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ABSTRACT 
 
The Barito and Asem-Asem Basins occupy the 
south-eastern corner of Borneo, and are separated 
by the Meratus Mountains – an accretionary 
collision complex that records the suturing of East 
Java-West Sulawesi to Sundaland in the mid-
Cretaceous. The basins contain comparable 
sedimentary successions of Middle Eocene to 
Pleistocene age, that suggest they once formed a 
much larger depocentre prior to the uplift of the 
Meratus in the Neogene. The uplift had a profound 
effect on the basin architecture, developing a 
foredeep along the west side of the emerging 
mountain front, and creating the present-day 
hydrocarbon plays of the Barito Basin. Thus, 
understanding the history of the Meratus uplift not 
only provides insight into the tectonic evolution of 
the basins, but also the development of the 
hydrocarbon system.  
 
We present a combination of structural, 
sedimentological, provenance and satellite data that 
collectively indicate a piecemeal uplift history of 
the Meratus. Sedimentology, palaeocurrents and 
zircon geochronology from sandstones of the 
Montalat Formation strongly suggest that uplift of 
the northern part of the Meratus initiated during the 
Early Miocene – considerably earlier than 
previously thought. In contrast, reversal of 
palaeocurrents recorded in the upper part of the 
Warukin Formation indicates that uplift further 
south did not occur until the Late Miocene. We 
suggest this diachronous uplift history was 
facilitated by a pre-existing NW-trending basement 
fabric visible from gravity data in the Barito Basin 
and from NW- trending lineaments that dissect the 
Meratus. 
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INTRODUCTION 
 
The Meratus Complex forms a predominantly NNE-
trending mountain belt, approximately 65 km wide, 
and just over 300 km in length. Its elevation rarely 
exceeds 1000 m, with the greatest topographic 
expression occurring in the central and northern 
parts. To the north and northwest of the Meratus is 
the Kesale Anticlinorium, comprising a series of 
NNE-trending east-verging thrusts and anticlines 
previously described by Satyana (1994). The 
Meratus Complex includes a suite of 
metamorphosed arc and ophiolitic rocks that record 
oblique collision and accretion of the East Java-
West Sulawesi Terrane (Argo) to the Sundaland 
margin from mid-Cretaceous times (e.g. 
Sikumbang, 1986; Hall, 2012), and were later 
uplifted during the Neogene. 
 
The Meratus Mountains separate the Barito and 
Asem-Asem Basins to the west and east 
respectively (Figure 1). These basins contain 
comparable successions of sedimentary rocks that 
range in age from Middle Eocene to Pleistocene 
(e.g. Witts et al., 2012). Their stratigraphic 
similarity has led many workers to suggest that the 
two basins were originally contiguous, forming a 
significantly larger depocentre prior to uplift of the 
Meratus. Previous estimates of the age of uplift 
range from Middle Miocene (e.g. Letouzey et al., 
1990; Satyana et al., 1999) to Late Miocene (e.g.  
Panggabean, 1991; Hutchison, 1996). 
Consequently, linking the uplift to regional 
tectonics has remained speculative. This article 
presents sedimentological, structural, palaeocurrent 
and provenance data, and refers to palynology 
results, that collectively aid our understanding of 
the time and character of the Meratus uplift.  
 
A revised stratigraphy for the Barito Basin was 
published by Witts et al. (2012) – see Figure 2. 
Palynology showed the oldest part of the succession 
(Tanjung Formation), to be no older than Middle 



Eocene. The Berai and Montalat Formations overlie 
the Tanjung Formation conformably. They are 
laterally age equivalent (Late Oligocene to Early 
Miocene), but lithologically very different. The 
Berai Formation comprises a near basin-wide 
shallow marine carbonate succession, whereas the 
Montalat Formation which is restricted to the 
northeast corner of the basin, comprises marginal- 
to clastic shallow marine deposits (Bentot Member), 
followed by a thick succession of sandy and pebbly 
braid-delta deposits assigned to the Kiwa Member. 
The Warukin Formation spans the Middle and 
Upper Miocene, and probably extends into the Plio-
Pleistocene locally. It overlies the Berai Formation 
conformably, and is thought to overly the Montalat 
Formation in a similar manner – although this latter 
relationship was not observed in the field. The 
formation comprises marginal marine (Barabai 
Member) to fluvio-deltaic (Tapin Member) 
deposits, recording a return to terrestrial deposition 
across the basin. Along the western flanks of the 
Meratus, the formation is overlain by – and towards 
the north of the basin interfingers – the Dahor 
Formation of latest Miocene to Pleistocene age. 
This is the youngest part of the Barito succession 
and comprises alluvial material shed from basement 
rocks of the Meratus Complex; and is easily 
recognisable in the field due to its ophiolitic/basic 
composition. It is our view that the Montalat and 
Warukin Formations contain strong evidence for a 
much earlier phase of Meratus uplift than 
previously speculated. They also suggest that the 
northern end of the Meratus was uplifting first.  
 
