455 5 2 W)
2025 4 6 A

Vol. 45 No. 2

U0 5 RE 4R 7 Hb Sedimentary Geology and Tethyan Geology
Jun. 2025

FiRE, EENE, AR, 5, 2025, 7 58 E RV Ve T AR Bt —rhog A BRI #h 2 Bk SR A AR 5 3 R
B 0] UORR SRR T R, 45(2): 233-248. doi: 10.19826/j.cnki.1009-3850.2024.07005

SHI Z, XIA G Q, HAO X W, et al., 2025. Carbon and oxygen isotopic composition and palacoenvironment charac-
teristics of Eocene—Miocene lacustrine carbonate rocks in the Tuotuohe Basin, Qingzang (Tibet) Plateau[J]. Sedi-
mentary Geology and Tethyan Geology, 45(2): 233—248. doi: 10.19826/j.cnki.1009-3850.2024.07005

XTE

FEE R Z R —h AR S RS
MNEFBIESHHEEX

& A&V, ARFY, KA, a4, wAER - LER

(1. BHREE TR b RO o ST R TRE I K se i ss, DUl S 610059; 2. 3 K 24 Ui AR b o AF 7 B
VANl BEER  610059; 3. #RPHIMYE 2~ Re SRR ST TRE22Re, DU 46PH 621000; 4. HTSEAET /R HIG XA )
BRI BN, g % EAF 830000)

WE: CEAGMETERSREN, BERUGREAIBEABENRANZ MY, EARFTERAFAMECET &
BHBHEMIRAFE, RELITWNER. REAFEBRLLZNARERBAREEMNARZEY, CHRARCLEFER
AERMAREAEMERABENNEELT. EFRGENTRRAL T ERPEARRLEERF T MEL>NMER E,
FRIBREAFRCEREAR, AFTTHEHERNL, EREH: BWAGMFTERPERREE EEVRME KL, UK
SEUTEMEAYEERGERE, EHL, RARNLEFARBREE R ZX EARFENNEMNE: F—WERASET
38.5~30.5 Ma BT H#i, iZETHAMAE AR B T R T AMEA A EIE R T A, RARE—A R TEABEYETEYER
KEMNEREFREAMPATE; F_NEMAET 305~23.6Ma, HIZME 265 Ma bl G EHEFELHE KA,
30.5~26.5 Ma Bt 8, SEMAMIEHE, EREEKER D, ZLAEANE, SeRLHBEHEARAEKRELERER
X, 265~23.6 Ma R HIZ L E AN I, RETA, SHRERAHBRFE T L 8L R FEK AR D FTEG
FZM B (23.6~223Ma) @A XA ERK, ABEEANEE, SFEFREEEMZTEAHAAR; EHNE
(223~19.7Ma) ABEE T4, WHBERAET HHARBAH, HHNIEEMRENGR AL TINA KT EMAFB.
VEVCTF A FT M — P AR R A AR LR TR T ACOR S AR T BT 55 R A & B4 R ot
R R R e

¥* B iR i —E i, MsntE; RARME; HHE; FEEE

HFEZES: P597 XEAFRIRES: A

Carbon and oxygen isotopic composition and palaeoenvironment characteristics
of Eocene—Miocene lacustrine carbonate rocks in the Tuotuohe Basin,
Qingzang (Tibet) Plateau

SHI Zhu'?, XIA Guoqing"”’, HAO Xiawei'’, LI Gaojie’, Dilixiati-Aihaiti *

(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059,
China; 2. Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, China; 3. College of

Wi EHA: 202401-30; 2RI HER: 2024-03-13; FRIEHRIE: A/

EE®@N: At (1998—) , i, Witwid, ML, E-mail: shizhul60103@163.com

BEEE: BEE (1982—) , B, #d%, AN, FEAIEAHIZCEFRRT T/E. E-mail: xiaguoqing2012@cdut.cn
BUMIE: EZRARREEE “Hils R e AR SRS AR RFHES SRR L7 (41972115)


https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
https://doi.org/10.19826/j.cnki.1009-3850.2024.07005
mailto:shizhu160103@163.com
mailto:xiaguoqing2012@cdut.cn

234 DURRS S e (2)

Resources and Environmental Engineering, Mianyang Normal University, Mianyang 621000, China; 4. No. 9 Geological Party,
Xinjiang Bureau of Geological and Mining Resources, Urumgqi 830000, China)

Abstract: The Tuotuohe Basin, located in the Qingzang (Tibet) Plateau, is one of the core areas that attested to predominant
environmental changes during the plateau's uplift. The Cenozoic sedimentary successions in this region record the evolution of the
plateau's topography and geomorphology, as well as regional climatic changes. Based on the petrological and mineralogical analysis
of Cenozoic lacustrine carbonate rocks in the Tuotuohe Basin, the characteristics of carbon and oxygen isotopes are studied to
explore their paleoenvironmental significance. The results show that the Cenozoic lacustrine carbonate rocks in the Tuotuohe Basin
are dominated by micritic limestone, with a small amount of dolomite and bioclastic limestone. The vertical carbon and oxygen
isotopic compositions reveal four stages of paleoenvironmental evolution in this area: The first stage corresponds to the period of
38.5-30.5 Ma, when lacustrine carbonate rocks formed in an open lake during a relatively humid climate, likely influenced by
increased rainwater input to the lake basin in a flood plain setting under the background of alluvial fan-fluvial drought climate. The
second stage is from 30.5 Ma to 23.6 Ma, during which there were significant changes in the paleoenvironment around 26.5 Ma.
From 30.5 Ma to 26.5 Ma, the climate was relatively humid, but regional precipitation decreased, and evaporation intensified, related
to the local uplift in the northern part of the plateau and changes in the lake basin's hydrological status. From 26.5 Ma to 23.6 Ma,
increased evaporation and a dry, cold climate resulted from the change of geomorphic framework in the northern Qingzang (Tibet)
Plateau and the reduced westerly rain input. The third stage is between 23.6 Ma and 22.3 Ma, when evaporation decreased, and the
climate became relatively humid, related to the development of ancient lakes in the hinterland of the Qingzang (Tibet) Plateau. In the
fourth stage (22.3 Ma-19.7 Ma), the climate became drier and colder, and the lake transitioned to a closed saltwater lake, caused by
the integration of Hoh Xil into the plateau system and the drying of the interior of Asia. The changes in lake hydrology and climate,
revealed by the carbon and oxygen isotopes of the Eocene—Miocene lacustrine carbonate rocks in the Tuotuohe Basin, are closely
related to the paleogeographic pattern and geomorphologic evolution in the northern part of the plateau.

Key words: Eocene—Miocene; lacustrine carbonate rock; carbon and oxygen isotope; palaeoenvironment; Qingzang (Tibet)
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Fig. 3 Microscopic characteristics of the lacustrine carbonate rocks in the APC section
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Table 1 Relative percentages of carbonate minerals and carbon and oxygen isotope values of lacustrine carbonate rocks in
the APC section of the Tuotuohe Basin
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Wz BRGS0/ % %0/ %™ °C/%0 HZE RS ———————————— 570/ % 00/ %" 7C/%
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APc-00  100.00 0.00 -10.18 -10.18 5.04 APc-64*  71.03 28.97 —6.13 —6.61 0.58
APc-02  100.00 0.00 -10.26 -10.26 5.43 APc-65% 7015 29.85 —5.64 —6.13 0.84
APc-03**  100.00 0.00 -9.11 -9.11 433 APc-66**  70.56 29.44 -5.17 -5.66 0.87
APc-06 **  100.00 0.00 -8.32 -8.32 4.55 — APc-67%  65.80 34.20 -4.20 -4.77 1.43
HZ
APc-08  100.00 0.00 ~7.05 ~7.05 4.64 APc-68%*  28.11 71.89 -2.60 -3.80 -0.27
APc-14  100.00 0.00 -1.72 -1.72 0.97 APc-69 30.39 69.61 -1.61 -2.77 0.42
TEIEITA APc-17 71.49 28.51 -9.03 -9.50 -0.18 APc-70 4.96 95.04 0.73 —0.86 0.59
APc-18%F  97.44 2.56 -7.82 ~7.86 -0.81 APc-71%  72.50 27.50 -2.33 -2.78 1.62
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APc-47*%  53.68 46.32 ~7.20 -7.97 1.42 APc-81% 8214 17.86 -7.58 ~7.88 123
APc-49%  100.00 0.00 -5.12 -5.12 227 APc-82 93.00 7.00 1.02 0.90 -1.00
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TR
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APc-61 65.98 34.02 112 0.55 0.82 APc-102%  100.00 0.00 -5.41 -5.41 1.17
APc-62%  51.37 48.63 -2.12 -2.93 115 APc-103*  0.00 100.00 —0.78 —2.44 -1.67
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Fig. 5 Carbon and oxygen isotope curves and climatic analysis of the APC section, Tuotuohe Basin
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Fig. 6 Comparison of 5°C and 6O of the carbonate rocks in the APC section of the Tuotuohe Basin with those from

