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Tectonic uplift and geomorphic evolution of the East Tianshan from the

Late Cretaceous to Cenozoic

Abstract: [Objective] As an intracontinental orogenic belt reactivated since the Cenozoic by the far-field
effect of the India-Asia collision, the Tianshan’s Cenozoic tectonic evolution is key to understanding
intracontinental deformation mechanisms. [Methods] Based on stratigraphic sedimentary characteristics
and provenance tracing of a section on the northern margin of the Turpan Basin (south of the Bogda
Shan), the Late Cretaceous—Cenozoic tectonic and geomorphic evolution of the East Tianshan and its
adjacent region has been constrained. [Results] Field investigations reveal that the Paleocene and lower
Oligocene strata in this area consist predominantly of red mudstones, indicating a lacustrine environment
and stable tectonic conditions. The uppermost Cretaceous and Eocene strata contain conglomerate
deposits with relatively small thickness and clast diameters, suggesting tectonic uplift of the Bogda Shan
but with weak intensity. In contrast, the upper Oligocene to Pliocene strata are composed of extremely
thick, coarse conglomerates, reflecting long-term and intense tectonic activity. Detrital zircon U-Pb ages
show that from the Late Cretaceous to the Oligocene, the northern Turpan Basin continuously received
detrital material from the West Tianshan, implying low topographic relief of the Bogda Shan during this
period. Since the Miocene, however, the Bogda Shan has become the primary sediment source, indicating
its rapid tectonic uplift. [Conclusions] In summary, the Bogda Shan remained tectonically stable with low
relief during the Late Cretaceous—Oligocene. Since the late Oligocene, it has undergone intense
deformation and rapid uplift, becoming the sole provenance area for the northern Turpan Basin.
[Significance] This study refines the Cenozoic tectono-geomorphic evolution of the East Tianshan,
thereby contributing to a better understanding of the intracontinental deformation processes resulting from

the India-Asia collision.
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Fig. 1 Regional topographic and geomorphic map with tectonic distribution.

(a) Topography of the Tibetan Plateau and its surrounding region (the red box shows the location of panel b);
(b) Topographic and Tectonic-Drainage Distribution Map of the East and West Tianshan (the red rectangle delineates the

study area).
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Fig. 2 Sedimentary characteristics of the Late Cretaceous-Cenozoic strata in the Tadong section and sampling horizons.

(a) Geological map of the southern piedmont of the Bogda Shan. The five-pointed star and blue dashed line show the

specific locations of the modern river sands (M-8) from the Taerlang River and the Tadong Section (AA”); (b) Stratigraphic

profile of the Tadong Section; (c) Stratigraphic column of the Tadong Section and sample collection locations.
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Fig. 3 Field photos of the main sedimentary characteristics of strata from different periods in the Tadong Section.

(a) Upper Cretaceous conglomerate; (b) Paleocene mudstone; (c) Eocene conglomerate; (d) Oligocene mudstone; (e)

Oligocene conglomerate; (f) Miocene conglomerate
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Fig. 4 Representative cathodoluminescence (CL) images of zircon for each sample.

The yellow dots and the adjacent numbers respectively represent the laser ablation positions and their corresponding

identification numbers, while the white numbers indicate the U-Pb ages of the zircons.
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Fig. 5 Probability density plots of detrital zircon U-Pb ages for the Tadong Section and its potential provenance regions,
with data for the Central Tianshan and North Tianshan primarily sourced from Ren et al. (2017) and Xiang et al. (2019).

HTB—Hutubi River; MNS—Manas River; n—total number of zircon grains
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ARENHYTARY) Chys-6 A1 hys-7) 854 U-Pb -4 A RN IE(E U E 310~300 Ma FRIAERSHE, Sk
TR L 28 PR 2 T S Ay I 8 3 AL 2 1 B — R X
4.3 AEMBRE-FE KX A& iE L

CRETEARENH UTRRHE AR AN B A U-Pb E 3R VIR, JR45& CF IR F AL, S
BRSSO R i i SR I AR (6D .

