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ABSTRACT 
 
The offshore Malingping Block, Southwest Java, is 
characterized by a series of extensional structures 
formed during the Cenozoic in the shallow shelf. 
Structural features comprise alternating basins and 
structural highs named, from west to east, the 
Ujungkulon High, Ujungkulon Low, Honje High, 
West Malingping Low. The shelf edge runs 
approximately ENE-WSW immediately south of the 
block. Three major structural trends influenced the 
deposition of Cenozoic sediments: NNE-SSW, NE-
SW and E-W. In the Late Eocene, N-S trending 
structures were developed in West Java and 
offshore NW Java Sea basins due to E-W extension. 
In SW Java movement on west-dipping NNE-SSW 
normal faults formed a depocentre within the 
Ujungkulon Low. The faults are the initial graben-
forming structures as indicated by eastward-
thickening of Upper Eocene to Upper Oligocene 
strata. The NE-SW faults are parallel to the 
Cretaceous subduction margin in Java and are 
interpreted to be the result of interaction between E-
W extension and an older basement fabric. In the 
shelf edge area, E-W trending normal faults were 
active in the Late Eocene and Early Oligocene. 
Global sea level fluctuations may have influenced 
facies changes during the Oligocene. There were 
reefal limestone build-ups on structural highs during 
the Late Oligocene and Early Miocene. In the Early 
Miocene movements on east-dipping faults created 
the full-graben geometry of the Ujungkulon Low. 
Volcanism in the Early Miocene is suggested to 
have terminated carbonate deposition. The block 
has a history of extension, with changes in the 
position and orientation of active faults during the 
Cenozoic. There was minor inversion during the 
Early Miocene but little other evidence for 
contractional  structures.   The  block  experienced a  
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major period of uplift in the Late Pliocene, resulting 
in a regional unconformity, followed by renewed 
subsidence. 
 

INTRODUCTION 
 
The complex processes resulting in basin formation 
in Indonesia are closely related to subduction 
beneath the Eurasian Plate (Hamilton, 1979; Hall, 
2002). In Java there is a record of subduction from 
the Cretaceous, and different structures have been 
related to subduction and rifting in the arc and 
backarc regions during the Cenozoic. Four 
structural trends have been recognized in West Java 
from surface and subsurface geological data (Figure 
1), which are interpreted to represent different 
tectonic episodes (Martodjojo, 1984, 2003; 
Pulunggono and Martodjojo, 1994). The Meratus 
trend strikes NE-SW and can be traced from SW 
Java to the Meratus Mountains in Kalimantan. It is 
interpreted to result from broadly northward 
subduction beneath Sundaland in the Cretaceous 
(Hamilton, 1979; Martodjojo, 1984). The Cimandiri 
Fault Zone on land in West Java has been suggested 
to be inherited from this subduction system (Dardji 
et al., 1994) and is thought to be a structure 
influencing Cenozoic sedimentation (Martodjojo, 
1984, 2003; Schiller et al., 1991). The Sunda trend 
is N-S and controlled by the Eocene extension that 
led to development of Paleogene sedimentary basins 
(Cole and Crittenden, 1997). The E-W Java trend is 
parallel to the long axis of the island and is 
considered to be related to the currently active 
subduction of the Indian Plate beneath Java, which 
began some time during the early Cenozoic. A 
fourth trend strikes NW-SE and is known as the 
Sumatran trend but is not seen in the study area. 
 
The offshore Malingping Block (Figure 2) is 
located just south of the coast of SW Java. It is 
situated south of the modern volcanic arc, and 
immediately north of a wide offshore forearc basin 



 

 

(Kopp et al., 2006; Sandwell and Smith, 1997). The 
block includes substantial thicknesses of Cenozoic 
sediments in small basins separated by structural 
highs, just north of the shelf edge. Seismic data 
from the block offers an opportunity to investigate 
the role of the different structural trends, and 
tectonic processes, in the development of 
sedimentary basins in West Java. 
 
METHODS 
 
Data from two exploration wells (Cipatulah-1, C-1; 
and Ujungkulon-1A, UK-1A) and a 2D seismic 
dataset were provided by MIGAS, Indonesia. A 
comprehensive study of seismic sequences, 
structural analysis and facies analysis combined 
with published studies on land have been the basis 
of the interpretation of the geological evolution of 
the area carried out in this study. Seismic 
interpretation was carried out to define structural 
styles. Based on seismic stratigraphic analysis, ten 
sequences have been identified in this study, named 
sequence 1 (S-1, oldest) to sequence 11 (S-11, 
youngest); the seismic horizons are assumed to 
approximate chronostratigraphic boundaries  
(Figure 3). Age determinations and interpretation of 
depositional environments were based on 
information from the two wells and the seismic 
study. 
 
