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Abstract: Hainan Island is the only large island located on the northern margin of the South China
Sea and is surrounded by Cenozoic graben basins, including the Qiongdongnan, Yinggehai, and
Beibuwan basins. The uplift and denudation history of the Jianfeng pluton on southwestern Hainan
Island is significant for understanding the formation of the regional geomorphology and adjacent
basin evolution. This paper presents apatite and zircon fission-track (FT) analyses conducted on the
Jianfeng pluton. The zircon FT (ZFT) ages of the pluton range from 63 + 4 to 117 + 8 Ma, and the
apatite FT (AFT) ages from 19.4 + 1.8 to 43.9 + 4.4 Ma. The average confined track lengths in apatite
are relatively short (11.9-12.8 um). An age—elevation plot indicates that two rapid cooling events
occurred during 73-63 and 44—40 Ma. Thermal modeling revealed four stages of 73-63 Ma, 44-40 Ma,
40-11 Ma and 11-0 Ma. From the Late Cretaceous to middle Eocene (73-40 Ma), the Jianfeng area
underwent episodic rapid uplift and denudation. At the end of the Late Cretaceous (73-63 Ma), the
area was affected by mid-ocean ridge spreading in the Proto-South China Sea. During the middle
Eocene (44—40 Ma), the Yinggehai Basin underwent abrupt expansion and subsidence, which
increased the elevation difference between the Jianfeng area and the Yinggehai Basin. From the
middle Eocene to middle Miocene (40-11 Ma), the Jianfeng area underwent slow denudation and the
Yinggehai Basin was rapidly infilled, which eliminated the original elevation difference between the
two areas. From the middle Miocene to present (11-0 Ma), the Jianfeng area has undergone
reactivated rapid uplift and denudation, driven by the remote effects of India—Eurasia collision.

Keywords: Hainan Island; Yinggehai Basin; uplift and denudation; Cooling history; dynamic
mechanism

1. Introduction

Hainan Island is located at the intersection of the Eurasian, Indian, and Pacific plates [1,2]. It is
the only large island above sea-level on the northern margin of the South China Sea. The island is
surrounded by the Qiongdongnan, Yinggehai, and Beibuwan basins, which form the framework of
the basin—-mountain structure of the region [3,4]. The proximal coarse-grained clastic sediments
resulting from the uplift and denudation of Hainan Island now comprise important reservoirs in the
surrounding Cenozoic oil and gas basins [5-7]. Consequently, the uplift and denudation history of
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Hainan Island is essential for understanding the sedimentary dynamics of the surrounding basins
[8,9].

The peaked Jianfeng mountain is located in southwestern Hainan Island, near the Yinggehai
Basin. The main peak, with an altitude of 1412 m, contrasts sharply with the Yinggehai Basin and
surrounding hilly terrain to the west. It is the most significant geological tourism area in the National
Park of Hainantropical Rainforest and is of considerable scientific and tourist interest. It is the main
place to understand the sedimentary history of adjacent basins and the Cenozoic tectonic evolution
of the region. The Jianfeng pluton is the primary geological feature in the Jianfeng scenic area within
the national park. Due to the proximity of the Baolun Au deposit to the margin of the Jianfeng pluton,
previous studies have investigated the petrogenesis and tectonic setting of the pluton, and its
relationship to Au mineralization [10-12]. However, there have been no quantitative studies of the
uplift and denudation of the pluton, which were important in the formation of the granite landforms
and sedimentary history of the adjacent basins. This has resulted in an incomplete understanding of
the geoscientific significance of the national park.

Fission-track (FT) dating can be used to reconstruct the uplift and denudation history of the
shallow crust and constrain the effects of regional tectonic changes, due to its relatively low annealing
temperature and track length variations produced when a mineral resides within the partial
annealing zone (PAZ) [13-16]. This paper presents new apatite (AFT) and zircon fission-track (ZFT)
analyses of the Jianfeng pluton. We constrained the uplift age, cooling rate, and rate and amount of
denudation of the Jianfeng pluton since the late Mesozoic. In addition, we determined the uplift and
denudation mechanisms of Hainan Island since the late Mesozoic. These results enhance our
understanding of the geoscientific significance of the national park and can guide exploration for oil
and gas in the basins around Hainan Island.

