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Magnetostratigraphy of the Late Cenozoic sediments of the West Kunlun foreland and its tectonic
implications

Abstract: [Objective] The West Kunlun Orogenic Belt, located on the northwestern margin of the Tibetan Plateau, is a
key area for studying the tectonic uplift and outward growth of the plateau. However, the Cenozoic uplift of the West
Kunlun Orogenic Belt is still controversial. [Methods] This study focuses on the well-exposed late Cenozoic sediments
on the Puska Anticline, West Kunlun foreland. High-resolution magnetostratigraphy was applied to constrain the
bottom boundary age of the growth strata, which indicates the uplift timing of the West Kunlun Orogenic Belt from the
perspective of mountain-basin coupling. [Results] The results indicate that the magnetic minerals of the sediments in
this study are hematite and magnetite. The high-resolution magnetostratigraphic results show that the age range of the
Puska Section ranges from about 6.8 Ma to about 2.4 Ma, and the base age of growth strata is about 5.3 Ma, indicating
that the deformation of this anticline was initiated at about 5.3 Ma. [Conclusion]| Integrating previously published
results of sedimentation, tectonics, and low-temperature thermochronology in the West Kunlun foreland, this study
proposes that the West Kunlun Orogenic Belt have subjected an episode of intensive uplift since about 5.3 Ma,
suggesting that the Tibetan Plateau has experienced a significant uplift since the beginning of the Pliocene, with
tectonic strain beginning to propagate toward the Tarim Basin. [Significance| This study provides new perspectives and
evidence for understanding the complex relationship between the uplift of the Tibetan Plateau and the sedimentary

responses in its periphery, contributing to a further unraveling of the comprehensive impact of the Tibetan Plateau.
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evolution; Mountain-basin coupling
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Fig. 1 Digital Elevation Model (DEM) of the Pamir—West Kunlun system. (modified after Zhang et al., 2023)
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A K 2 A2 )2
MAEKMERN  ———— EKMERE

Bl 5 THFEATTAERBERA

Fig. 5 Photographs of the growth strata in the Puska Anticline

2 o R E 5K

7 A1 A4 SR I B LA BCE 1) 2 O i, R FH i MO REAE i 72 7] 88 S 48 58 IORE b 8 1) o MRVJCRAFE R
B A SRR 118 Y. 7% N TSRS TI VRN B A oI TR B4R 2.5 em, 15 2.2 om BIARAE T HIRGRE
DL J5 820500 OB R -5 R ) &

IEEL 13 BRE S  BIEEAT T #h2E (AL RBEIR AR 28D FREHT R AR o - T Bl 2R IR AE rb [ 1 s R
22 BE LT ) 2E I T BT AR TR R T M v R SIS e A, AR NP TS Agico A A AR Y
KLY-4 R WHMF 2 ARG A . i AL R SR T, MR R AR GRS R AT o B[R] 2R F1IZ 0 SR W 5K
B8 1E v [ b 2 B Hh 5T 5 R ER ) BRI AT BT o G S 06 5 58 Al T 1Rk I3 A 3€ [E Princeton Measurements
Corporation “E 77 ] MicroMagTM 3900 B4R ShAE S iE 114X (VSM)

PSS 5 47 U-Pb 2 SE R S U7 6] b 5 )2 Bt i ST 0 BT R SR SR st = 317 R Ao betnh-
HLUBR G S5 B AR (LA-ICP-MS) #EATINR, RANFE IR 150 MBS A, SEER /0 # FH ELAE 9 30 um 3L
H TR, REEEE RN 3.8 Jem?, MK 6 Hz, FIPHES[E])Y 45 s, Hifi U-Pb FE M {fiH 91500 v —Zibs
F£, Plesovice FEIES A /E NI MAREE, DLSali FE 2SRRI I 3, R 7 S IR A IE N
TR, GSAE R R FIAMES AR . 4h, EBORIS R, B R TR B 38 2 r= A2 I T 2 1
%, AW UL Pb S5 2 1 20 5 bl 3] 2 Bl DR B R 28 RGN AR R ARk, B2 E A 45 R HER 1
TE AT R, A RS BER A 2 R A AR =B (5 SRR LS . DRk, 75 SEBrillaliat b, 28
[ B b e SRR ST (NIST) [FARAE I 5 NIST610 A1 NIST612 1E A 4w . S AREE- R ENEE A8 B 20 M i
Jra, RIEE 10 MRS R0 2 A —ZbnE s 2 AMIIARFE LA 1S NIST610 #1 14> NIST612, AL IEHOGRITH T
FFH T AU S S E .