RESULTS 
 
Three major structural trends have controlled the 
deposition of the Cenozoic sediments in the 
Offshore Malingping Block; these are NE-SW, 
NNE-SSW and E-W (Figure 4). The most important 
structures are normal faults. These define 
alternating basins and structural highs named, from 
west to east, the Ujungkulon High, Ujungkulon 
Low, Honje High, West Malingping Low and the 
shelf edge to the south (Figures 4 and 5). Below we 
summarise the relationships between structural 
framework and stratigraphic setting through time 
based on the seismic interpretation and well data, 
correlated with published studies on land and work 
in progress (B. Clements, pers. comm.., 2007). 
 
Eocene  
 
At the deepest structural levels NE-SW, NNE-SSW 
and E-W fault trends are all evident. The NE-SW 
faults and NNE-SSW faults appear to be the oldest 
structures within the area based on thickening of 
sediment packages towards faults shown on vertical 
time-thickness maps (Figure 6). Between the Honje 
High and West Malingping Low, Middle and Upper 

Eocene sediments thicken toward NW-dipping 
normal faults (Figure 6A). Middle and Upper 
Eocene sediments also thicken towards west-
dipping NNE-SSW faults. 
  
Middle Eocene sediments were penetrated by the 
Cipatulah-1 well and have been interpreted to be 
deep marine sediments (Sukarno et al., 1999). 
Onshore in West Java, Middle Eocene sediments 
are known as the Ciletuh Formation (van 
Bemmelen, 1949; Schiller et al., 1991) and crop out 
in the Ciletuh area. The Ciletuh Formation includes 
volcaniclastic sandstones and polymict breccias 
which contain ultramafic, metamorphic, basic 
igneous, Nummulitic limestone and turbiditic 
sandstone fragments. These sediments are 
considered to have been deposited in a deep marine 
forearc setting, possibly related to the onset of 
subduction. Other Middle Eocene sediments 
exposed in the Ciletuh Bay include quartz-rich 
sandstones, pebbly sandstones and conglomerates 
which were deposited in shallow water conditions. 
We assign these to the Ciemas Formation (new 
name; Clements and Hall, 2007). Upper Eocene 
sediments (S-2) in the research area are interpreted 
to be equivalent to the onshore Bayah Formation 
which are fluvial to shallow marine quartz-rich 
sandstones. Based on descriptions of well cuttings, 
the S-2 unit generally has a similar character to the 
lithologies seen in the outcrops. Within the study 
area, sigmoid clinoform reflections suggest that S-2 
was deposited within a prograding system at a low 
depositional angle and in a relatively low-energy 
sedimentary regime. 
 
During the Middle and Late Eocene we interpret 
there to have been approximately E-W extension in 
the Malingping Block creating a series of N-S 
trending graben. In the study area, E-W extension 
produced a series of west-dipping NNE-SSW 
normal faults forming the Ujungkulon Low. We 
suggest the NE-SW trending faults are the result of 
E-W extension influenced by a pre-existing 
basement fabric parallel to the Meratus trend. E-W 
extension is also reported at this time from both 
onshore and offshore Northwest Java (Cole and 
Crittenden, 1997; Martodjojo, 1984, 2003; 
Pertamina, 1996). 
 
Oligocene  
 
Lower Oligocene sediments (S-3 and S-3A) 
conformably overlie the Upper Eocene (S-2). The 
thickening of S-3 sediments within the Ujungkulon 
Low towards NNE-SSW faults indicates continued 
E-W extension during this period (Figures 7 and 8). 



 

 

E-W trending normal faults in the southern part of 
the study area close to the shelf-edge (Figure 4B 
and 9) are interpreted to have been active at this 
time based on thickening of sediments towards 
these faults. Thus, in the northern part of the study 
area there was E-W extension whereas in the 
southern part there was N-S extension in the Early 
Oligocene. 
 
