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Abstract. Although local scale investigation throughout parts of the java island has been conducted to understand 

about the subsurface condition, there are only a few tomography approaches to prove the previews geological model. 20 

In this study we perform ambient noise tomography (ANT) of entire Java Island to delineate subsurface and the 

relationship between shear wave velocity and basin structure in relation to tectonic influences. Our study utilize data 

from 114 permanent seismograph stations operated by The Indonesian Meteorological, Climatological, and 

Geophysical, and Geophysical Agency (BMKG)of continuous seismic record from January-June 2022 (6 month). We 

obtain more than 6000 potentials of Empirical Green’s function and extract the Rayleigh Group Velocity for the period 25 

3s to 33s. We perform manual pick for dispersion curves of 6328 of pair cross correlation to correct any artefact. The 

two step tomography process begins with group wave velocity maps, then we delineate the shear wave velocity 

structure beneath Java Island from 3 to 30 km from 217 sampling point 1D inversion. Profile Vs ranges from 1.3 - 4.1 

±0.1 km/s with low Vs (1.3 - 2.2 ±0.1 km/s) interpreted as basins including Bogor, Kendeng and Banyumas basins. 

On the other hand, the high Vs (2.2 - 4.1 ±0.1 km/s) interpreted as crystalline basement or indicate stronger more rigid 30 

materials within the crust. The flexural pattern reveals a distinctive characteristic along Java Island, where the basin 

orientation shows regional variation. In western Java, the flexure trend indicates northward basin development, 

whereas in eastern Java the flexural axis shifts southward. In central Java, the transition between these two domains 

suggests a twisting or rotational deformation of the crust, reflecting a complex mechanical response of the Sunda 

Block to ongoing subduction processes beneath Java. 35 
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1 Introduction  

Understanding the subsurface profile of Java Island is crucial in assessing geological hazards, exploring nature 

resources potential and advancing the knowledge of regional tectonic processes. The complex interplay between the 

subduction Indo-Australian Plate the overriding Eurasian Plate (Figure 1), and the associated volcanic arc has created 

a heterogeneous lithospheric structure characterized by variations in crustal thickness, composition and seismic 40 

velocities (Widiyantoro et al., 2011). Recent advances in geophysical imaging techniques have significantly improved 

our ability to probe to these features. Among these, ambient noise tomography has emerged as a tool to image the 

upper crustal without the need for large earthquake datasets. By cross-correlation continues seismic noise recordings 

from multiple stations, this method reconstructs empirical Green’s functions and retrieves surface wave dispersion 

information that reflects subsurface structure (Bensen et al., 2007; Shapiro et al., 2005). 45 

 

Figure 1: Location of area study, with elevation maps and modified geological map of Java Island Indonesia (Sigit, 1965; 
Steinshouer et al., 1999). 

 

Based on previous studies, hypotheses regarding the subsurface condition of Java Island indicate significant variations 50 

in seismic wave velocities at various depths, particularly beneath the volcanic arc (Koulakov et al., 2007a; Wagner et 

al., 2007; Ramdhan et al., 2019; Muttaqy et al., 2022; Lesmana et al., 2025). Seismic tomography studies revealed 

low-velocity anomalies beneath the volcanic arc (Koulakov et al., 2007b), which are associated with the presence of 

hot mantel material resulting from the subduction process. Additionally, inversion of seismic wave data has shown 
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variation in shear wave velocity (Vs) that reflect differences in rock composition and temperature at intermediate to 55 

greater depths. Another hypothesis suggests the presence of weak zones Java that may serve as pathways for magma 

ascent, thereby enhancing volcanic activity along the volcanic arc (Widiyantoro et al., 2011). These studies provide 

critical insights into subsurface dynamics and potential geological hazards in the Java region.  

 

From a geological perspective, one intriguing hypothesis regarding the subsurface conditions of Java Island is the 60 

existence of subduction process in the Earth’s crust that enable mode dynamics interactions between the mantle and 

the upper crust (Noda, 2016). This process creates geological features for instance active faults, such as the Cimandiri 

Fault in West Java, the Opak Fault in Central Java, and the Kendeng Fault Zone extending into East Java (Irsyam et 

al., 2020), and the subduction-related deformation has contributed to the creation of major basins, including the North 

Java Basin and the Kendeng Basin (Doust and Noble, 2008), which act as forearc and backarc depressions 65 

respectively. The present of this condition has yet to be fully supported by seismological evidence that interconnected 

to the entire of Java Island. Further studies using geophysical methods, such as ambient noise tomography, are needed 

to validate this hypothesis.  

