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The orogenic evolution of Taiwan is thought to have occurred with a steady and

southward propagating trend since the Late Miocene. Recent studies suggest a

two-stage collision for the Taiwan orogen and that the collision occurred

simultaneously along the entirety of the island of Taiwan. To test this

hypothesis, we evaluated 270 bathymetry profiles normal to the trench to

constrain variations in the width, length, and crest of the Taiwan accretionary

prism from the northern Central Ridge to the southern Hengchun Ridge. South

of Taiwan Island, a gradual increase in the width and elevation of the

accretionary prism of the Hengchun Ridge is noted. Assuming that the uplift

of Hengchun Ridge is dominated by the accretion of hyper-stretched

continental crust (HSCC), we estimated the uplift rate of the ridge (ca.

0.3 km/Ma) based on a linear regression between the HSCC and the

observed depth of the prism crest. Using this uplift rate, we forward

modeled the prism crest depth variations from 19.7°N to 23.5°N, and

compared these values to observations. The model gives a good match to

observations of the Hengchun Ridge, but significantly deeper depths to the

north of Hengchun Peninsula. This suggests that the Taiwan orogeny had two

stages: the first stage was dominated by structurally underplated HSCC, and the

second is a combination of the arrival of the continental shelf and arc–continent

collision. In addition to the widely accepted arc–continent collision, our study

suggests that both the location and orientation of the continent–ocean

boundary play important roles in orogeny.
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Introduction

The Taiwan orogeny has been described as an evolving

tectonic setting resulting from active and oblique collision

between the north-trending Luzon Arc and the northeast-

trending Eurasian continental margin (Suppe, 1984). This

tectonic setting indicates that the collision started in the north

and propagated southward, as suggested by many studies (Liu

et al., 2001; Willett et al., 2003; Huang et al., 2006). Both Liu et al.

(2001) and Willett et al. (2003) observed a southward

propagation of the collision zone (starting at 5–7 Ma) using

apatite and zircon fission-track ages based on the analysis of

sedimentary rocks and bedrock in the Central Ridge of Taiwan.

Based on regional geological settings and records, Huang et al.

(2006) proposed a scenario in which continuous southward

migration of the collision zone occurred since around 6.5 Ma.

Recently, based on interpretations of the detrital

thermochronology record of sediment samples in Taiwan,

Resentini et al. (2020) observed a southward exhumation

process, and Malusa and Fitzgerald (2020) identified a

migration of fast erosion rates in the accretionary wedge from

the northern to southern Coastal Range since the Late Miocene.

Both studies support a southward propagation of the collision

zone during oblique arc–continent collision. However, several

other studies have challenged the idea of a southward

propagation (Mesalles et al., 2014; Lee et al., 2015). According

to thermochronological constraints and the timing of rapid

subsidence in the eastern Taiwan foreland basin based on

recently published zircon fission-track ages, both Lee et al.

(2015) and Mesalles et al. (2014) observed an onset of

exhumation in both the northern and southern parts of

Taiwan Island at ca. 5–7 Ma, suggesting that collision may

have occurred simultaneously along the entirety of the island.

In addition, slow to moderate uplift of Central Ridge rocks since

6–7 Ma, followed by a rapid uplift after 2–3 Ma (Teng, 1990; Hsu

et al., 2016; Lee et al., 2006) may suggest a two-stage collision for

the Taiwan orogen, rather than a single southward arc–continent

collision process.

Recent geophysical studies have observed that the passive

margins of the northern South China Sea (SCS) are

characterized by a wide area (>200 km) of extremely

thinned hyper-stretched continental crust (HSCC), rather

than a narrow transition zone, which is presently

subducting along the Manila Trench (Lester et al., 2013;

McIntosh et al., 2013; Eakin et al., 2014; Lester et al., 2014;

