Bulletin of the Geological Society of Malaysia, Volume 72, November 2021, pp. 1 - 13

DOI: https://doi.org/10.7186/bgsm72202101

Zircon U-Pb ages of the Benom Complex: Implications for a
Late Triassic uplift event in Central Peninsular Malaysia

CHOONG CHEE MENGY", MANUEL PUBELLIER?, BENJAMIN SAUTTER!, MIRZA ARSHAD BEG!

1 Universiti Teknologi PETRONAS, Geosciences Department, Seri Iskandar, 32610, Perak, Malaysia
2 Ecole Normale Superieure, PSL Research University, CNRS UMR 8538, Laboratoire de Géologie, France
* Corresponding author email address: choong.meng@utp.edu.my

Abstract: The Benom Complex, located in the Central Belt of Peninsular Malaysia, has recorded the dynamics of the
orogeny with multiple igneous intrusions emplaced during the late tectono-magmatic stages of the Paleo-Tethys closure.
Three new zircon U-Pb ages of igneous rocks from the Benom Complex reveal the crystallization of diorite and syenite
(alkaline series) at 221.8+2.4 Ma and 226.6+3.5 Ma respectively, and granite (calc-alkaline series) at 207.2+2.0 Ma. The
sedimentation of the Central Belt shifted from a marine to a terrestrial environment at the Middle-Late Triassic boundary,
which marked the beginning of uplift due to the Sibumasu-Indochina collision. The emplacement of alkaline series of
Benom Complex during the early Late Triassic (226.6 Ma to 221.8 Ma) are interpreted as related to a slab break off and
mantle upwelling. Most of the Central Belt region has no records of sedimentation since the mid Late Triassic due to
continuous uplift and/or erosion. The subsequent emplacement of the Gunung Benom granite (calc-alkaline series) took
place at the end of the Triassic (207.2 Ma). The red bed deposition and the emplacement of the Benom Complex (together
with S-type Main Range granite) result from a continuous Late Triassic orogenic uplift event in Peninsular Malaysia.
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INTRODUCTION

The Sibumasu-Indochina collision had a direct
influence on the magmatism, uplift and sedimentation in
the surrounding region during the Late Triassic time. The
S-type Main Range granites in Peninsular Malaysia are the
syn-/post-collisional products (Krihenbuhl, 1991; Nget al.,
2015a) that witnessed the complete closure of the Paleo-
Tethys with their ages commonly defining the timing for
the collision. However, the wide age range of the S-type
Main Range granite (Bignell & Snelling, 1977; Kriahenbuhl,
1991) gives limited constrains on the initial collision timing.
The Benom Complex is a major 20 km wide plutonic dome,
located east of the Bentong-Raub Suture zone (Figure 1),
has and shows a large diversity of igneous rocks ranging
from felsic to mafic compositions (e.g. Hutchison, 1971;
Jaafar Ahmad, 1979). The formation of the Benom Complex
is believed to be closely associated with the closure of the
Paleo-Tethys despite its peripherial position compared to
the Main Range Province granites. However, the timing
of emplacement of these contrasting igneous rocks is not
properly constrained, impeding a precise reconstruction
of the magmatic evolution of the region. The previously
published K-Ar and Rb-Sr data of both alkaline and calc-
alkaline series of Benom Complex are included into a wide
age bracket from Late Triassic to Early Cretaceous (Table 1)
(Bignell & Snelling, 1977; Jaafar Ahmad, 1979; Darbyshire,
1988; Mohd Rozi Umor & Syed Sheikh Almashoor, 2001).
The large age difference was interpreted as due to the high
mobility of parent and daughter isotopes of Rb-Sr during
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successive magmatic and hydrothermal events, a low closure
temperature (300-350 °C) of mica for K-Ar age (Searle et
al., 2012), as well as a potential argon loss in the K-Ar
system after the rock formation (Krdhenbuhl, 1991). Here
we provide newly acquired zircon U-Pb ages of the different
units of the Benom Complex, to constrain the timing of the
different magmatic episodes and corresponding geological
events. The ages of magmatism are juxtaposed to the timing
of sedimentation of the nearby red beds and marine deposits,
to propose an updated scenario for the tectonic events during
Sibumasu-Indochina collision.