 

Despite significant advances in understanding Java’s subsurface structure though the seismic tomography, existing 70 

studies remain fragmented in spatial coverage, resolution and integration. The pioneering work of ambient noise 

tomography at Java (Zulfakriza et al., 2013; Martha et al., 2017; Rosalia et al., 2022) has beneficial revealed of localize 

feature such as magma reservoir, sedimentary basins and fault zones at portion of regional scale. Furthermore, the 

specific research area in Java region (Pranata et al., 2020; Ry et al., 2023; Lesmana et al., 2025; Setiadi et al., 2025; 

Syaifuddin et al., 2025) creates more disparities in resolution lead to incoherent structure comparisons. However, the 75 

regional or more connected interpretation of subsurface features would be complete and continue if the study generated 

through the entire island. Our study is bridging these methodological and special gaps to reveal Shear Wave velocity 

model and ultimately enhancing the understanding of the conceptual geology model (Husein, 2015; Aribowo et al., 

2022).  

 80 

The previous seismic tomography studies in Java region such as Bandung basin (Pranata et al. 2020), Banyumas basin 

(Setiawan et al. 2021), Jakarta basin (Saygin et al 2016; Ry et al. 2023) and Merapi volcano (Yudistira et al 2021) 

focused on specific volcanic or fault zones and not yet encompassing the entire island of Java.  In this study, we 

investigate the crustal structure and tectonic implication in the Java region by using the ambient seismic noise cross 

correlation. A regional sub surface profile of Java region is essential to provide a comprehensive mapping that 85 

correspond to geological structures, such as volcanic arcs, and major faults. 

2 Data  

We used continuous seismic data waveform of 114 seismic stations that operated by Indonesian Meteorological, 

Climatology and Geophysical Agency (BMKG) (see Figure 2). The recording instruments employed at these stations 
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have varying sampling rates, including 0.05 s, 0.025 s, and 0.02 s, depending on the type and model of the sensor. The 90 

distribution of seismic stations covered Southern Sumatra, Java, Madura and Bali Island. We use the seismic data 

waveform from January to July 2022 (6 months continue recording). We extract the Rayleigh wave from vertical 

component that retrieved from the cross-correlation of station pair. There are 6441 potential seismic station to cross 

correlate with range of distances about 4.16 km to 1531.43 km. We reduce the sampling rate  to 0.2 s and applied the 

instrument correction and trend correction. 95 

 

Figure 2: Distribution map of permanent broadband seismometers (BMKG seismographs network) across Java Island used 
in this study (Red inverted triangles) labeled with stations code. Black lines represent active fault systems in the region 
(Irsyam et al., 2020). The inset map provides the regional context of the study area within Indonesia. 

3 Methods 100 

3.1 ANT cross correlation 

We apply the cross-correlation technique utilizes natural source such as wind, ocean waves, or human activities as a 

source of energy (Hennino et al., 2001). Cross correlation of seismic noise data recorded from seismographs at the 

seismic station to reconstruct the Green’s function for information of seismic wave velocity structures between station 

(Shapiro et al., 2005). ANT method is highly beneficial in geophysical research due to its relatively ow cost and its 105 

ability to deliver high-resolution subsurface image. Advances in technology and theoretical understanding of 

interferometry have further expanded the application of ambient noise, ranging from shallow exploration studies of 

earth crustal structures (Bensen et al., 2007).  

the cross-correlation process is performed by transforming the time domain into the frequency domain using Fourier 

transformation, aiming to accelerate the computational process(Lewis, 1995). 110 

The process of conversion of time domain to frequency domain also proven to be the fast and reliable course for cross 

correlation (Varotsos and Sarlis, 2024). Cross correlation executed by comparing seismic noise recording from two 

different locations and measuring the similarity of the recorded waves. Through this process, the travel time of seismic 

wave between the station can be estimated which is then used to map the surface structures (Campillo and Paul, 2003). 