METHODOLOGY 
 
Field data 
 
Field data were collected along the western flank of 
the Meratus Mountains during field and provenance 
studies between 2009 and 2011, as part of a PhD at 
Royal Holloway University of London by the first 
author. Additional data were collected during recent 
fieldwork with BP Indonesia, in association with 
Intstitut Teknologi, Bandung (ITB). The true dip 
and dip azimuth of cross-bed foresets from channel 
sand bars were measured to determine palaeo-flow 
direction. The data were corrected manually for 
structural dip, then scrutinised statistically using the 
Raleigh’s Test for a preferred trend. Critical values 
are given by Mardia (1972).  
 
Biostratigraphy 
 
Samples of coal and fine-grained clastic 
sedimentary rocks were collected throughout the 

sedimentary succession for palynological analysis. 
Samples were processed using standard methods 
(see Lignum et al., 2008) by Palynova UK and 
Lemigas. All carbonate intervals were sampled for 
marine fossils. Foraminifera were analysed from 
thin sections at University College London by Dr. 
Marcelle BouDagher-Fadel, and dated using larger 
foraminifera by reference to the Letter Stage 
scheme of van der Vlerk and Umbgrove (1927) as 
modified by Adams (1970), BouDagher-Fadel and 
Banner (1999) and BouDagher-Fadel (2008); and 
planktonic foraminifera by reference to 
Tourmarkine and Luterbacher (1985) for the 
Eocene, and Bolli and Saunders (1985) for the post 
Eocene. Letter Stages and planktonic foraminiferal 
zones are correlated in BouDagher-Fadel (2008). 
 
Mineral Separation 
 
Sandstone provenance was determined from heavy 
minerals (HM) and U–Pb dating of detrital zircons 
obtained from channel sandstones. Sample 
preparation and mineral separation were conducted 
using standard methods (e.g. Mange and Maurer, 
1992). At least 300 translucent, non-micaceous 
grains per slide (sample) were counted to determine 
HM assemblages. Detrital zircons were dated at 
University College London, using LA-ICPMS 
under the guidance of Prof. Andrew Carter.  
Repeated measurements of TIMS-dated external 
zircon standard Plesovice and NIST 612 silicate 
glass were used to correct for instrumental mass 
bias and depth-dependent inter-element 
fractionation of Pb, Th and U. Data were filtered 
using standard discordance tests with a 10% cut-off. 
The 206Pb/238U ratio was used to determine ages less 
than 1000 Ma and the 207Pb/206Pb ratio for grains 
older than 1000 Ma. Data were processed using 
Isoplot™. At least 120 grains per slide (sample) 
were analysed. Comparisons between HM 
assemblages were made visually, and statistically 
using Principal Component Analysis (PCA) via 
XLStat software. Zircon age populations were 
compared visually, and statistically, using the 
degree of overlap and similarity (OS) test (Gehrels 
et al., 2006). The degree of overlap determines 
whether two samples contain the same sets of ages 
regardless of their relative abundance. The degree 
of similarity takes into account the relative 
abundances of similar ages. 
 
Satellite imagery 
 
Structural interpretation was conducted using a 
combination of Shuttle Radar Topography Mission 
(SRTM) imagery (90 m grid posting), and Landsat 



ETM optical imagery (15 m resolution). All data 
were processed in-house at NPA Satellite Mapping, 
and projected to UTM 49N/WGS84. SRTM data 
were colour-mapped and hill-shaded to support the 
interpretation. Landsat scenes were trimmed so all 
bands in each scene were the same extent, merged 
to 15m using the Panchromatic band and then 
colour balanced and mosaiced to generated a 
seamless false colour orthomosaic (453 as RGB) to 
best differentiate land cover types.  
 