P —E e, ARk E T 2 RET (Jietal, 2018; Fang et
al., 2019) , A&JEsRZL, DA IR L AL e A E A RS ARE (B2 (kIEESE,
2005) o FEEEMEEH—ETRT I, A IA L ATE R L TG N SR AR S R GRS E B, AL T
FR—FFAME olivet etal., 2018) , BAXIRIE N K L B LG8 R 405 A DT bR &,
I 2 M N AL 2 ) i R M Z S DU A DB 3, BB — KSR R, HlavaE ny —
L SE e 22 ARk (L O LR iR B A b A ot 2 ) A ZE R — B DA o AR R
IR TR IR, R EF IS ARAL, R L& FF ISR ARG, It
HarsE R F R g M AAER P R L — EHRM B R A A G R EYIFEX 2 — . /R & e 2%
TEBT A AT B AR R IO Rt R e, B AH e — DT AR R B DR SRR A 3, R
WAL R LAE & T 40 B TGS (Zhouetal., 20200 , JhAh, AHbFEEZ ISR Z
rk B R AT FE A B A A s B N, R B G IR L i AR AR A AR 2 ek TR AR BT AR
REAZWHE, #—PHRRIERIEAEMHGIALCRCERIN B E R, HHME. KR
i SRR, FEV A T R R Ll 5 ) B 2t 2 A () 46 %) Hh . B ( Yang et al., 2013; Xiang et
al., 2019; Jiaetal, 2020) o fERREFAMANEL, AT A _E L GEHR R DA & A AR
AR AE A N, (ARG D E IR RS A, REUEE B R IR AR I R L I
DM &R AU KR (Fang etal., 2019) o Bk, BCRWRTERT AT I, AL (LA PG
MAER LA SE, R Ll ] sd et 6 R 7K 58 5 1 e 2R 2 ki e R B 2 R A A R . TR
R, WA LB R A T /MBI ERE T, S8t & B A b ST R v e s
i i A PR P, BT SR AL B A 1 A s, BIOR B TR L R A IS A S5 A T 1
I, S B AW R A = A, R RS R BT I E R AR X, M Bt S A S KR B
TP AR HHE 1 B T 5 SR T AR s 1 TS S L BT AR AR ] (>40 Mad BETHRY BOR G R (PiA% 4%
2006; Wangetal., 2008; Jiaoetal., 2021) .

B R M R — R i, IR IR LR AR T R A HLRR I A i B T O T ] R B A AL S R R
A AT, & A A G R AR R A HER I B A G I LT RS ok B AR A L B
— BT AL, RIS DA o AR AR RS Dy ) BRI RS A R A A REAE, AT IR A LT
PR o [R) IR Y 9 L ) e R R P S TR R AR AN I ) K@ L BT A, DA Ak A S A A
FRE E S FA TR R E (BB REE, 20000 o {EAEME/REMMEEZ, L#iHig-2 00 &2
(1 8 B A SRS SRR 38 78 A6 R LI PR Z ORI 3 0 28 T 46 B T IRl mp % L R 7 s 7R 72 b 2 (1] 1 BB
BB, A HADURR 2 R N i AR AR AR AT SE R 8 B A 32 R AL R Ll J A AR AR 2 4 4A T R B T
SRR R HAIEA IR 45 R (Yang etal., 2013; Xiang etal., 2019; Jiaetal., 2020; Zhao
etal., 2020) , IX5ARIERFATEAC S E A1 A K3 JZ 23 # BT s 1 A6 R L e R ) S L iy 48 43t
AR B I FE 80 (Hendrix etal., 1994; Luetal., 2019; Yuetal., 2022) . {ER:-EFFZHLA
#, CRER 2 NG = B A R A R A AT RS R oy E, I AERER R, BA
FAEHARFRE (Fangetal., 2019) , X—HRHERH: ZB—, JbR L LATpe ) EE 0 A HZE 1)
TGP o A p e Bk &R/ i, BPAIE R ILdEE I A SR BN K RO A CH, #EE
IR Z8 40 B SR AE R R LR R D CRR rhCo 1) PEE A AN SCHRIE R Ll BT AR K RIGAELE (Zhou et
al., 20200 ; =, MEFRZMAMERE VIR ERERE TR, HER RS RS
IR R TE K R, SFtreidbth X e Sk S F/ At A (B 1D, (HE2MELLEIAM & & mthib s,
H— B RR SR/ EMA G A R AEDIE AR ER, MBS, &R PTG ) 7
R . X R RIIGIR A 4 Rt — P S 7 Bk S A R . TR E R A R



