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Abstract The Mesozoic subduction history of the Paleo-Pacific plate below the East Asian margin remains
contentious, in part because the southern part is poorly understood. To address this, we conducted a sediment
provenance study to constrain Mesozoic subduction history below West Sarawak, Borneo. A combination of
detrital zircon U-Pb geochronology, heavy minerals, trace element, and bulk rock Nd isotope data were used to
identify the tectonic events. The overall maturity of mineral assemblages, dominantly felsic sources, abundant
Precambrian-aged zircons, and low eNd(0) values (average —13.07) seen in Late Triassic sedimentary rocks
suggest a period of inactive subduction near Borneo. Slab shallowing subduction occurred between 200 and
170 Ma based on subdued magmatism and tectonic compression across West Sarawak. From c. 170 to 70 Ma
there was widespread magmatism and we interpret the Paleo-Pacific slab steepened. Collectively, we show the
Paleo-Pacific plate subduction had variable slab dip histories in Borneo.

Plain Language Summary Modeling studies have shown that the ocean slab underwent periodic
shallowing and steepening in the long-term subduction system. To know the Mesozoic Paleo-Pacific subduction
history of the southern section, we established the subduction process of West Sarawak by studying the
provenance of Mesozoic sedimentary rocks. Based on it, we subsequently deduce that west dipping subduction
of the Paleo-Pacific slab underwent periodic shallowing and steepening of slab dip from north to south.

1. Introduction

The nature of Mesozoic tectono-magmatic evolution within East Asia and their links to the subduction history
of tectonic plates that existed prior to the current Pacific realm (i.e., Paleo-Pacific) remains a controversial topic
(Jahn, 1974; Li & Li, 2007; Wu et al., 2019; Zhou & Li, 2000). Extensive magmatism took place in northeast
China (Tang et al., 2016; W. L. Xu et al., 2013; Z. J. Xu et al., 2013), Japan (Pastor-Galan et al., 2021) , the North
China Block (Wu et al., 2019), southeast China (Li & Li, 2007), Pearl River Mouth Basin (Xu et al., 2017; Yan
et al., 2014), Indochina Peninsula (Nguyen et al., 2004), and Borneo (Breitfeld et al., 2017; Wang et al., 2022),
forming a NNE-trending volcanic-intrusive complex belt (Figure 1a). It is thought that subduction and rollback
of the Paleo-Pacific plate are the main dynamic factors responsible for the destruction of the North China Craton
(Hao et al., 2020; Li et al., 2019), Yanshan movement (or Orogeny) (Wang et al., 2011; Wu et al., 2019) and a
flare-up in magmatic activity along the East Asian continental margin (Li & Li, 2007; Zhou et al., 2021).

Numerous studies reveal variable subduction timing of the Paleo-Pacific plate beneath different parts of the East
Asian continental margin. In the Korean Peninsula, the Paleo-Pacific plate subduction initiated in the Late Trias-
sic (232-226 Ma) (Kim et al., 2015). For the North China Craton, westward subduction of the Paleo-Pacific plate
is inferred to have commenced at least in the Early Jurassic (Wu et al., 2019; Zhu & Xu, 2019). For South China,
the earliest record of subduction of the Paleo-Pacific plate can be traced back to 500 Ma (Gao et al., 2022; Isozaki
etal., 2010; Pastor-Galan et al., 2021), whereas Li and Li (2007) proposed that subduction started in the Permian.
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Figure 1. (a) Distribution of Mesozoic intrusive rocks in the East Asian continental margin (Li & Li, 2007; Wu et al., 2019; Zhou et al., 2020), NWS: Northwest
Sulawesi; SWB: Southwest Borneo; EJWS: East Java-West Sulawesi; TS: Triassic Sundaland. (b) Cartoon showing the subduction of the Paleo-Pacific slab. (c) Sample
locations from this study. (d) Stratigraphic column of the West Sarawak (Hutchison, 2005). (d-h) field photos of the Kuching, Serabang, Pedawan Formation and Kayan

Group, respectively.
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In contrast, other researchers suggested that subduction did not commence until the Triassic (Zhu et al., 2013),
Early Jurassic (Xu et al., 2017).

Another controversy is related to how subduction accounted for Mesozoic magmatism parallel to the Paleo-Pacific
plate subduction zone with proponents arguing for: (a) prolonged flat slab subduction (Li & Li, 2007), (b) slab
steepening from gentle dip in the Jurassic to a moderate dip in the Cretaceous (Zhou & Li, 2000), and (c) oblique
subduction (Xu et al., 2017). These different interpretations, in part, stem from a lack of integrated understanding
of subduction histories along the entire East Asian continental margin, from north to south. The North and South
China Blocks have been well-studied (Li & Li, 2007; Wu et al., 2019; Zhou & Li, 2000; Zhu & Xu, 2019) but
the subduction history of the southern section is less understood, especially for Borneo (Figure 1b). To address
this shortfall, we investigated the subduction history of West Sarawak, Borneo by studying the provenance of
Mesozoic sedimentary rocks. We expanded on published datasets by adding detrital zircon U-Pb analyses, heavy
mineral composition, major, trace element, and Nd isotope data. Specific aims are to define: (a) the magmatic
pulses characteristic of this southernmost part of the Paleo-Pacific subduction zone; (b) the regional tectonic
setting for northwest Borneo during the Triassic to Cretaceous; (c) how the Paleo-Pacific plate subducted along
the different parts of East Asian continental margin in the Mesozoic, with the discussion of possible implications
for the Paleo-Pacific slab dip histories from the inferred magmatism and subduction process.

2. Geological Background

Borneo is the largest island in Asia and is located in the southern part of the Paleo-Pacific plate subduction zone
(Breitfeld et al., 2017; Hall, 2012). It formed by the accretion of small blocks to the Triassic-aged Sundaland
core of Borneo (TS in Figure 1a), including Southwest Borneo, Northwest Sulawesi and East Java-West Sulawesi
(Breitfeld et al., 2017) (Figure 1a). Within a west-directed subduction margin setting, Mesozoic magmatism and
volcaniclastics are preserved in West Sarawak, especially within the Kuching zone.