JirE 118 Hebr A2 2412k | ASC TD-48 #GR BEH AT 1 15~18 B I RS IR WL, 350°C LA T il E 8] b M
100°C, 350~500°CIa]FE N 50°C, 530°C LA AN A 20°C, 1E 550~580°CHI 660~680°C 2 [a], N T fdiBHIAZAL &
DB, R AR WU FE R R — 20 0% 9 10°C. FelRE IR FH 2G-760 U-Channel & #8850 040847, BT FE

7



d AN A RISRI L I AE PR e B30/ T 300 T (REST e = h kAT

3 MK ZE R AT

3.1 BRHMEFER
3.1.1 «-T %

ST RE S ) - M 2R MR S5 R a—FE W40 5 T10; b—FEM SRS T40; c—FEN w5 T85; d—HFEM%Hm 5
PS725 iz, A RS E N #-0 E R A 22 R I B R AN m i, T EL IR B B AR R A ez vy T
M BRI, SRRSO FE R A T A, TERCT BRI . BT A AR S o m# i 2R B 2 Y
SRR, 2 nl HILLE 580°CHN 700°CH T, X T-MEERA A1 AR I ARFHIEEE (O'reilly, 2012) , FRBFUTH
Vi R BT ) S BN R RN AR . B TR IR R A 2R S o = T R R IR AL R, 7R SIS I R e Ak
(IR 2 AR AU ARFAE PT R 238 55 A BRAT IR R A0 2R AR AL ARFAE

7; 6-
6,
_ T10 31 T4
AZES JEPE:827.77m @ JEJ¥:523.73m
SIRE 41 6
X4]6 >0 # = i #
M‘ 5l {%37 5« " o
=234, = 4
EE 2] 4
24 2 2
]! 14 ! \
00 100 200300400 500 600 700 00 100 200300400500 600 700 b
0 i 0 D
100 200 300 400 500 600 700 100 200 300 400 500 600 700
51 BERC 34 BETIC
4 ~ PS725
T85 JEFE: 164.94m
Fal s JEHE200.27m =21
S )
s 1° %
24 3 B
= 21
B2 =
14 1
05160360 ; Y 9 ‘ d
300400500 600 700 0 100 200300400500 600700

‘ T T T T T 0 , ; r \ ; T )

100 200 300 400 500 600 700 100 200 300 400 500 600 700
TR ET/C TR ET/C

a—FEM S T10; b—FEMS 'S T40; —FEMSR S T85: d—FE 'S PST725

B 6 AR a5 MR R i 2
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(a) Sample Number T10; (b) Sample Number T40; (c) Sample Number T85; (d) Sample Number PS725.
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Fig. 7 The hysteresis loops of representative samples.

(a) Sample Number T10; (b) Sample Number T15; (c) Sample Number T30; (d) Sample Number T40; (¢) Sample Number T45; (f) Sample

Number T60; (g) Sample Number PS705; (h) Sample Number PS715; (i) Sample Number PS725.
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FRRLE R — e, ATRERAIRKWMISIEE S (RS, 2025) o 388 A PR # 2°Pb/~U-
27pbAU WA HERR 1AV AR R, B BRI 10% (< 90%E> 110%) LA K Th/U HLfE /N T
0.1 (IS A TRLAERS , RIS R0 BBk s A EEEY (] 9) o BITHREE B 41 U-Pb B4 R LW, RERNEL
SEUSTERE S T8 N RIYRRE 202.7 m) Ab3RAF, HAFWEA 7.740.4 Ma, RIZBHLZE B2 R AN KT 7.7 Ma.
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Fig. 8 Cathodoluminescence image of zircons.
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3.3 FIREFHES