AR 17 308 B 1 A DT SRR U s A% IR L E 30-20 Ma KA T BN B3 R AR £ (Wang et
al., 2008) , WA (U-Th) /He #tdfs Mz R IE IR A K E (&1 2) FE[RE R 1A A L I i
RIS EFUEH R (~20 Ma) Oy ERIMGFEMIALS, FECHIK R AU B ZE 5 POE R 5
EFRIEROL AT — g, BESE, TSR TR T I (~10 Ma) 2P n e WEY R,

)t & T AL R N R R DL b R PR R B, AT IR R Ll A B AR S T E 2R
TR A A RN e A S ) KB LRI R (Jing et al., 2025) o ARSI L Ay kR B ) =
B BRG] i ik R 5 A FU A 7 B RS 08 L R W T T A DR RR L AL kB R b 2
HEAAE S WA DURRE Bl n) ik 2 7 b S R e 4 L B 2 e % 2 3T X 3 ) h 3 v A — B

AR S, MREEFOA N AR R I (S IE D) A et IXFE BT AR AR LR 1 38 25 i) M 35
BT RE, IS B SR SR AT T T — e it R A W00 R R, R B ot e A S AR
T BT AE BT AR IS 1L 28— HE A 3 Y % ek 6 3 2 R 3 K L L Ry R R T R R T B A T i[RI
WG R T 4 SR AN SCHR R R WL AE BT AE R 8R40 A BR BB U ( Gillespie et al. , 2017; He et
al., 2022a) , /27870 R M 1 IHAEWTH I — rholr B DR & AR sl 2 (R A6 3 75 30 5 M 52 4 4

X5 PR LIRS ) AR — 8, AR TR EIRE - BROAR Rl 1y aze £ e 5 .
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Fig. 6 Schematic diagram of the Late Cretaceous-Cenozoic tectonic landform evolution in the Turpan Basin and its

surrounding regions.

5 %&bk

A AR A L R ek 7 A TR B A T 2 R AR AR R T TR 0 B
SHEEEADEREIT T, EEIRG LR i

(1) k& B G AE 2k 1 22 Y — AR oA e & 5 s BURIBR G S DI, OB AR A
BARMIERE, UGB AR RERE T R I DOk & B >1 km B HRUBR G B S0 it
FRIR AR AE LR A R AR A [ T

(2) #/ U-Pb FWFHER R, &AL S A B i —rp it LLsE R Ch Rk
Kl NEEYIR, ot DUOREE O RERGIE L s — P, A thE R S0 — e 5 U A e e
e R BE H

(3) R I 1L T LG S0 — v S Tk ERL TP i 20 B T e DR — R AR Rl A8 37 5 1 v SIE ot A £
AR R, AR (B4 IR I SR SRy RO 4 i FRe I G i tH B A S 7

(4) WFFRIIZE RIS DR R A T 824 MG T St redife, JRAR Al “A IR



W AEACKIER R LBl N s G AL SR I 18T DTN S

TEE TR B ST . XURE ST AR B K i R o B s ST R S ST AR S A s
FHE XIRA TR A KR OOUREBY; S X FERL &, S
IRRZHHEWIL SH . THE. R FENL KERESSEHME. A EELR IR
Rl R B BRI R 3R

Author’s Contributions: JING Hulu and LIU Kang conceived the study and performed data curation;
JING Hulu also drafted the manuscript; WANG Weitao and LIU Kang designed the research
methodology; WANG Weitao and ZHANG Peizhen acquired funding; JING Hulu, LIU Kang, LI Zhigang,
ZHANG Yipeng, and LU Lejun conducted the investigation; JING Hulu, WANG Weitao, LIU Kang, LI
Zhigang, and ZHANG Peizhen reviewed and edited the manuscript. All authors have read and approved

the submission and publication of the manuscript.
HZE PR AT A RS AT TCAE A 2t R

Conflict of Interests : All authors declare no conflict of interests.

References

Avouac J P, Tapponnier P, Bai M, et al. 1993. Active thrusting and folding along the northern Tien Shan and Late Cenozoic rotation of the Tarim
relative to Dzungaria and Kazakhstan [J]. Journal of Geophysical Research: Solid Earth, 98(B4): 6755-804.

