present the orthogonal tectonic
implications for Java to achieve a more uniform
and stable representation of the stress field. At
depths ranging from 0-15 km within the Southern
Garut Zone, a reverse fault stress regime (R’ 2.33)
is observed, with the maximum horizontal stress
(SH,_ ) oriented at N16°E (NNE-SSW) (Table 2).
Conversely, at depths between 15-33 km, the stress
regime transitions to a transpressive fault stress
regime (R’ 1.78), with SH__ oriented at N48°E
(NE-SW) (Table 3).

Considering the heterogeneity in the earthquake
focal mechanism data, this zone displays anomalous
stress fields and regimes. During the formal stress
inversion process, a subset of the data indicated a
radial extensional stress regime (R*0.13) with SH
aligned at N99°E (W-E). This orientation does not
correspond with the predominant NE-SW and NW-
SE geological structures, nor with the orthogonal
tectonic setting of Java, where the overall SH _trend
is NNE-SSW. Consequently, this particular subset
was excluded from the analysis. The observed stress
anomalies in the Southern Garut Zone warrant further
investigation in future research endeavors.

West Java South Sea (Zone 7)

In the southern offshore areca of West Java,
within a depth range of 0-15 km, the stress regime is
dominated by a thrust fault stress regime (R’ 2.04),
witha SH_ oriented at N13°E (NNE-SSW) (Table
2). This stress regime persists in the deeper interval
from 15 to 33 km, displaying a thrust fault regime (R’
2.26) with SH _ oriented at N24°E (NE-SW) (Table
3). Both the SH__ orientation and the stress regime
in the southern offshore region of West Java align
with the results reported by Pratama & Kita (2022).
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Sunda strait indentation (Zone 8)

The Sunda Strait indentation forms part of the
Sunda Strait-Banten megathrust segment (Irsyam
et al. 2017), which can generate a large earthquake
with an estimated maximum magnitude of up to Mw
8.9. This high potential is attributed to a seismic
gap with lower seismic activity than surrounding
regions (Rahman et al. 2021; Supendi et al. 2023)
but further effort is required to help understand both
the likelihood and frequency of such events. With
this in mind, we exploit catalog seismic data sourced
from the Agency for Meteorology, Climatology, and
Geophysics (BMKG. This seismic gap suggests
strain accumulation within the subduction interface,
which could be released as substantial energy
during a major earthquake (Supendi et al., 2023)
but further effort is required to help understand
both the likelihood and frequency of such events.
With this in mind, we exploit catalog seismic
data sourced from the Agency for Meteorology,
Climatology, and Geophysics (BMKG. Numerous
studies have investigated this seismic gap in the
Sunda Strait indentation (e.g., Octonovrilna et al.
2018; Widiyantoro et al. 2020; Rahman et al. 2021;
Supendi et al. 2023). At a 015 km depth interval,
the stress regime is characterized by a thrust fault
regime with R” = 1.24 and SH__ oriented N36°E
(NE-SW) (Table 2). At a deeper interval of 15-33
km, the stress regime transitions to a strike-slip fault
regime with R” = 1.54 and SH__ oriented N23°E
(NE-SW) (Table 2).

Mentawai fault (Zone 9)

The Mentawai Fault in this zone trends NW-
SE and extends approximately 500 km. It was first
identified by (Diament et al. 1992) through seismic
reflection profile analysis, which revealed a favorable
flower structure. In zone 9, the distribution of
earthquake focal mechanisms is mainly concentrated
within the fore-arc ridge, fore-arc basin, and their
boundary, where both thrust and strike-slip faulting
mechanisms are observed. At 15-33 km depths,
strike-slip fault mechanisms become more prevalent
in this zone. The occurrence of strike-slip faults
here is attributed to the oblique subduction of the
Indo-Australian Plate beneath Sumatra, generating
numerous strike-slip faults, including Sumatra’s two
major faults: the Sumatra Fault and the Mentawai
Fault with the same orientation (NW-SE) and the
same sense of movement (dextral). In zone 9,
the Mentawai Fault area displays a transpressive
stress regime (R’ 1.86) at depths of 0—15 km, and
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SH__ oriented at N27°E (NE-SW) (Table 2). This
stress regime is consistent at 15-33 km depths,
characterized by a transpressive stress regime (R’
2.12) and SH__ oriented at N34°E (NE-SW) (Table
3). The principal stress direction, ¢,, derived from
stress inversion within the Mentawai Fault Zone,
is oriented at 15°/N206°E at depths of 0—15 km
and 27°/N214°E at 15-33 km, generally aligning
in an NE-SW orientation (Figure 3 and Figure 4).
This orientation corresponds with the NE-SW trend
(Shamim et al. 2019) reported in Zone VI (in his
publication), which encompasses southern Sumatra
and the Mentawai Fault Zone.