XF 118 By e i AT 120 HOBREAFREI A, Forb 111 Hoke i m] 20 &8 A€ I sl Rr A R . SR
FE R T T ER RNy AT A . AR B L AT 3 B PR A s (SO RS A0 B A AR IR AE
ACPIHMEE T LR E. a—tFfmdn s T4l; b—FEmdns T42: c—FEMdn T T48; &M s T53; e—FF
T T70; M9 S T75; g¢—FEfgs'S PS708; h—FEf4%s 5 PS712; i—FEf% 5 PS71610) , —4lKIR
FWELH 53 1E 200~350°CHIR 25, nT BRI HLRE A (PRS0 . =il 209> 2 1E 650~680°C3RAT, 3R BH F ZE4 ML
TR iR A R, i ORRRE T 7 1) (R AE R e AN ] S, R IS 4 MR WL AT RIS
BRI KA EmMZE (MAD) ANKT 15° FE S TR 80t JAI At . 7RI AARR T il ol i 20 7 0 B R
iR IE AT B R BN IE S AN, 4 Fisher 4 it M, EMMEESBTY T EA
D=182.0° , I=41.6° , K=69 , a95=76 , N=49 , 7 & ¥ F W W F ¥ F 1w A
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D=6.9°, [=42.5°, K=6.4, a95=8.3, N=62, XIHhkR4f. 1EMMPEFE77 mEPI AN 6.3° /N 7.62° Il T
8, 754 B A8 I0ARE (McFadden etal.,, 1990) o T RARFITH ARRIHE, ToiExt Bk i Hopd 45
SRAT RS o ARURMES T J5 IR REAE F Rz 125 g i) b oA A 137 S IR R3] (B RS S0 =M 5
MR S ERIR T A R B e = A A ARER IE R 5 R A1 fisher “FIIME, HEARR 95%EF
XiH. R ntoim Sk (GAD) RIARHMEYS (PGF) Jim 1) , HE3RSE) &g 7 m A
AR 2 il Bk, IASAHITH ) SR AR AR T 5 A T BN (0 S5 A el il 7 vy (PMVRTEHEE, 2013)
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SEO RS A0 R 4 AR AEACF AR H I B RE. a—FEM%R S T4l b—FEMSR T T42; c—FEMIR S T48: d—HEim%
T T53; e—HEmAn T T70; £—FEMndn S T75; g—FEabgn*s PS708; h—Ffhde 5 PSTI2; i—Ffdhdi s PST16

Bl 10 XM i B R B R 8 IE X4 R I

Fig. 10 Orthogonal diagrams of representative samples in situ

Solid and open circles represents vectors projected on horizontal and vertical planes, respectively. (a) Sample Number T41; (b) Sample
Number T42; (c) Sample Number T48; (d) Sample Number T53; (¢) Sample Number T70; (f) Sample Number T75; (g) Sample Number
PS708; (h) Sample Number PS712; (i) Sample Number PS716.
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Fig. 11 Equal-area projection of the ChRM directions before (left) and after (right) tilt-correction on the lower hemisphere.

The solid squares and open triangles indicate downward and upward directions. The bigger square and triangle represent the Fisher-mean
values of the normal and reversed directions, respectively, with ellipsoids indicating the 95 % confidence interval. The black stars represent

the geocentric axial dipole (GAD) and the present geomagnetic field (PGF) directions, respectively.

4 BEVEN EA S 5T

FIFMGURMR IE 5 AR AE TR 7 1) 456 SRR Rt R AR, AT U545 B B R ol B MR REAR 46, T4 6 Wl A
A AR 0 T DA S R S T R M AR T A CRIEARR I R R A A RS2, MM
24N K DL B BE PR GE o AE SR M AR AR A A R R R 9 AN IE AR AT (NI~N9 ) Al 10 AN 971 4% P
(RI~R10) , ¥H5EPRAERB TR (Ogg, 20205 GTS 20200 AT E.

W R RS JRE R T R —HEs (B 2) , FFRXAH A EME B R E s, A%
BB ORISR 2, IR, AT DKt 735 T 5 G 5 S km AR SRS AL AT ST B . T B 880~970 m A —
BHEKMIEMME (N1, HTFHE 600~880 m LAtk N E (R2~R4) , HH[A]IE 2 ANFrEL I A FAT I IER 1 (N2
AIN3) |, ZH AR T DL E Brbr AR PR GTS 2020 ) C2An. In~C2Ar MIXT N (B AR RAEREE
BEARFEAD o ST S 300~600 m B4Ry 4 AN IERME (N4~N7) 13 ANt (R5~R7) 22 B B, AT
T EBRARER A 1) C3n.1n~C3n.4n. H FHEA W AR (RS A5 C3r AHXT R, HITH T 0~170 m HE 4k
PL2 MK IERPE (N8~N9) , Hhfa] Je — B4 i il i (R10D) , %40 & Rk ol 5 B Brobs o ) v A -
C3An.In~C3An.2n XS Ri. [Rlth, BT80S 5E 5 X 3o Eh 25 5, 930735 R TH S AE 8 20 6.8
Ma, TSHERZ)N 2.4 Ma.

