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WHEYUR alluvium-fluvial deposits
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N F7& % 41 Wudaoliang Formation
M PE % 41 Yaxicuo Formation
YEYE T 41 Tuotuohe Formation

g
@@ |45 L HF Jiezha Group

) © AR Hufk A1 A8 Tocations of ostracoda
W lake
T river

¢ A% unconformity

@ 5 ST town or city

34.1°N

34.05°N

& S5 £ study site
3 0 & 35 1 measured section
sl (1)

92.28 °E 92.37°E 92.45°E

P17 90 i R AR 3 LRI 5 0 5 A A A P () (G PR Y HE 375 v AT 1 L 4 b 1 43 A S D) K TTHC 1) i
PIrE X SIE (b) (467 A 58" R, 1991)
Fig. 1 Main terranes, orogenic belts and research location distributed in the Xizang( Tibet) (a) (the black box represents the

distribution of the Hoh Xil Basin) and regional geological map where TTHC locates (b) (from Qinghai Bureau of Geology and

Mineral Resources, 1991)
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Ran et al. , 2018; Fang Xiaomin et al. , 2021; Xie
Gan et al. , 2021; BSR4, 2021) o I, Tt 26 5 HY
FFEX T35 68 e Jirt e A 1) F) b e 4 i g o 45 R AR
U8 R VEH (AR 18 7R %5, 2013 ; Meng Jun et al. ,
2017) . UURRH A REAGT A1 2l 45 B R A A IC SR 4
IR, %75 780 e i oty £ B O T 5 2 B4R vh TR
M e 5 BT Az B filf 48 1 B5F 18] ( Dupont-Nivet et al.
2010; B FHSE, 2010;Yi Zhiyu et al. , 2011; Huang
Wentao et al. , 2015 ; FNFIEASE 2019 ; 5K K SCHIE L
#F,2019 ;van Hinsbergen et al. , 2019) AN AACZ
H A BT B 3] ( Cheng Xin et al. |, 2011 ; {F9 R %5,
2013; 2 i AR Fl 5k K 3C, 20145 Yan Maodu et al. |
2016;Tong Yabo et al. , 2017 # B % 2020,2021)
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DAy 26 BE RIS 3 S 4R v /e ml ] 7Y B | B
B 43 AN E 3 45 b %5 (Lin Jinlu and Watts, 1988;
Halim et al. , 1998; Ran Bo et al. , 2016; Tong Yabo
et al. , 2017; Zhang Weilin et al. , 2020) , Kl itk 1k
e SO ML R A AT 6 TS AT b B, 7T
e SR AR A 2 b DTRR I SR I REABAR K A T
B 0 A R AR e Ak (USRS, 2012) (HTG 2R
AR , e Il 2 A i A A 2 B I e e b it AT
T A £ 1 AL RS IE (40 Lin Jinlu and Watts, 1988;
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AT T S (Staisch et al. , 2014) . JF RIS 2 H
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TS M6 (Miao Yunfa et al. , 2016) B4 zh 1 L 45
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O AFUUR, FE 0 TR L A s B R
LU AT AT Y b, RS TS LA B b LR
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Fig. 2 Lithological change and some photos of the TTHC
Section[ the fig. (c¢) represents a small fold, which locates
at the bottom of the section; the fig. (a) indicates the cross

layers of the section |

KRRV EAFA — & G (Liu Zhifei
et al. , 2003; 225 L% 2004 ; JHEFAE 2 2004 5 X &
“KE§, 2005; Staisch et al., 2014; Jin Chunsheng et
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I, 38 T AT P B A A e R R W )2 2R R A DA
T A b2 R B LR B 4 ek 52 AR 51, KUK L
VTR B AF IS BB 22 M 24 72 ~51 Ma( Jin Chunsheng
et al. , 2018) , E FIAHXS AT ARG 2 BN R KUK L B
A TRER AW 22 /0 W% AE 51 Ma, [R]B, 3@ a5 Fe AT 3
JUAEAETETEIA H X BT FF R (4 T4, A VG 485 41 10 1 o
AR, FE B2 R i (Lin Jie et al. |
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2020; 7R, 2019 FSCHEIA) |, 5 AT AAEE A M X
FIAIF 58 45 3 FE A — 30 (U Wang Chengshan et al. |
2008) , BT LA HBEAE , 4 XL 518 ie T HA1E N
PR ST 1) b 2 BT A X b A B RIVRT AT P FE
T A A J2 A2 B8 43 ) 2« SR Je e
RV e 2 N T R

2 SRR

B A KL il a3 ASC Scientific TD-48 BIHUR 51X
XTRE AT R G R R, IR BE B IR DL 10~ 50°C K
B B — BN #43 690°C |, 4R J5 fifi i 2G-755R 8 5
e 3 ASGHEA T TR ) 00 2, T A ) I S TR R A R R
% (<300 nT) AT FB431E BURE i (9 25 TR 30 1 A
FRHIZERH ASC IM-10-30 ik shz J14S0m s , i Kbk
MG 2500 mT, FH AGICO 23 w24 7 i JR-6A
XU H B i 1 A 2 2 (R) AT 8 i 1) DU i
SRFWIAS 7 A b 3 i I A Al 26 R
AGICO A FIHEFA ) MFK1-FA 2285 % ] S eG4k %
A SERL AR R AUE A 1077 ST, 2R BELE R CS3/
CS3-L REFEH RS M Ry £2°C  IMFAIX AR 40 ~
700°C , NFATE 2R 11°/min, Fi %Ky 976 Hz, W77
JE4 200 A/m,, HEH B AE VSM 3900 46 B2 1%
R SER, A I TN R 1.5 T A1 2 T, I &
RN 5 mT, DAL SE86 7 iRk B b sk 2045 1 52
B A 55 0 20 b R R R S S = SR

