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Summary 
 
Java has been a volcanic island for much of the 
Cenozoic. There are extensive volcanic deposits 
throughout the island but there are also thick 
sequences of Paleogene quartz-rich sandstones of 
uncertain provenance. These are believed to have 
been sourced from the continental crust of 
Sundaland to the north. Quartz-rich sandstones of 
Eocene and Oligocene age crop out in places in SW 
Java and observations from the field and the sub-
surface suggest that these are of considerable 
thickness. These sediments are potential targets of 
hydrocarbon exploration and understanding their 
provenance and distribution is vital when 
considering their potential. 
 
Light mineral and heavy mineral studies are being 
used to interpret sediment pathways, dispersal 
patterns, environments and assess the provenance of 
the Paleogene sediments of West Java. Results so 
far suggest multiple sources which include recycled 
mature sediments, igneous and metamorphic 
basement, and volcanic material. Field and 
laboratory work suggest that during the Paleogene, 
rivers fed material from the north that was 
ultimately deposited in a variety of settings 
including fluvial, marginal marine and possibly 
deeper shelf environments. Dating of detrital 
zircons and typological studies of zircons also 
suggest that these sediments have multiple sources. 
 
Introduction 
 
Java (Figure 1) is located within the Indonesian 
archipelago at the southern margin of Sundaland 
which forms the southeastern part of the Eurasian 
plate. Java is essentially a volcanic island and has 
formed as a result of the northward subduction of 
the Indo-Australian plate beneath Eurasia. The 
island is dominated by products of the modern day 
arc volcanoes. However, during the Early  Cenozoic  
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the volcanic arc was situated further south and is 
represented by the Jampang Formation which 
dominates the Southern Mountains in West Java. At 
this time most of West Java was in a back arc 
setting and to the north Sundaland was largely 
exposed. South-flowing rivers drained this flat-lying 
area and transported sediments considerable 
distances to the southern margin of Sundaland. 
There are a number of potential sources for the 
sediments. 
 
 
Lithologies 
 
Quartz-rich sands of Eocene and Oligocene age 
crop out at the following localities, listed in order 
from east to west: Padalarang, Gunung Walat near 
Sukabumi, Cikalong near Warungkiara, Ciletuh and 
Bayah (Figure 1).  
 
 
a. Padalarang: The Lower to Middle Oligocene 

Pre-Rajamandala Clastics is the informal name 
(P. Lunt, pers. comm., 2005) given to quartz-
rich conglomerates, sandstones and 
carbonaceous siltstones which crop out to the 
west of Bandung in Padalarang. The coarser 
sediments contain reworked sideritic nodules. 
Rip-up clasts are common as well as erosive 
features such as scours and groove casts at the 
bases of coarser units. Conglomeratic material 
appears to be predominantly metamorphic 
quartz and is importantly, often extremely well 
rounded, suggesting reworking of older fluvial 
deposits and a polycyclic history. However, the 
sandstones are texturally immature, poorly 
sorted and more typical of immature sediments. 

 
 
b. Gunung Walat: The Upper Eocene-Oligocene 

Walat Formation is characterised by thick, well 
bedded units of quartz-rich sands and 
conglomerates interbedded with low grade coals 
and carbonaceous muds. The sandstones 



 

typically contain equidimensional angular to 
sub-rounded grains that are predominantly 
quartz but there are also metamorphic lithic 
fragments. Conglomeratic clasts are typically 
highly rounded with highly polished surfaces. 
Much of the Walat Formation was deposited in 
an environment ranging from fluvial to shallow 
marine and palaeocurrent indicators suggest 
sediment was sourced from the north. 

 
 
c. Cikalong: To the southwest of Sukabumi is a 

succession of clastic sediments which crop out 
over several kilometres along the Cikalong 
River. These are of Oligocene age and consist 
of bedded polymict conglomerates, quartz-rich 
pebbly sandstones, tuffaceous sandstones, 
calcareous sandstones, dark organic mudstones 
and limestones. The quartz-rich sandstones are 
often compositionally immature but the pebbles 
within them are extremely well rounded, 
suggesting possible reworking of older fluvial 
deposits. Channels, load casts, normal grading 
and fluid escape structures are all consistent 
with rapidly deposited sediments. 