PO ZE A SRS LA T3 T S 970 m b, BIAARPE R1JEEHE, Bk, RIS o 4H (e ah 2 . BF 4hh
JRAESE FR, VOARRE S R A4 2 6] 2 00 B R A, AN S B R, AFAEDIRA A
Wro Rk, ZH0F 50 X H AR A 2 0 70 R e LR i e &R, K PR AL A SRS IR 2 N 2.58 Ma, 5
Sunetal. (2006) [FAEEEE FAVIA . BFAM RIS 45 TR, 1250 T A Ktth J2 8 SR EL T AT 45 R AR
TR, BRI 2 300 m &b, W RAEARZI N 5.3 Ma. PUIAARRE s A BIAKWE 2 b, Hit, ¥
Hr-RERVRTEE MG T BBt 5, 2/ Res 2 Bt
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BRI (B 103) o SRR, BFRCX A TTREEFH1E A 219.9 mm/ka <%7K/%¢> s EHT A AR 3
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Fig. 12 Variations of lithology versus the thickness and the magnetostratigraphic results of the northern limb of the Puska Anticline. The
polarity sequence is constructed using the declinations, inclinations and the VGP latitudes. The star represents the sampling site of the
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Fig. 13 Sedimentation rates calculated by magnetostratigraphic ages versus stratigraphic thickness.

5 1Tk

5.1 THrRHIETT R AT(E]

KM ZAE NI FAE R T bR, RAF T NG T ARG I (8] FRSd R AR T R 55 R HE B
A K2 T bR 55 — IR AR TR, SOk 7% WIS S 0 B e, R L R BT R SR
BRI (FKEE, 20060 o ERTEHE MM TR, AEKHZE 5 OOy R L S5 a0k 2 A & ¢ &
WEEFB, R, AEEMRIGCREFE A NS A H TR A RO i -5 AE EAE PSR T ke 1 5

IAER, I AR K J2 5 2 AR T BT ) 5 738 1 3 26 A 1 7 e At A 3 TR R R, A A AR K
H5AKBGEHIREDER. FHREASE, KBERMENERIFET Lt 58 (53 Ma; 25,
2008) o ZZHAH (2008) . Sunetal. (2006, 2008) XSk R AEKHZHATHIFL, 245G MLt Z 8 BT AT
HPRFFRE N 5.3 Ma, WARMKERHEERERKZEN BRI ERE (AW, 2008) « RS
(2001 HRHEAE Kb JZ (1 J6C SR AR RS HEWT VG B O Ll a7 AR ARG U0 B o s 8 A 28 T2 AR A6 T TR) 24909 3.6 Mas Xl
JESE (2004) ARSI ERE B E RHEME F3rH—R i (FE4 2.14~1.80 Ma) FFARTE . AW iR
B, $5EARFMFREZH SR AT R B AKH)Z (Sunetal., 2008) , fH/RiiRCE LA ILEH L
Bt R A T RZI i piEsh; thah, B EE TR TG, R YRR RO R I R N, xR
P et Lty P PRl e T3 3 I i 3 ) O

TR RAEKHZ & PR 2 S R SRR, S RMIE LR T4 5.3 Ma, HRDRER
R, 4R S ZHRER. YSRGS RAH—2  H-5 7 R w7 28k P Y5 S 0 57 K B A
(R TR EZ I o X ST 5 A SR L [F) 2R B VY B2 3d L Loy BT Bl 2 M 7 Bt A8 7 7 — IR X3k i A de s AL
X — & AR [FDPE T Rea L T 7 RS i B B R R T . P Ot L i i 2 P R A A A DA
YIRS BT R, B Dok, ORI AR A S sy B R E 2 (Zhang etal., 2023) , FERPGE A
LA Bt DRI ah s AN e T, HAR s B 2 R ke RN, SR GRS R R, R GG
WA AEL) 7~6 Ma 277 7 — B ZHFFEHME (Xiang etal., 2025) , SEOLFTYORE R A LK,

AR 2 BT AR R AL AR TSN BRI, 70 B 1L A A G 3G B IR R T I kv =R, T — AR
BEEMEAERE . RO T AT s A IE AR TR RS 0], 103 7 B -BROAR B S R = R, WML
JITEVE RO R HL X K BAAR SRR O R . EAE R, SR RS Hh s RHE AR TR RG] ) R4
P2, WRetER 1 AIE A TR e XA R i S A
52 ARLELFHIEEFA