Liu et al., 2018) (Figure 1). In addition, the results of seismic

refraction profiles across the Hengchun Ridge show that the

uplift of the Hengchun Ridge is primarily caused by the

accretion of HSCC (McIntosh et al., 2013). HSCC

underthrusting could be the dominant process in the

initial stage of mountain building in Taiwan; this is

supported by a comparison between crustal structure

(McIntosh et al., 2013) and geothermal gradients (Mesalles

et al., 2014) on and offshore Taiwan. Because the boundary

between the oceanic crust, HSCC, and continental crust at the

northern margin of the SCS have different trends than those

of the Manlia Trench (Figure 1), the subducted plate along

the Hengchun Ridge varies from oceanic crust to HSCC to

continental crust moving northward. Thus, the Hengchun

Ridge can be used as an analog for studying the evolution of

accretionary prisms developed from oceanic crust to HSCC

subduction, providing an opportunity to study the early

orogenic history of Taiwan Island. Integrating these

observations with onshore geology allows us to further

construct the entire tectonic evolution of the Taiwan

orogeny, which developed from oceanic crust subduction

to arc–continental collision.

Tectonic background

Taiwan Island features an active orogenic system

resulting from the collision between SE Eurasia and the

Luzon Arc west of the Philippine Sea plate (Teng, 1990). It

developed by at least 10 Ma during the eastward subduction

of the SCS oceanic crust (Liu et al., 2019), which is

characterized by a high convergent rate (8 cm/yr) (Yu

et al., 1997). The initial stages of the Taiwan collision

started with the arrival of Eurasian continental crust along

the Manila Trench around 5–7 Ma (Willett et al., 2003; Lee

et al., 2015). Following the accretion of continental crust

(McIntosh et al., 2005, 2013), the prism collided with the

northernmost Luzon volcanic arc of the Philippine Sea Plate,

at which time more rapid uplift occurred with the arrival of

thicker continental crust intersecting the prism (Mesalles

et al., 2014).

Based on present-day geological observations, the

tectonic setting of the region changes from north to south

along the Taiwan orogen (Figure 1). In the north, the Taiwan

orogen is primarily composed of three distinct geomorphic

units; from west to east, these are the subducted Eurasian

continental margin, the accretionary prism, and the accreted

Luzon Arc (Huang et al., 2006) (Figure 1). Morphologically,

the Central Ridge of Taiwan extends continuously from

Hengchun Peninsula to the offshore Hengchun Ridge

(Figure 1) and has a common tectonic origin (Huang

et al., 2006; McIntosh et al., 2013). The Central Ridge

stretches from 22°N to 25.25°N and has a length of more

than 500 km. The Hengchun Peninsula, which is located at

the southernmost part of Taiwan Island, is the southern

extended segment of the Central Ridge, and marks the

northern most part of the accretionary prism in the

Manila subduction zone (Zhang et al., 2016). Based on

regional tectonostratigraphic records, Huang et al. (2006)

suggested that the onset of collision in the Hengchun

Peninsula could have started during the early Pliocene. To
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the south, the submarine Hengchun Ridge stretches more

than 350 km from 20.2°N to 22°N, representing a subduction

wedge between the Manila Trench and the fore-arc basin of

the Luzon Trough. This northward increase in width and

elevation results in a significant change in morphology, likely

in response to an earlier collision process (McIntosh et al.,

2013). Two distinct structural domains (the upper and lower

slope) have been observed in the Hengchun Ridge. The upper

slope has imbricated thrusts and folds, while the lower slope

is characterized by a sharp change in bathymetric relief

(Lester et al., 2013; Eakin et al., 2014). The transition from

lower to upper slope could be caused by out-of-sequence

thrusts (Lin et al., 2008), or structurally underplated

subducted crust (Lester et al., 2013). To the west, several

seismic studies show that the northern SCS has a broad

(>200 km) continental–ocean transition zone that

comprises HSCC (stretching factor 3–5) with a thickness

between 5 and 15 km, which is presently subducting at the

Manila Trench (Wang et al., 2006; Lester et al., 2013;

McIntosh et al., 2013; Eakin et al., 2014; Lester et al., 2014;

Liu et al., 2018) (Figure 1). Furthermore, seismic studies

reveal a high-velocity anomaly suggestive of a HSCC

structurally underplated beneath the base of the

accretionary prism (width 20 km, height 10 km) (Lester

et al., 2013) (MGL0905-27 in Figure 1). This feature was

also discovered beneath onshore Taiwan with a thicker (up to

30 km) and slightly wider spatial (ca. 30 km) extent

(McIntosh et al., 2005, 2013) (OBS1995 in Figure 1). Based

on regional seismic studies and magnetic anomalies, the

subduction of oceanic crust at the Manila Trench probably

occurs only to the south of 20.2°N (Eakin et al., 2014).