3 4%
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TTHC )78 J& T-FATT 2 FFJR 5 18 16 1035 1 1) B
RS, I RATEIETEIE KN 1176 m, B
ANFRATT AR B TR VAR A FH B B A S i O
], A AESCI0 2 I R GRS 00 . BT EE 7 1 oy M R
MePEARE F 29 AN IEAR PR AT 29 A Sb PR AL (L
et al. | under review; 22 /R 7, 2019) . HAb, FA17E
TEYEITHI T R T A M2 AR AR R, A g R Tl
Ky ORISR ESE R B A A A Al
A WA SEIE ST, BRE T M2 AR E SR FEL I
Hi 2 AR AR SR IR b K ye T AT T A o
RS FRAEMAERE (GTS 2012) #4T T VLA ( Gradstein
et al., 2012) , B A PR E B IE I A AR IR S 24 37.0
~32.7 Ma, fEPGHE AL AR 2R 32.7~23.6 Ma, Ti
TEREH AR & 23.6~19.7 Ma (Li Leyi et al. |
under review ; 22 /R, 2019) . AX3C TTHC 5 1 H H
o Ty A R BT e T AR IR 2R 37.0~34.3

Ma,
3.2 HEw HER

il H R ) A S AR T W
FAERACSE I Mg 2= PSRRI . O T € TTHC 31
THI 1) B RENET 1), 28 38 55 R TG AL 5 B Ui s 72 A
2k (k—T) , SR RESRAS T 28 (IRM) LA B i s 1]
2% (Hys ) 55 77 vk [m) o 300 T 0 280010

S ANREER ) JE BLEE SRR SR T
I PR FE M kM e A A T Y
(McElhinny and McFadden, 1999) | #P4:0" ¥)7F H
BLR R B R TR BE BT, G R T R
(Butler, 1992) . 7 TTHC #1143 M AL 5 Co A
C132 v B I R AL 2R AE 580°C B 2 F B, 1
WIRE R 2 LY, (H2 CO ML 7E 700°C
LEAT AR A B AR B4 25 T C132 B 5 1 4 1k
FAE T00°C LA i A AT AR 3 2, 0 B o 7 A
FE PN REER AT R G0 ) 2 — i A (R
T RENET AR, ARk 45 | T X 5 B A b 23
MBI R WL EARRT & (XIFFE5F, 2014)

SR ARG ARG I 26 SR FE WL R 300 mT A
i, Fsi B FOR R I AE 2 30% ~40% , 51k i
B 1.5 T B HRE A8 B A e A, B T
WU RGN Y A, WNARER AT 45 | 3 5 Ak 3 B
AR 4 — 3,

FE b ORGP P OB R AS R AN Mg S T,
W PE BTt 2 R A A AR A, s Rl 22— Al
FEENTFBOR R R XA AL, JE b 58 i A5 iR
Pt ARAT it 205 2 0 05 B FERG A 0] 4 b A S g
(Tauxe et al. , 2010) , &l 3 f7~ P/ i B 0 s [
ZRRRAE A “ WA ((wasp-waisted ) , FERE 7 %] 300
T Z I, P i ) R A 5 B T 34 o 1) RN £
SREE Y 40% H 2 HEREZMBN 20 1.5 T A W4,
IXRPAFAE AT B8 2 PR AN TRV A RGP TR A BT
I, WREERA R AR ( Roberts et al. , 1995)

AT R AT ATRE S R SR Y G R
BRAT R DTRR , 3 FH 8RO B e A AR R X A i A T
WLy 194355 ( Kruiver et al. , 2001) , BEHAY F& P Ff
Hores. sk 1 FE 3 fis, 76 Co Fil C132 A4
FE RGP ) 1 S #5300 mT, Fir
WIS T 419% , TR0 3 R T 450 mT i) R %
WA 425 A IR T WG 1 DT R R T 59% . 45 6 WG
e 23 i 7 A A it 2, 45 T R W A AS: 1 4k DA R e
[, TTHC F1) Th A i v 0 204 1™ 400 - 1 k™ R0 ol
BRE (HJR AN R BN )
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Fig. 3 Magnetic susceptibility dependent on temperature curves, isothermal remnant magnetization and de-component curves

as well as hysteresis of selected samples from TTHC Section, Tuotuohe Basin

®1 EREEEEAA TTHC HHESH &
BERTH L (GAP) HR
Tablel Gap results of the selected samples from the
TTHC Section, Tuotuohe Basin

FESh 5 Mﬁﬂﬁ} BI/Z(mT) Mri(%) DP
o Ao 1 9.4 41 0.5
Hoy 2 547.5 59 0.3
Hor 1 156.4 13 0.4

C132 A5y
Aoy 2 476.3 87 0.31

TE: B, , FRAH VA5 LR R A — 21 B I M6 BT 0 99 33 5 v, 451
I X A AR AR RE ) TTRREE s DP | S0 7 1428 TR B

B,,,: the applied field at which mineral phase acquires half of its
saturation IRM; Mri: an indication of the component SIRM and
therefore its contribution to the bulk IRM curve; DP: the dispersion

parameter, expressing the coercivity distribution of a mineral phase

3.3 HMELER
JITAT A it 28 AR 1% LU, o0k iy el s >R
F 343 (principal component analysis ) R fifi 2E
P I RFAERIRE 7 1] ( Kirschvink, 1980) , 3 %/
FELE 4 VR0 R K B KA I 22 (maximum angular
deviation) < 15° 09 5 F 2K SR AT BB R 00F F8) 1 1) 7 1)
(K 4), FrA RS B RRE R R 77 18] FH Fisher (1953)
St ki TR . N 4 Hhal LUE R LR
R BE AR 500°C Z A7 i, AR I U A 20 73 FE AR L 3
BT, A 500°C ZE A H G DU S B 4 ith e BE AT 1R

R A 1 st AERAE AR R FR B O 1) o FEAS UCF
G, S T HEBR T BEAFTE R PR S A, FRAT TIE
VGP =45° s F R #E A7 e 3158 Aty 26 2 15K
B, B 5 A 74 ATl M RGBS R K

iz Fisher 4t 11 /7% ( Kirschvink, 1980) , X}
VGP =45° R IE L ZAF ah B 2E 47 32 AR IE , 3
JEREE BT Y 4 AL F % 75 18] 29 : Dec = 338.3°, Inc =
36°, a95=6°, k=9, )2 KE T M RFIERIfET- 24 75
0] A Dec=358.5°, Inc=28°, a95=5.7°, k=9 (A
S5a,b) . [AIEI3E T RO AR B (35 Ma) #9-F-45 77
[i1]°A Dec = 10.6°, Inc=54.5°, a95=3.9°( & 5b)
(Besse and Courtillot, 2002)