RESULTS 
 
Tanjung Formation 
 
Provenance 
 
HM assemblages from sandstones of the Tanjung 
Formation are dominated by zircon (63.3%). 
Morphologies indicate a mixture of first cycle and 
multiple recycled grains. The latter include all 
coloured zircons. Rutile constitutes 25.5% of the 
total assemblage and occurs as angular and rounded 
grains. Other species include anatase (6.6%), 
diaspore (1.8%), subrounded tourmaline (1.5%), 
angular staurolite (0.5%), sub-rounded andalusite 
(0.3%), angular augite (0.2%), sub-rounded apatite 
(0.1%) and monazite (0.1%). Single grains of 
kyanite (angular), hypersthene (sub-rounded) and 
diopside (sub-angular) were recorded. 
 
A total of 656 concordant U-Pb zircon ages were 
obtained from the Tanjung Formation. Ages range 
from Neoarchean to Cretaceous (Figure 3) and are 
thought to indicate source areas to the south, such as 
the Karimunjawa Arch or equivalent rocks, and the 
Schwaner Mountains to the west (Witts et al., 
2011). The most prominent populations are 
Cretaceous – of which 62% are Upper Cretaceous 
(99.3±4.8 Ma to 70.7±5 Ma) – and Devonian- 
Carboniferous (415.8±12.6 Ma to 300.5±5.1 Ma), 
with smaller Permo-Triassic (295.2±10.5 Ma to 
205.7±7.6 Ma), Ordovician - Silurian (484.1±15.7 
Ma to 417.6±13.2 Ma) and Proterozoic (2496.7±22 
Ma to 544.8±16 Ma) populations. Jurassic and 
Archean grains are rare.  
 
Montalat Formation 
 
Palaeocurrents 
 
Palaeocurrents recorded from trough cross-bed 
foresets through ~200 stratigraphic metres of the 
Lower Miocene Kiwa Member indicate flow was 
directed towards the NW (Figure 4). The spread of 

the directional data about the vector mean reflects 
the curved character of the foresets.  
 
Provenance 
 
HM assemblages from the Kiwa Member are 
dominated by zircon (76.5%). Morphologies 
suggest a mixture of first cycle and multiple cycle 
material. Angular (first-cycle) apatite (8.7%) and 
rounded (recycled) rutile (5.8%) are the next most 
abundant HM’s. Rounded anatase and monazite, 
and euhedral garnet each form around 2% of the 
assemblage. Other species include sub-angular 
diaspore (0.6%), angular sphene (0.5%), tourmaline 
(0.4%) and staurolite (0.4%), rounded andalusite 
(0.2%) and cassiterite (0.1%), and angular grains of 
augite (0.1%). Single grains of angular to sub-
angular sillimanite, kyanite, hypersthene and 
hornblende were also recorded. 
 
A total of 90 concordant U-Pb zircon ages were 
obtained from sandstones of the Kiwa Member 
(Figure 5). The ages range from Cretaceous to 
Proterozoic. The most prominent population is 
Cretaceous (122.6±21.8 Ma to 76.6±19.5 Ma). 79% 
of which are Upper Cretaceous. There is a small 
Devonian-Carboniferous population (398.6±30.5 
Ma to 313.2±26.7 Ma), but zircons of other ages are 
rare or absent. The interpreted provenance of the 
HM assemblages and zircon geochronology is 
discussed below. 
 
Warukin Formation 
 
Palaeocurrents 
 
Palaeocurrents from the Warukin Formation form 
two distinct trends (Figure 6). The first is directed 
towards the ESE (i.e. towards the present-day 
Meratus), whereas the second trend records flow 
directed towards the WNW (i.e. away from the 
Meratus). This second trend was recorded from 
channel sandstones in the uppermost ~500 m of the 
formation.  
 
Provenance 
 
The HM assemblages of the Warukin Formation are 
dominated by zircon (87.4%), followed by rutile 
(8.7%). Both these mineral species occur as first 
cycle and recycled grains. Other species include 
andalusite (0.9%), apatite (0.8%), diaspore (0.6%), 
kyanite (0.5%), anatase (0.4%), tourmaline (0.2%), 
monazite (0.2%), garnet (0.2%) and augite (0.1%). 
A single grain of staurolite was also recorded.  
 