The oldest clastic sedimentary rocks exposed in the West Sarawak have been assigned to the Triassic Sadong and
Kuching Formations (Figure 1d). The Late Triassic Sadong Formation is interpreted as an estuarine to neritic
deposit. The Kuching Formation is a deep marine turbidite lateral equivalent of the shallow marine Sadong
Formation, comprising an alternation of graded sandstones, siltstones, and mudstones (Breitfeld et al., 2017).
The Upper Jurassic to Lower Cretaceous Serabang, Sejingkat, Sebangan Formations and Lubok Antu Melange
are similar in lithology and age (Hutchison, 2005), and so are grouped and named the Serabang Formation in this
paper. The Kuching Formation was folded prior to the deposition of the Serabang Formation (Figures le and 1f).
The deep marine Pedawan Formation contains sandstone, pebbly mudstones, argillaceous limestone, and is over-
lain by the terrestrial uppermost Cretaceous to Eocene Kayan Group (Figures 1g and 1h).

3. Sampling and Methodology

Fresh samples of sandstones and siltstones from the Sadong, Kuching, Serabang, Pedawan Formations, and the
Kayan Group were collected for heavy mineral analyses in the Langfang Chengxin Geological Service Co., Ltd,
China. Detrital zircon U-Pb dating and geochemistry analyses of the samples were performed at the Guangzhou
Institute of Geochemistry, Chinese Academy of Sciences. The major and trace elements of the mudstones were
analyzed by whole-rock X-ray fluorescence (XRF) spectrometry and the Thermo Scientific iCAP Qc instrument
respectively. The Nd isotopic ratios of the samples were analyzed on a MicroMass Isoprobe multicollector induc-
tively coupled plasma mass spectrometer (MC-ICP-MS) in the Institute of Geology and Geophysics, Chinese
Academy of Sciences. ("*Nd/'"Nd)qr = 0.512638 was used to calculate the éNd value recalculated at time
T=0.

4. Results

A wide range of heavy minerals was detected and summarized in Figure 2b. The heavy mineral assemblage
of Triassic sediments is dominated by zircon-tourmaline-rutile (ZTR). Serabang sandstones contain abundant
ilmenite, garnet, and some augite, consistent with metamorphic and basic igneous sources. Chrome spinel is
widely found in the Pedawan Formation and Kayan Group, indicating ultrabasic input (Figure 2b). The ZTR
index reflects the maturity of the heavy mineral assemblage (Morton & Hallsworth, 1994). Triassic sediments'

ZHOU ET AL.

3of11

d ‘8 €T0T L008KH61

:sdy woxy papeoy

ASURdIT suowwo)) aaneal) ajqesrjdde ayy £q pauroAoS a1e sajdnIE YO 2SN JO SN 10§ AIeIqI aul[uQ) A3[IA\ UO (SUONIPUOI-PUE-SULIA) W0 3] 1M’ AIeIqI[aul[uo//:sdy) suonipuo)) pue suua | ay) S [207/S0/L0] uo Areiqry autjuQ Lo[ipy ‘Areiqi euoziry JO ANsioatun £q 0L€2011OTT0T/6TO1 01/10p/wod Kaim”



Vel )
Fa\C 1% Geophysical Research Letters 10.1029/2022GL.102370

ADVANCING EARTH
AND SPACE SCIENCE

: eNd(0) SOEu (La/Yb)n - .
TimgAge| Strata -14-1210-8-6-4-2 0 0.50.6 0.7 0 § ? 1,0 1.4 Heavy minerals ZTR ratio
: L A
) c a
— C © >
T o > 0
0. o © =

M
a ! Kayan Group N=2
IIIIIIIII Pedawan unconformity IIIIIIIIII
o |
: |

12
> g uE_ f \\ }

o [)

3 o
E 100+ i
o
O Pedawan Formation N=3

I
Serabang Formation N=2

9

‘»

(2]

g

=}

=
2014

o
=
S
g Sadong Formation N=1

[$)

AR B e

© ® L

2 =2

- .|

kS

n Kuching Formation N=1
8 oo oo
- 0 © ¥ N
I I T

Heavy Mzircon Mtourmaline Mrutile [augite [apatite [Mlchrome spinel  [Wepidote [Mgarnet [l monazite
mineralsfijanatase [Milmenite Mieucoxene Miimonite Mmagnetite [Mlpyrite [siderite galena Mtitanite

Figure 2. (a) Plot of eNd(0), 8Eu and (La/Yb), values of mudstone samples. Part of the Serabang Formation (Lubok Antu Melange) is from Zhao et al. (2021). (b)
Heavy mineral abundance in the sediments. (c) Sample ZTR ratio.

ZTR values are very high (>85%), indicating maturity (Figure 2c) whereas the Serabang Formation and Pedawan
Formation have a very low ZTR (average ~ 50%) indicative of immaturity. The Late Triassic samples are on
the whole characterized by abundant SiO, content (Al,0,/Si0,, average 0.33), high Th/Sc (average 1.52), La/
Sc (average 4.15), Th/Sc (average 1.52) ratios, and low dEu (average 0.52) content, suggesting dominantly felsic
source rocks (Gu et al., 2002). From the Triassic to Eocene, the younger sediments have lower Al,0,/TiO,, La/
Sc, Th/Sc values and higher concentrations of ferromagnesian trace elements Sc (average 14.12-18.11 ppm),
V (average 102.75-150.20 ppm), Ni (average 22.82-27.65 ppm), V (average 60.47-71.26 ppm) values, reflect-
ing more mafic components in the provenance (Table S1 in Supporting Information S1) (Armstrong—Altrin
et al., 2004). The eNd(0) values of the samples range from —14.29 to —1.09 (Figure 2a). Triassic sediments
have the lowest eNd(0) values, ranging from —14.29 to —10.49 (average of —13.07). The eNd(0) values increase
rapidly in Late Jurassic to Early Cretaceous Serabang sediments (average of —5.57) and the uppermost Jurassic
to Cretaceous Pedawan Formation (average of —4.33). In the Kayan Group, the eNd(0) values are concentrated in
the range of —1.09 to —2.22 (average of —1.57). In general, the eNd(0) values of the mudstone gradually increase
from the Triassic to Eocene. Detrital zircon U-Pb analyses from the three samples are presented in the Table S4
in Supporting Information S1.
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5. Discussion
5.1. Provenance