Materials and methods

Because the continental-ocean transition zone of the

northern margin of the SCS trends differently than the

Manila Trench, the subducted plate along the trench varies

from oceanic to HSCC, and northward to continental crust

subduction. To understand how the structure of prism

growth is related to this process, we estimated changes in

the morphology of the accretionary prism northward. The

bathymetrical map is derived from Tozer et al. (2019)

(SRTM15+) with a resolution of 15 s. For the location of

the Manila Trench between 23°N and 23.5°N, we estimated

the location based on a frontal thrust fault (Laonung fault)

west of the Central Range. This fault was proposed following

the proto-Manila trench and acted as the deformation front

of the subduction wedge during the arc-continental collision

(Huang et al., 1997). Between 21.5°N and 23°N, the trench

represents as a deformation front on land connecting the

offshore Manila Trench (e.g., Lallemand and Tsien, 1997; Liu

et al., 1997; Liu et al., 2004). Here, we estimate the sea–land

connection of the deformation front from Liu et al. (1997).

Then, we extracted the bathymetry of the Taiwan

accretionary prism normal to the trench every 2 km,

representing a variation in width, slope, and crest of the

accretionary prism from 19.7°N to 23.5°N. This resulted in the

obtainment of 270 different profiles normal to the trench.

Along the profile, the spacing is 1 km; this retains the main

structural characteristics of the prism. The crest of the prism

is calculated based on the average depth of the ten shallowest

points of the prism. The width of the prism is estimated from

the trench point to the western boundary of the prism (solid

red line in Figure 1). The slope is estimated based on a

FIGURE 1
Regional features illustrated on a bathymetric map
[SRTM15+; (Tozer et al., 2019)]. Solid black lines represent the
locations of the regional seismic refraction profiles: OBS 2001
(Wang et al., 2006), T1 and T2 (Eakin et al., 2014), OBS 2015-2
(Liu et al., 2018), OBS 1995 (McIntosh et al., 2005), MGL0905-27
(Lester et al., 2013), MGL0905-20 (Lester et al., 2014), and OBS
2012 (Wan et al., 2017). The area of hyper-stretched continental
crust (HSCC), indicated by transparent blue, is constrained by
regional seismic refraction profiles and modified from Li et al.
(2019). The solid red line indicates the eastern boundary of the
accretionary prism. The Luzon Arc is moving northwestward
towards the Eurasian continent at 70–80 mm/yr (Yu et al., 1999).
CR: Central Ridge, EUP: Euroasian Plate, HR: Hengchun Ridge, HP:
Hengchun Peninsula, LA: Luzon Arc, PSP: Philippine Sea Plate.
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standard least-squares linear regression model (y = a + b·x,
where the b is the slope) for each accretionary prism using the

GMT program “gmtregress” (Wessel and Smith, 1991).

Although the slope could have been affected by regional

processes (slumps, erosion, and mud volcanoes), a gradual

process of slope change should provide a representative

mechanism for the growth of the accretionary prism,

where greater and lesser slopes indicate that the growth of

the prism is dominated by vertical and horizontal accretion,

respectively.

To analyze the exhumation history of Hengchun Ridge,

it is also necessary to know its uplift rate. We first estimated

the amount of subducted HSCC based on a simple geometric

relationship between the Manila Trench and HSCC, where

the HSCC east of the Manila Trench was simply extended

following the trend of the HSCC to the west of the trench

(Figure 2). Some uncertainties related to the change of

geometry of the Manila Trench were noted because the

trench migrated westward during subduction; however,

based on reconstructions by Seton et al. (2012), the

overall configuration of the northern Manila Trench has

experiences little change since the Late Miocene. Moreover,

to the east of the trench, the geometry of the HSCC is

generally consistent with a map of a subducted thinned

continental crust slab, which is unfolded and restored to the

Earth surface based on the regional tomography data

provided by Wu et al. (2016) and Liu et al. (2018). Using

an E–W effective convergence rate of 50 mm/yr for the

northern Manila Trench (Tan, 2020), we split the E–W

convergence rate normal to the trench and calculated a

trench-normal subduction plate velocity along the trench.