2. Geological Setting

Hainan Island is a long-exposed, continental margin island located on the northern margin of
the South China Sea, separated from mainland South China by the Qiongzhou Strait. Its topography
is characterized by high elevations in the center of the island [17]. Hainan Island is located in the
footwall of the main boundary fault of the surrounding Cenozoic graben basins, including the
Qiongdongnan, Yinggehai, and Beibuwan basins (Figure la). The island is located near the
intersection of the Eurasian, Indian, and Pacific plates, and has been affected by the Tethyan and
Pacific tectonic domains [1,4,18,19]. Its structural features are relatively complex, with faults being
the dominant structures, which were formed by collision and compression during the Hercynian—
Indosinian orogenies, extensional faulting during the Yanshanian Orogeny, and further rifting
during the Himalayan Orogeny [20,21]. Throughout the Cenozoic, the structure of Hainan Island has
remained relatively stable. The pre-Cenozoic faults along its margins have been continuously active,
particularly the E-W-trending Wangwu-Wenjiao, NE-SW-trending Binhai, and NW-SE-trending
Pugian faults (Figure 1b). These faults have controlled the Cenozoic sedimentation and magmatism
on the island [3]. The strata on the island are relatively complex, and include Mesoproterozoic to
Quaternary rocks, but no Devonian or Jurassic strata. The Mesoproterozoic Baoban Group comprises
gneisses and migmatites that have undergone amphibolite-facies metamorphism. The upper
Proterozoic Shilu Group consists of schists that have undergone greenschist-facies metamorphism.
The Paleozoic strata are mainly marine carbonate—clastic rocks. The Triassic marked a transition from
marine to continental sedimentation, and the Cretaceous clastic rocks in the central mountainous area
are folded with NW-SE-trending fold axes. The Cenozoic rocks occur mainly around and to the north
of Hainan Island. The Paleogene strata consist of continental clastic rocks that overlie an angular
unconformity developed on the underlying Cretaceous strata. The Neogene rocks record a change
from continental to shallow-marine sedimentation. Unconsolidated Quaternary coastal sediments
form the coastal terraces [5,22]. Hainan Island has also experienced significant magmatism, with
Permian to Cretaceous granites being the most widely distributed igneous rocks. The volcanic rocks
are primarily Cretaceous rhyolites, along with Neogene and Quaternary basalts [23].
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Figure 1. (a) Sketch map of basins around Hainan Island and (b) geological sketch map of Hainan Island
(modified from [4]).

Jianfengling is located on southwestern Hainan Island and is a prominent landform in the
western part of the national park, known as one of “China's Top Ten Most Beautiful Forest Parks”.
The main peak, with an altitude of 1412 m, contrasts sharply with the Yinggehai Basin and
surrounding hilly terrain to the west. The Jianfeng pluton forms the geological core of the Jianfeng
scenic area, and is located south of the Wangwu—Wenjiao Fault and at the southwestern margin of
the Baisha graben basin. This nearly circular composite pluton (Figure 2) consists primarily of coarse-
grained porphyritic biotite syenite granite of the Triassic Jianfengling unit, fine-grained porphyritic
biotite syenite of the Heiling unit, and fine-grained biotite syenite of the Shouling unit, along with a
small amount of quartz diorite of the late Permian Baishicun unit. The Jianfengling unit is the main
lithology. The zircon U-Pb age of the middle section of the pluton is 249 + 5 Ma [12], while the zircon
U-Pb age of the pluton margin is 236 + 2 Ma [10]. Therefore, the emplacement age of the Jianfeng
pluton ranged between 249 and 236 Ma. Based on geochemical and isotopic analyses of the granite,
it is an aluminous A-type granite that formed in a post-orogenic extensional setting [10].
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Figure 2. Geological sketch map of the Jianfeng area on Hainan Island (modified after [12]).

