
253 
Paper 23 

Relationship between biomarker distributions, maceral 
assemblages and lithofacies in the coal-bearing sequence of 

Bintulu, Sarawak 

OUZANI BACHIR & WAN HAsIAH ABDULLAH 

Department of Geology 
University of Malaya 
50603 Kuala Lumpur 

The coals under investigation are from NW Sarawak and were sampled from the Nyalau Formation 
(Oligocene-Miocene) which is considered to represent a major transgression over the Eocene landmass. The 
ideal sequence of the Nyalau Formation, recognised in the Bintulu area, represents a succession of progradational 
tide dominated sequences which shallow and coarsen upwards from offshore shales into silts. The Nyalau 
Formation is considered to represent the onshore extension of Cycles I & II ofthe offshore Balingian Province, 
which contains important source and reservoir rocks for oil and gas. Petrographic investigation indicates that 
the liptinitic content of coal is related to associated lithologies and, in turn, to the regime of the peat-forming 
environment. 

Biomarker analyses have shown a similarity between the coals associated with sandstones and those 
inter-layered in the thinly bedded sands and mudstones. These two facies are classed here as coals associated 
with sandstones (thick or thin sandstone beds). The other group of coals recognised are those associated with 
shales. 

The TmlTs ratio increases with increasing liptinite and mineral matter content. The ratio of TmlTs for 
the coals associated with sandstones decreases with maturity (based on %Ro) and increases with the terrigenous 
markers Pristane/Phytane (PrlPh) and C29/C30 hopane ratios. These are commonly observed for terrestrially­
derived oils and/or sediment extracts. However, the variation of TmlTs for the coals associated with shales 
in the samples studied, show a reverse correlation with maturity and terrigenous markers. 

The variation of the C29 and C30 hopanes with individualliptinitic macerals shows that Norhopane (C29 

hopane) has a proportional correlation with the liptinites. On the other hand, C30 hopane varies independently 
from liptinitic content, thus C2/C30 hopane is controlled by terrestrial input. In these studied samples, 
maturity does not seem to control the C29/C30 hopane ratio. 

The PrlPh ratios measured on the Bintulu coals are in the range of 4-9. Pr/Ph for coals associated with 
sandstones decrease with maturity and proportionally correlates with the terrigenous markers C2/C30 and TmI 
Ts. This situation is reversed for coals associated with shales. However, the Pr/Ph ratios still increase even 
though the terrestrial markers decrease. 

Oleanane (01) is widespread in the coal extracts. It is identified as two peaks representing a-oleanane and 
b-oleanane. The ratio of a-ol/b-ol correlates positively with %Ro suggesting that it could be used as a maturity 
parameter. With the exception of suberinite, oleanane correlates positively with individual macerals as well 
as with mineral matter. The variation of oleanane with the biomarker ratios PrlPh, TmlTs and C2/C30 in coals 
associated with shales is unclear, however, oleanane correlates positively with the biomarker ratios in coals 
associated with sandstones. 

Oleanane and biomarker ratios PrlPh, TmlTs and C2/C30 hopane are all thought to be primarily 
controlled by the degree (amount and preferential preservation) ofland plant contributions. They are therefore 
expected to correlate positively with each other. The results show that this is apparently true only for coals 
associated with sandstones deposited during high-energy periods or alternating energy periods. In contrast, the 
organic matter within coals associated with shales deposited during calm water periods may have been altered 
by enhanced microbial degradation in the prevailing bottom water conditions and thus the biomarker ratios 
show reverse correlation. In calm water conditions in which anoxic conditions prevail, the terrestrial influence 
is overwhelmed by the microbial activity resulting in biomarker ratios reflecting the depositional environment 
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conditions rather than the source input. Vitrinite-rich coals associated with sandstones were deposited during 
high-energy periods or fluctuating energy periods, which drain the environment of deposition. The water is 
in constant flux allowing the development of oxic conditions and fewer interactions between mineral matter 
and organic deposits. These conditions of deposition preserve the terrestrial fmgerprint of the organic matter. 
This suggest that high primary productivity of organic matter has a greater influence on the biomarker 
fingerprints than the depositional condition (such as oxic versus anoxic). 
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Sundaland contains the geologically stable Sunda Platform and Cenozoic crustal material that accreted 
onto it and now forms Sumatra, Java, and KalimantanIBorneo. Throughout the Cenozoic, changing plate 
dynamics exerted varying degrees of control onto the stress regime of the region. Partitioning of stress 
conditions in space and time is most apparent in the Sarawak-Brunei-western Sabah segment, but in other 
sectors of Sundaland the stress fields appear only to reflect the large-scale plate reorganisations that began in 
late Early Miocene and in some areas continued until the present. Generally, these changing plate movements 
resulted in mid-Miocene angular unconformities. In spite of the strong mid-Miocene tectonic disturbances, 
there are areas where the maximum principal stress (P) orientation persisted across the tectonic event. In the 
Strait of Melaka, P has remained orientated NE-SW since pre-Oligocene time. The P-orientation is shown by 
outcropping folds, reverse faults, distribution patterns of depocentres and graben-half grabens, en echelon fault 
zones, and wellbore breakouts. The existing structural database occasionally also provides reliable evidence 
of significant lateral fault displacements. Current stress fields are indicated by first-motion orientations of 
shallow earthquakes and are derived from repeated, detailed GPS measurements at about 40 stations distributed 
throughout the Indonesian and Philippine islands. 

During the Cenozoic, Sundaland was subject to the following processes. 

(1) From the Eocene onward, sub-plate India has collided with Eurasia. Its far-field effects in Southeast Asia 
manifested as SE-ward crustal slab extrusion of Indosinia and part of Sundaland along major NW -trending 
strike-slip faults such as the Three Pagodas and the Red River zones. Initially this so called model of extrusion 
tectonics was facilitated by sinistral wrenching on the regional NW faults, but later field work has provided 
evidence for slip reversals. For instance, the Three Pagodas fault that is believed to extend as the Axial Malay 
fault zone in the basement of the NW -striking Malay Basin shows such evidence. In pre-Oligocene time, the 
Axial Malay fault zone moved sinistrally and in the process produced east-west half grabens in the basement. 
Sedimentary fill of these depocentres were later compressed into large E-W anticlines, whose orientations and 
positions where predestined by those of the half grabens. Earlier regional sinistral wrenching was transtensional 
while subsequent dextral fault slip occurred in a transpressional regime. Proponents of extrusion tectonics 
believe that as consequence Sundaland rotated clockwise. 

(2), The Indian Ocean-Australian Plate converges onto Sundaland throughout the Cenozoic. Subduction occurs 
at the Sunda Trench. Along the Sumatra-Java segment the convergence angle has grown more acute by as 
much as 50 degrees according to some workers, who also proposed that Sundaland achieved this situation by 
counterclockwise (CCW) rotation. The Sunda backarc basins are thought to be CCW-associated rifts, of 
which the North Sumatra Basin developed as a pullapart depression. The arcuate distribution of the Sunda 
backarc basins and their uniform tectonic divisions in sections are difficult to reconcile with the hypothesis. 
Instead their origin is better explained by crustal thinning when thermal convection patterns of the 
asthenosphere became disturbed by subduction. 
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