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2000; Wang et al.,2014; Ding et al.,2022) FEXE R
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1Ak (Molnar et al., 1993; An et al., 2001 ; Guo et al. ,
2002, 2008 ; Boos and Kuang, 2010; Wu et al. , 2022) .
Jnak T 5 A FE Y AR A1 i (Raymo et al., 1988 ;
Raymo, 1991; Raymo and Ruddiman, 1992; Fang et
al.,2019) G T XK AK R E 4 (Clark et al.
2004 ; Zheng et al.,2013; Zhang et al.,2022) AT
W) ZAREE 197 4k (Deng et al., 2011, 2020; Spicer,
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Duvall et al. ,2011 ;Zhuang et al. ,2011; An et al. ,2020;
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) & 2 ot A 8 A (Wang et al., 2008, 2014;
Fang et al.,2020; Ding et al.,2022) . X LEHIRAF] A
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AR PR B 235 M A R ) L e ORR 2 L Bk ) 32
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B RTINS ] 4 1 A [ AL AL, A4 BT (Jolivet

et al., 2001; Bush et al., 2016; Cheng et al., 2016,
2019b) ., #iHr tH (Yin et al.,2007,2008b; Wang et al.,
2017b) A1 H 3857 {1 (Meng and Fang, 2008; Lu et al.,
2012; Mao et al.,2014; Wang et al., 2017b; McRivette
et al.,2019; Wu et al.,2019; Jiang et al.,2024) . IAh,
HAGE o AR T o R B kAT 1 T iz a
58, APk R RETHRHE T H RS (B 1) o il 4R
BB L X P BIEFE R ARG LWl in e T &
He FE K25 40~30 Ma (Liu et al., 2017; Wang et al.,

2017a; B 4, 2017) o AHECZ R, & H 74 X Ry A
FEHEH T — R A, B 35~20 Ma(Yuan et al.
2006; Wu et al.,2019b; Li et al.,2023b) , Mi#% /R A—
1N RS A 1 Rl S e Y 1 0 B 1
(Mock et al.,1999; Wu et al.,2009; Clark et al.,2010;
Wang et al.,2016,2020; McRivette et al. ,2019; Staisch
et al.,2020; Li et al.,2023a) , 3% L HAE 15 {438 H
Bl 5 R B AT B UIA G . 20T,
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AEAR A LR , AT AR R 10 i B T (]
ESP e Ty s s =L diop et N S S B
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PRAER A B (10 ) 23 A AP A3 5 FH T4 s X
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5 I BRI ) L 0 A AR R R T s
HEATLRAVEAL 5 (3) UNAE A5 A 38 2o 33 A Ui 8 45 Vi T v
AR, WRAEAC AR IR I B R AN AR Y
BAY, AT S B R b R S, e DL L R AR bR R v
B, PR AR S T PTG IR R A A G
T M R SRR R PR R ¥ 20 A1 5 (Dodson, 1973
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Fig.1  Study on the uplift history of the Eastern Kunlun Mountains in the Cenozoic (modified from Mock et al., 1999; Wang et al.,
2004; Yuan et al., 2006; Yin et al., 2007; Meng and Fang, 2008; Yin et al., 2008; Wu et al., 2009; Clark et al., 2010; Lu et al.,
2012; Mao et al., 2014; Cheng et al., 2016; Wang et al., 2016; Liu et al., 2017; Wang et al., 2017a; Wang et al., 2017b; Wei, 2017;
Shi et al., 2018; Cheng et al., 2019a; McRivette et al., 2019; Wu et al., 2019; Wang et al., 2020; Li et al., 2021; Li et al., 2023a; Li
et al., 2023b; Jiang et al., 2024)
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Fig.2  Geological map of the Eastern Kunlun (modified from Pang et al., 2017)



1314 A

S

5444

FEZH AN (e gt 55, 2017) , B8 35 i AR B A AR T
NG 2. RECITHBA TH /R G582 Z ], B AR
PO ), R M AR — R AR R SRR AR
B FEAFEH KA Ao Aok B ool
R—rh ooty AR 5230 B RN vl A (D fil 0 5
2017) . —BL— =B UIRY EE AR AE LK e
BB, M AEARDURRY) =2 55 T 10 X, e [R4 pl DX
PTRRER)Z . RECILARBA TAR A 1S 22 22 [a], L)
SRR R AR, B — RN —RE 2R ) () & 2%
Wi 250, X 2R R AT E R RMAR A
TR ML s, )z et A A — AR
(AL R A IR AR (eI, 2017) . B A R FE
S KR —Honi R e K DR, =& MmHAR
DU B AT AE L X, F4 R XS PR TR 35 )2
1.2 SAAKRZE M