YR RE ARAS R IE TR 1 2 15 O D AR R 2
B X RE IEAT TR FE K00 ( Tauxe et al. , 2010),
1¢Hﬁﬁfﬁl%ﬁ%}ﬁé£,\iﬁﬂiﬁﬁ,Bﬁéﬂ%ﬁli‘ﬁj%%iﬁ@
95% {5 X IAAH BT &, I SUARPETE 95% EAF K
XA (E Se) , Rt i i T #4558 ( Tauxe
et al., 2010) , R UIRE S AR RS BR T UCHERIRE , AR
197 A R

T PR AEFR R V- S48 )5 o) 50ty 40 3 22 i, %
TR A Af A T R SR AT A, PR Ry M A ) A 25
RO L RAFAE RN 22 . 1 205 R BITTR
FTIC SR RE A AF AR AL S, JUH TR Hh T
X (Gilder et al. , 2001; Dupont-Nivet et al. , 2002;
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Fig. 4 Demagnetization curves of some selected samples( Open circle represents vertical projection while solid circle represents

horizontal projection) from the TTHC Section, Tuotuohe Basin

Tan Xiaodong et al. , 2003; Yan Maodu et al. , 2005;
Kodama, 2012; 2% #B85%,2012; Meng Jun et al. ,
2017) . DLRUAREM A AL B 3 2R R — A .
DURRIN BB P Ak - — i K A e SR AT DU
PGt R JUHOR BURL L TR 45 5 & Ak
1A AL s TSR - DB B BUA e At vl LA A
R ESEVERT U F 4l BB AR s AR TR A
UV BYRE A2 T A 25 0 AR Y, e 0 3 AR R
TR ORLAT ] BE 23 BT HRS , AT  2000 A e A 5 I
S5VE T DTBVE TR B (1 9 e 256 7T R BHL Ik J=
HAEA g Tk 52 55 A 5 B0RY /% 18 A 1 AL ( Butler,
1992) o TR Al B Ji PRE A AR 2 e 1 i
B, BRTSR A6 4+ 80 F (Kodama, 2012) , 4 — i

JE AR Iz IR 0y s R R R A T vl 40 i e e
N, A ) 1) A T 2R R 25

I RITR T 86 180 AR A A BE S T E/T
( Elongation—Inclination ) %5 J5 ¥ ( Tauxe and Kent,
2004 ; Kodama, 2012) , #TJLAF E/1 KIE T EE7ET5
1 JEU B 3k 1 W FH ( Yan Maodu et al. , 2005; Tan
Xiaodong et al. , 2010; Zif&#B5%E, 2012;Meng Jun et
al., 2017) o FEFRATOR &I v, M2 A E S5 520 Y
TEAT AR DA 28, T ] Ff 30 R Xof 3 B IV A 340 B2 ) £
54,50 SEM A AR A A T B AL IS, AR S
S SER T B/ 5 iR AU HEA T IR AR IE

mE 6 s, B a2 S gtk siRl f 55
T 0.5 WF T U 64 WA A 44. 40, 959% BELAF IX (]
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Fig. 5 (a) Equal area projection of the characteristic remnant magnetization of the TTHC, Tuotuohe Basin, before tilt correction.

(b) Equal area projection of the characteristic remnant magnetization of the TTHC, Tuotuohe Basin, after tilt correction. Red

represents the expected direction at ~35 Ma. (c¢) Reversal test of the TTHC, Tuotuohe Basin
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0, PR K LA AN 2 DR AR A5 R 3R B s, i LA ok
L5 178 10 Aot A K504 2 LU 8 T 19 ( Lippert et al. |
2011) o Ik 55 BT [ R 30 A Ll 0 A0 £ 540 ot
FEBII T E/1 J7 iR IE T TTHC &1 A AR
4,

XF TTHC &1 A A5 64 1305 A 0 LA B
0 R IE S, FoATT T LA I J5 B 45 SR ok 11
2y 35 Ma W 462, DARITH AR BR (34. 1°N, 92.3°E)
KNS 5, T R 81.9°N, 281.9°E,
dp/dm=7.2/4.5 WH R 26. 1°N, 5= B Hb

X, FE2) 38.6 Ma M9 J 1L 25 B4 15 20 0 o 26 B R
27.5° #4503 TTHC {1 1S5 8, HE5 1l 26. 9°
N, 555 T DR AR IE 5 A5 31 B4 iy 26 R 0080 3
K—,
4 e
4.1 HIEBAE (HEE) X 2 M g G T
SEREMBRERHEYX
PRAE AT AR B R E 2 25°C , BRI 29
—259C . FRARTEHNJTE I s e 30 o T 30 T A M X I
R A8 Ak R AT B 23 AN — A, (HUJR: de SE A 1Y) Ji SR
SR —EAY AR A% A b X —4F (%) K PH R 5 A
K, PR DX 5 /b DRI 3 ) 728 30501 [R) A 1
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Fig. 6 Inclination correct based on E/I method of the TTHC Section, Tuotuohe Basin. (a) E/I trajectories ( yellow lines) plotted

as a function of inclination flattening factor f. The intersection point on the model E/I curve represents the corrected inclination.