U-Pb ages of detrital zircon in the sediments can be used to identify the sources of detritus (Andersen, 2005;
Liu et al., 2021). The detrital zircon from the Late Triassic-Late Cretaceous sediments yields a wide range of
U-Pb ages, with main peaks at ca. 102, 110-120, 160, 250-260, 360, 440-460, and 1,800-1,900 Ma (Figure 4).
The mid-Paleozoic Kwangsian Orogeny (460400 Ma) in the Cathaysia (Xu et al., 2016) and coeval 460 to
400 Ma granitic rocks in the Indochina block (Wang et al., 2016) indicate the most possible source area for the
440-460 Ma detrital zircons. Detrital zircons with ages of ca. 360 Ma were found in all the samples, however, no
magmatic rocks of similar age have been reported in the Vietnam and Malay Peninsula. Based on the presence
of the, 360 + 10 Ma tuffs in the Japan (Pastor-Galan et al., 2021) and the Late Devonian granite (368 + 5 Ma)
in southern Hainan, a Paleozoic magmatic arc existed along the southeastern margin of the South China in
response to subduction of the Paleo-Pacific (Gao et al., 2022; Hu et al., 2015; Pastor-Galan et al., 2021). Thus,
these detrital zircons were most likely derived from the Paleozoic magmatic arc. The Permian-Triassic zircons
peak from the Triassic -Cretaceous sandstones in the West Sarawak may have multiple possible sources. The
eNd(0) values (ranging from —10.49 to —14.29) fall within the range of eNd(0) values of nearby Middle Permian
to Late Triassic magmatic rocks from the Malay Peninsula (-5.72 to —12.71), Vietnam (—7.14 to —15.98), and
South China block (—6.20 to —18.38) (Table S2 in Supporting Information S1), indicating the possible sediment
sources from the above areas. The Late Triassic zircons might be also derived from the Jagoi granodiorite in
the West Sarawak (Breitfeld et al., 2017). From the Middle Jurassic onwards, evidence of widespread magma-
tism (170-70 Ma) is present with 102, 110-120, and 160 Ma peaks (Figure 4). The Late Jurassic to Cretaceous
magmatic arc was widely exposed across the South China, South Vietnam, and West Borneo (Zhao et al., 2021).
The eNd(0) values (ranging from —3.53 to —10.20) of the Jurassic-Cretaceous samples from the West Sarawak
also fall within the overlapped range of eNd(0) values of the nearby Jurassic - Cretaceous magmatism from the
Vietnam (—1.5 to —4.5) and the Dangerous Grounds (—1.8 to —11.9) (Table S2 in Supporting Information S1).
Taken together, our new results confirm the existence of a Late Jurassic to Late Cretaceous magmatic arc across
the western continental margin of the South China Sea, South Vietnam, and West Borneo. U-Pb data show the
highest proportion of Late Jurassic-Late Cretaceous detrital zircon ages in the younger sediments (Table S3
in Supporting Information S1) (Figure 4). Hence, we suggest that Late Jurassic to Late Cretaceous sediments
received more Jurassic to Cretaceous magmatic rocks denudation from its vicinity during its sedimentation.

In summary, such zircon production events (peaks at 430, 360, 250-270, 160, 110-120, 102 Ma) accompanied by
a progressive disappearance of older sources Paleozoic populations disappeared in younger samples are similar to
the observed in the South China block (Chen et al., 2021; Pastor-Galén et al., 2021). It may indicate that the West
Sarawak experienced a similar tectonic evolution with South China block from 430 to 100 Ma.

5.2. Tectonic Evolution

The dominantly felsic source rocks (Figure 3), low €éNd(0) values (average of —13.07) (Table S1 in Support-
ing Information S1), high ZTR values (>85%), large proportion of the Precambrian zircon population (78%),
all indicate that the source rocks of the Triassic sediments were mainly formed by erosion within a relatively
tectonically-inactive continental margin. In the SiO,-K,0/Na,O, La-Th-Sc and Th-Sc-Zr/10 ternary diagrams
(Roser & Korsch, 1986; Bhatia & Crook, 1986), the Late Triassic sedimentary rocks are plotted between tectonic
settings of the active continental margin and passive continental margin (Figure 3), consistent with the tectonic
settings reflected by the average abundances of La (42.73 ppm), Cr (81.96 ppm) and the ratios of Sc/Cr (0.21),
Y LREE/Y HREE (11.52), La/Yb (19.20), and 8Eu (0.52) (Figure 3). These observations are supported by the
general scarcity of volcanic detritus among the Triassic sediments (Kirk, 1968). Hence, we infer the Triassic
sediments were deposited in a marginal basin adjacent to the ancient craton, suggesting a period of limited to
completely inactive subduction in the Late Triassic (Figure 5b).