modern closed lakes and open lakes (data was sourced from Talbot, 1990; Talbot et al., 1990)



2025 4F(2)

TR e ST TR T A M A PO T W AR R R Eh

B SRR (37 ZR AR AR oy PRI X 241

e LT B s e R e = WA G el TR P
S pgIERS, FE AR A & IR AR T T g | 4%
P [X (Fang et al., 2022) . ST 58 st b il 22
AR RS B KR, BRI 2 XU XU (5]
la; Li and Garzione, 2017), WF 25 3 BH, W i 597 tHmsh
HASE 0] ] G B2 b e 0 7 X3 R S 38 L bk v
IR PR C ST 4 000 m(Wang et al., 2008; Xu et
al., 2013), 43¢ 1) J2: W 4 i 1 (44~ 40 Ma) Jg 3 rp e
A3 7KW 1L K BB LT 56 A BHAS T R E 28 X ) b
By 2% 1)} 42 (Ding et al., 2014; Xiong et al., 2020;
Zhang et al., 2021); A /2, AT AT P4 BL R H ARl i) 44
ROR LML AR 1 K LA L R AL TR R
(<2000 m) X 35, PG RATS 48 il 3 S 2R 0 26 B
HiIX (Cui et al., 2023), K L, 12 A A% 9 AR
A fig S 52 2 P JRUE]BRPE A R K B AT Xt g
B 7 A A R AR — 20 UE I, — 7 T, AR
WU — i B2 A R K R ) 67 3R A, A7 38 48 R oL
ZH N—11%0~—7%0(Han et al., 2014; Caves et al.,
2015), %6 5 1¢ e 4 FUHE VY RS 4L R B4R A
{E(=10.26 %0~ —6.65 %) Fe A A1 24 . 5 — Jr i,
Fang et al. (2022) &G 45 T & AL ER 32 v K 458
Gl QR 1S8R )
{140 3 A AT A Bl TR 5 7 8 ik R R 2 R AR AR (55 2),
S5 BB AT G — 19 S0 M 2 R 5 G XA IR KRR

R A SRR 2R AL, P I S e s 7 o DI b
%32 7 ok 19 VG R A TR KB A RO AS, o [H I, B
3 T T n] G L X AR T R AR = N AR AR
P G AT FR K S AR P S A A

(2) 55 A~ By BOW R T PG 15 4 v L3 vk A
DURL B BE, B AR R E A T 30.5~23.6 Ma, 1% i Bt
26.5 Ma Hif J5 Bk S8 R 38 R AE A7 7 B S AR 1k, Horp
30.5~26.5 Ma - (] 5, T1-1), 6°C (AL AT
—2.06%0~+2.27%0 (SF-H4J{E 4 +0.88%0), 6O {HAZ{L
T —8.80%0~+1.12%o0 (- IAIME H—3.42%0 ) , AL 4L 1R
JERR, Wkl 7 28 3 PRI (IR A% 2 1.54%0), %A [F]
17 2 U 8 TE A (+4.87%0) o 5 BLIBTTABR IR SR A 48
] {37 2% 1E b . B[R] 437 28 67 Jis 119 )52 R = F (Fontes
et al., 1996; ¥ E 4145, 2019): — & FHIRE T+ E
A R TF R A B R S B, FEXFP AR T,
Rk 6"°0 fE I 1E, T BT BB BR AR5 9 670 1
i 1E, 6°C {EL 0] DA w5 A 395 R A Y 6 (B
A T R P AR TR ST T KA R
TR 5 KA CO, My 384t T R M2, 6'°0
H R Z& KA TR, 6°C (E I A= 1E CO, HYBEIL
T A8 AR — R IS BRI A T B AR B
PN EAIAEE B, B AL AL S S 7= FA 2
BRI CO,, (A ITTE IR R R ) 6" C (B ff1 .
P T VO S 4 )2 P e = R4 A L ORI

®2 AEHLRERSANTSERXREBRAESHRRERMREI

Table 2 Comparison of carbon and oxygen isotope values between paleosol nodules in APC section and carbonate samples

in the westerlies-dominated climate

(A il 0" 0 g / %o 0"Copps / %0 HE RE&EE/ME )R 225 Wk
YETE F R A H B b sE -10.22 +5.24 [ £ 2 HEATATE: ! ENTI
-9.57 -5.6 LR Eo 2 % 5 T 4 Fangetal., 2022
— -10.29 -1.72 WIRE Y 3 #4541 Fangetal., 2022
-9.93 -3.71 o A 5 % o i 41 Fang et al., 2022
- ~11.79 -2.4 ﬁﬂ&ﬂﬁiéﬁ% 1 Eﬁﬁj?ﬂéﬂ Fangetal., 2022
-9.7 -7.1 LR £ 95 P 4 T 21 Songetal., 2018
. -11.1 WA 4 6 SRR 4 Graham et al., 2005
-11.1 -5.7 R g 23 % RV 41 Kent-Corson et al., 2009
-10.3 -5.7 IR R 11 #% 'R 41 Kent-Corson etal., 2009
i Rl -10.95 -5.56 st £ 6 [liifenbicc Fang et al., 2022
178 7 H Ll -10.73 -2.2 TR IR i 45 2 [iifsnbit Fang et al., 2022
B HOK 75 Bl IR ¥4 41 -7.8 -3.3 V& 6 Kent-Corson et al., 2009
o A 35 A -14.5 R R £ 1% 45 9 Graham et al., 2005
5 7 73 b — —
K -8.9 -2.6 LE 221 5 KA E 4 Fangetal., 2022