LATE PALEOZOIC TO MESOZzOIC
STRATIGRAPHY OF THE CENTRAL BELT
The Central Belt is located on the western margin of the
Indochina block that presently lies east of the Bentong-Raub
Suture Zone (Figure 1 & 2). It is the locus of thick Permo-
Triassic marine sedimentary deposits which are thought to
be associated with the subduction and the closure events
of the Paleo-Tethys (e.g. Lim & Abdullah, 1994; Leman,
1995; Metcalfe, 2000; Metcalfe, 2013; Kamal Roslan et
al.,2016). Based on the sedimentary facies and depositional
setting analysis, four sedimentary packages have been
identified in the Central Belt. They are namely platform
sediments, tuffaceous flysch, red beds and continental
molasses (Hutchison, 2007).

The platform sediments consist of limestones,
calcareous shales, and argillaceous rocks interbedded with
limestones and pyroclastic rocks, which have been named

© 2021 by the Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution (CC-BY) License 4.0



CHOONG CHEE MENG, MANUEL PUBELLIER, BENJAMIN SAUTTER, MIRZA ARSHAD BEG

105.0°E

101.0°E 102.0°E| 103.0° E| 104.0°E

Sukhothai

70N

EAST MALAYA &
INDOCHINA

- Pula;ia‘é
60N Langkawi

;ﬁ'-éﬁ-“‘_’;ﬁ il!i!w i -

5.0°N ot
GuaMusang §
e : Kuala tipi.s
o 9 : i Gunung'F
4.0 N B : : Beﬂdf.,.l.g s
= =
Bentong
Genting Sempah — 3.0°N
5
20°N
SIBUMASU EAST MALAYA & INDOCHINA
l WESTERN BELT ! [ CENTRAL & EASTERN BELT |
7 Interbedded 1.0°N
[ sandsone- [ Continetal molasse
mudstone-chert
Tuffaceous flysch & some
[ Limestone I platform sediments : Es
1 Ar%illa;?(;us " Platform sediments & Granite
. R volcanic rocks [ intermediate igneous rocks
0.0 - : 0°
I Arenaceous unit B Vetasedimentary rocks I Mafic igneous rocks b du
Bentong-Raub g
B zone [ cenozoic sediments *\
100.0°E | 101, ' 105.0°F |

Figure 1: Geological map of Peninsular Malaysia. The red box marked the Gunung Benom area and its detailed map is shown in Figure 2.
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Table 1: Published absolute ages of igneous rocks in Gunung Benom area.

Series Locality Lithology Dating method Age (Ma) References
Sg Ngiang Weak foliated K-Ar (mica) 180+8 Jaafar Ahmad, 1979
gabbro
Benta JKR Diorite K-Ar (whole rock) 122+6 Mohd Rozi Umor
) Quarry & Syed Sheikh
Alkaline Monzonite 128+6 Almashoor. 2001
Jeram Besu Diorite K-Ar (whole rock) 157+8
Syenite 127+4.6
Monzonite 163+8
Penjom gold felsite dyke U-Pb (zircon) 2224 +138 Ng et al., 2015b
mine
Gunung Not specific Rb-Sr (whole rock) 197+16 Bignell & Snelling,
Benom 1977
K-Ar (biotite) 123-199 Bignell & Snelling,
1977 (summarized
in Ghani, 2009)
K-Ar (muscovite) 169 Bignell & Snelling,
1977
Calc- Gunung Not specific Rb-Sr (whole rock) 219+10 Darbyshire, 1988
alkaline Benom
Sg. Kelau Coarse-grained K-Ar age (mica) 190£5 Jaafar Ahmad, 1979
. biotite granite
Kecil
Leucocratic fine- K-Ar age (mica) 12545 Jaafar Ahmad, 1979
grained biotite
granite
Pegmatite K-Ar age (mica) 170+6 Jaafar Ahmad, 1979