On land, Lower Oligocene sediments are the 
Cicarucup and the Lower Cijengkol Formations 
which are composed of well-bedded andesitic 
conglomerates and sandstones, quartz-sandstones, 
marls, clays and foraminiferal limestones. The 
lithologies offshore are interpreted to be similar to 
the onshore sediments. Seismic lines (Figure 9) 
show an Upper Oligocene carbonate build-up (S-
4A) on the Honje High, suggested to be a reefal 
limestone facies based on seismic character, with 
clastic deposits on the slope and within the 
Ujungkulon Low (S-4A). The change to reef 
carbonate deposition in the Late Oligocene may 
indicate shallowing due to global sea level fall (Haq 
et al., 1987). On land a similar shallowing is 
recorded by Oligo-Miocene sediments that 
comprise sandstones, conglomerates, coals and 
limestones, known as the Cijengkol Formation. The 
west-dipping NNE-SSW faults were still active 
during the Late Oligocene, indicated by thickening 
of sequences towards the faults (Figure 6B). 
However, the E-W faults were no longer active 
(Figure 4C). 
 
Miocene  
 
There is some evidence for erosion preceding 
renewed subsidence in the Early Miocene between 
S-4 and S-5. In the West Malingping Low there is 
an unconformity where the Lower Miocene (S-5) 
overlies the Upper Eocene (S-2). On the Honje 
High, S-3 is missing and S-4 appears to be truncated 
by erosion. This suggests minor deformation 
between the Late Oligocene and Early Miocene. 
 
In the Early Miocene a new set of NNE-SSW 
normal faults developed with east-dipping fault 
planes. This led to formation of the full-graben 
geometry in the Ujungkulon Low. The activity on 
these faults is indicated by a reversal of the 
direction of thickening of sediments of the Lower-
Middle Miocene (S-5 and S-6) sequences (Figure 
6C). The faults continued to be active until at least 
the Pliocene, and during the deposition of the 
Lower to Upper Miocene sediments (S-5 until S-8). 
In the central part of the Ujungkulon Low there are 
small faults cutting Miocene sediments that appear 

to have an early extensional and later contractional 
history (Figure 8). These small faults suggest 
extension during S-7 and possible inversion during 
S-8. These are the only faults showing any 
inversion character. Fault activity gradually 
declined in the southern part of the area (Figure 4C 
and 4D) after the Early Oligocene. 
 
On land volcanic activity during the Early Miocene 
provided a major source of sediment. In the Bayah 
area there are volcanic and volcaniclastic rocks in 
the Cimapag Formation, and in the Southern 
Mountains there are the “Old Andesites” of the 
Jampang Formation, which are the age equivalent of 
S-6 in the study area. The volcanic input, 
interpreted to have been derived from the south (van 
Bemmelen, 1949; Martodjojo, 1984, 2003) may 
have contributed to the termination of reef 
carbonate deposition. 
 
Upper Miocene sediments are preserved only in 
lows (Figures 8 and 9) and are absent on the Honje 
High. The seismic reflectors show that sequence S-7 
is onlapped and terminated at the western boundary 
of the Honje High, suggesting that the Honje High 
and the eastern part of the area was emergent in the 
Late Miocene. Faulting in the Late Miocene was 
restricted to the northwestern part of the study area 
(Figure 4D). 
 
Pliocene – Recent 
 
In the Pliocene, seismic reflectors S-8 and S-9 onlap 
and terminate at the edge of the Honje High. These 
sequences are restricted to the low areas. There is 
little evidence of faulting in the Pliocene except in 
the northwestern part of the study area. 
 
At the top of S-9, at the top of Pliocene, is a major 
unconformity. In places on the Honje High the 
entire post-Eocene sequence is missing (Figure 8) 
whereas in other areas of the Honje High the Upper 
Miocene and Pliocene is missing (Figure 9). There 
is no evidence of inversion at this stage. After the 
unconformity there was renewed subsidence over 
most of the study area, not accompanied by faulting, 
and accumulation of up to 0.5 second of Pleistocene 
(S-10) sediments. East-dipping faults on the edge of 
the Ujungkulon High continued to be active until at 
least the Late Pliocene but these were the only 
active faults. The Pleistocene to Recent sediments 
above S-10 thicken towards the shelf edge, and 
there is some evidence of local onlap. Prograding 
clinoforms suggest migrating shallow marine sand 
bars. We interpret all these features as reflecting 
Pleistocene to Recent sea level changes. 