Then, the duration of the subduction of HSCC could be

estimated. If the growth of the Hengchun Ridge was

dominated by underplating of HSCC to the accretionary

prism, a positive correlation between the duration of the

subducted HSCC and the depth of the prism crest should be

observed. Subsequently, the uplift rate of the Hengchun

Ridge can be estimated by using linear regression to fit

the data.

Results

Hyper-stretched continental crust
underplating

The amount and duration of HSCC subduction between

19.7°N and 23.5°N is shown in Figure 3A. The area between

19.7°N and 21.5°N includes the Hengchun Ridge (offshore),

while the Hengchun Peninsula covers an area between 21.5°N

and 22.5°N. The area north of 22.5°N represents the Central

Ridge. The initial stage of HSCC subduction is at 20.2°N. A

gradually increasing amount of HSCC subduction is noted

between 20.2°N and 21.5°N (0–230 km); this corresponds to

the duration of HSCC subduction from 0 to 5 Ma. Between

21.5°N to 23.5°N, the duration and amount of subducted

continental crust remain almost unchanged at 5 Ma and

240 km, respectively. The relationship between the

duration of HSCC subduction and the observed depth of

the prism crest over Hengchun Ridge is shown in Figure 3B.

In general, a strong positive correlation is observed between

the two, with a correlation coefficient (R) of 0.93. The

observed prism crest increases from −2000 to 0 m and is

associated with an increase in duration from 0 to 5 Ma. Linear

regression determined that the uplift rate of the Hengchun

Ridge is 0.296 ±0.011 km/Ma (red circle and solid line in

Figure 3B). There are some uncertainties in the uplift rate due

to the uncertainties of the convergence rate. Previous studies

have shown that the Philippine Sea Plate is moving toward

FIGURE 2
Area of the hyper-stretched continental crust (HSCC) in the
study region. The distribution of HSCC to the east of the Manila
Trench was simply extended following the trend of HSCC west of
the trench. HSCC subduction normal to the trench is
indicated bywhite dashed lines. Owing to different trends between
the trench and the HSCC, an increasing amount of HSCC
subduction occurs from Hengchun Ridge to Hengchun Peninsula.
CR: Central Ridge, HR: Hengchun Ridge, HP: Hengchun Peninsula,
LA: Luzon Arc.
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the Eurasian continent at the rate of 60–80 mm/yr in

300°–310°azimuth (Yu et al., 1997; Yu et al., 1999). This

results in E–W effective convergence rate at the trench

from 45 to 70 mm/yr. Here, we tested the sensitivity of the

convergence rate from 45 mm/yr to 70 mm/yr to see how it

changes from the uplift rate. The result shows that the

changing of the convergence rate still results in a positive

correlation between the duration of HSCC subduction and

the prism crest, and the uplift rate changes to 0.266 km/Ma

and 0.355 km/Ma at a convergence rate of 45 and 70 mm/yr,

respectively, (green and blue circles and dashed lines in

Figure 3B).