(b) Histogram of boot-strapped data sets, the mean corrected inclination, and the 95% confidence limits. (¢) Relationship

between elongation and inclination

P, PRI AR T (AR TE 25 38 1 X o3 A
2, ) AN X 0 T ik 2 R O A ke
B, 28R AR T A e U s U 72 P
B PR X AR 2 REAR D BE IR, T
DRI, bR il e KA 2L HAF B 40k
B 3 S8 AR 8 s A 20 5 BT B8 A X A
AR U, R3S 454 F 17 (Habicht, 1979;
Parrish et al. , 1982), I, 1F&E R S E S
B RUR AR bR 5 22 18] T LLRH B B TR R
QA R — b A S — b o g s SR 8 £ B
80°N, {HJ ity UM UM T8 e it B0 2 IE R 45 23 A
TG IUURRYY | R 2 S SR B Tl 26 B R % (H
FRMREERY

1 TTHC FTE o TR AR A B 1 Ly, H 32 A
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M, 5 SRR G VG T A R A Y SR A D
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5+ 5 (Miao et al. , 2016) , 455 20 (1) A PEHL)Z
VLA ZERE AR T (29 37 Ma) SAEAHXT R 78
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WA RE G P ARG B0 5 Kb TR i R DX e A
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WA A B A A5, S5 5 A s B0 R R 2 oty e
WA R R (Q 18 , HAREIE R 0~ 7, — MM
5, BRI MR ) T Q (H =4, BT, Meert
25 (2020) 3 45 f BT B iy b G ATE 5 2E R X Van der
Voo (1990) #& H} (1) % B bR HE HEAT T 18 4 1018
O, T B AT 0 BR A B Reliability (R)
Febr, B R PGB Z ATAY Q FEARAH EL A KA
25 ERIEINT JLASHT 0 RIBbR A , Qs w4 1
W BB UTRBVE R A IR 5, RSO A4 A
PRSPPI bR, 753 BT ) oy b R 50 40 T 44K 43 1)
PRIEN . Van der Voo (1990) B 7 5% 1 [RIEEm | .
DURBLUE REMT A IR IE 5 2REED W) A

H Wi e IS 5 b N sl th 2B TR
PRI MR B | 28 8 SR U T 20 %ty b i sk
(F2), 1EIEIEE22 BRI | Lippert 25 (2011)



{4k B A i R Aok Y 9

]

i

JE

A G o A A

IEC

(4

R e S A T

B

IR

6 H

*K[oAnoadsar ¢1s9) [BSI9A9Y] pue 1s9] p[oy slussaidar N ¢ tequinu ojdwes /aqunu 91s st u /N 9sdij[a 90uapIjU0D A} Jo SIXB FUO[-TWIS puE HOYs-Twes o1 wp pue dp ‘sejeurpiood orydeisnens ur

OMOQ UﬁbiWﬁﬁ-Obw Jo opmney pue m;vzﬁmﬁoﬁ Qle e pue uo| JEDE%SD\:« [N 1918 SONSNB]S I9YSI JO JTWI[ 90U9PIJU0d 9, CH ¢ 1o1owreaed Coﬂwﬁu@‘:m :\Sﬂowh:v Jo uoneurour pue uoneuroap ¢ SoP pue y .Qﬁ\ .uwQ

e R n P Rs ok A A 2 AR G
MR HARE U/N ST o 1 Y ke G il iy 2L B¢ P 1 AP ZSZ 0 B 7 MM M T 1 vOT ° F R 9%S6 H1IG 10USt IR S A S BN TA By 0 I E A SV i oup 0o

Y00T* & e (9) 6°L°9°¥°¢‘T A | -/2€| 9°€T | €S | TP | €11 | SS9 | 6°¢€ |€9TC| 9°SL| €S| ¥T |¥'T¥| 11 w~Ts Hol6°NoE 7€ | (0T) M1 < 5
700T © B W udy) (§)e6‘L've't A | =/8 | L°LT | 9°0I [ ¥'9% | 6°00| S8 | TEL|€96I| IL |TO1|CTOE| Ly |L°0CT| HHEch |doLT 68°NoSO9¢|(61)ME T hd [u [u
€00z “ 'Te W Ny (9) 6°L°9° % ¢'C | ' | 6S/=| €TT | L°OT|€6E|89E| L°L | LTI |LTOEI|LSS|SOI|[TI¥S|80F|CTLE| O0E~IE | Ho€6°No86 ¥E | (81)TEFHEIL
€00T ° e W nr (9) 6°L°9"v €' | WA |9LL/—| 81T | 81 [9°8€| L6 |8°CL|E€1T|6°VET| SL | 8°LI|8'19|S6E| 66 | I€~IS | Ho6 'T6*No9 PE AWMW@WM
‘. ¢ egepees . . e . N ) . . .. oo o O WE
TI0T © ' W reQ (9) 6°L°9'¥ ¢ A | 6/~ | €ST | LT |veh| L¥ | €1 | 1°0C|€9bT| €08|SOT|LOl|Ety| + 0r~0S | Hol "88*Nol "SE
7 hd o o hd
910T * 'Te ¥ uvy (9) 6°L°9'¥ €' M | =/ S0T |96 |L9€| S€ |99 |€T1|S8T| 9L | L6 | 191 |#9€| 9°¢ | SI~¥T | Ho9 'T6*No6 €€ | (ST)PES ul X
910T © 'Tv 10 ury (9)6°L°9'v €T M | =/S | 6°ST | S'€l|L6T|8¥SE| T8 | 6F1 | 88T | TIL|SEl| €€ | €°6T |6 FSE| ¥T~TE | Ho9 T6'Nob €€ | (V1) PEL [k
8861 ‘shep pue ury (9)6°L°9' v ¢‘T - | -ser| 6Ll | LS |8TE|8YE| 9 | TE | 10T | SS | 6% | 6L | ¥E | SIT W oS "T6*Nob '¥€ vaﬂ@
—HHEN (791 e 11 D V4
8661 ° 'Ie 10 wileH (9) 6°L°9°¥ e’ | M | =/L | §81 | L |8'€E|€ST| 89| 6°¢ [S0IT|9T9| 9 |LTE|9VE|SST Jﬂmﬁ% oS T6*Nob V€ vamﬁ&
— g FA R — Y
L10T “ e unf Susly | (8)6°8°L 9P €T I| MM |€CC/~| 6°9€ | TT | €95 | TEL| 9T | L€ [IT¥O1| 6°8L| LT | €€l | 1°€S| €1 |€TC~1 ST oLl LBNoBL IE| (11) WG
v10T “1EH; L (8)6°8 L9 v e T T| UM | —/SE [No8'ST| €€ | P |[I'IFE| 9T | I'v |€OPE| L IL| €€ | 6 %S | T¥r |€°0PE| S'8C~0E | Hof +8°NoT TE (O1) W i 32
U (8)6°8°L°O v e CI| ¥ |¥L/~|Nol'9T| LS | ¥ PP |S'8SE| S¥ | T'L |9°€6C| 6 V8 | LS 6 | v vy |S8SE| € PE~LE | Ho€ T6'Nol vE | (6) [ DHLL
110 © °[e 1 woddry (§)6°L'e'Tl - | /% |No69C| 6°L | S'SH[1°9SE| #°9 | OI |¥°86T| 1°C8| 8L [T I¥I| 1°9¥ |8°SSE| S 0F9 8E | HoT 06°NoS ¥E | (8) MY EH =
0T0T * "Te 10w Sueyz | (8)6°8 L9 P ¢ T | MM | -/S6| €¥C | 8% | 1¢h | TO1 | v'€ | 9°C |8°CIC| 8CTL| 9% | LOF | 80V | 89T | OF~S¥ | oS 96°Nol 'TE (L) MBI
020T “ eSS T | (8)6°8°L 9P € T | UM [961/—| L'8T | LT |9°LY| O | €T | S€ | 981 |6°€9| LT | - |[8T'Ly 0f |S'I¥~E'SH Ho€ 86*Nob 0F (9) g
020T “ e NyYS 1T | (8)6°8° L9V € T | U |T91/=| L°6T | LT | L8| THE| ¥T | 9°€ [STIBI| 809 | LT | - |€6°8F| PE |€°SH~1Lb| Ho€ 86*Nob 0F ()i
L10T * "8 10 yoradoy (r)s‘eel - | =/1T| 9%C | 8L |9TH|€TT| 9 8°6 [C€CC|¥IL| 8 - |9 |67 11| 6V~1S | do9'96°N.9TE | (V)WL
020T “ PP NS T | (8)6°8°L 9P € T I UM |89/~ | L'ST | 8 | 6°€|9°6h | 8°€ | 6°S |L6LL| 99| 9% | - [60°9F| 0S |TE€S~¥"SS| Ho € 86 Nob 0F () WEMM
LTOT “ T8 W@ oqeg Suol, | (8)6°8 L 9P € T T| UM | —/€V INoQ'€T| €€ | 1TV | 8%E| ¥°C | 6°€ |T°T6T| 6°LS| TE€ | 6°SH |9 Th | S°SE | TE€h~9S | HoT 86 NoIE (T
020T “ eSS 1T | (8)6°8°L°9 P e T I UM [v01/-| ¥7€T v o[80r|€Ts| ¢ 6% [TI8I| Pev| 6°€ | — |9°€h| €5 | ¥°SS~19 | Ho€ "86*Nob 0E (1 E T
S ouy 29(] wp dp uo| e S6P Y ouj 29(]
T 15
Wrxse A i R NIRRT ) prreT o 9 P
h - v I DHLL [/ 324 BT 7w [ A (AT S o