Chen Y, Wang G, Kapp P, et al. 2020. Episodic exhumation and related tectonic controlling during Mesozoic in the Eastern Tian Shan, Xinjiang,
northwestern China [J]. Tectonophysics, 796: 228647.

Cunningham D, Owen L, Snee L, et al. 2003. Structural framework of a major intracontinental orogenic termination zone: the easternmost Tien
Shan, China [J]. Journal of the Geological Society, 160(4): 575-90.

Ding Y, Shen T, Wang G, et al. 2024. Sedimentary and Heavy Mineral Records for the Oligocene-Miocene Exhumation of the Easternmost Tianshan
[J]. Journal of Earth Science, 35(2): 449-61.

Fang Y, Wu C, Wang Y, et al. 2019. Topographic evolution of the Tianshan Mountains and their relation to the Junggar and Turpan Basins, Central
Asia, from the Permian to the Neogene [J]. Gondwana Research, 75: 47-67.

Gillespie J, Glorie S, Jepson G, et al. 2017. Differential Exhumation and Crustal Tilting in the Easternmost Tianshan (Xinjiang, China), Revealed by
Low-Temperature Thermochronology [J]. Tectonics, 36(10): 2142-58.

Han B-F, He G-Q, Wang X-C, et al. 2011. Late Carboniferous collision between the Tarim and Kazakhstan—Yili terranes in the western segment of
the South Tian Shan Orogen, Central Asia, and implications for the Northern Xinjiang, western China [J]. Earth-Science Reviews,
109(3): 74-93.

Han Y, Zhao G. 2018. Final amalgamation of the Tianshan and Junggar orogenic collage in the southwestern Central Asian Orogenic Belt:
Constraints on the closure of the Paleo-Asian Ocean [J]. Earth-Science Reviews, 186: 129-52.

He Z, Glorie S, Wang F, et al. 2022a. A re-evaluation of the Meso-Cenozoic thermo-tectonic evolution of Bogda Shan (Tian Shan, NW China) based
on new basement and detrital apatite fission track thermochronology [J]. International Geology Review: 1-20.

He Z, Wang B, Glorie S, et al. 2022b. Mesozoic building of the Eastern Tianshan and East Junggar (NW China) revealed by low-temperature
thermochronology [J]. Gondwana Research, 103: 37-53.

Hendrix M S, Dumitru T A, Graham S A. 1994. Late Oligocene-early Miocene unroofing in the Chinese Tian Shan: An early effect of the India-Asia

collision [J]. Geology, 22(6): 487-90.



Ji H, Tao H, Wang Q, et al. 2018. Early to Middle Jurassic tectonic evolution of the Bogda Mountains, Northwest China: Evidence from
sedimentology and detrital zircon geochronology [J]. Journal of Asian Earth Sciences, 153: 57-74.

Jia Y, Sun J, Lii L. 2020. Late Cenozoic tectono-geomorphologic evolution of the northern Tian Shan mountain range: Insight from U-Pb ages of
detrital zircon grains from the Upper Oligocene-Quaternary sediments of the southern Junggar basin [J]. Journal of Asian Earth Sciences,
194: 104286.

Jiang Y, Lu H, Yang R, et al. 2024. Two-stage exhumation, uplift, and basinward propagation of the Tian Shan during the late Cenozoic [J]. Earth-
Science Reviews, 256: 104868.

Jiao R, Yuan X, Braun J, et al. 2021. Thermo-kinematic modeling of the Cenozoic uplift of the Bogda Shan, Northwest China [J]. Tectonophysics,
816:229031.

Jing H, Wang W, Zhang P, et al. 2025. Multi-Stage Uplift and Propagation of the Chinese East Tianshan During the Cenozoic [J]. Tectonics, 44(2).

Jolivet M, Dominguez S, Charreau J, et al. 2010. Mesozoic and Cenozoic tectonic history of the central Chinese Tian Shan: Reactivated tectonic
structures and active deformation [J]. Tectonics, 29(6): n/a-n/a.

Jolivet M, Barrier L, Dauteuil O, et al. 2018. Late Cretaceous—Palacogene topography of the Chinese Tian Shan: New insights from geomorphology
and sedimentology [J]. Earth and Planetary Science Letters, 499: 95-106.