242 DURRS S e (2)

T AR (BE B4, 2007), HEBR SR 3G in
5 B0 B RN - A R BRI 67C LAY TT REE, T
WA EE T, PR AS A AE W RS PR 3 R BRI 1] 4
S AR BT DL o JE T8I 2 M AE VO 241 & &
R £ 0™ W— T (P A2 %8, 20095 Li et al., 2012;
Staisch et al., 2016), 7EWI/KBRIREL & = AR OL T,
TR A i TR A SRV F Re (A LT 481k, H K
% 6 C A CO, FI HCO® B il T 1 7K i, 53
UUTE A B FR EL 54 6°C i D T (b 98 30 45, 2022;
Zeng et al., 2023), BIIRATIA R, I YAk R $h4
Yyrh 6" C (B B 7T BE 2 B R b 148 i P 8 SR
o R AR RN RS 2% T LW, D
Bk TH R R SHEMNREE 6), B kI
—2P 35 P BITARRAE, AR R R 2 55 AH G (& 6),
[ 2 A (B e 2R ) B B3 (& 5), Rk
SRR D, 78 R AR RS R, SRS — B BT
FRT5 50N AHX R S5 A5 A ) i i T B A
BRAR AR A AR B BRI O SR T I IR SRS
RI(Be R WIAE, 2007; BoH A S, 2008; 224, 20155
A5 IR, 2019; Li et al., 2023b) ¥ s Fh A e A5
PR AT REA —: 55—, FE R IRt —rh impr i, wT
Py B R g — r R Z i (Dai et al., 2012), TR
T —E VLR RS AT 30 AH i XU L AL N g vl
ZH b2, TR T AR I, M L e 4R
J R L v 7 J2 7 H— 1 4 3 THE A 3 2 (Staisch
et al., 2016 )% G — ) v 0] P4 HL 2 4 351 ok 224>/
IR G 4 b, VO RS A VTR AR A S IR R AL 2
X — i P ] g 5 BUBTE I AL H K SOIRAS L BURUAR
B2 & A W 0RO KA, 2005), A5 5 T BT
AR IR fh 2 1 J5E P 30 A ) s T30 2 A8 R
A 55 =, 5 e e A R R T A G
HINABIFSE 2R I, 16 it 0V Tl 40 b A AH <8 b
X EA T R EN A M AC A8 5, ¥4 35 0 8l & A e A PR
HPTRZ )G Gl K4, 2001; Wang et al., 2002), 1%,
DX IEHR S AR MU A R A T B 46T, A #T Y
<2 000 m(Cyr et al., 2006; Miao et al., 2016) | J} %]
FLET (29 Ma) i) 3 000 m 247 (Song et al., 2021;
Lietal., 2023b), {HF5ZRIHAYIE, 208 Fang et al.
(2022) %t T 55 B A6 G A 7] e A R (R A7 3R s Ui B
(—1.3%o/km) U5, AT AT PG HLHBIX 1 000 m A9 RE TR
FEA JE VLR BU Hr BRIk 4.87 %o 1E A 7% &t o
I, LA P A TR 2 AR T T v T DXy X3
B T ARt 22 T 7 23 B4 T ] e R M X089 K SRS

A AR, 3 2 [ A FH M 2 o B AR R o7 2R AR X
1E i

HIGTE 26.5~23.6 Ma i 11 (|4 5, 11-2), 6°C
2SI FE R —0.27%0 ~+1.62%o0, PIE-H+0.76%0, 5 °O
187254k, 78 BBl S —6.13 %0~ +0.73 %o, ZI{H H—3.37%0.
AHEL T 10 -1 B, Rl o 2R AE AL R K, AT
B 0.12%o, 4AU R0 R I B AR AR5 38 11 (0.05%0)
R A G 4 )47 25 (B 0 35 AT, | R0 Y+ 1,12 %
K310 -6.13%o, Fifi 5 FF IR B IE B A% (1 5) o Bk
AR 2 15 s A H, I SR W, R vk T
TR, DRE T IR, m SR R A e 22
( 6), LLNE P2 TF ORI R R e . BSR4
5 ZE A (E HH IS B AR, (LTS Ak T AR X s (i L
TR IE A, RIEE A 2= A AR AR B B (14 5), %
IRARER T 28 R AR FHABXTSE I, AR T8 o Ak
XS AR 1 S R T 8 5 32 e I 7 s i b 2
3l A AE R RE G TS B 06 . BT ABESE SR, A T i)
AP DATG AR, PO R A « WAOK IR o Jit 4 1l X A
TN e A R T 9, Sfe R AT 2R B A
DX 5 40 U-Pb b 53 4F 1822 0 U5 23 B iF 95 6 B
FEZ 25 Ma B IR & AR T 3 RARE, X WE T DA A
TRt HER B A28 4k, t T DUE R F PG
B AL WA K IR 09 %) 16 46 T 5 35000 HR o AR
(Blayney et al., 2016; Yang et al., 2018); Wang et al.
(2020) 38 1:F + e R Eh e e A AL RAE 500, Rl
P2 A 25 Ma DISRIFRIR—K 13 I 1R K —3#8 53
FEY T PR K A3 R, I AEAE S T SR
KA T AR ; BT Li et al. (2023 )3 i AF 55 X
A6 2R B2 L DR ARG IR AR AR A i 5 R B, AR
27~25 Ma, IR LA T BT, 75—, siA
WFFE BN, 2 I A2 ) o] G L X P AR A
AH 2 BB B (Li and Garzione, 2023), 17 i3k £ &9
— ETJFZE 3 400~ 4 200 m(Polissar et al., 2009),
| b 5T 4 4 AR T FEAREE (| (Staisch et al., 2014; 252K
7, 2019), T2 T AT ] FE EL X AEE A BT /R 40
AS3%E LA RS LD R % B I & A T sk 1 22 (Jian
et al., 2018; He et al., 2021; Wu et al., 2021a; Wu et
al., 2021b), MZPH T, SEAE . =2 MRS 3K AR Z b Ao,
TF 46 % 1.4 % (Dai et al., 2006; Wang et al., 2016;
Fang et al., 2019; Xia et al., 2021) . [K 1tt, B 7 5r tH:
T R e DA i DX M 5 A SR T A K AR (Y B
W, — 5, A X P AR MR R —R I B2
L A% 5 B G LB A5 A )= e A T R k2R, Tl g BH Y



2025 4F(2)

TR IV E TR T A i — b LI R B o e i L I o 3RS 55 ol PR 5 243

T VG KA 7K P ) AR i A 1) AR T ORI 5 DX B
SO B A A T 5 — T, e R AL R AL
Areppg R R #RE I A R &R DL T
DA 2 PN RTS8 TR A F b A5 1L ) g 38 R A R T
FERE BT, T80 UK SORAS KA T R,
o DR A AR I B T B, SR AR A N T, B
5 H) T B A R G BAE 26.5 Ma B 5 H1 8 436 71
li] R T AL

(3) 50 = Boxh I F 3B 220 R v i A LA,
HHR AT 23.6~22.3 Ma., % BB 6°C {HAE LG Bl
HF1-0.10%0~+1.51%o0, ¥J{H }1+0.38%0, 5O fHAE{k
T R —7.88%0~+0.90%0, F4I{E H—3.81%0. ik [F]
Ve d=0n: /O 35 FIERTE N7 6 - e 18
DEE T = DR (& 6), S R ZAE AL T4
X R AE, R A2 TE 20 B P B I R AR, A
A3 Z A MR (] 6) o BRI R (AR
X5 — B B IE A+0.85 %o, 1H X U5 — i Bt I A
it 1) 48U R R AEDR T, Z B BERE i rh 48R R B A
TE—AN /NIRRT, TR 1 2 A H A AR % o Bt
B E AR 5), B H BRI AKX 3,
FEAE S IR AR R 4 A, 28 VB AR G AT,
AAGEARH R , 2RSSR A A A I 30 e X A A
IR I 5, 2006, 2009) . AN, 16 AR 2%
(2009) 7 FE 25 ¥ TH 7R B £ 20 km 1) 38 2K 1] 351 1 )
FHUC 5 B B o A %) A D e 2 R R TR
300 7y b A Al 25 SRl B R, 7E Tl R U
9, YETE] F M BRR K DR ER B, AR X
PR 7 T SR TR A 1, R ] P L A X BT
T, 3 B — W A A i S PR T R 5 S B Ay
HbBRTE SOAH IC, BN RIFTE 2 B, 78 46 B 20 88
i, ATV B X Ok B A Ol e LR T TR
T R AR T S ) 455 2 /N IR ) 425 (Staisch
et al., 2016), T E 1 Hopr t FL 4, G 23] 25 A 4k 422
IR T — B KBTI PE L« R A
EF#id T 100000km’( 524, 2006; Wu et al.,
2008), FCHUAR iy ST 1) 5 SR H BHL 8 B o 12 b DX R
K2, SAERE .