Apnys siy) pue dueird) SuejSuerd) [euiSIew pue JaUUI AY) Ul PAINQLYSIP eyep dnduSewodfed d10zoud) paysiqnd 7 dqeL.

EE Y N HRRAME N E DI ME T EREM ML F R %



10 Mo R

it

2022 4F

RAR T RBNE -2 oy b I K AR Th K LA T MR
FES X SRR LA T T A ARG A i, B B R
W EBER R AT T R HGR#E S IR
Filh MR B2 4T 5 KO A B 46 X AR Y 0 38.6+0.5 Ma,
FRAE 34 ) iy RGP bR o, Q+R (Eh 5. LA
AEFR(34.5°N,90. 2°K) S 5 1R A T b
M 82.1°N,298. 4°F,a95="7. 8°, i £ iF 2y 27.5°
N, #4531 TTHC #IH Z7% 5 Z T 42 Dec = 356. 1°,
Inc=45.5°,a95=7.9° W& £l 26. 9°N,

TE B3R 2R 29 30 km A B0 23, T 4k 9145
(2014) 7EFRACZH R AE T W6 1 M2 46 5 (32.2°N,
84.3°E) , A&t ML BEFE i (690 ) J& LAy dily
R RIS X MR S AT T A A R
Wi RE WA R R 0 BRI 0 017 T &
e PR RESLG IR R 2R A L B/ ki T T
READT A VR AR A s SRR TR TR R0 2o T R A 60 5 AR i 5
TR T 248 5% A | 0 1 M 2 4 % 72 30 ~ 28.5
Ma, 45 AR RGP HFIBRME, Q+R H oM 8, LA
HITI AL AR (32.2°N, 84. 3°E) 2% i3T5 Al
HLRERL fy 71.7°N,340.3°E,a95=3.3°, 45 & h
25.9°N, {: ¥ 8] TTHC #1102 % 52 F M. Dec =
341.1°,Inc=44° ,a95=3.3° L8k 25. 8°N,

1EJE 3 41 (31. 78°N, 87. 17°E) , Meng Jun %5
(2017) 76T 7 50 25 065 7 i 1 380 B g i Y 21023 v
AT T HRERAE AR JE S ) R R L T R AL
EB L CRAET 352 MRS T REME L Z AT E R
P SLRAR T 36 MFE Sl TR 9k 6, 1R S 280 &R
S 1 AR R H O R AE TR R AT T R S50 6 380 5 A
5 s P I 20 % 8 AT () SR B S R 2 A
XK 25. 1~22. 3 Ma, £ a5 0 o g 0 A
s H E/T 5 idkilf AT TREMUA IR AL S IE . Q+R (E A
8. LIFITHALAR(31.78°N,87. 17°E) &% i, it
AT MR N 78. 99N, 164. 1°E,dp=3.7° dm =
2.6°, LN 33.7°(-6.8°/+5.2°) N, %45
TTHC F|H S % 552 F M. Dec = 13.2° , Inc = 56. 3°,
a95=2.2° £ E N 36. 9°N,

T FEYE AR 2 3508 5706 7 i 3Bt 1 BT 2 gk
ARIEEH , Tong Yabo %5 (2017 ) 7ERH A AOPIFLREE T
584 HUREL 53 R A ARG R R ALLZ 1 &
BLEWER Y RANR RIREERA ; T A R A 4R
I RGEPGR R 3 L T A I RS AR T
KL B AR IS B H 2 AR IR TE 56. 0~ 43.2 Ma;
Xt MO REAE b AT T RE AR AL IE . Q+R {E
8. DIRITALAR(31°N,98.2°FE) &% i AN HY