A total of 483 concordant U-Pb zircon ages were 
obtained from the Warukin Formation sandstones, 
ranging from Mesoarchean to Paleogene. The 
largest populations are Cretaceous (143.9±9.3 Ma to 
68.6±5.1 Ma), Permo-Triassic (295.7±18.5 Ma to 
204.1±14.5 Ma) and Proterozoic (2493.0±45.1 Ma 
to 546.8±20.4 Ma). Jurassic ages form a small 
population (190.9±18.1 Ma to 145.8±25.6 Ma), as 
do grains of Carboniferous to Cambrian ages.. 
Comparison between these data and those of 
probable source areas (Witts, 2011) suggested that 
the sandstones were originally derived from the 
Schwaner Complex (which would account for the 
predominant Cretaceous and possibly Jurassic 
populations), and possibly reworked Rajang-
Crocker or Tanjung Formation (which could 
account for the Palaeozoic ages)  
 
Satellite Interpretation 
 
The Meratus region and our structural interpretation 
are shown in Figure 7. The region includes the three 
main structural trends that extend throughout the 
Meratus Mountains, the Kesale Anticlinorium and 
adjacent Cenozoic sedimentary units. The most 
predominant is oriented NNE-SSW and include 
faults, thrusts and folds. At the southern end of the 
Meratus Mountains, this trend bends towards the 
NE and may reflect the shape of the original suture 
zone, or record post-collisional oroclinal bending. 
 
Thrusts and folds of this trend suggest a broadly 
ESE-WNW compressional regime. However, slight 
lateral offset of stratigraphic units suggest it was 
transpressive (i.e. oblique).  Folds typically deform 
Paleogene through to Upper Neogene units 
indicating at least Late Neogene deformation, and 
thrusts bring Eocene units against pre-Tertiary 
basement rocks, but also occur solely within 
Paleogene and Lower Neogene units. Thrusts 
adjacent to the Meratus dip towards the suture 
(towards the ESE on the western side, and towards 
the WNW towards the eastern side) and are 
relatively straight, indicating they are steeply 
dipping. This suggests the Meratus Suture is an 
elongate positive flower/pop-up structure, and thus 
likely has (or had) a strike-slip component. 
 
The second trend includes notably straight faults 
and lineaments oriented WNW, which dissect the 
Meratus Complex, the Kesale Anticlinorium and 
affect all lithologies either side of the Meratus. The 
trend also extends to the offshore (e.g. the WNW-
trending Adang/Paternoster Fault). In addition, 
structures of this trend have affected modern river 
channels within the Barito Basin, particularly where 

the sedimentary section thins towards the west 
(Figure 8), and WNW-trending lineaments have 
been interpreted from gravity data across the 
Meratus and Barito areas (BP Indonesia Exploration 
Team, pers. comm., 2013), suggesting an 
underlying basement fabric that has been recently 
active. Similarly oriented basement structures have 
been documented in the Kutai Basin to the north 
(Cloke et al., 1999), and occur across parts of 
central and northern Borneo as zones of strike slip 
faulting (Figure 9). In the Meratus area however, it 
is difficult to discern relative displacement along 
structures of this trend due to the lack of any 
obvious lateral offset of stratigraphy. Apparent 
dextral offset of topography in the central and 
northern parts of the Meratus however, combined 
with the straight character of the faults suggest 
some degree of strike-slip motion, probably 
associated with vertical displacement – as is the 
case for the Paternoster Fault (Slameto, 2007). 
 
The third main structural trend is oriented NNW. 
This includes faults and lineaments that cross the 
Meratus, and extend into the adjacent basins. In the 
Barito Basin, this trend has influenced modern river 
channels (Figure 8). In the central part of the 
Meratus, faults of this trend have offset stratigraphic 
units and topography in a dextral sense (see inset, 
Figure7). Similarly oriented structures are common 
throughout Borneo, affecting lithologies of all ages, 
and appear to extend – albeit discontinuously – 
across the whole island. 
 
DISCUSSION 
 
Palaeocurrents throughout the Kiwa Member of the 
Montalat Formation clearly indicate sediment 
transport was directed towards the NW. It is evident 
from the lateral distribution of shallow marine 
carbonates of the Berai Formation, that marine 
conditions were fully established to the east, north 
and southwest of where the measurements were 
recorded. This implies an uplifted source area to the 
SE. The only candidate for such an area is the 
Meratus. If this is the case, one would expect the 
material being supplied to the Kiwa Member to be 
reworked sedimentary rocks of the Tanjung 
Formation. 
 