as the Gua Musang Formation (Yin, 1965), Raub Group
(Alexander, 1968) and Kepis Formation (Khoo, 1973)
respectively in different localities by previous studies.
The platform sediments are partly metamorphosed, locally
fossil-rich, and ranges from Permian to Late Triassic in
age (Hada, 1966; Igo et al., 1966; Idris & Hashim, 1988;
Leman, 1995; Leman et al., 1999). They were interpreted
to have been deposited on a shallow shelf peripheral to an
island arc system, with abundant limestones and submarine
volcanoes emerging above sea-level (Hutchison, 2007). Part
of the folded platform sediments are unconformably overlain
by younger sub-horizontal molasse deposits in Jengka Pas
area, Pahang (Ichikawa et al., 1966; Harbury et al., 1990),
suggesting a pre-molasse folding event that may be related
to the closure of the Paleo-Tethys.

The platform sediments are followed by the deposition
of tuffaceous flysch with locally angular unconformities
(Hutchison, 2007). The tuffaceous flysch is a sequence

of rapidly alternating carbonaceous shales, siltstones, and
rhyolitic tuffs with minor lenses of crystalline limestone.
Shales and tuffaceous siltstones to sandstones are dominant
in the formation (Jaafar, 1976). The tuffaceous flysch series
are widespread in Central Pahang and West Johor, and
have been grouped under the Semantan Formation (Jaafar,
1976; Khoo, 1983; Kamal, 1996; Ong, 2001; Figure 1). The
Semantan Formation is fossiliferous with the presence of
Halobia and Posidonia, typical of deep-water formations that
yield a Middle to early Late Triassic age (e.g. Metcalfe et al.,
1982; Metcalfe & Chakrabroty, 1994; Leman & Sone, 2001;
Wahid Abdul Rahman, 2015). Previous studies interpreted
the deposition of the tuffaceous flysch on the western flank
of a Triassic volcanic arc or more specifically in a fore-arc
basin (e.g. Hutchison, 1989, Sashida et al., 1995; Metcalfe,
2013) within a deep marine setting. The presence of Late
Triassic shallow water fossils of Myophoria discovered
in Kuala Lipis and Bahau (Metcalfe et al., 1985), south
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Johor (Burton, 1973) and Singapore (Kobayashi & Tamura,
1968a; Gobbett & Hutchison, 1973) (Figure 1), also suggests
progressive shoaling particularly at the basin edges.

The red beds (Sungei Bilut Formation) were initially
observed in Raub (Richardson, 1939), Bentong and Genting
Sempah area (Haile et al., 1977) (Figure 1). They are
composed of unmetamorphosed, red-coloured conglomerates,
sandstones and mudstones which unconformably rest on the
strongly folded chert and schist unit of the Bentong Raub
suture zone (Haile et al., 1977). The pebbles constituting
the conglomerates include unsorted chert, sandstone and
schist. This succession is interpreted to have been deposited
in a continental environment following the uplift triggered
by the collision between Sibumasu and Indochina Blocks
(Hutchison, 2007). Late Triassic shallow water Myophoria
fossils were also discovered along the eastern region of the
Sungei Bilut exposures (Richardson, 1939), marking the
further eastern locus extent of the shallow marine conditions.

After the continuous uplift and/or erosion in the Early to
Middle Jurassic, sedimentation resumed in the Late Jurassic
as continental molasses, commonly named the Tembeling
Group (Khoo, 1977). It is composed of more than 6.5 km
thick of polymict conglomerate, quartzose sandstone and
shale with common reddish and ferruginous appearances
(Khoo, 1983). Late Jurassic to Early Cretaceous plants
(e.g. Kon’no, 1966; Norizan Yaacub & Uyop Said, 2002)
and palynomorphs (e.g. Uyop Said & Che Aziz Ali, 2000;
Uyop Said et al., 2003) are relatively abundant in these
sequences making them an excellent chronological marker
of the Mesozoic tectonic events that affected the region. The
erosional surfaces and unconformities at the lower boundaries
of the molasse strata (Rishworth, 1974; Loganathan, 1977,
Rajah, 1986) illustrate the missing Early-Middle Jurassic
section/hiatus which may evidence a regional uplift event.