Lu H, Li B, Wu D, et al. 2019. Spatiotemporal patterns of the Late Quaternary deformation across the northern Chinese Tian Shan foreland [J].
Earth-Science Reviews, 194: 19-37.

Morin J, Jolivet M, Barrier L, et al. 2019. Planation surfaces of the Tian Shan Range (Central Asia): Insight on several 100 million years of
topographic evolution [J]. Journal of Asian Earth Sciences, 177: 52-65.

QinY, Liu C, Yang L, et al. 2022. Detrital-Zircon Geochronology of Jurassic—Cretaceous Strata in the Turpan-Hami Basin: Implication for the Late
Mesozoic Tectonic Evolution of Eastern Tien Shan [J]. 12(8):926

Ren R, Guan S-W, Han B-F, et al. 2017. Chronological constraints on the tectonic evolution of the Chinese Tianshan Orogen through detrital zircons
from modern and palaeo-river sands [J]. International Geology Review, 59(13): 1657-76.

Shen T, Chen Y, Wang G, et al. 2020. Detrital zircon geochronology analysis of the Late Mesozoic deposition in the Turpan-Hami basin:
Implications for the uplift history of the Eastern Tian Shan, north-western China [J]. Terra Nova, 32(2): 166-78.

Song S, LiJ, Liu X, et al. 2023. Mesozoic-Cenozoic Exhumation History of the Bogda Range, Eastern Tianshan: Insights from Apatite Fission Track
Thermochronology [J]. Minerals, 13(1): 71.

Sun J, Chen W, Qin K, et al. 2021. Mesozoic exhumation of the Jueluotage area, Eastern Tianshan, NW China: constraints from (U-Th)/He and
fission-track thermochronology [J]. Geological Magazine, 158(11): 1960-76.

Vermeesch P. 2018. IsoplotR: A free and open toolbox for geochronology [J]. Geoscience Frontiers, 9(5): 1479-93.

Wang J, Cao Y-c, Wang X-t, et al. 2018. Sedimentological constraints on the initial uplift of the West Bogda Mountains in Mid-Permian [J].
Scientific Reports, 8(1).

Wang Y, Zhang J, Huang X, et al. 2023. Cenozoic exhumation of the Tianshan as constrained by regional low-temperature thermochronology [J].
Earth-Science Reviews, 237: 104325.

Wang Z, Li T, Zhang J, et al. 2008. The uplifting process of the Bogda Mountain during the Cenozoic and its tectonic implication [J]. Science in
China Series D: Earth Sciences, 51(4): 579-93.

Wu S, Yang M, Yang Y, et al. 2020. Improved in situ zircon U-Pb dating at high spatial resolution (5-16 pm) by laser ablation—single collector—
sector field-ICP-MS using Jet sample and X skimmer cones [J]. International Journal of Mass Spectrometry, 456: 116394.

Xiang D, Zhang Z, Xiao W, et al. 2019. Episodic Meso-Cenozoic denudation of Chinese Tianshan: evidence from detrital apatite fission track and
zircon U-Pb data, southern Junggar Basin margin, NW China [J]. Journal of Asian Earth Sciences, 175: 199-212.

Xiang D, Zhang Z, Chew D, et al. 2024. Cenozoic Pulsed Rise and Growth of the Chinese South Tianshan Revealed by Zircon and Apatite
Provenance Analyses: Implications for Stepwise Aridification in the Tarim Basin [J]. Tectonics, 43(8).

Xiao W, Windley B F, Allen M B, et al. 2013. Paleozoic multiple accretionary and collisional tectonics of the Chinese Tianshan orogenic collage [J].
Gondwana Research, 23(4): 1316-41.

Yang W, Jolivet M, Dupont-Nivet G, et al. 2013. Source to sink relations between the Tian Shan and Junggar Basin (northwest China) from Late

Palacozoic to Quaternary: evidence from detrital U-Pb zircon geochronology [J]. Basin Research, 25(2): 219-40.



Yang X, Li Z, Wang W, et al. 2023. Quaternary Crustal Shortening of the Houyanshan Structure in the Eastern Chinese Tian Shan: Constrained from
Geological and Geomorphological Analyses [J]. Remote Sensing, 15(6): 1603.