The Green’s Function approximated through cross-correlation between two stations as time function of velocity 115 

propagation from one station to the other. Furthermore, the group velocity is measured by analyzing the arrival time 
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of dispersed waves at various frequency, particularly Rayleigh waves. Mapping the group velocity can be correlated 

to changes of subsurface materials elastic properties (Yang et al., 2007). 

Several limitations applied to remove biases on the process. The first limitation is raypath must be more than 1.5 

lambda on each period. Then every CC stack must have SNR more than 4 by comparing the peak amplitude with the 120 

rms noise (Tian and Ritzwoller, 2015). The last is the process of selecting the maximum energy of dispersion curves 

manually to remove any artefact effect of multiple wave package displayed in the dispersion curves. By applying this 

process, we can produce reliable travel time to compute 2-D group velocity and generate maps. After applying all the 

limitations, we inspected the raypath density coverage to ensure that the entire island of Java is effectively covered 

(Figure 3). 125 

 

Figure 3: (Above) Statistic of raypath distance distribution of all station pairs in the study area (Java Island). (Below) 
Raypath distribution density indicated by low density (blue) to high density (red).  

The cross-correlation outcome is high energy detected on the negative and/or positive delay time. Stacked of all 

stations with one reference station with distance can result in the continuity of delay time that form V shape (Figure 4 130 

a). This procedure is significant to demonstrate the shape of distance over group velocity and visual quality data check. 
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Figure 4: (a) The V shape of 6 months CCFs stacking in periode 3-33s of station CBJM with others. (b) CC of Station CBJM 
with WSJM showed time lag at negatif 30s. (c) Maps of CBJM and WSJM with distance of 69.96 km. (d) The dispersion 
curves of CBJM and WSJM with before and after manual pick. 135 

The dispersion curves process produces data of group velocity from period 3s to 33s. However, automatic picking 

from Noisepy module (Jiang and Denolle, 2020) hold artefact value from different wave package (Figure 4 d). To 

solve this problem, we apply manual picking of 6821 curve dispersion to remove the artefact. The Dispersion curves 

show artefacts mostly appear at period less than 10 s indicated by high velocity jumps up to 4 Km/s, which rarely 

appears at low period. 140 

 

Figure 5: Dispersion curves from 6,821 manually selected measurements of group velocity. Each colored line represents an 
individual dispersion path, while the black dotted line shows the average group velocity at each period, fitted using a third-
order polynomial. 
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2.2 Group velocity Modeling 145 

The group velocity inversion is derived from frequency time analysis of cross correlation result. Frequency time 

analysis process applied in this study is Multiple Filter Analysis (MFA) (Dziewonski et al., 1969). The MFA construct 

estimated Rayleigh wave travel time at various frequencies. Additionally, the travel time is then interpreted into group 

velocities by considering the distance between stations. Group velocity dispersion curves from different periods 

inverted using tomography methods to develop subsurface seismic velocity models. The covered periods of our result 150 

ranging from 3 to 33 seconds. The inversion process to map horizontal seismic group velocity operated using software 

FMST (Fast Marching Surface Tomography) (Rawlinson, 2005). 

2.2 Shear wave modeling 

The shear wave velocity (Vs) computed from seismic group velocity.  The process begins with converting group 

velocity to phase velocity and then inverting the phase velocity curve to 1D Vs in depth domain (km) based on 155 

reference model. The selected point of pseudo dispersion curves in study area consists of 271 grid points with distance 

of 10 km each (Figure 6). The reference model based on AK135 (Kennett et al., 1995) as seismic velocity global 

standard model reference. The AK135 model provides initial distributions of P and S-wave velocity (Vp, Vs), and 

density at various depths. The inversion process involves matching the measured group velocity dispersion curve data 

with the predicted dispersion curve from the theoretical model. During the inversion, the Vs parameter is adjusted 160 

iteratively until the simulated dispersion curve aligns with the observed data (Figure 7). 

 

Figure 6: The pseudo-dispersion curves at 271 selected gridpoints (red dots in inset map) obtained from Rayleigh wave 
group velocity maps as spatial sampling point to be used for 1D Vs inversion. 
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 165 

Figure 7: Sensitivity kernel representative of point at the location (b). (b) Location of 1-D group velocity examples. (c) 
Inverted of group velocity (right) vs Period (s) to Shear wave velocity ‘Vs’ (left) with velocity model reference as initial 
model (blue line). 