Early and Middle Jurassic rocks in West Sarawak are missing (Hutchison, 2005), presumably due to strong
tectonic uplift. Early Jurassic granitoids in the Schwaner Mountains appear to reflect westward subduction of
the Paleo-Pacific plate in the West Borneo (Wang et al., 2022). During this 200 to 170 Ma period of uplift and
folding (Figures le and 1f), detrital zircon U-Pb age data show almost no record of magmatic activity in West
Sarawak (magmatic lull in Table S3 in Supporting Information S1). Data from borehole samples from the Pearl
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Figure 3. (a) Hf-La/Th plot (Floyd & Leveridge, 1987), (b) La/Sc-Co/Th plot (Gu et al., 2002), (c) K,0/Na,0-SiO, plot (Roser & Korsch, 1986), (d) La-Th-Sc plot, (e)
Th-Sc-Zr/10 plot (Bhatia & Crook, 1986). OIA: Oceanic Island Arc; CIA Continental Island Arc; ACM: Active Continental Margin; PM: Passive Margin. (f) Tectonic
background of the sedimentary rocks from West Sarawak (Bhatia, 1985). The La, Ce value of the mudstone was divided by 1.2 to obtain the correction equivalent to
that of the graywackes (W. L. Xu et al., 2013; Z. J. Xu et al., 2013). Part of the Serabang Formation (Lubok Antu Melange) is from Zhao et al. (2021).

River Mouth Basin, Reed Bank, and Dangerous Grounds also show intermittent magmatic activity during the
Early Jurassic (Yan et al., 2010). This suggests that between ca. 200—170 Ma there probably was a magmatic lull
across an extensive region stretching from the South China Sea to West Sarawak.

After the Middle Jurassic, abundant magmatism between 170 and ~70 Ma has been widely reported from the
South China (Li & Li, 2007), Pearl River Mouth Basin (Xu et al., 2017), the southern Indochina Peninsula
(Shellnutt et al., 2013), Dangerous Grounds (Yan et al., 2010), as well as Borneo (Wang et al., 2021; Zhao et al.,
2021and this study). The immature heavy mineral assemblage, very low ZTRs (average ~ 50%), eNd(0) (aver-
age —5.57-4.33), progressive disappearance Precambrian zircon population and mixed felsic/basic source in the
Hf-La/Th plot is consistent with the active continental margin to continental island arc tectonic setting from the
La-Th-Sc and Th-Sc-Z1/10 ternary diagrams (Figure 3). All the observations suggest a period of active subduc-
tion with flare-ups of magmatism. The widespread Paleo-Pacific subduction and magmatism stretched from our
West Borneo study area to northeast Asia (Wu et al., 2022).

5.3. Implication for Paleo-Pacific Slab Dip Angles

Modeling studies have shown that periodic shallowing and steepening of slab dips during long-term subduction
(Guillaume et al., 2009; Yan et al., 2022). Slab shallowing subduction typically produce strong compression and
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and Hall (2018), Breitfeld et al. (2017), Wang et al. (2021). See Table S3 in Supporting Information S1 for data.
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subduction along the eastern margin of Sundaland. (c) Reconstructed map of 200170 Ma Paleoplate (Li & Jiang, 2013). (d)
The shallowing subduction of the Paleo-Pacific plate during 200170 Ma. (e) Reconstructed map of Late Jurassic Paleoplate
(Li & Jiang, 2013). (f) Increased magmatism due to slab steepening of the Paleo-Pacific plate. NCC—North China Craton,
SCB—South China block, BO—Borneo.
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magmatic quiescence in the overriding plate, whereas slab steepening (or rollback) typically results in the back-
arc extension and increased magmatism (Lee & King, 2011; Zhang et al., 2019). In this context, detrital zircon
U-Pb geochronology is especially useful since it can be used to track the evolution of magmatic arcs (Zhang
et al., 2019) and thus infer changes in slab dip (Guillaume et al., 2009; Zhang et al., 2019). Evidence for such
changes can be found across the former margin.

Within south-central Vietnam in the Middle Jurassic, a contractional fold belt developed with estimated short-
ening averaging 37% (Schmidt et al., 2021). Likewise, during Early-Middle Jurassic time the South China block
experienced crustal shortening of up to 160 km across a 600 km wide fold belt (Li et al., 2018) coincident
with a lull in magmatism (Table S3 in Supporting Information S1), also seen in West Borneo. Collectively,
this evidence suggests a shallowing of the Paleo-Pacific slab beneath Southeast China and West Borneo ca.
200-170 Ma (Figure 5d). To the north it would appear that subduction at this time involved a more steeply
dipping slab (Hao et al., 2020; Wu et al., 2019) since magmatism occurred across the eastern North China
Craton.

In the Middle to Late Jurassic, eastern North China Craton was mostly subjected to compression with regional
uplift from c. 167 Ma (Hao et al., 2020) and thrust-dominated deformation at 160-140 Ma (Wu et al., 2019). The
structural reversal took place in the Early Cretaceous stage. There was an eastward younging trend of magma-
tism in the Cretaceous, accompanied by the extensional structures (Yang et al., 2007). This is consistent with a
subduction model with a westerly dipping subduction of the Paleo-Pacific slab from the Middle-Late Jurassic flat
or shallowing subduction, followed by the slab rolled back since the Early Cretaceous. After the Middle Jurassic
(170-~70 Ma), West Borneo was possibly affected by back-arc extension and experienced increased magmatism
associated with a seaward younging trend in the overriding plate (Figure S1 in Supporting Information S1),
caused by slab steepening or rollback (Figure 5f).

The simplest explanation of our results in terms of periods of compression, breaks, and flare-ups of magmatism
and changes in the younging direction of magmatism is that west dipping subduction of the Paleo-Pacific slab
underwent periodic shallowing and steepening of slab dip, similar to that observed in other long-lived volcanic
arcs including the Central Andes and Neo-Tethyan arc system from southern Tibet to Sumatra (Li et al., 2020;
Zhang et al., 2019).

6. Conclusions

Sedimentary records from West Borneo analyzed in this study show Late Triassic sedimentary rocks that exhibit
overall mature mineral assemblages, dominantly felsic and Precambrian-aged zircon population, and low eNd(0)
values (average —13.07) that indicate craton erosion during a period of limited to completely inactive subduction.
During the Early Jurassic, probable uplift and erosion are ascribed to flat subduction of the Paleo-Pacific slab
that commenced during ca. 200-170 Ma. Starting in the Middle Jurassic, our results show abundant magmatism
in West Borneo since ca. 170-70 Ma that implies the Paleo-Pacific subduction stretched from West Borneo to
northeast China and the Russian Far East. We ascribe the West Borneo magmatism to a slab steepening event that
was localized along the southernmost part of the East Asian continental margin.

