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Northwest Sabah Overthrust System
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Abstract: The NE to NNE structural trends of West Sabah change drastically on approaching the Balabac fault and the
West Baram Line. Outcrops show duplex and medium to large recumbent folds in the West-East Crocker and Trusmadi
formations with general NW vergence that becomes northerly in northern Sabah. In the Baram area (Brunei and north
Sarawak) the regional trend is represented by several strike-slip faults that bend to become N-S near the West Baram
Line. In the offshore, a large “Lower Tertiary Thrust Sheet” was mapped next to the NW Sabah Trough. The combined
indicators from outcrops and subsurface offshore suggest the existence of a major overthrust sheet measuring 700 km
parallel to the shoreline and about 300 km in width. This rectangular Northwest Sabah Overthrust System is boxed in
by the NW Sabah Trough, the Balabac fault in the NE, the West Baram Line in the SW, while the Kinabalu Suture closes
off its SE corner. The character of its remaining boundary in the south is not known. Overthrusting occurred during the
transition from Early to Middle Miocene and produced the Deep Regional Unconformity. In the vicinity of its flanking
strike-slip faults, the NW surging overthrust sheets were deformed by drag, the latter producing the prominent strike
changes. The Northwest Sabah Overthrust System is planimetrically identical to the Pine Mountain Thrust Sheet at the

tri-state border area of Kentucky-Tennesses-Virginia in the Appalachian Range of the United States.

BACKGROUND

In West Sabah structural strikes run northeast to north-
northeast and from Tuaran northward seem to bend easterly
maintaining this strike over East Sabah (Figure ). This
structural framework is based on the work of the Geological
Survey of Malaysia (summarised on the regional map
compiled by Lim, 1985) and a number of own field
observations carried out over a period of 30 years. The
regional geological map further suggests an acute structural
bend in Sabah’s interior, approximately at the Trusmadi
Range. From the regional works from Liechti (1960),
Tongkul (1994) to Tate (2001) and references therein, the
oroclinal bend in Northwest Sabah was noted and some
explained the strike change as result of interference with
major transcurrent fault zones trending WNW (Figure 2).
The major structures of Figure 2 were interpreted from
SAR (Synthetic Aperture Radar) images commissioned in
the early 1990s by the national oil company. Sabah as well
as Sarawak are completely covered. The radar images clearly
indicate the WNW major fault zones and a trans-Sabah
fault system extending from Cowie Harbour in the southeast
clear across the state towards the northwest. Circular
structures ranging in diameter from about 10 km upward
were also detected.

Figure 1 shows that pre-Tertiary ultramafics, banded
chert and Jurassic-Triassic (or earlier) metamorphic and
igneous complexes-the Crystalline Basement-occur within
a well-defined belt separating West Sabah from East Sabah.
Palacogene sheared melange in parts of the Crocker and
Trusmadi formations are also present. This belt has been
interpreted as a suture-the Kinabalu Suture Zone-between
East Sabah and the remainder of Borneo. The exotic Sabah
Terrane has continental crust; West Sabah consists of mixed

crust (Tjia 1988). The suture zone, and branches extending
across the East Sabah Terrane, experienced renewed tectonic
activity in Early Miocene (TeS) that comprised rifting
followed by compression. This activity manifested in the
formation of Middle Miocene chaotic deposits: Wariu,
Garinono, Ayer, Kuamut and Kalabakan formations.
Towards the end of the Miocene, the central northern part
of the suture was intruded by felsic magma giving rise to
the Kinabalu massif (13-9 Ma) and satellite bodies.
Pleistocene andesitic-basaltic volcanism was active near
the SE end of the suture. There in the Semporna Peninsula
volcanic morphology still dominates the landscape.
Figures 1 and 2 use onshore information. The
PETRONAS book (Leong, editor 1999) has now allowed
access to the wealth of offshore data collected in petroleum
exploration activities since the mid 1970s. Stratigraphic
correlation for “Greater Sabah™ is also available (p. 480).
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Figure 1. Tertiary structural trends in northwestern Borneo. Note
the sharp changes in trends in the vicinity of large fault zones.
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the bedding attitudes indicate NNW to NW striking
structures corresponding with a maximum horizontal
compression in 80°-260° direction (Pl = SHmax). The
reverse fault striation and an other part of strike-slip fault
striations are interpreted to have responded to a later (P2)
Horizontal maximum stress direction in NNW -SSE
direction or almost normal to P1. P2 is the direction almost
normal to the easterly strikes of East Sabah.

Structures in roadcuts near Kundasang

In early 1970s detailed structural observations were
carried out on excellent roadcut and stream outcrops in the
area between Ranau and Tenompok on the S and SE sides
of Kinabalu Mountain. Eocene-Oligocene East Crocker
and Trusmadi turbidites with wide intervals of olistostromes
crop out as asymmetrical folds cut by low-angle reverse
faults and normal faults. Beside intervals of olistostrome
that have olistoliths of the same lithology as the East
Crocker and Trusmadi formations were also exposed wide
zones of slump structures. Abundant sole markings, some
of extraordinary large proportions and graded beds
facilitated definite identification of stratigraphic facing.
The outcrops turned out to represent low-angle thrust
packets verging in divergent directions towards north and
towards south (Tjia 1974). Figure 5 shows two examples of
the structures. The upper part of the figure shows a large
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Figure 4. Structural elements in Wariu and West Crocker sediments
cropping out along Tenoman River near Sayap-Sayap village
(location is on Figure 2). The plot is interpreted to show earlier
ENE-WSW regional compression followed by NNW-SSE
compression.
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overturned anticline striking E-W and verging NW to NNW.
The entire structure appears to have experienced warping
about an ESE-SE striking axis with possible tectonic
transport northeasterly. In other words, the outcrop suggests
superimposed deformations resulting first from
northwesterly verging tectonic compression that produced
the large overturned fold, succeeded by deformation
responding to NE-SW horizontal maximum stress. In the
same general area of Kundasang is the roadcut in the lower
part of the figure. Thick-bedded East Crocker sandstone
rests upon a decimetre thick mylonite that tops a recumbent
fold composed of massive-bedded sandstone. If the structure
is an anticline produced as fault drag, tectonic transport
was ESE-ward normal to the fold strike. Tectonic vergence
was in the opposite direction if the recumbent structure is
a syncline. The latest deformation was by normal faulting
striking NW-SE and downthrowing a few metres towards
SW.

Flake duplexes in West Crocker Formation at
Tamparuli

A moderately large outcrop on the Tuaran-Ranau road
near Tamparuli exhibits three thin overthrust sheets, each
less than 10 metres thick and partitioned by subhorizontal
faults (Figure 6). Northwest verging asymmetrical to
recumbent folds are decapitated by these faults. Sole
markings define strata top; the average fold trends of N230°E
point to geological transport towards N320°E, that is,
perpendicular to the fold axes.

Stress fields NW Sabah offshore

Structures in the subsurface and offshore NW Sabah
have been published by Hinz et al. (1985, 1989), Tan and
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Figure 5. Two roadcuts of East Crocker and Trusmadi formations
on the south flank of Mount Kinabalu within the suture zone (see
Figure 2 for location). Description in the text.