BENOM COMPLEX

The Benom complex is composed of alkaline series
with intermediate to mafic igneous rocks and calc-alkaline
series made of granitic rocks (Jaafar Ahmad, 1979). The
igneous complex has prompted the interest of researchers
on the occurrences and the origin of the alkaline series
(Hutchison, 1971; Jaafar Ahmad, 1979; Mohd Rozi Umor
& Syed Sheikh Almashoor, 2000; Ghani et al., 2002; Ghani
et al., 2006), which mostly appear to be located along the
western and northwestern flanks of Gunung Benom (Figure
2). The petrogenesis and magmatic source origin of the
alkaline and calc-alkaline series are considered different
based on previous petrological and geochemical studies
(Mohd Rozi Umor, 2008).

Alkaline series

The alkaline series consists of intermediate to mafic
igneous rocks such as syenite, monzonite and gabbro
(Hutchison, 1971). The alkaline series extend from Sg. Kelau
in the south to Jeram Besu in the north (e.g. Hutchison,

1971; Yong et al., 2004; Ghani, 2006; Mohd Rozi et al.,
2008) (Figure 2). Published K-Ar dating of these alkaline
series yielded ages ranging from Late Jurassic to Early
Cretaceous (180 to 122 Ma) (Mohd Rozi Umor & Syed
Sheikh Almashoor, 2001; Jaafar Ahmad, 1979) (Table 1).
The prefect alignment of K-feldspar crystals in the
syenite of the complex used to be interpreted as a foliation
resulted from metamorphism (Hutchison, 1971). But recent
studies demonstrated an igneous origin of this fabric as
evidenced by xenolith in igneous rocks of the complex,
and the presence of euhedral crystals in the alignment band
that implies a crystallization resulting from a melt (Mohd
Rozi Umor & Syed Sheikh Almashoor, 2000; Yong et al.,
2004). The alkaline series are characterized by a high potash
content, very high large ion lithophile elements (LILE), i.e.
Ba and Sr, and the concentration of the Ba has recorded
>10,000ppm (Ghani et al., 2002; Ghani et al., 2006).
The geodynamic origin of these igneous bodies has been
debated, given the small volume of mantle material being
enriched in LILE (i.e. Ba and Sr in this case) that penetrated
the lower lithosphere (Ghani et al., 2002). The upwelled
mantle material might be associated with the partial melting
of eclogite (Mohd Rozi Umor & Syed Sheikh Almashoor,
2000) possibly resulting from a slab break-off (Mustaffa
Kamal Shuib & Ghani, 2003; Mohd Rozi Umor, 2008).

Calc-alkaline series

The Gunung Benom granitoid (Figure 2) located on the
eastern side of the complex, has been classified as part of
the calc-alkaline series (Jaafar Ahmad, 1979). It is mainly
defined by a coarse-grained non-porphyritic biotite granite
(Hutchison, 1977). K-Ar datings of the granitoid cover a
wide range between the Triassic and Cretaceous (219 Ma
to 123 Ma) (Bignell & Snelling, 1977; Jaafar Ahmad, 1979;
Darbyshire, 1988) (Table 1). The wide range of ages do
not all correspond to the true magmatic ages, with younger
ages that could result from argon loss in the K-Ar system.
These series are characterized by a moderate negative
Eu anomaly and a rather high total amount of REE (Wan
Fuad Wan Hassan & Mohd Suhaimi Hamzah, 1999). The
major and trace elements including strontium data of the
granite belt of the Central Belt including Gunung Benom
granite suggest a primitive oceanic or mantle source with
little crustal contribution (Hutchison, 1977). A more recent
geochemical study by Mohd Rozi (2008) suggests that the
magma origin varies from partial melting of metabasalt to
metagreywacke and metaphyllite.