3. Methods

Seven samples of fresh granite were collected along a nearly straight transect from the top to the
bottom of the Jianfeng mountain, over an altitude difference of ~200 m. Each sample weighed ~2.0
kg. Five samples were subjected to both ZFT and AFT analysis, and two samples were subjected to
AFT dating. The samples were first coarsely crushed, finely crushed, and sieved, and then rinsed and
subjected to density, magnetic, and heavy liquid separation to obtain apatite and zircon grains. The
FT analyses were undertaken at the Low Temperature Thermochronology Laboratory of the School
of Earth Sciences, China University of Geosciences, Wuhan, China. Zircon and apatite were mounted
on Teflon sheets and in epoxy resin, respectively, and polished to expose grain centers, ensuring there
were no scratches and smooth grain surfaces. The zircon and apatite were then etched separately.
Zircon was etched in a 1:1 NaOH and KOH melt at a constant temperature of 228°C for 30—42 h,
depending on factors such as the U content. Apatite was etched in 5.5 mol/L HNOs at a constant
temperature of 21°C for 20 s. The experimental procedures followed the internationally accepted
external detector method for FT analysis. The zircon and apatite were irradiated in a reactor using
this external detector method. After irradiation, once the sample reached a safe radiation level, the
mica sheet was etched in 48% HF at a constant temperature of 20°C for 18 min [24,25]. FT lengths
were measured using an Axio Imager Z2m microscope (magnification 1000x) in conjunction with a
fully automatic Autoscan FT system [26]. The ages were calculated using the Zeta correction method
recommended by the International Union of Geological Sciences (IUGS), where the Zeta constant
represents the weighted-mean of the standard samples [27]. The Zeta values obtained in this study
were 331.4 + 26.5 for apatite and 127.3 + 6.8 for zircon.
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4. Results
4.1. ZFT Results

The ZFT results for the five samples of the Jianfeng granite are listed in Table 1. The pooled ZFT
ages range from 63 + 4 to 117 + 8 Ma, and are younger than the crystallization age of the granite (249-
236 Ma). This indicates the ages represent the cooling ages of the pluton after reaching the zircon
annealing temperature. The x? test values for the five samples are 71%-98%, much higher than the
critical value of 5%. This suggests the single grain ages of each sample belong to the same age group
and effectively record the thermal cooling history. In a FT age-elevation diagram (Figure 3), the ZFT
ages display an inflection at 570 m and show a linear distribution from 73 Ma to 63 Ma, indicative of
a rapid cooling event between 73 and 63 Ma. The exhumation rates before ~ 73 Ma and during 73 -
63 Ma are 0.02 km/Myr and 0.04 km/Myr, respectively.

Table 1. Fission-track dating results for zircon and apatite from the Jianfeng area, Hainan Island.
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confined tracks. If P(x?) > 5, Pooled age is used, otherwise Central age is used.
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Figure 3. Fission-track age—elevation diagram for the Jianfeng area, Hainan Island.

4.2. AFT Results

The AFT results are presented in Table 1. The pooled AFT ages range from 19.4 + 1.8 to 43.9 + 4.4
Ma, and are much younger than the crystallization age of the Jianfeng granite. The x2 test values for
the seven samples are all 100%, greatly exceeding the critical value of 5% and indicating the ages are
robust. This suggests that the single grain ages of each sample belong to the same age group. The
average confined track length is relatively constant, but short (11.9-12.8 um). The standard deviation
ranges from 1.0 to 1.5 um, which is slightly larger than expected, and the track length distribution is
somewhat broad and positively skewed with a single peak (Figure 4). This is indicative of slow
transport through the PAZ[25]. In a FT age-elevation diagram (Figure 3), the AFT ages show an
inflection at 570 m and display a linear distribution from 44 Ma to 40 Ma, indicating a rapid cooling
event between 44 and 40 Ma. The exhumation rates during 44 ~ 40 Ma and after ~ 40 Ma are 0.20 km
/ Myr and 0.02 km / Myr, respectively.
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Figure 4. Histogram of apatite fission-track lengths for samples from the Jianfeng area on Hainan Island.