3 Result and Discussion 

3.1 Checkerboard Resolution Test 170 

We conducted the checkerboard resolution test to evaluate the ability of inversion method toward different grid sizes. 

We find that 0.5଴ × 0.5଴ grid size is the smallest grid possible that showing the best recovery result without smearing. 

The recovery checkerboard pattern remains clear without significant distortion or excessive smoothing (Figure 8). 

These results show that the model can distinguish lateral velocity variation for optimal seismic tomography study in 

this area. 175 
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Figure 8: Recovery result of checkerboard at 5s period using grid size 𝟎. 𝟓𝟎 × 𝟎. 𝟓𝟎. (bottom left) raypath coverage, (top 
right) dispersion curves. 

3.2 Rayleigh Group Velocity Maps 

Rayleigh group velocity maps of our study able to reveal information from period 3s to 33s that are consistent with 180 

the geological condition of Java Island (Figure 9). We divided the range into two sections, short (3-10s) and long (10-

33s) period. The short period is associated with basins field with sedimentary sequence and the presence of volcanic 

activity. Furthermore, lower group velocities are detected along Java’s main volcanic arc, reflecting the presence of 

volcanic materials and weaker, sedimentary layers near the surface. Conversely, higher group velocities are observed 

in the northern and southern coastal areas, indicating harder and more stable bedrock outside the volcanic arc. In the 185 

longer periods (10–33 seconds), group velocities increase, reflecting deeper wave penetration into the Earth’s crust, 

which correlates with basement crystalline as high velocity anomaly. This distribution of group velocities generally 

aligns with Java’s regional geological model, where the volcanic arc, sedimentary basins, and subduction zone create 

measurable velocity variations across the island. 
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 190 

Figure 9: Group velocity lateral distribution across Java Island from period 5 to 30s.  

3.3 Shear Wave Velocity Maps and Model 

We construct shear wave velocity maps from combining 1D Vs for lateral distribution of tomography. The inversion 

successfully produces a shear wave velocity model from depths 3km to 29 km, corresponding to optimal resolution 

based on the sensitivity kernel of Rayleigh waves. The inversion result reveals significant shear wave velocity 195 

variation at different depths, reflecting subsurface structural changes. In one hand, the low velocity (1.4-2.2 km/s) at 

depth 5km suggest the existence of basins such Bogor, Banyumas and Kendeng Basins at the north of the back arc 

extension process (Figure 10). On the other hand, the high velocity (2.2-3.2 km/s) at similar depth explained of uplifted 

volcanic arc from compression process resulting more rigid igneous and/or metamorphic rocks.  
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 200 

Figure 10: Horizontal view Vs structure Java Island at depths 5 -30 km. The blue and red color indicate high and low value 
Vs. 

 Three vertical profiles derived from the Vs 3D model of Java Island were constructed to visualize and interpret the 

subsurface structure (Figure 11). The west part represents the existence of Bogor basin at the north of Mount 

Tangkuban Parahu. Similarly, the central region illustrates the Banyumas basin interpreted from low velocity value 205 

(1.7-2.2 km/s).  Furthermore, the east region interpreted as Kendeng basin reveals a southward flexure of the 

sedimentary layers, indicating downward bending of the crust toward the volcanic arc. 
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Figure 11: Vertical section of Vs passing though West (A-A’), Central (B-B’) and East (C-C’) Java regions. The blue and 
red color indicate high and low Vs value, respectively. 210 

Our ambient noise tomography result reveals the shear wave velocity (Vs) structure and geometry basin around Java 

Island. The result highlight low-Vs (1.7-22 km/s) corresponding to major basins such as Bogor, Banyumas and 