LRI K 57.9°N,192. 1°E,a95=2.9°, T 4 iE Ky
23.9°+2.9 N, ¥ # %] TTHC #lHiZ % S5 2 NN
Dec=34.8°,Inc=41.1°,a95=3.3°, &5 23. 6°
N,

[E)RETE BT 2 b (30. 9°N,98. 3°E) , Li Shihu %5
(2020) 7£ 535k EL R SR AE T = A1 , 1766 Bl H
HERE S, R 3325 m, 1T A9 EZ R Y AR
R MG R s T A FE AR AT 1528 1 R G PGB
I TR 0 TR ARG 56 5 v A R P b 2
AT s M2 AR IS TE 69. 0~41.5 Ma, 75 B
ISR BEFE AT B /R 69 ~68 Ma 52 ~48 Ma %
AN B A AE > 15° BT i o DRRA) i T i %o oty 48
1) F AR R B e B R s i &, — O T
Aty £ B B T 1 R SR e B 1 O M A 150
(Vaes et al., 2021), B LA AR SCHE B Li Shihu 4
(2020) 3CFH AN AN 4E S B H 28408 B/T 5 A%
1E F iy MR B R i e 3 TTHC Il S % 52 F,
I3 :61.0~55.4 Ma 55.4~53.2 Ma 47. 1~45.3
Ma 45.3~41.5 Ma, XJ L {4 1 £ R 10 2 L3R
2,Q+RfEN 8, LA R4 2] TTHC 1 &%
HZ R4 58 . Dec=52. 3° ,Inc=40.8°,a95=4°, i
iR 23.4° N(61.0~55.4 Ma) ;Dec=49. 6°, Inc=
43.9°,a95=4.8°, Hr A 25.7° N(55.4~53.2
Ma) ;Dec=34.2° Inc=48.7°,a95=2.7° , & E N
29.7° N(47.1~45.3 Ma) ;Dec=30°,Inc=47. 6°,a95
=2.7° HrEh M 28.7° N(45.3~41.5 Ma) .

TEIEYE T HI 75 7, Roperch %5 (2017) SRE&E T
REAS T34 45ty W 37 1 91 A8 Ak Ll sty s R o
AT T RGN PIBRE S 5 K 1L B 4 X 4RIy 51
~49 Ma, AR¥E LR Aoy Mo LT B4R UE, Q+R H R
4, DAHIHEARAR (32, 6°N,96. 6°E) NS i 8
HIREAW A 11.9° 5iff R 41. 6°,a95 J2& 8. 0°, ¥k
F| TTHC #1802 % 5 2Z F K. Dec = 11.3°, Inc =
42.6°,a95=7.8°, 1 £h 2k 24.6° N,

TE 5 0 e Ji B L DX %) BE e 22 L, Zhang Weilin
2(2020) 7E 1046 m JE R ACHIZ RE T 740 B
T HLRERE S, BB R AR R s BT A R S R 4R
1T R GE AR 5 8 3 TR G 0 RO A ARG
55 BT R 0 R IR b J2 2 45 5 00 M )2 I 4R
WATE 52.5~35.0 Ma, [FII, BEFE45 0 s 2 e 2
TE 52~ 46 Ma 22 JJ1 T 24 26° #3641 e 4% L 40. 5 ~
35.0 Ma fE1E 2 25° I 1 ERE . 46. 0 ~40.5 Ma
W] g % A 3% ( Zhang Weilin et al. , 2020) . A
I, FEREEI I 46. 0~40.5 Ma B9 i 04 B0 ok 8
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A 1% . Zhang Weilin 25 (2020 ) X #i3f
IS =B (2 46~35 Ma) (RGN T B T AL
1E, HZ T 36. 5°RIER] 47. 5° WAL REUZ 0. 69,
LT S R 1R 2 AV A 2 I o 1 35 = B R R] (40. 5
~35.0 Ma) 29 25° Wi’ , T LA 2B 4 56 — B
46.0~40. 5 Ma AT Jié i 13X — /NB 1) oy b s 540
FHIEAT 7153 Dec = 16. 8°, Inc=40. 8°,a95 =
4. 6° (HJEIX B R F 45 SR R I8 2 A IE 1Y
JE U 5 IR 1], N RE XT3 — /N R B A T J BT A%
1E, EHESIT O A = BLER L 2 80 (flattening
factor) f=0. 69, i i /A 3 tan I = fxtanA ( Butler,
1992) , 1545 2 AL 1E J5 MBI FA ok 39°, 5% 1E Z i
AT Ff JLF-— 35, 31X B 2 F =2 Wi I R A 40. 8¢,
3] TTHC H S % 55 Z N A Dec=16.2°, Inc =
42.1°,a95=4. 8° {4 i~ 24. 3°N,

BT DL EAYBFSE, Lin Jinlu F1 Watts (1988) DA
S Halim 5% (1998 ) 78 XU K 11— 18 74) 7 b 1) o 87
T—FL iRt 2 T R T Mg R ST, (HR 2 Y
SRR RGP BR 2 LA R R AL AR IE ; Liu

Zhifei 25 (2003 ) X XK 11— 38 4) 23 3 %) XK L
R G 2 b R PG 4 S T e T B TR AR B R
Hb R AR (E A A Y KUK LU i 2 AR AR A S 2
BAEIE ( Staisch et al. , 2014; Jin Chunsheng et al. ,
2018) H[RIFEBEA 2218 IF J W 0 £ 1% AL 72 1E 5 Chen
Yan %5 (2002 ) 7€ A] 0] 74 B 25 3 A 5t 2 | Dai
Jingen 2% (2012) 7€ P4 0] 0] P4 B 7 Hb B 4T 4 . Ran
Ranbo %5 (2016) 738 K 0] 7 A 7o 8 21 1 008 9240
DS AP AE 2 (2004 ) 755 22 S hr 8 XU LU e 55 T
TR iy MG TAE A AR A 2 AR A RSO FAS 7]
FEPE DL K ik = 12 0 VR AR TR TR, SR B
AT TAER) Q+R EHR =5, {H 275 B 2 rh i s [X
FEAEAE W S A TR BT 10 S ) R AU 7 R AL I 4 (0
PeAHRAE 2012) |, it LIXHTCRR S B AR 1 AL 2R A7 AL O
JE R E A LR R AR U N EE T A S iR
()9 Tty % 1 45 SR HERR , A2 5 TTHC 3 I i 78