(4) 565 DU B B T FL B G4 38T R 15940
DURHY (22.3~19.7 Ma), 6°C {HAE L F—2.47%0~
+3.46%0 2 [8], -4} +0.79 %o, 6'°0 {8 7Z Ak Fl
H—11.58%0~+0.06%o0, FI{E A —4.64%0, fifk [F] {3 1)
1B A X 45 = B BE 1F A +0.41 %0, B A Ih T 171 fd 3%,
SR 28 AR L B B 1 0.83%o, Bk S [F] {37

W ZEIE TH LW, D8I T84 =2 R (K 6),
ARG R FAEA B B 67, (R 2R [0 1 HAG IE
s Fa %, R = A U AR S K (K 5), 456 1
T R 2 M )22 To0S K A B TR BB L, AR
B S I 2 Y ) 22 e A Shy 5 PR B () B R 4,
2007) . T EEVE R A, AR H BTS2 5 T A E 9
20 P I ) e [R) 7 2% 4L RS Bl AR A (2007) £
T G 38 YA T 43 BT B4 T AR e 7 A IR A
T R A EAE W I 22 S, o8 Il o 2 S 1 2 R mT
AeA —, H— Ry e Az 46 A A A58 350 1w b WK
B2, WG shRENE S EOMIABRRR LR A ik IRl &
HIIE R T S AR 2 B I K A B DR
SECAVLUERE, i 2 S AWM RS ., &Ik
Heidd, % AR Y 60 { K& K E TR TTURUA
RN E B BWAE BRI ZE LKA AT 20 AR
FETE, BXAAS 2] TR Al SR 5 S5 8 1)
Y HF o FERSRIPT R VG S AL SE I, BEH R 45 (2008)
KR, FEAMEVEHE 23R ) T8 PR 2 = i
VT € 9 L AR B B 8, (R B4R RE TR A

(2008 ) 14 BIF 5 W) & B 78 1] AT VG HE 23 b 3 PR A IS
PRI 4 PR IE R T R W R T A A
I, 22 IR (2019) fF 5% R, i AR R g% T 5
BB AZ . = AR JE (Abies+Picea+Pinus) 4 730 75 .
TE R 2H b 2 b B i 5, ST A BART AR 1 b X it
T B P PR C, MY IR R s A2 A

B, A 1 —IE ST 9 s R AR T B ke A i
R 2L R (Wu et al., 2019) . 53X —S g8
AT RE5 ] AT P LMl X R A R R G DL RO P PN
FEALA S — 5, a0 BT, wi AT R
M E LS R O 2 WoR 1 AR HE VT 15 4 DR g 1)
F AP DU, T ] 78 B R R O 40k
FIEF L 4000 m(REILAE, 2007; Polissar et al.,
2009; FRLE A, 2009), 5 AT 98 R K A PE R
Fifi 7k )11 (> 4 000 m, Hock et al., 2019) il £ 4F % 1

(>3 000 m, Hock et al., 2019) 7315 [X. i 134 w25 5 ik
AR—F, M T 0] PG B A AR O i A RS
e R Ge, KIRARIES . T8 55— Jr T, 5 AKX
P BGPTSR T RS, R,
22 Ma HJVA S oA i 1 540 T 4 A e ], 7 75 6
JRUAAGRY 220 L PET, SefiE, SRk R AEHb [ LT IR
K AR B A B £ TR (Guo et al., 2002; Qiang
etal., 2011; Yang et al., 2013; Fang et al., 2015; Liu et
al., 2021), H:J5 Sun et al. (2010) %} #E 18 /K 25 #b



244 DURRS S e (2)

Zheng et al. (2015) % 3 HLAR 2 M 3% s hir v 185 fe
g KA PLRBAEAR 2 BT, LA B di il Jia et al. (2020)
XoF T 7K e it b % R LI A AT AR 238 1 1) £ 493 2
WEFEI 4875 T IZ I B 91 N Bl AR T A i
J&], AT AT P EL M X TR L A LR O R AR
TURR B AR R f) e S [m) 67 32 R A1 i 418 78 14 1 52 e
T4, T RERUE X T 5 A 1% E e

5 #£i1p

(1) YETEI 2 BT A= AT AR B R 2 2 B A
F it = Rt A e TE I AL L HE P R AR A
o, WAL (e, SR a il £, Z L E
ARF= R ERIE, S8 @bt n EXT et Sa
SEARAE B, I X B R 7 M 2 B A TR i K
o, U A m A & e E K

(2) B SR ASE 2R ) 1l S R A A 4 7 1) 7% i X
S AR : 38.5~30.5 Ma, AR A X, &1
BT 5T VG KUY (1R R K i A S8 30.5~
26.5 Ma FH A e AR X, (H X S Bk /b, 7%
RAEF AR, 5 e R A6 R R T B K SR
KA K, 26.5~23.6 Ma IF 1, 7€ & VE AR XS
Koo, ST, ST R S S L DX AR Ry A
AR VG R R K i A8 > 588 23.6~22.3 Ma,
SAGARRT IR, 5 A R M A R O
22.3~19.7 Ma, S AN, WA A5 A5 Sy &t
P L SR AR, A R R P L DX A 1R TR G AT
WG TR E, BRIL, 161 Ao 1h B tH—rhosr
TR K SCIRAS AT S A8 5 m At
by FERA SR R I 3P A AE AR R O

it AmEnfetn R ERI KT L
B F AL, LTRA LG, MLE LT
FRHAAIRBTEFNAE P HFHERLEN, £
Ho— R T A

References

An Z S, John E K, Warren L P, et al., 2001. Evolution of Asian
monsoons and phased uplift of the Himalaya-Tibetan plateau since Late
Miocene times[J]. Nature, 411 (6833) : 62.

BaoWC, XiaGQ, LuC, etal., 2023. Late Eocene to early Oligocene
geochemical characteristics and paleoclimatic significance of the
second member of Niubao Formation in the Lunpola Basin, Tibet[J].
Sedimentary Geology and Tethyan Geology, 43 (3) : 580 — 591

(in Chinese with English abstract).

Blayney T, Najman Y, Dupont - Nivet G, etal., 2016. Indentation of
the Pamirs with respect to the northern margin of Tibet: Constraints
from the Tarim basin sedimentary record[J]. Tectonics, 35 (10) :
2345 —2369.

Cai XF, LiuDM, WeiQR, etal., 2008. Characteristics of North of
Tibetap Plateau uplift at Paleocene-Miocene—The evidence from Ke
Kexili Basin[J]. Acta Geologica Sinica, 28 (2) : 194 —203+291 —
292 (in Chinese with English abstract).

CaoGS, YuSJ, SunFY, etal, 2019. Carbon and oxygen isotopic
composition and palacoenvironment analysis of lacustrine carbonate
rocks in the upper member of Early Triassic Sunjiagou Formation,
Yiyang area, western Henan Province[J]. Acta Geologica Sinica,
93 (5) : 1137 — 1153 (in Chinese with English abstract).

Caves J K, Winnick M J, Graham S A, et al., 2015. Role of the
westerlies in Central Asia climate over the Cenozoic[J]. Earth and
Planetary Science Letters, 428: 33 —43.

Cui J W, Li Z H, Dong X P, et al., 2023. Paleogene-Neogene
environmental evolution and the uplift-sedimentation response of the
NE Tibetan Plateau[J]. Terra Nova, 36 (2) : 112-125.

Cyr AJ, Currie B'S, Rowley D B, 2006. Geochemical evaluation of
Fenghuoshan group lacustrine carbonates, north-central Tibet:
Implications for the paleoaltimetry of the Eocene Tibetan Plateau[J].
Journal of Geology, 113 (5) : 517 —533.

Dai J G, Zhao X X, Wang C S, etal., 2012. The vast proto-Tibetan
Plateau: New constraints from Paleogene Hoh Xil Basin (Article)
[J]. Gondwana Research, 22 (2) : 434 —446.