ANALYTICAL TECHNIQUES
Three samples of the Benom Complex have been
collected for zircon U-Pb (ZrnUPb) dating, from which
two samples are in the alkaline series and one from the
calc-alkaline series (Gunung Benom granite). Thirty (30)
zircon grains from each rock sample were isolated and
prepared for further analysis using standard procedures
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Figure 2: Structural map of Gunung Benom area. The sampling locations for zircon U-Pb age dating are marked within the white boxes.
The map was constructed on the digital elevation model of SRTM (Jarvis et al., 2008).

combined with specific customized procedures described
in Donelick et al. (2005). At least one 1 cm? grain mount
was prepared, consisting of some quantity of zircon grains
immersed in epoxy resin. Each grain mount was subsequently
cured at 90 °C for at least 4 hours. Once cured, each grain
mount was polished manually to a glass-like finish using
3.0 um and 0.3 pm ALO, slurries to expose internal grain
surfaces. The ZrnUPb analytic methods are as described
in Bradley et al. (2009), Hults et al. (2013), and Moore et
al. (2015). ZrnUPb LA-ICP-MS analysis was performed at
the Geoanalytical Laboratory, Washington State University,
USA. Individual zircon grains were targeted using a New
Wave YP213 213 nm solid state laser ablation system
using either a 20 or 30 pm diameter laser spot size, 5 Hz
laser firing rate, and ultra high purity He as the carrier

gas. Isotopic measurements of the ablated zircon material
were performed using an Agilent 7700x quadrapole mass
spectrometer. ZrnUPb age standards such as the 1099+0.6
Ma FC zircon (FC-1 of Paces & Miller, 1993) were used
as the primary age calibration. Uranium decay constants
and the 2U/2*5U isotopic ratio were taken from Steiger &
Jager (1977). 2"Pb/?Uc (**Uc = 137.88238U), 2Pb/>*U,
and 27Pb/2%Pb ages were calculated for each data scan and
checked for concordance. The obtained results were plotted
using an online software, 1soplotR (Vermeesch, 2018).

ZIRCON U-PB AGES OF BENOM COMPLEX
Intermediate-mafic igneous rocks
Most of the intermediate to mafic rocks occur along the
western and northwestern flanks of Gunung Benom. The
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igneous series are dominated by syenite, monzonite, diorite
and gabbro. Syenite-monzonite related rocks are essentially
made up of pale pink to whitish feldspar (mostly K-feldspar).
Sample 762a is a fine-grained mafic rock classified as
diorite and was found in the Jeram Besu. It is composed of

minor light-coloured feldspars (Figure 3a), all measuring
up to a few millimeters in grain size. A total of 30 analyses
were conducted on the zircon grains of sample 762a. Three
analyses of the sample yielded discordant ages ranging
between 240.3 Ma and 247.1 Ma, which are likely reflecting

predominantly dark-coloured ferromagnesium minerals and  the inheritance (<95% concordant), thus not included in the
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Figure 3: (a) Sample 762a is a diorite from Jeram Besu, predominantly with fine-grained, dark-coloured ferromagnesium minerals. (b)
Sample 762a showed the intercept at 215.3+5.1 Ma (MSWD=0.99) in the concordia diagram and (c) weighted mean age of 221.84+2.4
Ma (MSWD=1.6). (d) The syenite (sample 762b) from Jeram Besu, made up of light-coloured, euhedral-subhedral feldspar and dark-
coloured hornblende and biotite. (e) The concordia diagram of sample 762b indicated the intercept at 194+50Ma with MSWD of 2.2. (f)
The weighted mean age of sample 762b is 226.6+3.5Ma with MSWD=2.2.
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age calculation. The other 27 zircon grains have consistent
206ph/28 ages ranging from 212.4 Ma to 238.4 Ma. The
concordia diagram showed a lower intercept at 215.3+5.1Ma
(MSWD =0.99) (Figure 3b) and the weighted mean age of
221.8 £2.4Ma (95% conf., MSWD=1.6, n=27) (Figure 3c)
(Table 2). The weighted mean age (221.8 +2.4Ma) is taken
as the crystallization age of the diorite which excludes the
possible inheritances.