This hypothesis was tested by comparing HM 
assemblages and zircon age populations of the Kiwa 
Member with those of the Tanjung Formation. The 
Kiwa and Tanjung datasets reveal a positive 
correlation in HM species and their relative 
proportions (Table 1). In addition, the oldest HM 
samples from the Tanjung Formation most strongly 



correlate with the youngest sample from the Kiwa 
Member, and vice versa. If the Tanjung Formation 
was reworked into the Kiwa Member, such an 
inverse relationship would be expected. This 
interpretation is also supported by zircon 
geochronology (Figure 10). When zircon age 
populations of the two units are compared 
statistically using the OS test, the data correlate 
positively at 0.94. 
 

As shown in the previous section, palaeocurrents 
from the Warukin Formation form two distinct sets. 
The first, directed towards the Meratus, provide a 
clear indication that the Meratus was not elevated 
when the sandstones containing the palaeocurrents 
were being deposited (rivers typically flow away 
from upland areas, not into them). The second set, 
directed away from the Meratus, is interpreted to 
record the onset of Meratus uplift, initial elevation, 
and the instigation of a new drainage system. This 
change was not recognised in HM assemblages and 
zircon age populations of the Warukin sandstones, 
which do not vary noticeably through the formation 
(Witts, 2011). We suggest the Warukin sandstones 
were originally derived from the Schwaner 
Complex and uplifted sedimentary units to the NW 
of the Barito Basin. Such a provenance is consistent 
with palaeocurrents directed towards the ESE, but 
inconsistent with those directed towards the WNW. 
Thus, it seems probable that the Warukin Formation 
was derived from two different sources; the older 
part being derived from the west and northwest, and 
the upper part from the east (the Meratus) when 
uplift of the Meratus caused the formation to 
essentially cannibalise itself (and eventually the 
Tanjung Formation). This would explain why the 
sandstone composition is relatively unchanged up 
section, and the change in provenance can only be 
identified from the palaeocurrent data. We did 
compare HM assemblages and zircon age 
populations of the Warukin Formation with those of 
the Tanjung Formation, but unfortunately due to the 
lack of any Tanjung-specific HM species, and 
zircon age populations common to both formations, 
it was not possible to isolate a Tanjung signature.  
 

The palaeocurrent reversal was not observed until 
the uppermost strata of the Middle–Upper Miocene 
Tapin Member. The correlated stratigraphic logs 
shown in Figure 11 demonstrate the approximate 
stratigraphic position of this change. Due to limited 
age-diagnostic fossils in these coal-bearing Warukin 
strata, it was not possible to determine their exact 
age. However, some deductions can be made from 
palynology. We know from palynomorphs (Witts, 
2011) that the Tapin Member was deposited from 
between 16 Ma and 7.4 Ma. The member is ~2 km 

thick, and the thickest coal-bearing horizons (which 
contain the palaeocurrent reversal) form the 
uppermost ~500 m. The up-section increase in coal 
bed thickness indicates conditions were becoming 
optimal for peat productivity. This most likely 
corresponds to the Miocene thermal maximum – 
between 15 Ma and 13.8 Ma – when conditions 
were at their hottest and wettest for the Neogene. 
Therefore, it is unlikely that these horizons are older 
than 14 Ma. Secondly, the palynomorph 
assemblages from the youngest coal beds suggest 
the climate may have started to become more 
seasonal. Seasonal and drier climates began to 
develop across southern Sundaland from Late 
Miocene through Plio-Pleistocene (Morley, 2000). 
Therefore, it seems reasonable to suggest that the 
thick coal-bearing strata that contain the west-
directed palaeocurrents were deposited during the 
Late Miocene. 
 