4.3. Modeling Results

We used the annealing model of Ketcham et al. [28] and a Monte Carlo approximation to
simulate the thermal history of the samples. The initial conditions for the simulation are based on the
AFT parameters, and the modeling was performed using HeFTy1.9.3 software. The initial simulation
temperature was set to the ZFT annealing temperature of ~210°C [29]. The temperature range for the
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AFT PAZ is 60-110°C [30], while the final simulation temperature corresponds to the current surface
temperature of 20°C. The model timeframe extends from 120 Ma in the Late Cretaceous to the
present-day. Throughout the simulation, the model path was continuously refined in conjunction
with the regional geological background and FT parameters to achieve the optimal results. The
goodness-of-fit (GOF) value was used to assess the fit to the track length distributions and ages. A
GOF value of >0.05 generally indicates an acceptable simulation result, while a value of >0.5 is
considered a good simulation [31-33]. The results of the thermal modeling revealed that the five data
models fit well, whereas the other data models (JFL09 and JFL11) are not discussed due to the GOF
values being <0.5. Based on the thermal modeling, the geothermal gradient was estimated to be based
on the thermal modeling 30°C/km [5,34], with a surface temperature of 20°C [5,34]. The cooling rate,
and amount and rate of denudation in the different stages of the thermal history were estimated as
follows.

The thermal histories of the five samples are similar (Figure 5), and generally exhibit a three-
stage evolution. (1) During 73-40 Ma, the temperature decreased rapidly from the ZFT annealing
temperature of 210°C to 76°C. The time difference is 33 Myr, and the temperature difference is 134°C,
resulting in a cooling rate of 4.06 C/Myr, denudation of 4.47 km, and denudation rate of 0.14 km/Myr.
(2) During 40-11 Ma, the temperature cooled gradually from 76°C to 56°C, near the top of the AFT
PAZ. The time difference is 29 Myr and the temperature difference is 20°C, yielding a cooling rate of
0.69°C/Myr, denudation of 0.67 km, and denudation rate of 0.02 km/Myr. (3) From ca. 11 Ma to the
present, the temperature cooled rapidly from 56°C to the current surface temperature of 20°C. The
time difference is 11 Myr and the temperature difference is 36°C, yielding a cooling rate of 3.27
°C/Myr, denudation of 1.20 km, and denudation rate of 0.11 km/Myr. The total uplift and denudation
of Jianfengling on Hainan Island since the Late Cretaceous (~73 Ma) is ~6.33 km.

d0i:10.20944/preprints202502.1758.v1
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Figure 5. Simulation results of the thermal history of the Jianfeng area on Hainan Island.
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5. Discussion

In the Early Jurassic (205-180 Ma), Hainan Island transitioned from collision in the Tethyan
tectonic domain to subduction in the Pacific tectonic domain [20,35]. During the Late Cretaceous, the
subduction and retreat of the Paleo-Pacific Plate led to back-arc extension and the formation of the
NE-SW-trending Baisha graben basin, A-type granites, and mafic dikes on Hainan Island [11].
Following this, northwestern Hainan Island was affected by collision of the Indian and Eurasian
plates, eastern Hainan Island was affected by subduction of the Pacific Plate and Philippine Sea Plate,
and south Hainan Island was influenced by subduction in the Proto-South China Sea and opening of
the South China Sea [36,37].