 
 
d. Ciletuh: What has previously been assigned to 

the Ciletuh Formation includes two lithofacies: 
a conglomeratic quartzose lithofacies and a 
volcaniclastic lithofacies. We separate these 
into two formations. The quartzose lithofacies is 
here assigned to the Ciemas Formation that 
comprises quartz-rich conglomerates and 
sandstones which are locally bedded and 
commonly contain sedimentary structures 
associated with rapid erosive deposition. 
Conglomeratic material is predominantly quartz 
and typically very well rounded. Sandstones are 
often texturally immature with angular to sub-
angular grains which are typically poorly 
sorted. Deposition is interpreted to have 
occurred predominantly in a tidally-influenced 
shallow marine setting and paleocurrent 
observations indicate sediment was sourced 
from the north. 

 
The volcaniclastic lithofacies only is here 
assigned to the Ciletuh Formation and appears 
to be a much deeper water deposit characterised 
by a highly polymict breccio-conglomerate at 
the base. This has been dated as Early-Middle 
Eocene (M. Fadel, pers. comm., 2006) based on 
newly discovered nummulitic limestone blocks 
incorporated into the unit when only partially 
lithified. This unit probably represents deep 

marine forearc deposit including debris flows 
and interbedded turbidites. 

 
e. Bayah: The Upper Eocene Bayah Formation 

crops out to the west of Pelabuhanratu with 
excellent coastal exposures around Bayah itself. 
White quartz-rich conglomerates and 
sandstones dominate and are often interbedded 
with thinner units of laminated siltstones, 
mudstones and coals. Sedimentary structures 
such as cross bedding, herring bone 
stratification and ripple lamination are common, 
suggest a deltaic to tidal setting. Palaeocurrent 
indicators suggest transport towards the south 
and southeast. 

 
 The Cijengkol Formation also crops out in the 

Bayah area and is characterised by bedded units 
of quartz-rich sands and conglomerates, marls, 
calcareous sandstones, limestones and coals. 

 
Mineralogy of the sandstones 
 
The presence and proportions of the different 
constituents of sedimentary rocks can provide 
valuable information on the source of the sediments. 
Light mineral studies are based on the major 
constituents such as quartz, feldspar and lithic 
fragments. Their ratios as well as detrital quartz 
types can be used as indicators of provenance. 
Heavy mineral assemblages can also be useful for 
interpreting provenance, sediment pathways, 
sediment dispersal patterns, sedimentary 
environments and correlating strata. The properties 
of heavy minerals, including hydraulic properties, 
mechanical and chemical stability, need to be 
considered if interpretations are to be made from 
heavy mineral assemblages. The stable and 
ultrastable heavy minerals are especially useful in 
the tropical climates of SE Asia.  
 
Light minerals  
 
Samples from each of the formations discussed 
above were chosen for point counting using the 
Gazzi-Dickinson method based on the major 
constituents of quartz, feldspar and rock fragments. 
Figure 2 shows the relative abundances of quartz, 
feldspar and lithics (QLF) and monocrystalline 
quartz, feldspar and total lithics (QmFLt). Angles of 
undulose extinction in polycrystalline and 
monocrystalline quartz may be used to recognise 
grains of metamorphic origin. Almost all lithic 
fragments are of metamorphic origin. In 
polycrystalline quartz the number of crystal units 
(Basu et al., 1972) in a grain can be used as an 



 

indicator of metamorphic grade of the source area. 
This work is ongoing but results so far indicate a 
low grade metamorphic source for many of the 
Paleogene quartz-rich sandstones in West Java. 
 