M X e TE T R A AR £ B E K
e 2 MR AE LA 3 ek oy b P s o 1 AR AR
JEYE A S M AT B M RER AT T AR (3 11
2%) (Lippert et al. , 2011; T

40
9 (A
30— o TR
- &% 5. TTHCHIH
(34.1°N, 92.3°E)
20|

)

H R (o

O s, 2,030 5. eftE s i 0w B4 1,
AR N A A s A R, TR B A

WL LS AL, AR 2 G i R A R

| ONARRWEIT, 104K SO b ok i fh 25 L

1179 Je 35 2 M vty Mo g 245 2R o P A 3K 1 oty 3l 250 4k
BB TTHCH 2% R F

0— Thenumbers 1,2, 3,5, and 6 in the figure represent the
paleomagnetic results of the Gongjue Basin, 4 represents

the paleomagnetic results of the Xialaxiu Basin, 7 represents
the paleomagnetic results of the Nangqian Basin, 8 represents

4691, 2014; Meng Jun et al. |
2017; Roperch et al., 2017;
Tong Yabo et al., 2017; Li
“s. | Shihu et al., 2020; Zhang
Weilin et al. , 2020) , ¥ iX &
L 45 R e 5 B TTHC )
AR RS T (£ 2), 454
AW BTSSR, B TTHC
TP A B8 8 T TR £ L Y T
A SRR (7)),

B RE i e 55 I A e 1)
Bl I B T BLAE V- 19 4k 2
5000 m B9 7 JE = R ( Molnar
and Tapponnier, 1975; Yin An
and Harrison, 2000) ., M & 7
SREINDE Sl R CATATIE S WA i

the paleomagnetic results of Wulanwula Lake, 9 is this study,
10 represents the paleomagnetic results of the Gerze Basin,

and 11 is the paleomagnetic results of the Nima Basin. All these
paleomagnetic data are converted under the TTHC Section reference point

Fi (Ma)

— 1 T 1 ' 1 ' 1T ' T ' ] T
10 20 30 40 50 60
Pl 7 75 96l e SR VTR A TTHC 39 1 (07 087 2 Aty 2 BE A I o

Fig. 7 Cenozoic paleolatitude evolution history of the TTHC location, Tuotuohe Basin

AR (25 60 Ma) F]2 24
Ma, TTHC ) 11 58 % = B A9 -
e — ELAL T 4 1) B 46 06
HEFE R DL TTHC )18 M 45
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TE] 4 Hb 25 1) Hb 5 45 T
1100+ 627 km, 5 I8 3 i 1A 4=
05 18 1S b DX 110 447 o e A —



12 Mo R

it

2022 4F

* 3 BREEREAZ TTHC H/H VGP=45°
By iR A5 R
Table 3 Paleomagnetic results of VGP=45° in TTHC

Section, Tuotuohe Basin

HEIERT(°) RIEJE () FEIERT(°) IEJE ()
AR Ff1 | REAUFRY | AR A | REGUFR || RECOm R | VAR | RO £ | AT A
156.7 | =33.2 | 157.2 | =1.2 || 186.2 | =53.5 | 212.2 | -24.6
184.9 | -48.3 | 177.1 | —-18.3/350.7 | 58.2 | 34.5 34.6
243.4 | =37.9| 222.8 | -28.2|| 155.3 2.2 156.2 | -4.4
206.5 | =29.8 | 199.2 -6 191.9 | -51.1| 217.5 | -20.8

134 | -74.6 | 150.7 | -43.7 | 117 | -30.6| 154.4 | =53.5
144.2 | -0.9 152 | -19.2([ 173.8 | =28.2| 190.6 | —-13.7
173.1 | =5.7 | 176.5 | -2.6 || 18.4 | 30.2 | 26.4 7.4

135 | -49.5|198.1 | -53.9| 23.2 | 49.3 | 37.9 | 23.4

125 -8.7 141 =-37.5| 41.5 | 59.8 | 53.1 29.7
161.7 | =53.6 | 211.5 | =39.5]|/356.5 | 70.9 | 50.7 | 51.2
186.9 | -28.7(202.1 | -9.7 123 | -13.5|136.7 | -33.8

348 61.8 | 43.1 39.9 || 144.3 | —15.7 | 157.4 | -23.6
169.1 | =30.3 | 187.2 | =22.4|/175.2 | -12.7 | 180.2 | -3.2
166.9 | -42.7|195.9 | -35.3|/ 163.8 | -13.2 | 170.1 | -6.2
156.4 | -21.6| 172 | -25.2|/154.8 | -11.5| 161.8 | -10
182.4 | -12.5| 187.3 | -3.3 151 -4.8 | 154.8 | -6.8
158.6 | =7.8 | 166.3 | -19.1|| 5.2 55.8 | 31.4 | 40.7