Sunda strait (Zone 10.A and 10.B)

The initiation of the opening of the Sunda
Strait occurred in the Late Miocene, following the
formation of the Sumatra Fault during the Early
Miocene (Susilohadi et al. 2009). The Sunda Strait
was formed due to the dextral movement of the
Sumatra Fault (Bemmelen 1970), along with the
northwestward movement of the Sumatra forearc
sliver block, which caused extensional deformation
in the Sunda Strait and its adjacent southern sea
(Huchon & Pichon 1984; Jarrard 1986; Susilohadi et
al. 2009; Diament et al. 1992; Diament et al. 1990).

The Sunda Strait comprises two main basins:
the Eastern and Western Sunda Strait Basin
(Pramumijoyo & Sebrier 1991). A formal stress
inversion was conducted for the Western Sunda Strait
(Zone 10.A) and the Eastern Sunda Strait (Zone 10.B)
based on the basin subdivision by Pramumijoyo and
Sebrier (1991). Numerous earthquakes at depths of
0-15 km and 15-33 km indicate that the faults within
the Sunda Strait are active, particularly in the Western
Sunda Strait Basin, which is more actively opening
and expanding (Pramumijoyo & Sebrier 1991). In
the Western Sunda Strait (Zone 10.A), at a depth
range of 0-15 km, a normal faulting stress regime
(R?0.69) and SHmax oriented N4°E (N-S) (Table 2).
In contrast, Zone 10.B in the Eastern Sunda Strait at
the same depth range exhibits two stress regimes in
two subsets: a transtensive fault (R”1.19) and SH__
oriented N34°E (NE-SW) (Table 2) and a strike-slip
fault (R’ 1.31) and SHmax oriented N114°E. At
depths of 15-33 km, the Western Sunda Strait shows
a strike-slip stress regime (R’ 1.43) and SHmax
oriented N25°E. However, in this model, the most
relevant subset for the regional geological conditions
is the subset characterized by a transtensive fault
regime. Meanwhile, the Eastern Sunda Strait at the
same depth range displays an extensive stress regime
(R*0.2) and SH__ oriented N122°E.
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Figure 3
Stress inversion results of rotational optimization method in zones 1-10 of the 0-15 km depth interval. o1 represents the
primary stress and is depicted with a circular symbol, 02 indicates the intermediate stress with a triangle symbol, and
o3 is the lowest stress, symbolized by a square. The maximum horizontal stress (SHmax) is marked by short black lines
around the outer edge of the stereogram, while short white lines show the minimum horizontal stress (Shmin). These
SHmax and Shmin lines are oriented perpendicularly to one another. The stress tensor is illustrated by a small circle
with an arrow at the top left, which provides information about the magnitude of horizontal deviatoric stress about stress
isotropy (oi). The characteristics of the arrow—its type, size, and color—represent the magnitude of stress and are
linked to the stress regime R' and stress ratio R = (02 — 03) / (01 — 03). Ared arrow indicates that 03 is nearly horizontal
(Shmin), a green arrow signifies that 62 is nearly horizontal (either Shmin or SHmax), and a blue arrow shows that o1 is
nearly horizontal (always SHmax). Outward arrows suggest extensional deviatoric stress (< oi), whereas inward arrows
indicate compressional deviatoric stress (> ai). Vertical stress is displayed as either a filled or outlined circle at the center
of the diagram. A red-filled circle suggests an extensional stress regime (o_1=0_v), a green-filled circle represents a
strike-slip regime (o_2=c_v), and a dark blue-filled circle indicates a compressional regime (o_3=c_v). Open arrows and
circles imply oblique stress axes. The parameter R is the stress ratio. F5 is a key function that minimizes the difference
between observed slip and calculated slip vectors on the fault plane, maximizes the resolved shear stress, and reduces
the resolved normal stress. A lower F5 value indicates a better match with the true slip plane of one of the nodal planes
and yields a more accurate stress tensor. The symbols for squares, circles, and triangles in the stereogram reflect the
orientation of the kinematic axes.
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Figure 4
Stress inversion results of rotational optimization method in zones 1-10 of the 15-33 km depth interval. Explanation of the
picture can be seen in the description of Figure 4
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Tectonic stress regime in Lampung, Sunda
strait and West Java