 

 

DISCUSSION AND PALAEOGEOGRAPHY 
 
Three major fault trends are recognized from the 
seismic analysis: NE-SW, NNE-SSW and E-W. The 
NNE-SSW and NE-SW trends were active in the 
Eocene to Early Oligocene in the northern part of 
the study area. We suggest they are the product of 
almost E-W extension interacting with a pre-
existing NE-SW basement fabric. The inferred E-W 
extension continued from the Eocene, initially 
forming half-graben and later full graben, until the 
Late Pliocene but declined in importance with time. 
The NE-SW faults became inactive after the end of 
the Eocene and faulting on the NNE-SSW trend 
became progressively restricted to the northwest 
part of the study area. In the Early Miocene new 
NNE-SSW normal faults developed with east-
dipping fault planes leading to development of the 
full-graben geometry in the Ujungkulon Low. 
Faulting on the E-W trend is restricted to the 
southern part of the study area, and was active only 
during the Late Eocene and Early Oligocene. We 
suggest this reflects extension due to subduction at 
the Java Trench and a period of trench rollback to 
the south inducing N-S extension in the upper plate, 
north of the volcanic arc. Faulting declined in 
importance with time and by the Pliocene was 
restricted to the northwest part of the study area. 
 
Figures 10 and 11 show the inferred 
palaeogeography of the study area between Middle 
Eocene and the Recent. The Cipatulah-1 well 
reaches the Middle Eocene which resembles the 
deep water Ciletuh Formation on land. A deep 
water environment is inferred for the whole of the 
study area (Figure 10). Martodjojo (1984, 2003) and 
Schiller et al. (1991) interpreted a significant 
change in depth of deposition between the Middle 
and Upper Eocene based on the character of the 
Ciletuh Formation (our Ciletuh and Ciamis 
Formations) and Bayah Formation. They considered 
there was a change from deep marine environments 
of a forearc in the Middle Eocene to the fluvial-
shallow marine setting of the Upper Eocene, 
implying either significant variations in uplift across 
the area, and/or significant faulting. The seismic 
data in the study area show no evidence for either 
Eocene uplift or significant faulting but the well 
reports suggest the Upper Eocene resembles the 
fluvial to shallow marine Bayah Formation. The 
Upper Eocene sediments contain quartz 
predominantly of continental origin. Potential 
source areas for these sediments include Mesozoic 
granitic and metamorphic rocks of Sundaland 
(Martodjojo, 1984, 2003; Susilohadi et al., 2005) 
and palaeocurrent measurements suggest these 

sediments have been transported from the north 
(Kusumahbrata, 1994). This could indicate that the 
area or character of deep marine sedimentation in 
the Middle Eocene is overestimated, that the supply 
of sediment caused shallowing, or that there was a 
significant relative sea level change in the Late 
Eocene. 
 
In the Early Oligocene the depositional environment 
on the shelf has been interpreted as shallower 
marine, while near the shelf-edge area is interpreted 
as deeper marine (Figure 10) based largely on 
proximity to the shelf edge. In the Late Oligocene to 
Early Miocene, carbonates were deposited on the 
high blocks established by earlier faulting      
(Figure 10), during a period of relative low global 
sea level. The carbonate rocks in the area (S-4) are 
equivalent to limestones of the Cijengkol, Citarete 
and Rajamandala Formations in southwest Java. 
The carbonates are distributed along a NE-SW trend 
parallel to the structures formed during Cretaceous 
subduction which may indicate that the NE-SW 
structures were still active, or influenced 
sedimentation until the Miocene. 
 
During the Late Miocene and Early Pliocene 
(Figure 11) the top of the Ujungkolon High is 
interpreted to have been emergent. During the Early 
Pliocene, the western part of the study area is 
suggested to have been very shallow to marginal 
marine based on the interpreted hinterland of 
Martodjojo (1984, 2003) while the eastern part was 
emergent. In the Pleistocene, the palaeogeography 
of the study area was similar to that of the present 
day representing an important change after the end 
Pliocene unconformity. During the Pleistocene-
Recent, the whole area was in a marine setting. The 
sea-bed morphology shows a deepening to the south 
(Figure 11). 
 
 
CONCLUSIONS 
 
The Offshore Malingping Block is characterized by 
a series of extensional structures formed during the 
Cenozoic. Three major structural trends controlled 
the deposition of the Cenozoic sediments which are 
NE-SW, NNE-SSW and E-W. The NNE-SSW trend 
is the longest-lived and most important trend and 
appears to reflect broadly E-W extension. The NE-
SW trends are parallel to the Cretaceous subduction 
margin in Java. This trend appears to be a basement 
trend that influenced fault development in some 
parts of the study area during E-W extension. Near 
the shelf edge, E-W normal faults were active from 
the Late Eocene to the Early Oligocene and are 



 

 

interpreted to result from extension associated with 
subduction further south. 
 