Morphology of the taiwan accretionary
prism

The morphology of the Taiwan accretionary prism is shown

in Figure 4. To the south of 20.2°N, oceanic crust subduction

exhibits less variation in width (70–80 km), slope (0.04–0.05), and

crest of the prism (−1,500 m to −1,200 m). Between 20.2°N and

21.3°N (the Hengchun Ridge), the crest of the prism gradually

increases (−1,500 m to −500 m); this is associated with an

increase in width from 70 to 110 km. The northward increase

in the size of the prism probably results from the accretion of

terrigenous sediments in the SCS continental margin and Taiwan

orogen to the north. The prism slope is almost the same (0.04),

suggesting that the growth of the accretionary prism can be

attributed to both vertical and horizontal accreted. From

21.6°N to 22.2°N, the width increases from 130 to 150 km; this

is associated with a minor change in crest depth (from −500 to

0 m). A decreasing slope in this area (from 0.03 to 0.02) suggests

that the growth of the accretionary prism is marked by horizontal

advection. North of 22.5°N represents the Hengchun Peninsula

and Central Ridge. Here the crest of the accretionary prism

exhibits significant uplift from 0 to 3,500 m. The width of the

accretionary prism is almost constant at 140 km, while the slope

dramatically increases from 0.01 to 0.04, reflecting the rapid

vertical growth of the accretionary prism. The length and

slope of the accretionary prism could be affected by the

uncertainties of the location of the Manila Trench just SW of

Taiwan Island, as the Manila Trench gradually loses its

bathymetric identity north of 21.5°N. There are several

possible ways of the connection between the deformation front

FIGURE 3
(A) Amount and duration of hyper-stretched continental crust (HSCC) subduction. The start of HSCC subduction occurs at 20.2°N. For
Hengchun Ridge, the amount and duration of HSCC subduction increases from 0 to 220 km and 0 to 5 Ma, respectively. For the onshore Hengchun
Peninsula and Central Ridge, the amount and duration remain constant at 240 km and 5 Ma, respectively. (B)Correlation between the duration of the
HSCC subduction and observed crest of the prism over Hengchun Ridge. The red circle shows the correlation based on the E-W effective
convergence rate of 50 mm/yr, and a red solid line indicates a best-fit line. The green and blue circles and dashed lines represent the correlation
based on the E-W convergence rate of 45 and 70 mm/yr, respectively. The positive correlation suggests that the uplift of Hengchun Ridge is
dominated by the accretion of HSCC underthrusting.
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on land and the Manila Trench offshore in SW Taiwan Island

(e.g., Huang et al., 2004; Yu, 2004; Han et al., 2017). Here, we test

the sea–land connection proposed by Han et al. (2017), Lacombe

et al. (2001)), and Lin et al. (2008) (Figure 4A) to see how it

changes the estimated length and slope of the accretionary prism.

The test shows that the length of the accretionary prism changes

of up to 40 km, while the slope to be changed by generally less

than 0.01. In addition, the large amounts of mud diapirs and mud

volcanos are active offshore and onshore SW Taiwan Island (e.g.,

Chen et al., 2014; Doo et al., 2015) could potentially change the

height, accordingly the slope of the accretionary prim. Regional

seismic reflection profiles show that the height of the mud

volcano is generally less than 400 m (Chen et al., 2014), which

results in slope changes of up to 0.003.

Discussion

A range of interpretations have been proposed for the

evolution of the Taiwan orogen. Based on regional tectonic

settings, subduction of SCS crust results in an oblique

arc–continent collision starting at approximately 6.5 Ma in

northern Taiwan and propagating southward (Huang et al.,

2006). Using stratigraphic evidence, low-temperature

FIGURE 4
(A) Bathymetry of the Taiwan accretionary prism from 19.5°N to 24°N. Solid red lines indicate the western and eastern boundaries of the
accretionary prism. Black, green, and blue dotted lines indicate possible trench locations proposed byHan et al. (2017), Lin et al. (2008), and Lacombe
et al. (2001) SW of Taiwan Island. (B) Variations in prism width and slope from 19.7°N to 23.5°N. (C) Comparison between the modeled (red solid line)
and observed prism crest (black solid line) from 19.7°N to 23.5°N. The modeled duration of the subducted hyperextended continental crust is
shown below. The green and blue dash lines show the modeled prism crest using E-W effective convergence rate at 45 and 70 mm/yr, respectively.
(D) Profiles across the accretionary prism at 20.0°N, 21.0°N, and 21.5°N, representing a typical cross section of oceanic subduction, hyper-stretched
continental crust subduction, and initial arc–continental collision, respectively. CR: Central Ridge, EUP: Eurasian Plate, HR: Hengchun Ridge, HP:
Hengchun Peninsula, LA: Luzon Arc, PSP: Philippine Sea Plate.
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thermochronological analysis, and regional seismic data, several

studies have proposed a two-stage collision for the Taiwan

orogen (Lee et al., 2006; Mesalles et al., 2014; Hsu et al.,

2016). The first stage started around 6–8 Ma (Teng, 1990; Liu

et al., 2001; Lee et al., 2006) with a southward propagation of

arc–continent collision (Liu et al., 2001; Willett et al., 2003;