There are notable differences in stress regimes
(R’) across Lampung, the Sunda Strait, and West
Java. Based on stress inversion analysis across 10
zones at a depth interval of 0—15 km, the average
stress regimes (R’) in these three regions indicate that
Lampung, representing Sumatra, is dominated by a
strike-slip stress regime ((R)) 1.67); the Sunda Strait
displays a transtensive stress regime ((R’) 0.94); and
West Java experiences a thrust fault stress regime
((R) 1.87). At a deeper interval of 15-33 km, the
average stress regimes (R') are as follows: Lampung
with a strike-slip fault regime ((R’) 1.33); the Sunda
Strait with a transtensive regime ((R’)0.82); and West
Java with a strike-slip regime ((R’)1.59). The average
stress regimes in Lampung and the Sunda Strait
remain relatively stable across both depth intervals
(Figures 6), consistent with Sumatra’s oblique
convergence, which induces strike-slip faulting.
This tectonic influence also extends to the Sunda
Strait, where Sumatra’s tectonic dynamics sustained
a transtensive stress regime. In contrast, West Java
exhibits a shift in average stress regime (R’) between
the 0—15 km and 15-33 km depth intervals. This
shift corresponds with Java’s tectonic setting, where
orthogonal convergence leads to thrust faulting near

the surface, while deeper faults transition to strike-
slip faulting.

Horizontal stress and its implications for
fracture geomechanics

The pattern of maximum horizontal stress
(SH_ ) in the structural transition zone between
Sumatra and Java exhibits distinct variations and
rotations in the SH__ orientation, with the Sunda
Strait acting as a boundary zone. In the fore-arc ridge
south of Sumatra, SH _ is oriented NE-SW, but it
rotates counterclockwise across Sumatra to an NW-
SE orientation. This shift in stress orientation reflects
a stress distribution influenced by strain partitioning
due to the oblique convergence of the Indo-Australian
and Eurasian plates. In the Sunda Strait, the SH
direction shows considerable variation, including
N-S, NE-SW, and W-E orientations. (Figure 5).

In reservoir geomechanics, the patterns of SH__
and Sh_. are crucial for optimizing hydrocarbon
production, both by modeling or predicting natural
fractures beneath the surface and determining
the optimal orientation for horizontal wells. A
thorough understanding of these horizontal stress
patterns enables the identification of more efficient
hydrocarbon flow pathways and the design of well
placements to enhance productivity. SH _ typically
aligns with open fractures, serving as primary

1l J'Ar"::‘)/ Z[I\
=y _«5&!7\(&:(,
/J',r fj},éﬁ i
,1‘ \\</4\ ;

Figure 5
The stress regime map and SH__ orientation obtained from stress inversion are illustrated for zones 1 through 10. (Left)
presents the stress regime map for the 0—15 km depth interval, while (Right) depicts the stress regime map for the 15-33
km depth interval. In each zone, the maximum horizontal stress (SH,__ ) is indicated by black bars, representing azimuthal
orientation ranging from 0° to 360°. The circle positioned at the midpoint of each SH__ bar denotes the color index for
the stress regime R’, as specified by the color scale in the upper-right corner of the figure.
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conduits for hydrocarbon flow (Aiman et al. 2023).
Inreservoir development, SH _orientation optimizes
wellbore placement and hydraulic fracturing design
(Logue 2015). Horizontal well performance is
often influenced by stress redistribution, primarily
controlled by the boundaries of geological structures
due to variations in elastic properties within the
subsurface (Widarsono 2000). Proper evaluation
of horizontal well performance is essential before
drilling decisions to ensure that the anticipated
improvement in well productivity justifies the
associated drilling and completion costs compared
to vertical wells (Tunggal 2000). Furthermore,
well control simulators for vertical and horizontal
wells can be valuable tools in drilling planning
and evaluation, providing critical insights into well
management during and after drilling operations
(Purnomo & Tobing 2007). Understanding in situ
stress plays a pivotal role in petroleum exploration
and production, as it enhances the ability to interpret
modern deformation patterns within sedimentary
basins, offering valuable insights into subsurface
conditions (Ramdhan 2021). As in horizontal well
drilling, when the well trajectory aligns with Shmin,
transverse fractures (perpendicular to the well) are
formed, whereas wells aligned with SH__ produce
longitudinal fractures (parallel to the well) (Yang
2014; Mohamed et al. 2016a). Wells drilled in the
direction of Shmin (on-azimuth) typically yield
higher hydrocarbon production than those drilled
perpendicular to Shmin (Rostami et al. 2020).