5.1. Late Cretaceous to Middle Eocene Episodic Rapid Uplift and Denudation

From the Late Cretaceous to middle Eocene (73-40 Ma), the Jianfeng area on southwestern
Hainan Island underwent episodic rapid uplift and denudation, characterized by a cooling rate of
4.06°C/Myr, denudation of 4.47 km, and denudation rate of 0.14 km/Myr. However, the FT age-
elevation diagram (Figure 3) indicates that two rapid cooling events occurred at 73—-63 and 44-40 Ma.
This discrepancy can be attributed to the lack of FT length control on the simulation results over the
temperature range of 210-110°C. Consequently, the rapid uplift and denudation in the Jianfeng area
during this period can be described as episodic, with higher rates during 73-63 and 44-40 Ma.

At the end of the Late Cretaceous (73-63 Ma), southeastern China was affected by mid-ocean
ridge spreading in the Proto-South China Sea and subduction of the Pacific Plate, which replaced the
Paleo-Pacific Plate [38]. The Neo-Tethys Ocean had not yet closed and the Indian Plate had not yet
begun to collide with the Eurasian Plate [2,39]. During this period, rapid uplift and denudation of
southeastern Hainan Island began earlier (82-63 Ma) than on southwestern Hainan Island (73-63 Ma)
[40]. This suggests that the driving mechanisms of the rapid uplift and denudation of Hainan Island
originated from its southeastern region (Figure 6al). Field data indicate that the Cretaceous strata in
the Baisha Basin in the central mountainous area of Hainan Island experienced NW-SE compression,
resulting in the formation of oblique folds and an angular unconformity with the overlying strata.
Similarly, the Late Cretaceous granitic intrusions on the island record NW-SE compression on
conjugate joints, but there is no record of magmatism at the end of the Late Cretaceous (ca. 80 Ma)
[11]. Therefore, the mechanisms of rapid uplift and denudation of Hainan Island at the end of the
Late Cretaceous were likely mid-ocean ridge push from the Proto-South China Sea. Some studies
have also proposed that a subduction and compression event related to the Pacific Plate occurred in
southeastern China at the end-Cretaceous, based on the development of large-scale NE-SW-trending
thrust faults in South China [41]. The NW-SE compressive stress caused by the subduction of the
Pacific Plate is thought to have gradually weakened from north to south along the continental margin
of South China. However, the onset of rapid cooling and denudation on Hainan Island, located on
the southern margin of South China (ca. 82 Ma), is consistent with the onset of compression recorded
along the continental margin of South China (ca. 80 Ma) [6,7]. Consequently, the rapid uplift and
denudation of Hainan Island at the end of the Late Cretaceous could not have been due to subduction
of the Pacific Plate.
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Figure 6. Mesozoic—Cenozoic tectonic evolution of Hainan Island (modified after [40]). (al) At the end of the
Late Cretaceous (73-63 Ma), mid-ocean ridge spreading in the Proto-South China Sea generated NW-SE-
oriented compressional stress. (a2) During the early Paleocene to middle Eocene (6344 Ma), the Pacific Plate
subducted and retreated, causing the local stress field to change to NW-SE extension, which initiated basin
extension and rifting around Hainan Island. (a3) From the middle Eocene to late Oligocene (44—40 Ma), abrupt
extension and subsidence of the Yinggehai Basin increased the height difference between the Jianfengling area
and the Yinggehai Basin, leading to rapid denudation. (b) From the middle Eocene to middle Miocene (40-11
Ma), large amounts of sediment transported by the Red River from the southeastern Qinghai-Tibetan Plateau
quickly infilled the Yinggehai Basin, eliminating the elevation difference between the Jianfengling area and the
adjacent Yinggehai Basin. (c) From the middle Miocene to present (11-0 Ma), the remote effects of the collision
between the India and Eurasia plates produced NW-SE-oriented compression.