Malusa and Fitzgerald, 2020; Resentini et al., 2020) or a

simultaneous mountain building along the Taiwan orogenic

belt (Lee et al., 2006; Mesalles et al., 2014; Lee et al., 2015;

Hsu et al., 2016). The simultaneous hypothesis is supported by

the fact that both the Luzon Arc and continental margin exhibit

subparallel northward trends during the Late Miocene (Lee et al.,

2015). The uplift of the accretionary wedge can be caused by

arc–continent collision (Lee et al., 2015; Resentini et al., 2020),

subduction of extended continental crust (Lee et al., 2006;

Mesalles et al., 2014), HSCC structural underplating at the

base of the accretionary prism (Lester et al., 2013; McIntosh

et al., 2013), and a combination of crustal accretion, subducting

continental crust, and southward propagation of the arc collision

(Willett et al., 2003). During this stage, the exhumation rate was

slow to moderate (<0.5 km/Ma) (Lee et al., 2006; Hsu et al.,

2016). The second stage recorded an additional period of

shortening and exhumation. The rate of exhumation

significantly accelerated to 2–10 km/Ma at ca. 1–3 Ma (Teng,

1990;Willett et al., 2003; Lee et al., 2006; Mesalles et al., 2014; Hsu

et al., 2016). A consistent acceleration in exhumation rate is

observed along the entirety of the Taiwan orogen, but the

exhumation rate at south is lower than that to the north,

suggesting a longer collision history in the north (Lee et al.,

2006; Hsu et al., 2016). The acceleration of the exhumation rate

could be caused by progressive underthrusting of thicker crust

(Lee et al., 2015; Hsu et al., 2016) and shortening of the prism

associated with Luzon Arc collision (Lee et al., 2006; Mesalles

et al., 2014).

FIGURE 5
Evolution of the Taiwan accretionary prim since the Late Miocene. The location of the trench is derived from Deng et al. (2020) and the area of
the HSCC is modified from Li et al. (2019). Owing to differences in orientation between the Manila Trench and the hyper-stretched continental crust
(HSCC) of the northern South China Sea, the amount of HSCC subduction changes from south to north and has varied through time. The subparallel
trend between the trench and the continental margin supports simultaneous mountain building along the Taiwan orogenic belt during the first
stage of the Taiwan orogeny.
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Our data show that the width and crest of the Hengchun

accretionary prism gradually increase northward (Figure 4).

Assuming prism growth from only the subducted HSCC, we used

the duration of the HSCC and the uplift rate of the Hengchun Ridge

(0.296 km/Ma) to forward model how much of the accretionary

prism has been uplifted north of 19.7°N (Figure 4C). The result shows

that our modeled prism crest (red solid line in Figure 4C) fits

reasonably well with observations south of 22°N. Considering the

uncertainties of the convergence rate, changing the E-W convergence

rate to 45mm/yr and 70mm/yr (green and blue dashed line in

Figure 4C) still result in a reasonable fit between the observed and

modeled prism crest. The estimated uplift rate of theHengchun Ridge

(0.266–0.355 km/Ma) is in agreement with the exhumation rate

(<0.5 km/Ma) characterizing the early stages of mountain

formation in Taiwan (Lee et al., 2006; Hsu et al., 2016). In

addition, our model shows that the initial age of HSCC

subduction at Hengchun Peninsula (22°N) is 4–5Ma (Figure 4C).