These interpretations point to diachronous uplift of 
the Meratus, initiating in the north during the Early 
Miocene, but not until the Late Miocene in the 
south. This corroborates many observations other 
than the data presented in this study. For example, 
during recent fieldwork in the northern part of the 
basin, sedimentary rocks assigned to the Dahor 
Formation were observed interfingering with units 
of the Warukin Formation, whereas further to the 
south, only an unconformable relationship was 
observed. From seismic interpretation, Bishop 
(1980) reported thinning of Lower Miocene marls 
of the Berai Formation over the ‘Meratus ridge’, 
implying syn-depositional uplift; and reworked 
Eocene foraminifera (e.g. Pellatispira sp.) were 
recorded from within those marls by Witts (2011), 
suggesting reworking of marine-influenced horizons 
of the Tanjung Formation. In addition, the 
deepest/most developed part of the Meratus 
foredeep is at its northern end, suggesting longer-
lived uplift and loading in that area. Unfortunately, 
seismic coverage along the Meratus front is 
extremely limited and typically poor quality, thus 
extrapolating subsurface observations is inherently 
problematic. Nevertheless, subsurface data do 
suggest a general thinning of the Warukin 
Formation? towards the west? Meratus flank in the 
north, with relatively constant thickness of the same 
interval to the south (BP Indonesia Exploration 
Team, pers. comm., 2013).  
 

Such a strongly diachronous uplift history suggests 
the Meratus Complex is, or has previously been, 
segmented; permitting piecemeal elevation of 
individual blocks at different times. The WNW- and 
NNW-trending faults dissecting the Meratus and 
controlling modern river alignments in the lowlands 



of the Barito Basin, and the WNW-trending 
basement fabric interpreted to underlie the basin 
(BP Indonesia Exploration Team, pers. comm., 
2013) all support this hypothesis. It could also 
explain the WNW-trending ‘Tanjung Line’, which 
delineates an abrupt change in deformation style of 
the sedimentary succession in the subsurface (Bon 
et al., 1996). This interpretation certainly warrants 
further investigation. 
 
Regional Considerations 
 
Collision between the Banggai-Sula microcontinent 
and eastern Sulawesi has often been implicated as 
the cause of Meratus uplift (e.g. Letouzey et al., 
1990; Satyana and Silitonga, 1994). In our view, it 
seems unlikely that these collisions would have 
influenced tectonics in east Kalimantan. There is no 
evidence of collision in the various ‘buffer zones’ 
between Banggai-Sula and Kalimantan, such as the 
Bone Basin, West Sulawesi or in the Makassar 
Basins, for this time interval. Instead, we consider 
uplift and deformation in central and northwest 
Borneo as a more likely candidate for influencing 
the Meratus uplift. Recent tectonic reconstructions 
(e.g. Hall, 2012) agree with the suggestion mooted 
by Haile et al. (1977), that significant (45-50°) 
rotation of Borneo occurred since the Cretaceous. 
The onset of clastic terrestrial sedimentation from 
the west in the Kutei and Melawi Basins (Cloke et 
al., 1999; Rose and Hartono, 1978), and the change 
from marine to terrestrial sedimentation in the 
Barito and Asem-Asem Basins during the Late 
Oligocene suggest that uplift may have begun at this 
time in the west of Borneo. Shear fabrics observed 
in the Schwaner Mountains appear to corroborate 
the timing of this deformation event. As rotation 
continued into the Miocene, uplift appears to have 
propagated eastwards. An Early to Middle Miocene 
influx of volcaniclastics into the Kutei Basin has 
been interpreted to be the product of deformation 
and uplift of Borneo due to rotation (McClay et al., 
2000). Furthermore, the onshore stratigraphy of the 
Kutei Basin records an Early Miocene transition 
from deep-water clastic turbidites, with carbonate 
deposition on highs, towards a terrestrial-dominated 
marginal marine deltaic environment (Cloke et al., 
1999). This transition is coincident with our inferred 
initiation of uplift in the northern part of the 
Meratus Mountains as recorded in the clastics of the 
Montalat Formation.  
 
Petroleum Systems Implications 
 
Of the proven petroleum plays present in the Barito 
Basin, all contain source rocks deposited in either 

the Middle Eocene (Tanjung Formation), or the 
Middle Miocene (Warukin Formation). Reservoirs 
are principally the Eocene/Oligocene Tanjung 
sandstones, the Oligocene/Miocene Berai 
carbonates, or the Miocene Warukin sandstones. 
Hydrocarbon accumulation has been concentrated 
in a relatively confined area within the Meratus 
foreland where sediment thicknesses are greatest 
(Figure 12), and thrust/inversion faults developed in 
the Neogene have provided structural traps (Satyana 
& Silitonga, 1994). 
 