SRR A TR B LB &R, HAR I i AR
RIS T 235 R JEC A B, Bl AR X e HOR 2 iy v
AARYTRZE 2 AR BE AT 35 10 km A B R AR AR DT
JZ ¥ B 55 (Zhou et al., 20065 Liu et al., 2007 ; Meng
and Fang, 2008 Yin et al.,2008a,2008b) . 14k L H:,
2 AR % Z F1 % & (Ritts and Biffi, 20005 Meng et
al.,2001;Wu et al.,2011;Cheng et al.,2019b) , FE 453
A AE SR AR Z M R A A BT 7K 4 L RIS 8 11 AR e %
(/NS YR 2538 (W et al.,2011; Cheng et al.,2019b) .
FHIC B AEARHL R 2 50 A TR 2, 2 o
FE AT IA AR ORI A A, b7 o B S f A s A
At (Wang and Coward, 1990) , H: IR T4
i 4 LA ol (Xia et al., 2001; Meng and Fang,
2008) . ARAEA PRI HLZE A2, b DU o3&
AT, T B EARYUCE « # R TR 2H (53.4~43.8
Ma) (5K bk, 2006; Fang et al.,2019) . F T4 41
(43.8~31.5 Ma) (5K #f, 2006; Fang et al.,2019) | I
+ 4698 2 (31.5~22 Ma) (5K, 2006; Fang et al.,
2019) . F il &b 1l 41 (22~15.3 Ma) (3K #k , 20065
Fang et al.,2019) . FiliAb1114H (15.3~8.1 Ma) (Fang et
al.,2007 ; Zhuang et al.,2011) Jfi¥-742H (8.1~2.5 Ma)
(Fang et al.,2007; Zhuang et al.,2011) F1-E 4~ R 40
(2.5~0 Ma) (Fang et al.,2007; Zhuang et al.,2011) .
BT K 23 1 e 5 1) LR T S, G T — Y 1
b2 JEE BE AR ¥ 5, 5 m) ) B Ll ) HG R T HoR
T — 13t b )22 1) i B2 AR 980 (Mao et al., 2014) 5%
B (HAB A4S, 2016)

1.3 FEXREERM

JEAPE B A FARE S ILVEB LI, Je—A
FRGH AR L E] 25 . b 32 B RA r th—
iR IF 2 5 WA A TEAVE R G T L P — 4
ke MR oA A X I )2 56 2 ik = M4,
1996 ; Meng and Fang,2008) , & Mg £ fCHLZ B T 1M
EATRI N ARSI (B, AR (N R O
41 (N?) Bl 324 (N,) UG, A 25 1 TR A
(6], 3 Y5 ORI 43 A T s R 3, i A8 2 2 h 40
KAl I BoR— B dL g, T ek R
VU RS R B AR IR T TS89 AL AR TR X L
(14 ZF545 2005 ; Meng and Fang,2008) . K, A
27 HEL 2k b A e T — T I B oA Ry 2y Sk R
7 M FR  — 3B (Meng and Fang, 2008) . H#r itk
RFI T A A L 2 M A8 SR ST ) A S R L ) 2
TFUR & B OB ARG, R SR T8 0 vh FR—aT A
HURL TR 2458 (Meng and Fang,2008) .
14 FIAIAREZM