Dai S, Fang X M, Dupont - Nivet G, etal., 2006. Magnetostratigraphy
of Cenozoic sediments from the Xining Basin: Tectonic implications
for the northeastern Tibetan Plateau[J]. Journal of Geophysical
Research: Solid Earth, 111 (B11) .

Deng W F, Wei G J, Li X H, 2005. Online analysis of carbon and
oxygen isotopic compositions of impure carbonate[J]. Geochimica,
34 (5) : 495500 (in Chinese with English abstract).

Ding L, Xu Q, Yue Y H, etal, 2014. The Andean-type Gangdese
Mountains: ~ Paleoelevation record from the Paleocene—Eocene
Linzhou Basin[J]. Earth and Planetary Science Letters, 392: 250 —
264.

Duan QF, ZhangK X, WangJX, etal., 2008. Oligocene palynoflora,
paleovegetation and paleoclimate in the Tanggula mountains,
Northern Tibet[J]. Acta Micropalacontologica Sinica, 25 (2) : 185
— 195 (in Chinese with English abstract).

DuanZM, LiY, ShenZ W, etal., 2007. Analysis of the evolution of
the Cenozoic ecological environment and process of plateau surface
uplift in the Wenquan area in the interior of the Qinghai- Tibet
Plateau[J]. Geology In China, 34 (4) : 688 — 696 (in Chinese with
English abstract).

Fang X M, Fang Y H, Zan J B, et al, 2019. Cenozoic
magnetostratigraphy of the Xining Basin, NE Tibetan Plateau, and
its  constraints on  paleontological, sedimentological ~ and
tectonomorphological evolution[J]. Earth-Science Reviews, 190:
460 — 485.

Fang XM, Guo Z T, Jiang D B, etal., 2022. No monsoon-dominated


https://doi.org/10.3321/j.issn:0001-5717.2008.02.006
https://doi.org/10.3969/j.issn.0001-5717.2019.05.011
https://doi.org/10.1016/j.epsl.2015.07.023
https://doi.org/10.1016/j.epsl.2015.07.023
https://doi.org/10.1016/j.gr.2011.08.019
https://doi.org/10.1016/j.epsl.2014.01.045
https://doi.org/10.3969/j.issn.1000-0674.2008.02.006
https://doi.org/10.3969/j.issn.1000-3657.2007.04.019

2025 4F(2)

TR IV E TR T A i — b LI R B o e i L I o 3RS 55 ol PR 5 245

climate in northern subtropical Asia before 35 Ma [J]. Global and
Planetary Change, 218: 103970.

Fang X M, Zan J B, Appel E, et al., 2015. An Eocene-Miocene
continuous rock magnetic record from the sediments in the Xining
Basin, NW China: Indication for Cenozoic persistent drying driven
by global cooling and Tibetan Plateau uplift[J]. Geophysical Journal
International, 201 (1) : 78 —89.

Fontes ] C, Gasse F, Gibert E, 1996. Holocene environmental changes
in Lake Bangong basin (Western Tibet) . Part 1: Chronology and
stable isotopes of carbonates of a Holocene lacustrine core[J].
Palaecogeography, Palacoclimatology, Palacoecology, 120 (1 —
2) : 25-47.

Friedman I, O'neil J R, 1977. Compilation of stable isotope fractionation
factors of geochemical interest [R]. U.S. Geological Survey
Professional Paper: 1—55.

Graham S A, Chamberlain C P, Yue Y, et al., 2005. Stable isotope
records of Cenozoic climate and topography, Tibetan Plateau and
Tarim Basin[J]. American Journal of Science, 305 (2) : 101 —
118.

Guo Z T, William F R, Hao Q Z, et al., 2002. Onset of Asian
desertification by 22 Myr ago inferred from loess deposits in China[J].
Nature, 416 (6877) : 159.

Han W X, Fang XM, Ye C C, etal, 2014. Tibet forcing Quaternary
stepwise enhancement of westerly jet and central Asian aridification:
Carbonate isotope records from deep drilling in the Qaidam salt playa,
NE Tibet[J]. Global and Planetary Change, 116: 68 —75.

He PJ, Song CH, Wang Y D, etal., 2021. Early Cenozoic activated
deformation in the Qilian Shan, northeastern Tibetan Plateau:
Insights from detrital apatite fission - track analysis[J]. Basin
Research, 33 (3) : 1731-1748.

Hock R, Bliss A, Marzeion B, et al., 2019. GlacierMIP-A model
intercomparison of global-scale glacier mass-balance models and
projections[J]. Journal of Glaciology, 65 (251) : 453 —467.

Hoefs J, 1997. Stable isotope geochemistry [M]. Géttingen: Springer.

Horton T W, Defliese W F, Tripati A K, et al., 2016. Evaporation
induced "0 and "C enrichment in lake systems: A global perspective
on hydrologic balance effects[J]. Quaternary Science Reviews, 131:
365 —379.

Hough B G, Garzione C N, Wang Z, et al., 2010. Stable isotope
evidence for topographic growth and basin segmentation: Implications
for the evolution of the NE Tibetan Plateau[J]. Geological Society of
America Bulletin, 123 (1-2) : 168 —185.

JiaY X, WuHB, ZhuSY, etal, 2020. Cenozoic aridification in
Northwest China evidenced by paleovegetation evolution[J].
Palacogeography,
109907.

Palaeoclimatology, Palacoecology, 557:

Jian X, Guan P, Zhang W, et al., 2018. Late Cretaceous to early
Eocene deformation in the northern Tibetan Plateau: Detrital apatite
fission track evidence from northern Qaidam Basin[J]. Gondwana
Research, 60: 94 —104.

Kampf L, Plessen B, Lauterbach S, et al., 2020. Stable oxygen and

carbon isotopes of carbonates in lake sediments as a paleoflood

proxy [J]. Geology, 48 (1) : 3—7.

Kent-Corson M L, Ritts B D, Zhuang G, etal., 2009. Stable isotopic
constraints on the tectonic, topographic, and climatic evolution of
the northern margin of the Tibetan Plateau[J]. Earth and Planetary
Science Letters, 282 (1—4) : 158 —166.

Leng M J, Marshall J D, 2004. Palacoclimate interpretation of stable
isotope data from lake sediment archives[J]. Quaternary Science
Reviews, 23 (7-8) : 811—83l.

LiCP, ZhengD W, YulX, etal, 2023. Late Oligocene mountain
building of the East Kunlun Shan in northeastern Tibet: Impact on the
Cenozoic climate evolution in East Asia [J]. Global and Planetary
Change, 224: 104114.

LiJJ, 1999. Studies on the geomorphological evolution of the Qinghai-
Xizang (Tibetan) Plateau and Asian monsoon [J]. Marine geology &
Quaternary Geology (1) : 7 —17 (in Chinese with English abstract).

Li J G, 2015. A Primary Investigation on the Palynoassemblages of the
Cenozoic Yaxico and Wudaoliang Formations, Hoh Xil[J].
Quaternary Sciences, 35 (3) : 787 — 790 (in Chinese with English
abstract).

LiLY, 2019. Late Eocene-early Miocene paleoenvironment evolution of
the Tuotuohe Basin and its tectonic uplift implications for the central-
northern Tibetan Plateau [D]. Beijing: University of Chinese
Academy of Sciences (in Chinese with English abstract).

Li L Y, Chang H, Guan C, 2022. Paleolatitude evolution of the
Tuotuohe Basin, central northern Xizang (Tibet)  during the
Cenozoic and its tectonic, climate implications[J]. Geological
Review, 68 (5) : 1801 — 1817 (in Chinese with English abstract).

LiLY, Chang H, Farnsworth A, etal., 2023a. Revised chronology of
the middle—upper Cenozoic succession in the Tuotuohe Basin, central-
northern Tibetan Plateau, and its paleoelevation implications[J].
Geological Society of America Bulletin, 136 (5 — 6) : 2359 —
2372.