169 2.8 |169.5| -4.7(319.1| 12.1 | 327.1 | 22.8
125.8 | -13.3 | 137.9 | -36.2[329.6 | 59.4 | 18.9 | 25.7
343.5 | 28.2 7.1 33.6 || 337.3 | 32.9 | 357.8| 7.6
315.1 | 36.7 |350.4 | 48.3 |/289.4 | 30.6 |310.3 | 30.7
329.6 | 32.3 |356.7 | 36.4 ||348.7 | 36.9 |357.7| 9.3
306.5 | 32.1 |335.3 | 48.3 |[336.5 | 41.6 | 351.3 16
180.3 | -20.5| 189 | =9.7 |[325.1| 46.4 |346.7 | 24.4
147.8 | -32.7 | 171.3 | =36.6(/ 328.5 | 43.4 | 346.9 | 20.6
162.8 | =51.2(203.9 | -41.5(] 313.4 | 37.2 333 22.3
127.2 ] =8.9 | 139.1 | -32.3|[ 156.2 | -25.6 | 163.3 | -2.1
176.5 | -21.4 | 185.6 | -13.7 | 131.1 | -55.4 | 158.4 | -31.3
125.2 | -24.1 | 140.9 | -40.2 (| 144.9 | -27.4 | 152.1 | -2.1
190.2 | -49 |211.2| -32 || 185.6 | —-42.7|187.3 | -7.9
203.6 | —62.7 | 227.8 | =39.9|[179.5 | =53.7 | 184.2 | -19.2
163.7 | -32.4 | 181.2 | -29 |[158.1 | -43.9|167.6 | -13
173.3 | -49.4 | 200.6 | -40.4 ] 156.2 | -48.2 | 167.8 | -17.5
123.9 | —-42.4 | 145.1 | -54.8| 151.1 | =60.7 | 202.5 | -47.1
133.8 | -1.5 | 136.3 | -13.5|[ 135.7 | -12.9 | 146.7 | =25.5
116.8 | -21.6 | 133.7 | -42.4 | 187.7 | -17.4 | 192.9 -2
134.6 | -35.1 | 161.9 | -43.9/ 189.6 | -37.2 | 203.8 | -13.4

F((Fu Qiang et al. , 2022) , JE Wi Ak £ 1Y 3 i 147 24
e, UNRE R 1L B 44 (i Yalin et al. , 2012),
TEZ) 24 Ma HiSEH B NECE 15 1R, XANESIE WS
B 7 9 SR TR T A KO U Y LA R4
Lottty ) A RS B W T XU R R AR
TR LB KU i DX IR 22 e AR PR AR AR 2 D R
DI R L VeSS 305 DT 2 445 ORI 1) 55 1 o
UEHE B 52 FF ( Wu Zhenhan et al. , 2008; Staisch et
al. , 2014; Li Yalin et al., 2015; Staisch et al. ,

2016; 2 K% ,2019) ,

5 58

(1) A B~ 0 53 36 W) 9 v D Y6 Ve Tl 2
TTHC {118 /Y 32 Z 200 W 2w e R gk, (1
DAIRER A SR (2 35 Ma) KRR 22 G i
FAAE HE L R L a3 He, TTHC 351 T A7 A8 I 0 6 7
ARG, 4 B/1 FERIE)E 1351720 35 Ma
W HLRE 5 0] K Dec = 358.5° , Inc=44. 4° ,a95=5.7°,
Ak 26. 1°N,

(2) L5465 D0 4 1, 000 2 b e 3 2 b ) 9 e
FEH T T R 2 5 KL e R R R
DA AR SCR 25 SR A5 810 95 e Jir e v T A b A AR
W AL DT s S5 AR R AL 24 Ma TETETR AL
B TRBUAE B 23 B2 A7 5, B B2 55 BRI AR il 43 Joir S 3
(TETE T 2 b M58 240 46 76 20 24 Ma 98 /N84 5
1k,

B - SR LT L S RN g S A 5 B Y
FIEE TAE
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Paleolatitude evolution of the Tuotuohe Basin, central northern Xizang ( Tibet)
during the Cenozoic and its tectonic, climate implications

LI Leyi"”, CHANG Hong "*, GUAN Chong" ¥
1) State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment,
Chinese Academy of Sciences, Xi’ an, 710061 ;
2)Xi’ an Institute for Innovative Earth Environment Research, Xi’ an, 710061 ;
3) CAS Center for Excellence in Quaternary Science and Global Change, Xi’ an, 710061 ;
4)Xi’ an Center of Geological Survey ( Northwest China Center of Geoscience) , China Geological Survey, Xi’ an, 710054

Objectives: Paleolatitude evolution could provide a general paleo location framework for explaining the
paleoclimate change and tectonic deformation in geological time. Strengthening the paleolatitude study of the Hoh
Xil Basin in the north—central Qinghai—Xizang ( Tibetan) Plateau is important for understanding the history and
mechanism of the tectonic uplift process in the north—central Qinghai—Xizang ( Tibetan) Plateau, elucidating the
coupling relationship between the origin and evolution of the East Asian monsoon and the uplift and deformation of
the plateau, and exploring the dynamics of the arid climate indicated by the Late Eocene sporulation in the Hoh Xil
Basin. In this paper, we choose a sub-basin of the Hoh Xil Basin, Tuotuohe Basin ( TTHC) as the target for
paleomagnetic research and reconstructing its paleolatitude evolution history during the Cenozoic.

Methods: Samples from the TTHC are got every 1 meter. Typical samples are selected for rock magnetic
experiments, and carriying out stepwise thermal demagnetization experiments on the paleomagnetic specimens
collected in TTHC. The inclination of data is corrected by the E—1 test.

Results: Rock magnetism indicates that the carrier minerals are magnetite and hematite, while hematite is the
main carrier mineral. The paleomagnetic result indicates that there is an evident shallowness in inclination in TTHC
when comparing with the expected inclination of the Eurasian pole at ~35 Ma and the volcanic inclination in
Wulanwula Lake, which locates at the western of our section. After E/I adjustment, the paleomagnetic direction at
~35 Ma in TTHC is Dec=358.5°, Inc=44.4°, a95=5.7° and the paleolatitude is 26. 1°N.

Conclusions; After synthesizing the paleolatitude results from Gongjue Basin, Gaize Basin, Nima Basin,
Nangqiang Basin, Xialaxiu Basin and Wulanwula Lake and this study, we get the paleolatitude evolution history of
the Tuotuohe Basin during the Cenozoic (the reference point is TTHC). Paleolatitude results indicate that the
Tuotuohe Basin located at 26. 1° at 35 Ma and the climate is controlled by the sub-tropical high pressure belt,
which could explain the arid climate suggested by the pollen and lithology. At 24 Ma, Tuotuohe Basin gets to
present latitude and the surface crustal shortening ceased or reduced.

Keywords: Qinghai—Xizang( Tibetan) Plateau; Tuotuohe basin; Cenozoic; paleolatitude; climate; crustal
shortening
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