Data Availability Statement

Please use the link below to access the Tables S1, S2, S3, and S4 in the manuscript. https://doi.org/10.5281/
zenodo.7724861.

References

Andersen, T. (2005). Detrital zircons as tracers of sedimentary provenance: Limiting conditions from statistics and numerical simulation. Chem-
ical Geology, 216(3—4), 249-270. https://doi.org/10.1016/j.chemge0.2004.11.013

Armstrong-Altrin, J. S., Yong, I. L., Verma, S. P., & Ramasamy, S. (2004). Geochemistry of sandstones from the upper Miocene Kudankulam
formation, southern India: Implications for provenance, weathering, and tectonic setting. Journal of Sedimentary Research, 74(2), 285-297.
https://doi.org/10.1306/082803740285

Bhatia, M. R. (1985). Rare Earth element geochemistry of Australian Paleozoic graywackes and mudrocks: Provenance and tectonic control.
Sedimentary Geology, 45(1-2), 97-113. https://doi.org/10.1016/0037-0738(85)90025-9

Bhatia, M. R., & Crook, K. W. (1986). Trace element characteristics of graywackes and tectonic setting discrimination of sedimentary basins.
Contributions to Mineralogy and Petrology, 92(2), 181-193. https://doi.org/10.1007/bf00375292

ZHOU ET AL.

9of 11

d ‘8 €T0T L008KH61

:sdy woxy papeoy

ASURdIT suowwo)) aaneal) ajqesrjdde ayy £q pauroAoS a1e sajdnIE YO 2SN JO SN 10§ AIeIqI aul[uQ) A3[IA\ UO (SUONIPUOI-PUE-SULIA) W0 3] 1M’ AIeIqI[aul[uo//:sdy) suonipuo)) pue suua | ay) S [207/S0/L0] uo Areiqry autjuQ Lo[ipy ‘Areiqi euoziry JO ANsioatun £q 0L€2011OTT0T/6TO1 01/10p/wod Kaim”


https://doi.org/10.5281/zenodo.7724861
https://doi.org/10.5281/zenodo.7724861
https://doi.org/10.1016/j.chemgeo.2004.11.013
https://doi.org/10.1306/082803740285
https://doi.org/10.1016/0037-0738(85)90025-9
https://doi.org/10.1007/bf00375292

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Geophysical Research Letters 10.1029/2022GL102370

Breitfeld, H. T., & Hall, R. (2018). The eastern Sundaland margin in the latest Cretaceous to Late Eocene: Sediment provenance and depositional
setting of the Kuching and Sibu Zones of Borneo. Gondwana Research, 63, 34—64. https://doi.org/10.1016/j.gr.2018.06.001

Breitfeld, H. T., Hall, R., Galin, T., Forster, M. A., & BouDagher Fadel, M. K. (2017). A Triassic to cretaceous Sundaland—Pacifc subduction
margin in West Sarawak, Borneo. Tectonophysics, 694, 35-56. https://doi.org/10.1016/j.tecto.2016.11.034

Chen, W. H,, Yan, Y., Carter, A., Huang, C. Y., Yumul, G. P., Jr., Dimalanta, C. B., et al. (2021). Stratigraphy and provenance of the Paleogene
syn-rift sediments in central-southern Palawan: Paleogeographic significance for the South China margin. Tectonics, 40(9), €2021TC006753.
https://doi.org/10.1029/2021tc006753

Floyd, P. A., & Leveridge, B. E. (1987). Tectonic environment of the Devonian Gramscatho Basin. South Cornwali frame work mode and
Geochemical Levidence from Turbidities and Stones. Journal of Geology Society London, 144(4), 531-542. https://doi.org/10.1144/
gsjgs.144.4.0531

Gao, B., Chen, J., Huang, X., Xin, H., & Zheng, Q. (2022). Resolving the tectonic setting of South China in the late Paleozoic. Geophysical
Research Letters, 49(15), €2022GL099809. https://doi.org/10.1029/2022g1099809

Gu, X. X,, Liu, J. M., Zheng, M. H., Tang, J., & Qi, L. (2002). Provenance and tectonic setting of the Proterozoic turbidites in Hunan, South
China: Geochemical evidence. Journal of Sedimentary Research, 72(3), 393-407. https://doi.org/10.1306/081601720393

Guillaume, B., Martinod, J., & Espurt, N. (2009). Variations of slab dip and overriding plate tectonics during subduction: Insights from analogue
modelling. Tectonophysics, 463(1-4), 167-174. https://doi.org/10.1016/j.tecto.2008.09.043

Hall, R. (2012). Late Jurassic—Cenozoic reconstructions of the Indonesian region and the Indian Ocean. Tectonophysics, 570, 1-41. https://doi.
org/10.1016/j.tecto.2012.04.021

Hao, W., Zhu, R., & Zhu, G. (2020). Jurassic tectonics of the eastern North China craton: Response to initial subduction of the Paleo-Pacific plate.
Geological Society of America Bulletin, 133(1-2), 19-36. https://doi.org/10.1130/b35585.1

Hu, L. S., Cawood, P. A., Yang, J. H., & Jiao, L. X. (2015). Late Paleozoic to early Mesozoic provenance record of PaleoPacifc subduction beneath
south China. Tectonics, 34(5), 986—1008. https://doi.org/10.1002/2014tc003803

Hutchison, C. S. (2005). Geology of North-West Borneo; Sarawak. Brunei and Sabah (pp. 1-421). Elsevier.