Kendeng Basins. Whereas the High Vs (2.3-3.2 km/s) observed in volcanic and basement rock region. West Java from 

cross-sections A-A’ (Figure 11), illustrate northward-dipping basins which is Bogor Basins, with depths of 5–6 km 

inferred from the interpretation isolayer of Vs equal to 2.2 km/s. furthermore, these findings align with the tectonic 215 

role of the Baribis Fault in basin formation (Aribowo et al., 2022). Based on our result the present low Vs on the 

southern part of West Java at depth below 15 km could indicate the magmatism/basin that pass through the subduction 

process. Moving to Central and East Java, cross-section B-B’ identifies the Banyumas basin through a prominent 

north-south-trending low-Vs, with the deepest low-Vs zone at its center, consistent with previews study about the 

existence of Banyumas basin (Setiawan et al., 2021). The vertical section further reveals two distinct low-Vs, the 220 

northern low Vs corresponds to the western margin of the Kendeng basin, while the southern anomaly reflects the 

eastern extent, supported by residual gravity anomaly models (Pohan et al., 2023). The Kendeng Basin illustrates in 

vertical-sections C-C, emerges as a continuous low-Vs structure extending from Central to East Java. The Sediment 

thicknesses of this basin reach 9–10 km (based on the interpretation of isolayer Vs equal to 2.2 km/s). In Addition, 
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validation of our interpretation from prior studies that attribute its formation to flexural subsidence linked to volcanic 225 

arc loading and subduction dynamics (Martha et al., 2017; Novianto et al., 2020; Smyth et al., 2008).  

   

Figure 12: North-south section with 3D visualization of basins interpretation on isolayer of Vs equal to 2.2 km/s 

Our results reveal a unique pattern of basin development along Java Island that reflects contrasting flexural responses 

in the western and eastern domains. In western Java, the flexural trend displays northward basin development, 230 

indicating that the lithosphere bends toward the north because of long-term subduction loading. The downward force 

exerted near the southern margin associated with the slab and accretionary prism produces a foreland-style depression 

that propagates northward. In contrast, eastern Java have different configuration in which the flexural axis shifts 

southward. This southward orientation suggests a distinct mechanical coupling and stress regime between the 

overriding Sunda Plate and the subducting slab, consistent with how the subduction system in this region has evolved 235 
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over geological time. Between these domains, central Java forms a transitional segment that accommodates the change 

in flexural geometry. The flexure here implies a twisting or rotational character, due to the responds in a non-uniform 

manner to spatially variable subduction-related forces. Overall, the contrasting flexural styles across the island align 

with the expected variations arising from the progressive tectonic development of the Java subduction system. 

 240 

This rotational deformation may also reflect deep-seated structural segmentation within the Sunda Block, where pre-

existing crustal weaknesses or fault systems influence the style of flexure. The contrasting flexural trends from west 

to east thus highlight the mechanical heterogeneity of the Sunda Plate and suggest that subduction along Java is 

complex, uniform process but rather a dynamically evolving system governed by spatial variations in plate coupling, 

slab dip angle, and crustal properties. Overall, the flexural pattern across Java Island provides important insight into 245 

the tectonic and mechanical response of the Sunda lithosphere to subduction. It underscores the idea that Java’s crustal 

deformation results from a combination of vertical bending due to slab loading and horizontal shearing due to oblique 

convergence, producing a complex interplay between flexural, rotational, and extensional processes along the island. 

4 Conclusion 

This study presents the first crustal shear-wave velocity (Vs) tomography model encompassing the entire Java Island, 250 

derived from ambient seismic noise analysis. Utilizing data from 114 permanent seismograph stations (deployed in 

and outside Java Island) over a 6-month recording period, we compute more than 6,000 cross-correlation pairs and 

manually picking more than 5,000 dispersion curves to recover robust group velocity measurements across periods of 

3–33 seconds and shear wave velocity from depth 3 to 29 km. Our model reveals the major basins across Java with 

clear evidence of depth structure. The northern West Java, Bogor Basins exhibit low Vs value with basin thickness of 255 

6 km illustrates from Vs value 1.3 to 2.2 km/s, aligning with their tectonic subsidence history influenced by the Baribis 

Fault system. Furthermore, in Central Java, the low Vs value (1.3-2.2 km/s) resolves the Banyumas Basin, highlighting 

their unique structural evolution under compressional back-arc tectonics. Moreover, the Kendeng Basin is interpreted 

as a deep basin, continuous through extending across Central to East Java, revealing its flexural subsidence geometry 

with thicknesses exceeding 9–10 km in its central segment. Our regional interpretation about the contrasting flexural 260 

orientations between western and eastern Java suggests a large-scale twisting or rotational deformation of the island’s 

crust, reflecting the differential response of the Sunda lithosphere to long-term subduction dynamics. 
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