LiLY, Chang H, Li X Z, etal, 2023b. Magnetostratigraphy of the
Tuotuohe Formation in the Tuotuohe Basin, central-northern Tibetan
Plateau:  Paleolatitude and paleoenvironmental implications[J].
Minerals, 13 (4) : 553.

LiL, Fan M J, Davila N, etal., 2018. Carbonate stable and clumped
isotopic evidence for late Eocene moderate to high elevation of the east-
central Tibetan Plateau and its geodynamic implications [J]. Geological
Society of America Bulletin, 131 (5-6) : 831 —844.

Li L, Garzione C N, 2017. Spatial distribution and controlling factors of
stable isotopes in meteoric waters on the Tibetan Plateau: Implications
for paleoelevation reconstruction[J]. Earth and Planetary Science
Letters, 460: 302 —314.

Li L, Garzione CN, 2023. Upward and outward growth of north-central
Tibet: Mechanisms that build high-elevation, low-relief plateaus [J].
Science Advances, 9 (27) : 3058.

LiYL, Wang CS, Zhao X X, etal., 2012. Cenozoic thrust system,
basin evolution, and uplift of the Tanggula Range in the Tuotuohe
region, central Tibet[J]. Gondwana Research, 22 (2) : 482 —
492.

LiYL, WuFR, LiuD]J, etal, 2014. Distribution pattern and


https://doi.org/10.1038/416159a
https://doi.org/10.1016/j.gloplacha.2014.02.006
https://doi.org/10.1111/bre.12533
https://doi.org/10.1111/bre.12533
https://doi.org/10.1016/j.quascirev.2015.06.030
https://doi.org/10.1016/j.gr.2018.04.007
https://doi.org/10.1016/j.gr.2018.04.007
https://doi.org/10.1130/G46593.1
https://doi.org/10.3390/min13040553
https://doi.org/10.1016/j.gr.2011.11.017

246 DURRS S e (2)

exploration prospect of Longwangmiao Fm reservoirs in the Leshan-
Longniisi Paleouplift, Sichuan Basin[J]. Natural Gas Industry,
1 (1 72-77.

LiuDS, Zheng M P, Guo Z T, 1998. The origin and development of
the Asian monsoon system and its epochal coupling with polar ice
sheets and regional tectonic movements[J]. Quaternary Sciences,
18 (3) : 194 —204 (in Chinese with English abstract).

Liu YD, YangY B, YeCC, etal, 2021. Global change modulated
Asian inland climate since 7.3 Ma: Carbonate manganese records in
the western Qaidam Basin [J]. Frontiers in Earth Science, 9:
813727.

LiuZF, Wang CS, Jin W, etal., 2005. Oligo-Miocene Depositional
Environment of the Tuotuohe Basin, Central Tibetan Plateau[J]. Acta
Sedmentologica Sinica, 23 (2) : 210 — 217 (in Chinese with
English abstract).

Liu Z F, Wang C S, Yi H S, et al, 2001. Reconstruction of
Depositional History of the Cenozoic Hoh Xil Basin[J]. Acta
Geologica Sinica, 75 (2) : 250 — 258 (in Chinese with English
abstract).

LuC, XiaGQ, ChenY, etal, 2023. Late Eocene-Early Oligocene
clay mineral characteristics and paleoclimate significance in Lunpola
Basin, Tibet[J]. Sedimentary Geology and Tethyan Geology,
43 (3) : 565— 579 (in Chinese with English abstract).

Miao Y F, Wu F L, Chang H, et al., 2016. A Late-Eocene
palynological record from the Hoh Xil Basin, northern Tibetan
Plateau, and its implications for stratigraphic age, paleoclimate and
paleoelevation[J]. Gondwana Research, 31: 241 —252.

Polissar P J, Freeman K H, Rowley D B, etal., 2009. Paleoaltimetry
of the Tibetan Plateau from D/H ratios of lipid biomarkers[J]. Earth
and Planetary Science Letters, 287 (1-2) : 64 —76.

Qiang X K, AnZ S, Song Y G, et al., 2011. New eolian red clay
sequence on the western Chinese Loess Plateau linked to onset of
Asian desertification about 25 Ma ago[J]. Science China (Earth
Sciences) , 54 (1) : 136—144.

Romanek C S, Grossman E L, Morse J] W, 1992. Carbon isotopic
fractionation in synthetic aragonite and calcite: Effects of temperature
and precipitation rate[J]. Geochimica et Cosmochimica Acta,
56 (1) : 419 —430.

Rosenbaum J, Sheppard S M, 1986. An isotopic study of siderites,
dolomites and ankerites at high temperatures[J]. Geochimica et
Cosmochimica Acta, 50 (6) : 1147 —1150.

Shao LY, Zhang P F, 1991. Stable isotope composition of oxygen and
carbon, paleo-salinity and paleo-temperature of carbonate rocks in
Heshan Formation, Central Guangxi Province[J]. Coal Geology of
China, (01) : 25— 30 (in Chinese with English abstract).

ShiYF, TangM C, MaY Z., 1998. Study on the relationship between
the second-stage uplift of Qinghai-Tibet Plateau and the breeding of
Asian monsoon[J]. Science In China(Series D), (03) : 263 — 271
(in Chinese with English abstract).

Song B W, Zhang K X, Han F, et al., 2021. Reconstruction of the
latest Eocene-early Oligocene paleoenvironment in the Hoh Xil Basin

(Central Tibet) based on palynological and ostracod records [J].

Journal of Asian Earth Sciences, 217: 104860.

Song BW, Zhang K X, Zhang L, etal., 2018. Qaidam Basin paleosols
reflect climate and weathering intensity on the northeastern Tibetan
Plateau during the Early FEocene Climatic ~Optimum/[J].
Palacogeography, Palacoclimatology, Palacoecology, 512: 6 —22.

Staisch L M, Niemi N A, Clark M K, et al., 2016. Eocene to late
Oligocene history of crustal shortening within the Hoh Xil Basin and
implications for the uplift history of the northern Tibetan Plateau[J].
Tectonics, 35 (4) : 862 —895.

Staisch L M, Niemi N A, Hong C, etal., 2014. A Cretaceous - Eocene
depositional age for the Fenghuoshan Group, Hoh Xil Basin:
Implications for the tectonic evolution of the northern Tibet Plateau[J].
Tectonics, 33 (3) : 281 —301.

SunJ M, Liu WG, LiuZH, etal, 2017. Effects of the uplift of the
Tibetan Plateau and retreat of Neotethys Ocean on the stepwise
aridification of mid-latitude Asian interior[J]. Bulletin of Chinese
Academy of Sciences, 32 (9) : 951 — 958 (in Chinese with English
abstract).

SunJM, Yel, WuWY, etal, 2010. Late Oligocene-Miocene mid-
latitude aridification and wind patterns in the Asian interior[J].
Geology, 38 (6) : 515-518.

Swart P K, Burns S J, Leder J J, 1991. Fractionation of the stable
isotopes of oxygen and carbon in carbon dioxide during the reaction of
calcite with phosphoric acid as a function of temperature and
technique [J]. Chemical Geology, 86 (2) : 89 —96.

Talbot M R, 1990. A review of the paleohydrological interpretation of
carbon and oxygen isotopic-ratios in primary lacustrine carbonates[J].
Chemical Geology, 80 (4) : 261 —279.

Talbot M R, Kelts K, 1990. Paleolimnological signatures from carbon
and oxygen isotopic ratios in carbonates, from organic carbon-rich
lacustrine sediments: Chapter 6.

Wang CS, LiuZF, YiHS, etal, 2002. Tertiary crustal shortenings
and peneplanation in the Hoh Xil region: implications for the tectonic
history of the northern Tibetan Plateau[J]. Journal of Asian Earth
Sciences, 20 (3) : 211-223.

Wang C S, Zhao X X, LiuZF, etal., 2008. Constraints on the early
uplift history of the Tibetan Plateau[J]. Proceedings of the National
Academy of Sciences of the United States of America, 105 (13) :
4987 — 4992.