Yang X, Wu C, Li Z, et al. 2021. Late Quaternary Kinematics and Deformation Rate of the Huoyanshan Structure Derived From Deformed River
Terraces in the South Piedmont of the Eastern Chinese Tian Shan [J]. Frontiers in Earth Science, 9.

Yin J, Wang Y, Hodges K V, et al. 2023. Episodic Long-Term Exhumation of the Tianshan Orogenic Belt: New Insights From Multiple Low-
Temperature Thermochronometers [J]. Tectonics, 42(4).

Yu J, Zheng D, Zhang H, et al. 2022. Initial Cenozoic Exhumation of the Northern Chinese Tian Shan Deduced from Apatite (U-Th)/He
Thermochronological Data [J]. Lithosphere, 2022(1).

Yu S, Tong Y, Danisik M, et al. 2025. Coupled Evolution Between the South Tianshan and Kuqa Basin: Insights From Multisystem
Thermochronometers [J]. Basin Research, 37(4).

Zhang X, Zhao G, Sun M, et al. 2016. Tectonic evolution from subduction to arc-continent collision of the Junggar ocean: Constraints from U-Pb
dating and Hf isotopes of detrital zircons from the North Tianshan belt, NW China [J]. GSA Bulletin, 128(3-4): 644-60.

Zhao Z, Shen T, Wang G, et al. 2025. Relict landscape evolution and fault reactivation in the eastern Tian Shan: insights from the Harlik Mountains
[J]. Solid Earth, 16(6): 503-30.

Zhao X, Zhang H, Lv H, et al. 2020. Signatures of tectonic-climatic interaction during the Late Cenozoic orogenesis along the northern Chinese Tian
Shan [J]. Basin Research, 33(1): 291-311.

Zhen Y, He D, Chen X, et al. 2024a. Unraveling deformation mechanism of the Fukang fold-and-thrust belt: Insight into intracontinental orogenesis
of the Bogda Mountain, NW China [J]. Marine and Petroleum Geology, 167: 107005.

Zhen Y, He D, Li D, et al. 2024b. Episodic evolution of intracontinental orogenic deformation: Insight from the southern Bogda fold-and-thrust belt
of the Tianshan Mountains, NW China [J]. Tectonophysics, 876: 230266.

Zhou Y, Wu C, Yuan B, et al. 2020. Cenozoic tectonic patterns and their controls on growth strata in the northern Tianshan fold and thrust belt,

northwest China [J]. Journal of Asian Earth Sciences, 198: 104237.

MRte 5, 1 Fe, AR AR A, 2025, A& Ly AR OR Lty AR AR U I FR S LB (0], b ERFA S EREL S, 55 (08): 2621-2637.

HSHLAR, V5 e FK B AR, 4. 2000, RLE 2t (M. dbat: M Rk

D7 PR AR, K IE A, 2007, 5 58 A X -8 A AR S O RHE S L o Sl AR (0], H AR, (09): 1229-1237.

SRRLL A T . 2026, LR LA A R — Z B 20 Py ARG S 5 AP R L B SR AR [0, SR, 44 (01): 24-37.

RSO SR SER VR, 5 1997, RERS S TR UR R S IR IR UL [0]. BT, (02): 135-141.

WS AE, 5 W A 5. 2001, Bt B 25 -0 5 8 B M S BT S T B BE SR (] b B R4 (D HR IR AL, (03): 257-264.

TG M B X%, 2. 2006. 1 B AR A5 (L1 p o AR AR B T — 37 sE A 2R AR G 3% [7]. e b 45 58 DU 40 b R, (03): 87-92.

SRk e 2 55,45, 2025, RIDARBLH - BB A1 - P A0 BRIP4l i TR IR AR AR S AL A [J]. K HbAG 35 5 R 22,125

T PR, LT, 55 2024, RSB X AR 20 R A0 HIE IR b SR AL [0, LB AR, 26 (01): 78-99.

TRAETE, X S TR AR AR, S 2005, 578 AR X LT A BEFH I (] 13 E AR [T]. HERTZ%, (01): 294-302.

i e A OEHE, 5N A8 2026, R R R R L PR T-RE R A R BATARIAIR - AR B RACERIIETE [J]. YA ARG 28R, 45
(01): 215-231.