In the Cenozoic (ca. 63 Ma), the Pacific Plate subducted and retreated, causing a change in the
local stress field to NW-SE extension [42]. As a result, the basins around Hainan Island began to
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undergo extension, rifting, and sediment deposition (Figure 6a2). In the middle Eocene (44-40 Ma),
the Pacific Plate along the eastern margin of Eurasia continued to subduct, while the Indian Plate
collided with the Eurasian Plate along its western margin [43,44]. At this time, oceanic lithosphere of
the Proto-South China Sea on the southeastern margin of Eurasian Plate was subducting southward
beneath the Borneo Block [40]. The Pacific Plate and Hainan Island were separated by the subduction
zone in the Proto-South China Sea. The compressive stress generated by subduction was poorly
transmitted to Hainan Island. The southeastern part of Hainan Island underwent slow denudation
during this period [40], and thus the driving force of the rapid uplift and denudation during the
middle Eocene (44-40 Ma) could not have been due to subduction in the Proto-South China Sea. The
intense collision between the Indian and Eurasian plates caused the asthenospheric mantle beneath
the Eurasian Plate to escape in a northeast direction. Previous studies have documented a trend of
progressively later uplift and denudation, as well as tectonic inversion, from the continental margin
to oceanic basin in eastern South China. This is interpreted to record the remote effects of collision
between the Indian and Eurasian plates during the middle Eocene, resulting in the transmission of
compressive stress from west to east [45]. However, no inversion structures have been found in the
basins around Hainan Island that formed during this period and, in fact, rifting continued [4]. The
relatively rapid denudation on the island could not have resulted from the remote compressive stress
caused by the collision of the Indian and Eurasian plates. Another significant result of the collision
on the western margin of Eurasian Plate was the large-scale, left-lateral, strike-slip activity of the Red
River Fault Zone, which led to the sudden expansion and subsidence of the Yinggehai pull-apart
basin (Figure 6a3). This significantly increased the height difference between the peak area on
southwestern Hainan Island and the Yinggehai Basin, resulting in rapid denudation during this
period.

5.2. Middle Eocene to Middle Miocene Slow Denudation

From the middle Eocene to middle Miocene (40-11 Ma), the Jianfeng area on southwestern
Hainan Island underwent slow denudation, with a cooling rate of 0.69 °C/Myr, denudation of 0.67
km, and denudation rate of 0.02 km/Myr. During this period, the compressive stress generated by
subduction of the Pacific Plate to the east could not be transmitted to Hainan Island_(Figure 6b). The
Indian and Eurasian plates to the west continued to experience a hard continental collision [43], and
subduction in the Proto-South China Sea to the south decreased [46]. Previous studies indicate that
the Proto-South China Sea underwent accelerated subduction at 40-24 Ma, and FT data for
southeastern Hainan Island record a brief period of rapid uplift [22,40,47]. However, the Jianfengling
area continued to undergo slow denudation during 40-11 Ma, suggesting that accelerated subduction
in the Proto-South China Sea primarily affected denudation on eastern Hainan Island. Some studies
have also proposed that rapid denudation occurred on southern Hainan Island during the Oligocene
[5]. However, the average confined AFT length from this study is relatively uniform, but short (11.9-
12.8 um), with a large standard deviation (1.0-1.5 um), indicating a rapid cooling event did not occur
on Hainan Island during the Oligocene. This is supported by the AFT length data and the
geodynamics of the Cenozoic extensional graben basins surrounding Hainan Island.

The Beibuwan, Yinggehai, and Qiongdongnan basins around Hainan Island are the primary
accumulation sites for denuded materials from the northern margin of the South China Sea. The
source areas of these materials include the southeastern Qinghai-Tibetan Plateau, eastern Vietnam,
and Hainan Island, with the Qinghai-Tibetan Plateau being the main source. The sediments are
primarily transported by the Red River, making the southeastern region a significant contributor [48].
Although the Indian and Eurasian plates continue to collide, the rotation of the Indosinian Block and
left-lateral slip on the Red River Fault have caused further extension in the Yinggehai sub-basin on
southwestern Hainan Island. During the middle uplift stage of the Qinghai-Tibetan Plateau (40-25
Ma), the thickness and altitude of the crust increased significantly [49]. This uplift led to a substantial
influx of sediment from the southeastern Qinghai-Tibetan Plateau, which quickly filled the Yinggehai
Basin. Consequently, this eliminated the elevation difference between the Jianfengling area and the
adjacent Yinggehai Basin.