Sample 762b is a syenite which was also collected
from Jeram Besu (Figure 2). It is composed of K-feldspar,
hornblende, plagioclase, quartz and biotite (Figure 3d). The
K-feldspars are pink-coloured, 0.5 to 3 cm in grain size,
commonly euhedral, formed in alignment, and exhibit clear
twinning. The plagioclase are white-coloured, subhedral
and measure between 2-4 mm in size. The hornblendes
are greenish coloured while biotite crystals are dark brown
coloured, 1-2 mm in size, but can measure up to 4 mm.
30 zircon grains have been extracted from sample 762b
to perform U-Pb age dating. All zircons have consistent
206pph/238Y ages ranging from 211.6 Ma to 246.2 Ma. The raw
isotopic values from all data scans show the lower intercept
on the concordia diagram at 194+50 Ma with MSWD of 2.2
(Figure 3e) and the weighted mean age of 226.6+3.5Ma (95%
conf.,, MSWD=2.2, n=30) (Figure 3f) (Table 2). The intercept
age shows a wide error range, hence the weighted mean age
(226.6+3.5Ma) is taken as the crystallization age of syenite
which fall in the range of U-Pb ages of individual zircons.

Gunung Benom granite

A granite sample (779) was extracted along a river side
of the northeast part of Gunung Benom (Figure 2). This
granite is composed of 45% K-feldspar, 30% quartz, 20%
plagioclase and 5% biotite minerals (Figure 4c) and exhibits
a typical phaneritic texture. K-feldspars are light pink in
colour and the grain size ranges from 5 to 8 mm. Quartz
minerals are colourless and 2 to 5 mm in sizes. Plagioclase
are whitish in colour and 1 to 5 mm in sizes while biotite
minerals range between 1 to 2 mm. All minerals are either
anhedral or subhedral in shape.

A total of 30 analyses were performed on zircon grains
of sample 779. All zircons have consistent 2°Pb/?¥U ages
ranging from 194.4 Ma to 217.4 Ma. The analyses yielded
a concordia age of 206.1£2.1 Ma (MSWD =1.3) (Figure
4a) and the weighted mean age of 207.2+2.0Ma (95%
conf., MSWD=1.09, n=30) (Figure 4b) (Table 2). There
is no significant difference between the concordia age and
the weighted mean age for this sample. The weighted mean
age of 207.2+2.0Ma has been selected as the crystallization
age of the granite.

DISCUSSION ON SEDIMENTATION,
MAGMATISM AND UPLIFT IN CENTRAL BELT
FROM PERMIAN TO TRIASSIC TIME

Permo-Triassic marine sedimentation

Since the early stages of the subduction of the Paleo-
Tethys Ocean in the Middle Permian times (Tjia & Syed
Sheikh Almashoor, 1996; Metcalfe, 2000), platform
sedimentation (carbonate rocks and argillaceous rocks)
was taking place in the warm, shallow, and clear water
setting that dominated the Central Belt (Figure 5) (Fontaine,
1986). It was concomitant with regional volcanism leading
to widespread buildup development on structural highs
across the Eastern Belt (Lim & Abdullah, 1994; Leman,
1995). Local interbedded argillite-carbonate sequences also
demonstrated a shallow marine environment with fluctuated
detrital supply from nearby continents (Kamal Roslan et al.,
2016). An exception is present in Central Pahang, where late
Middle Permian radiolarian have been reported at Jengka
Pass (Basir Jasin et al., 1995) (Figure 5, no. 20) that could
represent a deepening event, initiating the formation of a
Middle Triassic deep flysch basin.

The Central Belt basin later experienced intensive
subsidence (Kamal Roslan et al., 2016) during the Middle
Triassic to early Late Triassic period (e.g. Metcalfe et al.,
1982; Metcalfe & Chakrabroty, 1994; Ong, 2001; Wahid
Abdul Rahman, 2015) that led to a deep water environment
particularly in southern Pahang and western Johor area
(Figure 5). This is also supported by the presence of flysch

Table 2: Zircon U-Pb ages of igneous rocks in Gunung Benom area in this study.