Isozaki, Y., Aoki, K., Nakama, T., & Yanai, S. (2010). New insight into a subduction-related orogen: A reappraisal of the geotectonic framework
and evolution of the Japanese islands. Gondwana Research, 8(1), 82-105. https://doi.org/10.1016/j.gr.2010.02.015

Jahn, B. M. (1974). Mesozoic thermal events in Southeast China. Nature, 248(5448), 480-483. https://doi.org/10.1038/248480a0

Kim, S. W., Kwon, S., Ko, K., Yi, K., Cho, D. L., Kee, W. S., & Kim, B. C. (2015). Geochronological and geochemical implications of early to
middle Jurassic continental adakitic arc magmatism in the Korean Peninsula. Lithos, 227, 225-240. https://doi.org/10.1016/j.lithos.2015.04.012

Kirk, H. J. C. (1968). The igneous rocks of Sarawak and Sabah. Geological Survey, Borneo Region, Bulletin 5.

Lee, C., & King, S. D. (2011). Dynamic buckling of subducting slabs reconciles geological and geophysical observations. Earth and Planetary
Science Letters, 312(3—4), 360-370. https://doi.org/10.1016/j.epsl.2011.10.033

Li, J. H., Dong, S. W., Cawood, P. A., Zhao, G. C., Johnston, S. T., Zhang, Y. Q., & Xin, Y. J. (2018). An Andean-type retro-arc foreland
system beneath northwest South China revealed by SINOPROBE profiling. Earth and Planetary Science Letters, 490, 170-179. https://doi.
org/10.1016/j.eps1.2018.03.008

Li, J. H., & Jiang, H. F. (2013). Lithofacies palaeogeography and palaeoenvironment of global paleoplate reconstruction (pp. 1-130). Geology
Press.

Li, S., Chung, S. L., Lai, Y. M., Ghani, A. A., Lee, H. Y., & Murtadha, S. (2020). Mesozoic juvenile crustal formation in the easternmost Tethys:
Zircon Hf isotopic evidence from Sumatran granitoids, Indonesia. Geology, 48(10), 1002—1005. https://doi.org/10.1130/g47304.1

Li, S., Suo, Y., Li, X., Zhou, J., Santosh, M., Wang, P., et al. (2019). Mesozoic tectono-magmatic response in the East Asian ocean-continent
connection zone to subduction of the Paleo-Pacific Plate. Earth-Science Reviews, 192,91-137. https://doi.org/10.1016/j.earscirev.2019.03.003

Li, Z. X, & Li, X. H. (2007). Formation of the 1300-km-wide intracontinental orogen and postorogenic magmatic province in Mesozoic South
China: A flat-slab subduction model. Geology, 35(2), 179-182. https://doi.org/10.1130/g23193a.1

Liu, W., Gai, C., Feng, W., Cao, W., Guo, L., Zhong, Y., et al. (2021). Coeval evolution of the eastern Philippine Sea Plate and the South China Sea
in the early Miocene: Paleomagnetic and provenance constraints from ODP Site 1177. Geophysical Research Letters, 48(14), €2021GL093916.
https://doi.org/10.1029/2021g1093916

Morton, A. C., & Hallsworth, C. R. (1994). Identifying provenance-specific features of detrital heavy mineral assemblages in sandstones. Sedi-
mentary Geology, 90(3—4), 241-256. https://doi.org/10.1016/0037-0738(94)90041-8

Nguyen, T. B. T., Satir, M., Siebel, W., Vennemann, T., & Trinh, V. L. (2004). Geochemical and isotopic constraints on the petrogenesis of gran-
itoids from the Dalat zone, southern Vietnam. Journal of Asian Earth Sciences, 23(4), 467-482. https://doi.org/10.1016/j.jseaes.2003.06.001

Pastor-Galan, D., Spencer, C. J., Furukawa, T., & Tsujimori, T. (2021). Evidence for crustal removal, tectonic erosion and flare-ups from the
Japanese evolving forearc sediment provenance. Earth and Planetary Science Letters, 564, 116893. https://doi.org/10.1016/j.eps1.2021.116893

Roser, B. P., & Korsch, R. J. (1986). Determination of tectonic setting of sandstone-mudstone suites using SiO, content and K,0/Na,O ratio. The
Journal of Geology, 94(5), 635-650. https://doi.org/10.1086/629071

Schmidt, W. J., Handschy, J. W., Bui, H., Morley, C. K., Tuan, N. Q., & Tung, N. T. (2021). Tectonic analysis of the Jurassic ban don group,
Vietnam and its significance for the development of the southeast margin of indochina. Tectonophysics, 817, 229040. https://doi.org/10.1016/j.
tecto.2021.229040

Shellnutt, J. G., Lan, C.-Y., Long, T. V., Usuki, T., Yang, H. J., Mertzman, S. A., et al. (2013). Formation of cretaceous Cordilleran and
post-orogenic granites and their microgranular enclaves from the Dalat zone, southern Vietnam: Tectonic implications for the evolution of
Southeast Asia. Lithos, 182—183, 229-241. https://doi.org/10.1016/j.1ithos.2013.09.016

Tang, J., Xu, W. L., Niu, Y. L., Wang, F., Ge, W. C., Sorokin, A. A., & Chekryzhov, I. Y. (2016). Geochronology and geochemistry of late
Cretaceous—Paleocene granitoids in the Sikhote-Alin Orogenic Belt: Petrogenesis and implications for the oblique subduction of the
Paleo-Pacific Plate. Lithos, 266-267, 202-212. https://doi.org/10.1016/j.1ithos.2016.09.034

Wang, C., Liang, X., Foster, D. A., Fu, J., Jiang, Y., Dong, C., et al. (2016). Detrital zircon U-Pb geochronology, Lu—Hf isotopes and REE
geochemistry constrains on the provenance and tectonic setting of Indochina Block in the Paleozoic. Tectonophysics, 677, 125-134. https://
doi.org/10.1016/j.tecto.2016.04.008

Wang, T., Zheng, Y., Zhang, J., Zeng, L., Donskaya, T., Guo, L., & Li, J. (2011). Pattern and kinematic polarity of late Mesozoic extension in
continental NE Asia: Perspectives from metamorphic core complexes. Tectonics, 30(6), TC6007. https://doi.org/10.1029/2011tc002896

Wang, Y., Liu, Z., Murtadha, S., Cawood, P. A., Qian, X., Ghani, A., et al. (2022). Jurassic subduction of the Paleo-Pacific plate in South-
east Asia: New insights from the igneous and sedimentary rocks in West Borneo. Journal of Asian Earth Sciences, 232, 105111.
https://doi.org/10.1016/j.jseaes.2022.105111

ZHOU ET AL.