https://doi.org/10.20944/preprints202502.1758.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 February 2025 d0i:10.20944/preprints202502.1758.v1

12 of 16

5.3. Middle Miocene to Present Rapid Cooling and Denudation

From the middle Miocene to the present (11-0 Ma), the Jianfeng area has experienced strong
cooling and erosion, with a cooling rate of 3.27 C/Myr, denudation of 1.20 km, and denudation rate
of 0.11 km/Myr. This is consistent with the increased sedimentation recorded in the surrounding
basins since the middle Miocene [50]. During the middle Miocene (ca. 11 Ma), subduction in the Proto-
South China Sea south of Hainan Island was accompanied by a cessation of the expansion of the
South China Sea, while the Philippine Sea Plate to the east was wedged in a north-northwest direction
[42]. In the Qiongdongnan Basin on the island and around its periphery, a series of NW-SE-trending
left-lateral strike-slip faults, as represented by the Puqian Fault, developed, cutting the older NE-SW-
trending coastal faults (Figure 6¢c). However, there are no inversion structures in the Qiongdongnan
Basin to the east of Hainan Island. This indicates the strong compressive stress generated by wedging
of the Philippine Sea Plate to the east absorbed deformation by strike-slip movement, with minimal
vertical movement. Paleomagnetic data further support this, showing that Hainan Island has rotated
counterclockwise by ~9° relative to the Philippine Sea Plate [51]. In contrast, the Beibuwan Basin to
the north of Hainan Island contains NE-SW-trending inverted folds, with the intensity of inversion
decreasing from northwest to southeast. Similarly, the Yinggehai Basin on southwestern Hainan
Island contains inverted folds [50], indicating that Hainan Island was subjected to NW-SE
compressive stress resulting from the collision between the Indian and Eurasian plates. Since the
middle Miocene, the Red River—Ailaoshan Fault Zone on the southeastern margin of the Qinghai-
Tibetan Plateau has been reactivated, leading to a marked increase in the component of vertical
movement [17,52]. This has triggered NW-SE compressive stress along the northern margin of the
South China Sea, including Hainan Island. Since ca. 5 Ma, although FT thermal modeling indicates
that all samples were located in the upper AFT PAZ, increased rainfall associated with strengthening
of the Southeast Asian monsoon has accelerated the denudation rate [53].

6. Conclusions

From the Late Cretaceous to middle Eocene (73—40 Ma), the Jianfeng area experienced episodic
rapid uplift and denudation. During this period, the cooling rate and the amount and rate of
denudation were 4.06°C/Myr, 4.47 km, and 0.14 km/Myr, respectively. At the end of the Late
Cretaceous (73-63 Ma), these changes were initiated by the mid-ocean ridge spreading in the Proto-
South China Sea. During the middle Eocene (44—40 Ma), significant left-lateral strike-slip movement
along the Red River Fault caused the Yinggehai pull-apart basin to abruptly expand and subside,
resulting in a notable increase in the elevation difference between the Jianfengling area and Yinggehai
Basin.

From the middle Eocene to middle Miocene (40-11 Ma), the Jianfeng area experienced slower
denudation. During this period, the cooling rate, and amount and rate of denudation were
0.69°C/Myr, 0.67 km, and 0.02 km/Myr, respectively. A large volume of sediment sourced from the
southeastern Qinghai-Tibetan Plateau was transported by the Red River, which rapidly filled the
Yinggehai Basin. This influx of sediment eliminated the elevation difference between the Jianfeng
area and the adjacent Yinggehai Basin.

From the middle Miocene to present (11-0 Ma), the Jianfeng area has again undergone rapid
cooling and erosion. During this period, the cooling rate, and amount and rate of denudation were
3.27°C/Myr, 1.20 km, and 0.11 km/Myr, respectively. The remote effects of the collision between the
Indian and Eurasian plates subjected Hainan Island to significant compression, resulting in this rapid
uplift and denudation.
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