Lower
. . . . intercept age on  Weighted mean
Series Locality Coordinate Lithology the concordia age (Ma)
plot (Ma)
Alkaline Jeram Besu 4.013349°N, (I?allcr:;)tli 215945 1 2918424
101.936959°E (MSWD=0.99) (MSWD=1.6)
762a)
Syenite 194450 226.6+3.5
(sample (MSWD=22)  (MSWD=2.2)
762b) : :
Cale-  NOUBCSEM 38g7403°N,  Granite (higg'/%fll” 207.242.0
alkaline 101.169158°E  (sample 779) ’ (MSWD=1.09)

Gunung Benom
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Figure 4: The granite (sample 779) from northeast part of Gunung Benom. (a) The concordia diagram showed the intercept at 206.1+2.1
Ma with MSWD=1.3. (b) U-Pb mean weighted age is 207.2+2.0 Ma with MSWD=1.09. (c¢) The rock is dominated by coarse-grained

feldspar and quartz minerals.

series in the Semantan formation with high tuffaceous
material supplied from the nearby active volcanic arc (e.g.
Jaafar Ahmad, 1976; Khoo, 1983; Kamal, 1996; Ong, 2001).
The main paleo-flow directions recorded in the flysch series
indicate a westward to southwestward trend (Metcalfe et
al., 1982; Kamal, 1990; Metcalfe & Chakraborty, 1994),
which suggest a sediment source from volcanic belt highs
in the east. At the Middle-Late Triassic boundary, terrestrial
deposits have been recorded locally near Raub and Singapore
area, which indicate a major transition in the dynamics of
the orogeny.

Late Triassic uplift: Termination of deep marine
sedimentation, red beds deposition and Benom
Complex emplacement

By Late Triassic times, the entire Paleo-Tethys oceanic
crust was finally consumed, ending the subduction-related
volcanism at the western margin of Indochina block.
Terrestrial deposits or red beds first appeared locally in
Middle-Late Triassic boundary, while marine sedimentation
was still ongoing during Carnian (early Late Triassic).
The Late Triassic red beds present in Raub, Bentong and
Genting Sempah are found to be unconformably overlying
the Bentong-Raub Suture Zone (Richardson, 1939; Haile et
al., 1977). The uppermost part of the Clementi Member (late
Middle Triassic) in the Boon Lay Formation in Singapore
is characterized by well-developed, reddened palaeosols
interbedded with channelized sandstone (Dodd et al., 2019)
and possibly marks the initiation of widespread terrestrial
sedimentation. The absence of metamorphism and their
younger age implies that the red beds were not part of the

Paleo-Tethys accretionary wedge but likely originated from
continental deposition on top of the wedge during the uplift
caused by the collision.

The alkaline series of the Benom Complex were
emplaced in the vicinity of Raub around 226.6-221.8 Ma
and their chemical signature indicates partial enrichment
in LILE from the mantle (Ghani et al., 2002). The LILE
enrichment fluids were derived from the partial melting of
(probably metasomatised) peridotite and later migrated to
the lower crust (Ghani et al., 2006) during slab break-off
(Mohd Rozi Umor, 2008; Mustaffa Kamal Shuib & Ghani,
2003) (Figure 6A). The subsequent calc-alkaline magmatism
(Gunung Benom granite) is centered at 207 Ma, and may
result from continuous mantle upwelling, or eventually the
melting of both crustal (metaphyllite and metagreywacke)
and mantle material (metabasalt) (Figure 6B).