The relationship of these faults to regional tectonic 
setting is not well understood. In the Late Eocene, 
N-S trending structures developed in West Java and 
the Northwest Java Sea Basin. In the study area 
there appear to be two separate tectonic domains 
with NNE-SSW faults in the north, and E-W faults 
to the south closer to the developing arc. The study 
area happens to be close to the region where the two 
domains meet. 
 
Early west-dipping NNE-SSW normal faults 
formed half graben and a depocentre within the 
Ujungkulon Low. The west-dipping faults are the 
initial graben-forming faults indicated by thickening 
patterns of the Upper Eocene to Upper Oligocene 
sediments towards the faults. In the Early Miocene 
there was a change in polarity of the thickening 
patterns, which indicates formation of the east-
dipping faults. The full-graben geometry of the 
Ujungkulon Low was created in this period. The 
horst and graben geometry persisted until the end of 
the Pliocene. At this time there was a significant 
change, interpreted to be a tectonic event, producing 
a major unconformity. 
 
In the Middle Eocene, the depositional environment 
is interpreted as deep marine. In the Late Eocene, 
global sea level fall or increased sediment supply 
may have led to shallowing resulting in a change to 
a fluviodeltaic to shallow marine setting. Reefal 
limestone build-ups formed on a structural high 
during the Late Oligocene. There is some evidence 
for erosion preceding renewed subsidence in the 
Early Miocene, and in the West Malingping Low 
there is an unconformity where the Lower Miocene 
overlies the Upper Eocene and on the Honje High, 
the Upper Oligocene appears to be truncated by 
erosion. This suggests minor deformation between 
the Late Oligocene and Early Miocene. Early 
Miocene volcanic activity may have terminated reef 
development in the area. The Miocene sedimentary 
record is complete only in the low areas. Miocene 
sediments extend out from the Ujungkulon Low and 
lap onto the Honje High. The lack of Miocene 
sediments on the Honje High probably results from 
the end Pliocene erosion. At the end of the Pliocene, 
there was uplift in the study area resulting in an 
important unconformity surface, followed by 
renewed subsidence. The unconformity surface is at 
the base of S-10. 
 
The overall tectonic characteristics of the study area 
are extensional, with changes in the position and 

orientation of active faults during the Cenozoic. 
There is a noticeable absence of inversion and 
contractional structures in the study area. This is 
quite unusual compared to many other parts of 
western Indonesia which are commonly 
characterised by a contraction during the Late 
Miocene to present day. 
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Figure 1  -  Structural map of West Java based on surface geological mapping (GRDC maps), and Bouguer 

gravity anomaly map (Smyth, 2005). Red triangles are volcanoes. The rose diagrams show 
structural trends for different sub-areas which display the mean orientation of major structural 
features such as faults and folds compiled from published geological maps. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  -  Location map of the research area, showing principal structural features of SW Java, location of 

seismic lines and wells. The boundaries of the structural features (yellow lines) are based on 
Keetley et al. (1997) modified slightly by the results of this study. Bathymetry is from Sandwell 
and Smith (1997). 



  

                                                        

Figure 3 - Tectono-chronostratigraphic diagram for the research area. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4  -  Fault maps of the study area based on the seismic interpretation for the intervals: A. Basement to 

Middle Eocene, B. Early Oligocene, C. Oligo-Miocene, and D. Early Miocene to Late Pliocene. 
The brown line shows the present coastline for reference. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 – Time-structure maps of the study area for the intervals: A. Top Basement, B. Top Late Eocene 

(S-2), C. Top Early Pliocene (S-8), and D. Base Plio-Pleistocene (S-10). 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 –  Vertical time-thickness maps of the study area for the intervals: A. Middle Eocene (S-1), B. Late 

Oligocene (S-4, S-4A), C. Early Miocene (S-5), and D. Middle Miocene (S-6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7  -  Schematic seismic fence diagram illustrating interpretation of stratigraphy and structural 

elements within the study area. 
 
 



  

                                                        

Figure 8 – Line BGMA 96-27: uninterpreted and interpreted seismic line. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 – Line BGMA 96-12: uninterpreted and interpreted seismic line. 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 – Palaeogeographic maps for the Middle Eocene to Early Miocene based on this study. The 
brown line shows the present coastline for reference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 – Palaeogeographic maps for the Early Miocene to Recent based on this study. The brown line 
shows the present coastline for reference. 