10of 11

ssdiy wouy papeojumoq ‘8 ‘€707 *LO0SPH61

ASUADI'] SUOWIWO)) dANEa1) d[qedt[dde oy £q PouIaA0T aIe SA[OIIE () fasn O SA[NI 10j KIeIqIT] AUIUQ) KIA UO (SUOIIPUOD-PUB-SULIS)/ WD Ad[ 1M’ AIeIqi[our[uo//:sdny) suonipuoy) pue sud ], oy 89S [$707/S0/L0] U0 Areiqry aurjuQ) Ao[Ipy ‘AIeIqr] BUOZIIY JO ANSIOAIUN AQ 0LE201TDTT0T/6TO1 01/10p/wod Kajim-


https://doi.org/10.1016/j.gr.2018.06.001
https://doi.org/10.1016/j.tecto.2016.11.034
https://doi.org/10.1029/2021tc006753
https://doi.org/10.1144/gsjgs.144.4.0531
https://doi.org/10.1144/gsjgs.144.4.0531
https://doi.org/10.1029/2022gl099809
https://doi.org/10.1306/081601720393
https://doi.org/10.1016/j.tecto.2008.09.043
https://doi.org/10.1016/j.tecto.2012.04.021
https://doi.org/10.1016/j.tecto.2012.04.021
https://doi.org/10.1130/b35585.1
https://doi.org/10.1002/2014tc003803
https://doi.org/10.1016/j.gr.2010.02.015
https://doi.org/10.1038/248480a0
https://doi.org/10.1016/j.lithos.2015.04.012
https://doi.org/10.1016/j.epsl.2011.10.033
https://doi.org/10.1016/j.epsl.2018.03.008
https://doi.org/10.1016/j.epsl.2018.03.008
https://doi.org/10.1130/g47304.1
https://doi.org/10.1016/j.earscirev.2019.03.003
https://doi.org/10.1130/g23193a.1
https://doi.org/10.1029/2021gl093916
https://doi.org/10.1016/0037-0738(94)90041-8
https://doi.org/10.1016/j.jseaes.2003.06.001
https://doi.org/10.1016/j.epsl.2021.116893
https://doi.org/10.1086/629071
https://doi.org/10.1016/j.tecto.2021.229040
https://doi.org/10.1016/j.tecto.2021.229040
https://doi.org/10.1016/j.lithos.2013.09.016
https://doi.org/10.1016/j.lithos.2016.09.034
https://doi.org/10.1016/j.tecto.2016.04.008
https://doi.org/10.1016/j.tecto.2016.04.008
https://doi.org/10.1029/2011tc002896
https://doi.org/10.1016/j.jseaes.2022.105111

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Geophysical Research Letters 10.1029/2022GL102370

Wang, Y.J., Wu, S. N., Qian, X., Cawood, P. A., Lu, X. H., Gan, C. S., et al. (2021). Early Cretaceous subduction in NW Kalimantan: Geochrono-
logical and geochemical constraints from the Raya and Mensibau igneous rocks. Gondwana Research, 101, 243-256. https://doi.org/10.1016/j.
2r.2021.08.006

Wu, F. Y., Yang, J. H,, Xu, Y. G., Wilde, S. A., & Richard, J. W. (2019). Destruction of the North China Craton in the Mesozoic. Annual Review
of Earth and Planetary Sciences, 47(1), 173—195. https://doi.org/10.1146/annurev-earth-053018-060342

Wu, J. T. J., Wu, J., & Okamoto, K. (2022). Intra-oceanic arc accretion along Northeast Asia during Early Cretaceous provides a plate tectonic
context for North China craton destruction. Earth-Science Reviews, 226, 103952. https://doi.org/10.1016/j.earscirev.2022.103952

Xu, C., Zhang, L., Shi, H., Brix, M. R., Huhma, H., Chen, L., et al. (2017). Tracing an early Jurassic magmatic arc from South to East China Seas.
Tectonics, 36(3), 466—492. https://doi.org/10.1002/2016tc004446

Xu, W. L., Pei, F. P,, Wang, F., Meng, E., Ji, W. Q., Yang, D. B., & Wang, W. (2013). Spatial-temporal relationships of Mesozoic volcanic rocks
in NE China: Constraints on tectonic overprinting and transformations between multiple tectonic regimes. Journal of Asian Earth Sciences,
74, 167-193. https://doi.org/10.1016/j.jseaes.2013.04.003

Xu, Y. J., Cawood, P. A., & Du, Y. S. (2016). Intraplate orogenesis in response to Gondwana assembly: Kwangsian orogeny, South China. Amer-
ican Journal of Science, 316(4), 329-362. https://doi.org/10.2475/04.2016.02

Xu, Z. J., Cheng, R. H., Wang, L. L., Zhang, L., Shen, Y. J., & Yu, Z. F. (2013). Mineralogical and element geochemical characteristics of the
late Triassic — Middle Jurassic sedimentary rocks in southwestern Fujian Province: Constraints on changes of basin tectonic settings. Acta
Petrologica Sinica, 29(8), 2913-2924. (in Chinese with English abstract).