Satyana (1995) drew attention to the “Barito 
Dilemma”, the idea that although all elements of the 
petroleum system (Magoon and Dow, 1994) are 
present in the Barito Basin, relatively little oil has 
been extracted. To date, all hydrocarbon production 
in the Barito Basin has been located in the Tanjung 
Raya area in the north-eastern part of the basin. 
Along strike, to the south of this area, significantly 
fewer hydrocarbons have been successfully 
exploited. It is notable that the most prolific 
hydrocarbon fields occur in close proximity to the 
area inferred to have uplifted during the Early 
Miocene. It is possible that the progressive nature of 
Meratus uplift has caused the apparent variation of 
hydrocarbon distribution within the basin. Further 
study of the segmented uplift of the Meratus 
Mountains may therefore lead to a better 
understanding of the structures which define 
hydrocarbon accumulation in the Barito Basin. 
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TABLE 1 
 

PEARSON CORRELATION MATRIX (TO 99% SIGNIFICANCE LEVEL) FOR THE 
TANJUNG AND MONTALAT HM ASSEMBLAGES. SAMPLE NUMBERS PREFIX WITH 

BT AND BM. CORRELATION VALUES IN RED. 
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BT379 0.8 0.9 

BT318 0.7 0.9 
BT32 0.7 0.9 
BT3 0.7 0.9 
BT239 0.7 0.9 
BT236 0.8 0.9 
BT3032 0.7 0.9 

 BM13 BM12 

KIWA MEMBER (MONTALAT FM.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
  
 
 
 
 
 
 

 
 
 
Figure 1 -  Location of the Meratus Mountains and adjacent basins. The Cenozoic sedimentary 

succession is also shown. 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 

Figure 2 -  Chronostratigraphy of the Barito Basin modified from Witts et al. (2012). 
 
 
  
 
 
 
 
 
 



 
 
 
 

 
 

Figure 3 - All concordant U-Pb ages of zircons from the Tanjung Formation. 
 
 



 
 

Figure 4 -  Typical exposure of sandstones and pebbly sandstones of the Kiwa Mermber. Inset shows total palaeocurrents recorded from trough cross-bed 
foresets. 



 
 
 
 

 
 

Figure 5 - All concordant U-Pb ages of zircons from the Montalat Formation. 



  
 
Figure 6 -  Palaeocurrent data from the Warukin Formation, recorded along the western flank of the 

Meratus. Warukin Formation outcrop is rendered orange, and the coastline shown as a 
solid black line. Palaeocurrent data are divided into two sets. Those on the west are 
predominantly directed towards the WNW. Those on the east are predominantly directed 
towards the ESE. 



 
 
Figure 7 -  Shaded SRTM image of the Meratus and adjacent areas (un-interpreted and interpreted). Interpreted structures (right) have not been ornamented 

for simplicity. Inset shows detail of apparent dextral offset of topography. 



 
 
 
 
 
 
 

  
 

Figure 8 - Map showing alignments of the main river channels – bold black lines to the west of the 
Meratus uplift – in the modern Barito Basin, in addition to mapped structures of the 
Meratus Mountains. Note: towards the northwest of the figure, a NW-trend becomes 
observable. We suggest this reflects that the sedimentary succession thins towards uplifted 
basement in this part of the basin, and is thus picking out the basement structural grain. 

 
 

  
 
 
 
 
 



 
 
 
 
 
 
 

 
 
 
Figure 9 - Structures of Borneo mapped at 1:200,000. The three predominant structural trends 

discussed in the text are highlighted (red, white and blue ellipses). 
 

 



 
 
Figure 10 -  All concordant U-Pb ages of zircons analysed from the Kiwa Member (top) and the Tanjung Formation (bottom). Left histograms show complete 

range of ages. Histogram configuration is the same as previous figures. 



 
Figure 11 -  Correlated sections of the uppermost horizons of the Tapin Member, recorded along the western flank of the Meratus. Palaeocurrent data are also 

plotted. Solid and dashed red lines indicate approximate stratigraphic position of last occurrence of ESE-directed palaeocurrents



 
 
 
 
 
 
 
 

 

 
 
 
Figure 12 -  Petroleum occurrences in the Barito Basin, and their relationship to inferred uplift 

history. Well and field data courtesy of Robertson (UK) Ltd. Part of Tellus™, the 
definitive exploration database. 

 
 