This is comparable to the regional sedimentary record, which

indicates that the onset of the submarine collision in the

Hengchun Peninsula could have started during the early Pliocene

(Huang et al., 2006). The slope of the Hengchun accretionary prism

(21°N to 22°N) gradually decreases from 0.04 to 0.02. Considering an

uncertainty of the slope by up to 0.01, it still shows a decreasing trend,

suggesting that the growth of the Hengchun Ridge is dominated by

horizontal advection. This is comparable to the first stages of Taiwan

orogenic formation, where the horizontal transport of materials from

the prism was more important than its vertical uplift (Willett et al.,

2003). In conclusion, the similarity of the exhumation rate, duration,

and mechanism of submarine collision both onshore and offshore

Taiwan suggest a common tectonic origin between the two. It is likely

that the first stage of the Taiwan orogen was dominated by HSCC

subduction. The subparallel trend between the trench and the

continental margin supports simultaneous mountain building

along the Taiwan orogenic belt during the first stage of collision

(Figure 5).

North of 22°N, the observed prism crest experienced a

dramatic uplift. This region also features a significantly

higher (2,000–3,000 m) prism crest than modeled values,

indicating that the growth of the prism is not dominated

by HSCC subduction, evidencing another stage of collision

evolution. During this stage, a significant increase in prism

slope (from 0.01 to 0.04) indicates the dominance of vertical

uplifting over horizontal advection. This is in agreement with

more rapid uplift; indeed, the exhumation rate increases to

2–10 km/Ma during the second stage of the Taiwan orogen

(Lee et al., 2006; Hsu et al., 2016). In addition, considering the

onset of the first stage Taiwan collision at 6–7 Ma (Lee et al.,

2006) and the duration of HSCC subduction (5 Ma; Figure 4),

the estimated duration of the second collision stage is 1–2 Ma.

This is in agreement with several onshore studies suggesting

that the second stage of the Taiwan orogen began at around

1–3 Ma (Teng, 1990; Willett et al., 2003; Lee et al., 2006;

Mesalles et al., 2014). Our model shows that to the north of

the Hengchun Peninsula, thick continental crust subduction

caused significant uplift the accretionary prim (Figure 5). In

addition, a gradual increase in both prism crest and slope

northward suggests that the north experienced rapid uplift

(Figure 4C). This is consistent with lower exhumation rates

recorded in the Hengchun Peninsula than the Central Ridge

(Lee et al., 2006). This exhumation rate could be related to

the combination of the oblique collision between the

continental crust and north-trending Luzon Arc result in

shortening of continental margin section, and the

southward-increasing erosion rate at Taiwan Island

(Malusa and Fitzgerald, 2020).

Conclusion

Based on a combination of the exhumation history of the

Hengchun accretionary prism and the onshore geology of

Taiwan Island, our study supports a two-stage Taiwan orogen.

Owing to the difference in orientation between the Manila

Trench and the HSCC of the northern SCS, the amount of

HSCC subduction over the Hengchun Ridge has changed

from south to north (Figure 5). We use this as an analog to

analyze the first stage of the Taiwan orogeny. During this

stage, the uplift rate of Hengchun Ridge is estimated based

on correlations between the duration of HSCC subduction

and the observed depth of the prism crest, and uses linear

regression to perform the fit. The initial HSCC subduction is

coeval with the start of the Taiwan orogen at 6–7 Ma. In

addition, the uplift of Hengchun Ridge is dominated by an

accretion of structurally underplated HSCC, which is

dominated by horizontal advection rather than vertical

uplift. The exhumation rate is moderate to low (ca.

0.3 km/Ma) and is comparable to the exhumation rate

(<0.5 km/Ma) of the first stage of Taiwan mountain

formation. The subparallel trend between the trench and

continental margin supports simultaneous mountain

accretion along the entire Taiwan orogen. After

subduction of the entire HSCC, the second stage of the

Taiwan orogeny occurred. During this stage, the

exhumation rate of the prism accelerated significantly.

This higher rate was most likely caused by the arrival of a

thick continental shelf intersecting the prism, together with

continent–arc collision. Compared to the widely accepted

arc–continent collision model, our study suggests that both

the location and orientation of the continental–ocean

boundary can also play important roles in orogeny.
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