Wang C' S, DaiJ G, LiuZF, etal, 2009. The uplift history of the
Tibetan Plateau and Himalaya and its study approaches and techniques:
A review[J]. Earth Science Frontiers, 16 (3) : 1 — 30 (in Chinese
with English abstract).

Wang S F, Chen Y, YiHS, etal, 2023. The characteristics of n-
alkanes from the Palacogene lacustrine oil shale in the Kanggale area,
Nyima Basin, and their paleoenvironment and Paleoclimate
significance[J]. Sedimentary Geology and Tethyan Geology,
43 (3) : 542 - 554 (in Chinese with English abstract).

Wang T, Wang Z Q, Yan Z, et al., 2016. Geochronological and
geochemical evidence of amphibolite from the Hualong Group,
northwest China: Implication for the early Paleozoic accretionary

tectonics of the Central Qilian belt[J]. Lithos, 248: 12— 21.


https://doi.org/10.1016/j.ngib.2014.10.009
https://doi.org/10.3969/j.issn.1000-0550.2005.02.004
https://doi.org/10.3969/j.issn.1000-0550.2005.02.004
https://doi.org/10.3321/j.issn:0001-5717.2001.02.015
https://doi.org/10.3321/j.issn:0001-5717.2001.02.015
https://doi.org/10.1016/j.gr.2015.01.007
https://doi.org/10.1016/j.epsl.2009.07.037
https://doi.org/10.1016/j.epsl.2009.07.037
https://doi.org/10.1002/2015TC003972
https://doi.org/10.1016/S1367-9120(01)00051-7
https://doi.org/10.1016/S1367-9120(01)00051-7
https://doi.org/10.3321/j.issn:1005-2321.2009.03.001

2025 4F(2)

TR e ST TR T A M A PO T W AR R R Eh

B SRR (37 ZR AR AR oy PRI X 247

Wang X, Carrapa B, SunY C, etal., 2020. The role of the westerlies
and orography in Asian hydroclimate since the late Oligocene[J].
Geology, 48 (7) : 728 —732.

Wu C, LilJ, Ding L, 202la. Low-temperature thermochronology
constraints on the evolution of the Eastern Kunlun Range, northern
Tibetan Plateau[J]. Geosphere, 17 (4) : 1193 —1213.

WuC, Zuza AV, LiJ, etal.,, 2021b. Late Mesozoic—Cenozoic cooling
history of the northeastern Tibetan Plateau and its foreland derived
from low-temperature thermochronology[J]. Geological Society of
America Bulletin, 133 (11-12) : 2393 —2417.

Wu C H, Xia G Q, Wagreich M, et al., 2019. Early Miocene
expansion of C4 vegetation on the northern Tibetan Plateau[J]. Global
and Planetary Change, 177: 173 —185.

Wu J X, Xia G Q, Chen Y, et al., 2022. Characteristics of clay
mineralogy and its paleoclimatic significance across the Oligocene-
Miocene transition in the Lunpola Basin, central Tibet[J]. Acta
Sedimentologica Sinaca, 40 (5) : 1265 — 1279 (in Chinese with
English abstract).

WuZH, WuZH, YePS, etal., 2006. Late Cenozoic environmental
evolution of the Qinghai-Tibet Plateau as indicated by the evolution of
sporopollen assemblages[J]. Geology In China, 33 (5) : 966 —
979 (in Chinese with English abstract).

WuZH, YePS, HuDG, etal., 2007. U-Pb isotopic dating of zircons
from porphyry granite of the Fenghuoshan Mts, northern Tibetan
Plateau and its geological significance[J]. Geoscience (3) : 435 —
422 (in Chinese with English abstract).

WuZH, WuZH, HuD G, etal, 2009. Carbon and oxygen isotope
changes and palacoclimate cycles recorded by lacustrine deposits of
Miocene Wudaoliang Group in northern Tibetan Plateau[J]. Geology
In China, 36 (5) : 966 — 975 (in Chinese with English abstract).

WuZ H, BaroshPJ, WuZH, etal., 2008. Vast early Miocene lakes
of the central Tibetan Plateau[J]. Geological Society of America
Bulletin, 120 (9—-10) : 1326 —1337.

Xiao G Q, Zhang C X, Guo Z T, 2014. Initiation of East Asian
monsoon system related to Tibetan Plateau uplift from the latest
Oligocene to the carliest Miocene [J]. Chinese Journal of Nature (3) :
165 — 169 (in Chinese with English abstract).

XiaGQ, WuCH, LiGJ, etal., 2021. Cenozoic growth of the Eastern
Kunlun Range (northern Tibetan Plateau) : evidence from
sedimentary records in the southwest Qaidam Basin[J]. International
Geology Review, 63 (6) : 769 —786.

Xiong ZY, DingL, Spicer R A, etal., 2020. The early Eocene rise of
the Gonjo Basin, SE Tibet: From low desert to high forest [J]. Earth
and Planetary Science Letters, 543: 116312.

XuQ, DingL, Zhang L Y, etal., 2013. Paleogene high elevations in
the Qiangtang Terrane, central Tibetan Plateau[J]. Earth and
Planetary Science Letters, 362: 31 —42.

Yang G C, 2010. Methods of using carbon-oxygen isotopic characteristics
of lacustrine and authigenic carbonates to analyze types of paleolakes:
Problems needing attention, the essential points, analytical programs
in practical application[J]. Xinjiang Geology, 28 (2) : 222 — 227
(in Chinese with English abstract).

Yang W, FuL, WuCD, etal., 2018. U-Pb ages of detrital zircon from
Cenozoic sediments in the southwestern Tarim Basin, NW China:
Implications for Eocene—Pliocene source-to-sink relations and new
insights into Cretaceous—Paleogene magmatic sources[J]. Journal of
Asian Earth Sciences, 156: 26 —40.

Yang X X, Li X F, Guo J J, et al., 2022. Characteristics and
significance of C-O isotopes of Oligocene Miocene lacustrine
carbonate rocks in Zhangxian, northern margin of west Qinling
Mountains[J]. Northwestern Geology, 55 (2) : 106 — 115 (in
Chinese with English abstract).

Yang Y B, Fang X M, Appel E, et al, 2013. Late

Pliocene—Quaternary evolution of redox conditions in the western

Qaidam paleolake (NE Tibetan Plateau) deduced from Mn
geochemistry in the drilling core SG-1[J]. Quaternary Research,
80 (3) : 586 —595.

YiHS, LinJH, Zhou KK, etal, 2007. Carbon and oxygen isotope
characteristics and palacoenvironmental implication of the Cenozoic
lacustrine carbonate rocks in northern Qinghai-Tibetan Plateau[J].
Journal of Palacogeography, 9 (3) : 303 — 312 (in Chinese with
English abstract).

YiHS, ShiZQ, Zhu Y T, etal, 2009. Reconstruction of paleo-
salinity and lake-level fluctuation history by using boron concentration
in lacustrine mudstones [J]. Journal of Lake Sciences21 (1) : 77 (in
Chinese with English abstract).

Zeng L Q, GatjenJ, Reinhardt M, etal., 2023. Extremely “C-enriched
dolomite records interval of strong methanogenesis following a sulfate
decline in the Miocene Ries impact crater lake[J]. Geochimica Et
Cosmochimica Acta, 362: 22 —40.

Zhang J, LiuY G, Fang XM, etal., 2021. Elevation of the Gangdese
mountains and their impacts on Asian climate during the late
Cretaceous—A modeling study[J]. Frontiers in Earth Science, 9:
810931.

Zheng H B, Wei X C, Tada R J, etal.,, 2015. Late Oligocene-early
Miocene birth of the Taklimakan Desert[J]. Proceedings of the
National Academy of Sciences of the United States of America,
112 (25) : 7662 —7667.