Heavy minerals 
 
There appears to be very little apatite in the 
Paleogene sandstones of West Java. In Jurassic 
North Sea sandstones apatite is abundant in marine 
sandstones but depleted in marginal marine 
sediments and absent in terrestrial deposits (Morton, 
1986). Because apatite is stable under deep burial 
conditions (Morton and Hallsworth, 1999) its 
absence can signal the influence of acid 
groundwaters. Tropical processes can also change 
the abundance of apatite (van Hattum, 2005). 
Preliminary results suggest that zircon, tourmaline, 
and rutile are all abundant in the Paleogene 
sandstones of West Java suggesting acid igneous 
and metamorphic sources. The presence of 
staurolite and sillimanite in some samples suggests 
input from a medium to high grade metamorphic 
source. 
 
Varietal zircon studies  
 
Zircon is a chemically ultrastable heavy mineral 
which is not affected by weathering or diagenesis. 
By using such stable minerals it is possible to 
eliminate the effects of hydraulic sorting and 
chemical alteration on the heavy mineral 
assemblages. Zircon morphology can also be used 
in provenance studies to determine the nature and 
genesis of source rocks. For example, euhedral to 
subhedral zircons in sediments are believed to 
indicate first cycle detritus from acid plutonic rocks 
whereas rounded grains indicate a polycyclic 
history. Zircons with a length-breadth ratio greater 
than 3:1 are also believed to indicate an acid 
volcanic source (Mange and Maurer, 1992). Colour 
can also be important and the purple colouration of 
some zircons has been attributed to prolonged 
radioactive decay and consequently the intensity of 
shades increases with the amount of radioactive 
elements, as well as with geologic age (Mange and 
Maurer, 1992). Varieties of zircon have been 
categorised by their shape and colour as euhedral, 
subhedral, anhedral, subrounded, rounded, purple 
subrounded, purple rounded, elongate euhedral and 
elongate subhedral. A division into P and S type 
zircons is based on Pupin’s (1980) temperature and 
alkalinity index. 
 
Results to date suggest that there are differences 
between zircon populations (Figure 3) from 

different formations that indicate differences in the 
history and sources of zircons. For example, the 
Ciemas Formation (JBC2259) contains a 
considerably higher proportion of rounded zircons 
(18%) in comparison to the Bayah Formation 
(JBC2187) (7%). Differences also exist in the 
number of S type euhedral and subhedral zircons 
between the samples. All samples studied so far 
contain both first cycle and rounded zircons as well 
as elongate volcanic zircons. This suggests multiple 
sources for most of the Paleogene sediments in 
West Java.  
 
Conclusions  
 
• Paleocurrent analysis suggests that sediment 

was mainly sourced from the north  
 
• Most of the sandstones plot in the recycled 

orogenic field according to diagrams of 
Dickinson et al. (1973) However, the depletion 
of apatite probably results from tropical 
processes which also leads to enrichment in 
quartz and apparent increase in maturity (van 
Hattum, 2005; Smyth, 2005) so these diagrams 
may be misleading. 

 
• Conglomerates with a texturally immature 

matrix (angular quartz) and highly 
rounded/polished clasts most likely represent a 
polycyclic history and rapid deposition. 

 
• Preliminary heavy mineral analyses indicate an 

acid plutonic and/or metamorphic source for a 
large proportion of Paleogene sediments in 
West Java.  

 
• Zircon typology analyses also suggest multiple 

sources for most of the Paleogene sediments of 
West Java, including acid igneous, acid 
volcanic and reworked sedimentary sources.  
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Figure 1 - SRTM image of West Java with localities of Paleogene sediments highlighted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - QFL and QmFLt plots for framework modes of sandstones showing subdivisions according to 

inferred provenance type, after Dickinson et al. (1983). 
 
 
 
 
 
 
 
 
 
 
 
Figure 3  -  SEM images and photomicrographs: rounded zircon from the Cikalong section, subhedral zircon 

from the Pre-Rajamandala Clastics, an elongate zircon from the Bayah Formation and a 
euhedral zircon with apatite mould from the Walat Fm. 

 