CONCLUSIONS

The Benom Complex is an igneous dome surrounded
by Late Paleozoic to Mesozoic sedimentary rocks in the
Central Belt, Peninsular Malaysia. It is one of the magmatic
bodies which delineate a nearly N-S orientated igneous belt,
adjacent to the Main Range and Bentong-Raub Suture Zone.
The collision between the Sibumasu terrane and Indochina
terrane resulted in the emplacement of the S-type Main
Range granites, the Benom Complex and the deposition of
syn-orogenic red beds during Late Triassic time. Our newly
acquired zircon U-Pb ages evidence the crystallization of
diorite and syenite (alkaline series) at 221.842.4 Ma and
226.643.5 Ma respectively, as well as granite (calc-alkaline
series) at 207.2+2.0 Ma. By the early Late Triassic (226.6-
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Figure 5: Localities of published fossil occurrences in the sedimentary rocks of Central belt. Summary of the ages of fossils occurring
in the Central Belt from north to south, together with the new U-Pb ages of igneous rocks in Gunung Benom area. All fossil records
are Permo-Triassic, except the fossils discovered in Sg. Cheroh area which date from Early Carboniferous (Visean). The sedimentation
began by Middle Permian in Central Peninsular Malaysia with shallow water environment. The shallow water sedimentation persisted
until Late Permian and Early Triassic in the north. In the Middle to early Late Triassic, the fossil records are mostly shallow water in
northern area and deep water at the Central and southern area. When the emplacement of Benom Complex took place, no fossils (probably
no sedimentation or being eroded) are found in the Central Belt, except Singapore which are shallow water-terrestrial environment and
northernmost area i.e. Sg. Chiku.

The publications that reported the ages of the fossils are listed here: (a) Mohd. Razali, 1986; (b) Dony & Ahmad Rosli Othman, 2014; (c)
Aw, 1990; (d) Jones et al., 1966; (e) Nuraiteng, 2009; (f) Hada, 1966; (g) Igo et al., 1966; (h) Leman, 1994; (i) Ichikawa & Yin, 1966; (j)
Tamura, 1968; (k) Leman et al., 1999; (1) Fontaine & Ibrahim Amnan, 1994; (m) Metcalfe, 1992b, (n) Metcalfe & Azhar Hussin, 1995;
(0) Abdul Hadi & Nuraiteng, 1994; (p) Jasmi, 1992; (q) Fontaine et al., 1994; (r) Nuraiteng & Abdul Hadi, 1995; (s) Leman, 1995; (t)
Richardson, 1939; (u) Yancey, 1972; (v) Metcalfe, 1990; (w) Metcalfe, 2016, (x) Metcalfe, 1993; (y) Fontaine et al., 1988; (z) Idris &
Hashim, 1988; (aa) Metcalfe et al., 1982; (ab) Metcalfe & Chakrabroty, 1994; (ac) Leman & Sone, 2001; (ad) Basir Jasin et al., 1995,
(ae) Leman et al., 2000; (af) Sone & Leman, 2000; (ag) Leman & Sone, 2002; (ah) Metcalfe et al., 1985; (ai) Sone et al., 2003; (aj)
summarized in Khoo, 1983; (ak) Wahid Abdul Rahman, 2015; (al) Dodd et al., 2019.
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Figure 6: Tectonic evolution of the Gunung Benom area at Late Triassic time. [A] At early Late Triassic, slab break-off of the Paleo-Tethys
triggered the emplacement of the alkaline series of Benom Complex beneath Central Belt. It was associated with the uplift, erosion and
red beds sedimentation on suture zone. [B] The upwelling of mantle materials, and emplaced the calc-alkaline series (granite) of Benom

Complex at the end of Triassic.

221.8 Ma), the alkaline series of the Benom Complex were
most likely formed as a result from slab break-off of the
Paleo-Tethys oceanic lithosphere. The earlier widespread
Permo-Triassic shallow-deep marine sedimentation at
Central Belt has been replaced by localized red beds-shallow
marine deposition after the emplacement of the alkaline
series at early Late Triassic. The non-metamorphosed Late
Triassic red beds are different from the underlying suture
zone units suggest they are not part of an accretionary
complex, and should be a continental deposition associated
with an orogenic uplift event. The alkaline series were later
intruded by the calc-alkaline series (Gunung Benom Granite)
by the end of the Triassic period (207 Ma) within the period
of S-type Main Range granite emplacement, marking the
end of the collision in the region.
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