AR A FARRCILE T, K E TR
H—H o e R e YE B db 2 2 &, SF B4k
4800 m, HIHTAEMRIIBULEEIEA KRR . &R M
=& RIINCE  THCE AR A o R R &
RO AN Z W5 LA AR AR, 1994) o HrE AR
HJZ AT 2 R =AY BT KUK B (85~51 Ma)
(Staisch et al.,2014) P4 45 2H (36~31 Ma) (Liu et
al.,2003) . HiEH F24H (23~16 Ma) (Wu et al.,2008) .
HEVE R L URR S A 3 ) DA g bR = (RO I
MR ZR G (Yi et al.,2008) o 2% H 2 & A2 AN R R JEE 11
ASIE R A R XU L T AT R e Y
W7 T R AR 3R 21 (L et al., 20125 Staisch et al. ,
2016; Li et al.,2018) . SR, 33 vl FIRE G4 FH NI AE
BT RT I 8 2 25 o, RO 7S TR 1 Al P 4 4 1 2 27 Ma
RARTEN 2 85 T T8 75 (Staisch et al.,2014) . 11
T R 5 B AR R R R A 4L, 5T R A T
2H B A AN A 32 il (Liu and Wang, 2001 ; Liu et al. ,
2001,2003; Wang et al., 2002 ; B & B & 2007; Li et
al.,2012;Li et al.,2018) , FLFEHBIC 5% 1 18] B A0 o
] (X756 4%, 2005) o
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R R B SS PEREE 0 R 2 o AR AR
Ui KA1 (U-Th)/He (35 A1 (Stockli et al.,2000) :
80 C~40 °C) T K A7 FAL A2 (A i (Reiners
and Brandon,2006) : 120 °C~60 °C) , 7] AR I 5%
A 2k PR R EE CE 55 8 PAT 2 AR X 7 1 e 7 T
&) 9RtE] (Reiners and Brandon,2006) . 454 34115
JE RN b I A B, 98 K A7 (U-Th)/He FIB JK A7 A8 28 308
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AL AN ARG IEIE G AR G 1 A0 AT ) 1 i
1k (Boone et al. ,2023) .

UEAE R, 8 2ok b UL AR TR PR AR 22 05 EAE
ZEFH T DI AT A0 IR0 B B 22 1) 272 SRR A
KMo XA A ] T A LL BN AR il B T —s
Y ) 8] A1 #HE A (Gleadow et al., 2002 ; Kohn et al.,
2002; Vernon et al., 2008 ; Lanari et al.,2023; Wang et
al.,2023) , AN TR s AL bk 5 2 6]
HAH B 8K 2 (Herman et al.,2013; Glorie and de Grave,
2016; Schildgen et al.,2018; Jepson et al.,2021) . %
Eele s Z R T IRIRRER 2T . A
FAEEA T 345 #3508 SCA IR AT
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TRATBEASAEIREA (B ST, 81 3) o ZEBRAE Al a7
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A8 AR ek BT A 25 X R i 128 5 1 B 1 (Gleadow and
Lovering, 1974 ; Arne et al., 1989; Kohn et al.,2019) ,
JE5E T NIFSEEH] (Gleadow et al. ,2002 ; Kohn et
al.,2002; Vernon et al.,2008; Lanari et al.,2023 ; Wang
et al.,2023) , il 5 T — ZRF A% BB 7 8 SRS
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a5 JBL, 191 2 b 34 A A 5808 4K (Jolivet et al., 2001,
2003; Wang et al. ,2004; Wang et al.,2006; Yuan et al.,
2013) , BR 1 e 7 B PE RN S Se it o i Al E A
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(Dodson, 1973; Villa, 1998) (K 7d) . Rtk , 2211 2248
Vo B A2 2 A E PR R ) A B4R IR T A
HAT bR i S, HBEH g RWAF IS ok 2B4E
7 TG T Mt s IR A AR A0 L kbR R i A
HR L #& IR A (Clark et al.,2010; Wang,2017a) i AR
#t(Clark et al.,2010; Wang et al. ,2016) A4 H % (F
&8 2007; Clark et al., 2010; Wang et al., 2016,
2017a) 8 IX 2 % F B0 B A7 (U-Th)/He FIE JE A1 224
7L A I A — e AR R R TR, 40 R AT WA 4 Y
RN B, R A A RS EAR A KR E
AR S A A A 8 T R AR K R ik AN
T 13 pm HRHE(EL6) , R ATEZNIHE T 1%
18 ¥ 8% & 2 i 52 (Vernon et al. , 2008 ; Wang et
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AAT AN , AR AR 7 1 1) TR s R B 2B AR AU
BIwIAG T2 BET R IA TG B T PR
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2 L AR AR DO 2 B, P 5 SR R 2 1 v e
I I SR T AR S8 ZH 4T L (Meng and Fang,
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£ (Miao et al.,2016) . FHL AR, SRR L
VU 2% (Xia et al.,2021) 72 A5 B4 (2% 05 5,