The stress pattern used to predict the orientation
of open fractures in the tertiary basin reservoirs
within the study area is based on the SH,___orientation
at depths of 0—15 km. The stress trajectory map for

this depth range was constructed by interpolating
SH__ orientations obtained from stress inversion
analysis (Figure 7). In the Bengkulu Basin, the
SH__trajectories predominantly trend NE-SW and
N-S. These directions are interpreted as the general
orientation of open fractures, including naturally
formed and hydraulically induced fractures. The
optimal direction for horizontal drilling follows the
Sh_. orientation, which is NW-SE.

In the South Sumatra Basin and Sunda Basin, no
earthquake focal mechanism data are available, and
thus, the SH__ orientation remains undetermined.
In the Northwest Java Basin, the SH__trajectories
trend NE-SW, but this pattern is only observed in the
southern part of the basin, bounded by the Baribis
Fault. While the maximum horizontal stress (SH__ )
orientation is uncertain further north, it is inferred
that the shift to a north-south direction should be
based on the normal fault orientations in West
Java’s northern offshore region. Consequently, open
fractures are interpreted to trend NE-SW and N-S,
while the optimal direction for horizontal drilling is
W-E. In the Bogor Basin and Southern West Java
Basin, the SH _ trajectories trend NE-SW, which is
also interpreted as the orientation of open fractures.
The optimal direction for horizontal drilling aligns
with the Sh__ orientation, namely NW-SE and W-E.
In the Southern Java Basin, the SHmax orientation
trends NE-SW and N-S are interpreted as open
fracture orientations. Meanwhile, in the Sunda Strait
Basin and Ujung Kulon Basin, the SH__ orientation
is relatively consistent at NE-SW, indicating that
open fractures are also oriented NE-SW. The optimal
direction for horizontal drilling in these basins aligns
with the Sh__ orientation, NW-SE.

Stress regime R’ in zones 1-10 in the 0-15 km depth interval
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Figure 6
The average stress regime ((R’) ) across ten zones at a depth interval of 0-15 km (left) and 15-33 km (right). The colored
circles represent the color index of the stress regime R’.
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Figure 7
SHmax patterns and trajectories in the research area. Solid or dashed red lines are stress trajectories. The orange color
is a basin based on Asikin et al. (2008a): (A) Bengkulu Basin, (B) South Sumatra Basin, (C) Sunda Basin, (D) Northwest
Java Basin, (E) Bogor Basin, (F) Sunda Strait Basin, (G) Ujung Kulon Basin, (H) South of West Java Basin, (I) South
Java Basin.

CONCLUSION

There are distinct differences in the stress
regimes within this structural transition zone. In
Sumatra, the average stress regime is dominated by
a strike-slip regime ( 1.67) at depths of 0—15 km and
1.33 at depths of 15-33 km, primarily influenced by
the oblique convergence of the Indo-Australian Plate
against Sumatra. In the Sunda Strait, a transtensive
stress regime is observed, with values of 0.94 at
depths of 0—15 km and 0.82 at depths of 15-33
km, where Sumatra’s tectonic activity continues
to impact the stress regime. In West Java, a thrust
fault regime is evident at depths of 0-15 km, with
1.87, transitioning to a strike-slip regime with 1.59
at depths of 15-33 km. This variation is shaped
by Java’s tectonic setting, where the orthogonal
convergence of the Indo-Australian Plate against
Java exerts a significant influence.

The stress trajectories crossing the Tertiary basin
indicate the orientation of open fractures, particularly
within the reservoir rocks. Open fractures can form

naturally or through hydraulic fracturing processes
that align with SH__ . In West Java and the Sunda
Strait, open fractures are generally interpreted to
have an NE-SW orientation, transitioning to an N-S
orientation in the northern offshore areas of West
Java. Meanwhile, open fractures in the Lampung
region are predominantly interpreted to exhibit an
N-S orientation.
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GLOSSARY OF TERMS
Symbol Definition Unit
R Stress ratio
R’ Stress regime
R Average of stress regime
SHimax Maximum horizontal stress
Shimin Minimum horizontal stress
G1 Maximum principal stress
) Intermediate principal stress
G3 Minimum principal stress
NE-SW  Northeast-Southwest
NW-SE Northwest-Southeast

W-E West-East
NNE-SSW North-Northeast — South-
Southwest
South-Southeast — North-
SSE-NNW Northwest

N-S North — South
ENE-WSW East-Northeast — West-
Southwest
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