Yan, Q., Shi, X., Liu, J., Wang, K., & Bu, W. (2010). Petrology and geochemistry of Mesozoic granitic rocks from the Nansha micro-block,
the South China Sea: Constraints on the basement nature. Journal of Asian Earth Sciences, 37(2), 130-139. https://doi.org/10.1016/j.
jseaes.2009.08.001

Yan, Q. S., Shi, X. F., & Castillo, P. R. (2014). The late Mesozoic—Cenozoic tectonic evolution of the South China Sea: A petrologic perspective.
Journal of Asian Earth Sciences, 85, 178-201. https://doi.org/10.1016/j.jseaes.2014.02.005

Yan, Z., Chen, L., Zuza, A. V., Tang, J., Wan, B., & Meng, Q. (2022). The fate of oceanic plateaus: Subduction versus accretion. Geophysical
Journal International, 231(2), 1349-1362. https://doi.org/10.1093/gji/ggac266

Yang, J. H., Wu, E. Y., Chung, S. L., Lo, C. H., Wilde, S. A., & Davis, G. A. (2007). Rapid exhumation and cooling of the Liaonan metamorphic
core complex inferred from 40Ar/39Ar thermochronology: Implications for the Late Mesozoic tectonic evolution of North China craton.
Geological Society of America Bulletin, 119(11-12), 1405-1414. https://doi.org/10.1130/b26085.1

Zhang, X. R., Chung, S.-L., Lai, Y.-M., Ghani, A. A., Murtadha, S., Lee, H.-Y., & Hsu, C. C. (2019). A 6000-km-long Neo-Tethyan arc system
with coherent magmatic flare-ups and lulls in South Asia. Geology, 47(6), 573-576. https://doi.org/10.1130/g46172.1

Zhao, Q., Yan, Y., Zhu, Z. F., Andrew, C., Peter, C., Meor, H. A, et al. (2021). Provenance study of the Lubok Antu Mélange from the Lupar
valley, West Sarawak, Borneo: Implications for the closure of eastern Meso-Tethys? Chemical Geology, 581, 120415. https://doi.org/10.1016/j.
chemgeo.2021.120415

Zhou, X. M., & Li, W. X. (2000). Origin of late Mesozoic igneous rocks in southeastern China: Implications for lithosphere subduction and
underplating of mafic magmas. Tectonophysics, 326(3-4), 269-287. https://doi.org/10.1016/s0040-1951(00)00120-7

Zhou, Y., Liu, H. L., Liu, Q. S., Yan, Y., Yao, Y.J., Li, Y. H., et al. (2021). Early Cretaceous compressive structures in the Nansha block (Danger-
ous Grounds): Implication for the Late Mesozoic tectonic regime on the southern margin of the South China Sea. Journal of Asian Earth
Sciences, 222, 104963. https://doi.org/10.1016/j.jseaes.2021.104963

Zhou, Y., Yan, Y., Liu, H. L., Cai, J. X., Zhou, M. F.,, Shen, B. Y., et al. (2020). U-Pb isotope geochronology of syntectonic granites from Hainan
Island, South China: Constraints on tectonic evolution of the eastern Paleo-Tethys Ocean. Journal of Ocean University of China, 19(6),
1315-1330. https://doi.org/10.1007/s11802-020-4352-1

Zhu, K. Y., Li, Z. X, Xu, X. S., & Wilde, S. A. (2013). Late triassic melting of a thickened crust in southeastern China: Evidence for flat-slab
subduction of the Paleo-Pacific plate. Journal of Asian Earth Sciences, 74, 265-279. https://doi.org/10.1016/j.jseaes.2013.01.010

Zhu, R. X., & Xu, Y. G. (2019). The subduction of the West Pacific Plate and the destruction of the North China Craton. Science China Earth
Sciences, 62(9), 1340-1350. https://doi.org/10.1007/s11430-018-9356-y

ZHOU ET AL.

11of 11

ssdiy wouy papeojumoq ‘8 ‘€707 *LO0SPH61

ASUADI'] SUOWIWO)) dANEa1) d[qedt[dde oy £q PouIaA0T aIe SA[OIIE () fasn O SA[NI 10j KIeIqIT] AUIUQ) KIA UO (SUOIIPUOD-PUB-SULIS)/ WD Ad[ 1M’ AIeIqi[our[uo//:sdny) suonipuoy) pue sud ], oy 89S [$707/S0/L0] U0 Areiqry aurjuQ) Ao[Ipy ‘AIeIqr] BUOZIIY JO ANSIOAIUN AQ 0LE201TDTT0T/6TO1 01/10p/wod Kajim-


https://doi.org/10.1016/j.gr.2021.08.006
https://doi.org/10.1016/j.gr.2021.08.006
https://doi.org/10.1146/annurev-earth-053018-060342
https://doi.org/10.1016/j.earscirev.2022.103952
https://doi.org/10.1002/2016tc004446
https://doi.org/10.1016/j.jseaes.2013.04.003
https://doi.org/10.2475/04.2016.02
https://doi.org/10.1016/j.jseaes.2009.08.001
https://doi.org/10.1016/j.jseaes.2009.08.001
https://doi.org/10.1016/j.jseaes.2014.02.005
https://doi.org/10.1093/gji/ggac266
https://doi.org/10.1130/b26085.1
https://doi.org/10.1130/g46172.1
https://doi.org/10.1016/j.chemgeo.2021.120415
https://doi.org/10.1016/j.chemgeo.2021.120415
https://doi.org/10.1016/s0040-1951(00)00120-7
https://doi.org/10.1016/j.jseaes.2021.104963
https://doi.org/10.1007/s11802-020-4352-1
https://doi.org/10.1016/j.jseaes.2013.01.010
https://doi.org/10.1007/s11430-018-9356-y

	Nature of the Paleo-Pacific Subduction Along the East Asian Continental Margin in the Mesozoic: Insights From the Sedimentary Record of West Sarawak, Borneo
	Abstract
	Plain Language Summary
	1. Introduction
	2. Geological Background
	3. Sampling and Methodology
	4. Results
	5. Discussion
	5.1. Provenance
	5.2. Tectonic Evolution
	5.3. Implication for Paleo-Pacific Slab Dip Angles

	6. Conclusions
	Data Availability Statement
	References