2005; Meng and Fang, 2008 ) J A< 2 111 H Be g 2% Fl
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A Ml O A B R — A D R TR I TR ) AR
(Meng and Fang,2008) , % S ¥ ZH F1 K T 2215 ZH AR
] Sk AR B R TR RO A A TE AR R b
Zx 1A (Yin et al.,2008b; Cheng et al.,2019a) (& 8),
PR M2 S HH R TR 0 AR T 5 6 [m) e 5 AR B 4 7R
B H i & o 5, o7 ] 78 B b g iy
TG R B A G i i B, oK A s, B
A R (K 8) , R AR R A 1L X B A W]
I Z B IEHIE (Yi et al.,2008) . HeAb, 1 P tH—t
VT2 AR, 2R R 1 B4 Ml 3% Al LA X A e
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WY (F9b) o I HLED B — 0 Y Rl 40300 A 107 38 5k
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Fig.8 Paleocurrent and sedimentary configuration of the Qaidam Basin and Hoh Xil Basin during Eocene-Oligocene (modified

from Xiao et al., 2005; Meng and Fang, 2008; Yi et al., 2008; Yin et al., 2008b; Cheng et al., 2019a; Xia et al., 2021; Li et
al., 2023a, 2023b)
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555 30 5 10 (Wang et al., 2008 ; Dai et al.,2012;
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Fig.10  Vertical distribution of average sedimentation rates in Cenozoic strata of the Qaidam Basin
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Cenozoic Initial Widespread Uplift of the Eastern Kunlun Mountains
Onset at Approximately 20 Ma: Evidence from low-temperature
thermochronology
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Abstract: [Objective] The uplift of the Tibetan Plateau is a direct expression of the Earth’ s interior geodynamic
processes caused by the impact of the collision of the India-Eurasia Plates. Investigating the uplift history is essential
to clarify the deformation mechanisms of the continental lithosphere, and remains a central scientific issue in deci-
phering interactions of the Earth’ s multiple spheres. Despite extensive studies, intense debate continues regarding
the plateau uplift and expansion. The timing of the uplift in the northern Tibetan Plateau is pivotal for resolving these
questions; the Eastern Kunlun Mountains are a crucial geomorphic boundary, since they form the southern margin of
the northern plateau and were a critical conduit for the northward propagation of collision-related stresses. The East-
ern Kunlun range is an ideal area for studying the uplift processes of the northern Tibetan Plateau, but the timing of
their initial uplift remains highly debated.[ Methods] A comprehensive low-temperature thermochronological analysis
of the bedrock in the Eastern Kunlun Mountains was conducted to constrain the Cenozoic uplift history. It included in-
tegrating the results of 37 low-temperature studies in the region comprising 203 apatite fission track data points and
142 apatite (U-Th)/He data points. Sample selection criteria for low-temperature thermochronology were strictly fol-
lowed during dataset compilation, and a series of rigorous data-screening strategies were established to minimise dis-
turbances from experimental errors, sample characteristics and complex thermal histories to enhance the accuracy
and reliability of the dataset. The analysis involved three steps: (1) the low-temperature thermochronological age dis-
tribution was visualised; (2) the relationship between mean track length and age was established; and (3) thermal
history modelling results were compiled. Integrating these enabled a detailed, comprehensive low-temperature ther-
mochronology framework to assess the uplift history of the Eastern Kunlun Mountains in the Cenozoic. [ Results and
Conclusions] Since the Upper Cretaceous, the surface rocks of the Eastern Kunlun Mountains have generally re-
mained in a relatively stable or slowly cooling state within the apatite fission track partial annealing zone and the apa-
tite (U-Th)/He partial retention zone. The Eastern Kunlun Mountains did not form a significant topographic barrier
during the Paleogene, and the drainage systems of adjacent basins were likely interconnected. Although the possibili-
ty cannot be entirely excluded that sporadic highlands in local areas of the Eastern Kunlun Mountains provided sedi-
ment sources for adjacent basins, the data indicates that widespread uplift of the Eastern Kunlun Mountains did not
begin to occur until about 20 Ma, when rapid uplift took place causing an estimated rock displacement not less than
approximately 2 km relative to the surface, corresponding to the length of the rock column recording Early Miocene
apatite (U-Th)/He (22-17 Ma) and apatite fission track (23-15 Ma) age components. This finding provides new evi-
dence for understanding the timing of the paleo-Qaidam Basin disintegration, the paleo-elevation history of the north-
ern Tibetan Plateau in the Early Miocene, and the uplift processes and dynamic mechanisms involved.
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