Zhong D L, Ding L, 1996. Study on uplift process and mechanism of
Qinghai-Tibet Plateau[J]. Science in China (Series D) , 26 (4) :
289 — 295 (in Chinese with English abstract).

Shen J, Xue B, Wu J L, et al., 2010. Lake sedimentation and
environmental evolution [M]. Beijing: Science Press.

Zhou K K, Yi H'S, Lin J H, 2007. Petrology and sedimentary
environments of the lacustrine carbonate rocks from the Miocene
Wudaoliang Group in the Hoh Xil Basin, Qinghail[J]. Sedimentary
Geology and Tethyan Geology, 27 (1) : 25— 31 (in Chinese with
English abstract).

Bt eh 305 5 30k

W, EEE, B, %, 2023 FEEACH AE R B
G A — L 7 3 A b R 22 R A S o AR R S [T, OB S AR
Wi iR, 43 (3) : 580—3591.


https://doi.org/10.1130/B35879.1
https://doi.org/10.1130/B35879.1
https://doi.org/10.3969/j.issn.1000-3657.2006.05.004
https://doi.org/10.3969/j.issn.1000-3657.2009.05.002
https://doi.org/10.3969/j.issn.1000-3657.2009.05.002
https://doi.org/10.1130/B26043.1
https://doi.org/10.1130/B26043.1
https://doi.org/10.1080/00206814.2020.1731717
https://doi.org/10.1080/00206814.2020.1731717
https://doi.org/10.1016/j.epsl.2012.11.058
https://doi.org/10.1016/j.epsl.2012.11.058
https://doi.org/10.3969/j.issn.1671-1505.2007.03.008
https://doi.org/10.3321/j.issn:1003-5427.2009.01.010
https://doi.org/10.3389/feart.2021.810931

248 PIRASSERES R (2)

SEMEE, XL, BLREE, %, 2008, i B H—rF R DR R R
Ji Ab 2 B T (1 R AE——k B o] R 75 L2 b (4R i (I, b5 23,
28 (2) : 194 —203+291 — 292

WA, REA, AL, %, 2019 B E X = &g B
IRV 20 b B AR T R kS ik S IR o 3R ol BRI 4 AT (0] M 2
i, 93 (5) @ 1137-1153

AU, FHRIME, ZEHRAE, 2005, A2l ER Eh 5k 5 R A7 3% 41 1
22y A (3], HhER{K %, 34 (5) : 495 —500.

Bk, dkvifn, FaME, S5, 2008, B 0l H T B T AR
IRE R AR . AR DI B A AR, 25 (2) ¢ 185
- 195.

BEW, 25, WaRR, 2%, 2007, 75 5 5 I MR R i X H AR AR
AT AL S FR A AR 0T 0], P ER, 34 (4 -
688 — 696

A5 35, 1999, 5 i JE I b SR AL 5 2 R [T). R T 5 2R
i (1)« 7-17.

A, 2015, f ) v LT A AR VG RS 4R A0 B2 A AR 2 A IR IR
(], L, 35 (3) : 787 —1790.

AR, 2019, T JH SR TE Ve AT 7 b G 46 T thE—— o R i IR B
e 33 Booxod v JE b AL s R G s 4R R & (D] Ak T EER
B K.

BIRE, WS, Kb, 2022, F 5 B A AL v e T g Ok A A
25 T AR S 3L F 3 RS IR PR s B LD H SR, 68 (5) -
1801 — 1817.

XNZRAE, WEF, IWIEH, 1998. TF Y12 X 5 St ke 5 A0 K R B
5 B UK 5 R IX 38 3 d Bh G i AR A 1 9D, 58 D A
18 (3) : 194—204

XK, Tk, &, %, 2005, 7 5 E v ve i 2 e —h
B TR B o 0 (0. DR AR, 23 (2) ¢ 210 -217.

XEK, TR, P, 5, 2001, o) w] gh g 75 A AR R E
Ao g s E A [J]. MO 4R, 75 (2) 250 - 258.

Mg, HEWE, Mz, 5, 2023, 74 S I b 2 Hh i o Er i —5 i
B R R AR B A R LD DR S R R T R,
43 (3) : 565—579.

A S, SRS, 1991 BE A LA BRER Eh A A . AR e AL R
2R B ol FERN IR B L] h E AR BT, (01D« 25 -30.
T, BEVE, R, %, 20100 WMV S S BT (M) bR

B AR AL
HEAER, A, T T, 1998, T R B TR N R K

BRAKEWI]. B EFR: (D #: HhERE), (03) @ 263 -271.

INARE, X T, MR, S, 2017, T R R B TS A I
T8 Xt 0 R 8 Y Bt S R s e [T, H R AR B
32 (9) : 951958

ERE, BEMH, xIEK, %, 2000 055 &R S DR T
T3 SERVRE A 7 e R i D). M RT 2%, 16 (3D 1-30

EER, Bz, e, 55, 2023, 765 5 2 i b i 22 W A0 o 0T
BRI AR R AE B 30l BR85S A S LT OB R A 20
B, 43 (3) : 542-554

Rahe, HEWE, Gzs, %, 2022 05548 PR 2 08— g
2 A8 B R AE B AR R LI DU R, 40 (5) -
1265 — 1279

REW, R, MR, 2, 2006, S EE R A REHHS
5B (], P E T, 33 (5) : 966 —979.

RN, WIGE, WD, %, 2007. 3 B ALEEXCK L TE R BE
F R A U-Pb [8) 47 2 00 48 R 5 2 SC L] SRR (3D« 435
-422

REW, Sbig, HETD), %, 2009. 750 JE G E 4 s 3
LI N AR = W G R VA N ANl W 79 A CT N A S 9
36 (5) : 966 —975.

B, TkBFE, FPIEAE, 2014, MHH tE— 5 o i e I T
H5RWERELD]. BRRE (3D 165-169

o E F, 2010, F)FH Wi AR B R #h 2 SR R A7 2R AR AE 4 A o I
R J7 2 B L A IR R e R 2R L0 A b
28 (2) : 222-227

VaesE, ZEEuE, TR, &, 2022 R I B W % —+h
TG0 AR B R R e . SR AL R AR & R LD, v b b R
55 (2) : 106 — 115.

PrigsE, e, FEBR, %, 2007. 755 i B A 35 A 4w A ik
% 265 B L P 3R A 2 R B 3 S [T s B 24, 9 (3D -
303 —312.

B, mhaeE, RIE, &, 2009. F U8 5R AW G R E E Tk
A A AR s O W R, 21 (D s 77,
BROR3E, TOMR, 1996, 5 5 R A0 B RS R R L PR (T AR E

K. D, 26 (4) : 289—295.

FRE, BHEA, &R, 2007, A AT 7 b B 45 100 2R
AR IR 8 A A SRR S TOR R S5 43 4 (], DU R B 30 e
27 (1) : 25-31.


https://doi.org/10.3321/j.issn:0001-5717.2008.02.006
https://doi.org/10.3969/j.issn.0001-5717.2019.05.011
https://doi.org/10.3969/j.issn.0001-5717.2019.05.011
https://doi.org/10.3969/j.issn.1000-0674.2008.02.006
https://doi.org/10.3969/j.issn.1000-3657.2007.04.019
https://doi.org/10.3969/j.issn.1000-0550.2005.02.004
https://doi.org/10.3321/j.issn:0001-5717.2001.02.015
https://doi.org/10.3321/j.issn:1005-2321.2009.03.001
https://doi.org/10.3969/j.issn.1000-3657.2006.05.004
https://doi.org/10.3969/j.issn.1000-3657.2009.05.002
https://doi.org/10.3969/j.issn.1671-1505.2007.03.008
https://doi.org/10.3321/j.issn:1003-5427.2009.01.010

	0 引言
	1 区域地质概况与剖面特征
	2 样品采集与实验方法
	3 测试结果
	4 阿布日阿加宰剖面碳氧同位素变化特征与古环境指示
	5 结论
	参考文献