PO B i 1L AR A e SR A 5, O AR AR B T sk R e s i e e SR AR KAL) KR AR
TEIE A2 St - -t 3 A AR A% 0. ORISR EW, 70RO LA Hr AR LR A ik B e —
MNEJ. ZMBshAE R . Sobel (1995) A Zhang etal. (2018) MMM TR, 570 R 2 HILE 66~62
Ma 5t AT iE iR, X EEER T RS LR E8EH 5816 T . BifS, Bosboom etal. (2014) Al
Sunetal. (2016) #EH, FIRFHEHIEZ BIMIE R T2 40 Ma NESTURGIE H, FONFEAHVIRIAEE, ArdEmig
Ak I E IR T, X5 Yinetal. (2002) $2H 1% XIAEL) 37 Ma KA 2 E DI, DL Zhang et al.
(2023) AR RE B HBDVEAEZ) 40 Ma KA B E LIS B W& . Lietal. (2019) FFREAERER
W 9T 45 B i RO /e o 9t — A B it (%) 58~51 Ma) KA T 2RI G H4, ZAMES TR
S RTUURRAEEIE S (Yinetal,, 2002; Caoetal., 2015) HIMEUE. [AF, Yinetal. (2002) @i #yi&-Uif %
Fril A ES T B b AE 2 46 Ma B CL R B 2, Cowgill etal. (2001) F5& KR R 2 WA - 4 R 5
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fE4) 37 Ma A IETES), RUXIEHIER R CE8.

ot — Bt LR, 78 RO L A RS b Wl TR AR AR T, IR AN W R 3 LR S N 2 (Suppe et
al., 2015; Chengetal., 2017; Liuetal., 2021; Huangetal., 2023). KEAGIRMECETE R T Wk,
AL B M B i oK — g i - 46 %) 88, 40 Sobel et al. (1997 3 Xof B /1% B8 A1 351) T A K A 24 AR 432 345
73 Bk D9 h B 3 1L AE 25~20 Ma & ) 7 — X5 ZU I K9 3 % T Cowgill et al. (2001) F Jiang et al.
(2024) AP B A& AT PR 26T R e K AR T 5ot ; Wang etal. (2003) @i b B A& 1L 241
AL B B RCE A BRI BENCE BT TR 8T, NI R AR 19.1 Ma AR A RI5E, RO
HUALE 8.8 Ma JHARBEFF RIF5; Caoetal. (2015) @I 7 B Ll BB A ARUTAR HI JZ B9 )5 B A1 U-Pb 47 FI AR
PR TERE 53 M A N P B3 1L R B AR B U T e thE— o it 28 15 Ma 245 78 e Ly 48
R ERAE T

CUVA X 7Y R 2 g AT R B OR 2 EVEh 2 2% k2. SVERSE. MRS T AT Fi R, 7
Bl Emg it — 5 Bt an 7 — PR E A H4 (Jinetal, 20035 XSS, 2004; Sun et
al., 2006; Sunetal., 2008; ZZF(PHZE, 2010; Zhangetal., 2023; Xiangetal., 2025). Zheng etal. (2000)
08 3 S0 A T T T R TR B UOAR S MR I 2 2 7, 9T B iE WL A AE 4.5~3.6 Ma JHIG PRI £ T Jin
etal. (2003) X PH B AT 2 258 AR AR T DUAR 0 AT A, L w3 DAk R BB i DR R T R
L PO FE R Sun etal. (2008) FIFHRENEHLE 2255 Sk A R & AR IR ST TRRE, A
NRIER TG T2) 5.3 Ma; ZRFUNFE (20100 A 9356 = IR P A6 20 AL ARG LUk 22 S 5 24 ) 5 R 05 3l AT
RETIUR & X — M BOA i TG s B8 108 XSS (2010) WATERCIE I KABIXEL 4.7 Ma LLRE T T &5
— ORI RERa T BRI RIR PR TR, 78 B b L ot DORE 1 PR IR PR 4
—UCRAEAEZ) 11~10 Ma, W] R 5 B EEE A Bl e 15 0% BEORCE A P b 1) BRI B AT 0%, S8 —IRORAE T4 7~6
Ma, WfE5 EIRES A B ) 7 B0 1Ly R4 S B AL —m R R E A X (Xiang etal., 2025) .

BT EH MR R KRR SR B R R S5 R, 2 ARTE T 40 5.3 Ma MG B RIGHER . X —
BT [ B PR A8, RN BRAAVE B i Ll e 3 AR AR S A i P T AR R A T AR AR . i R IE AR T
B S RS R B RIS S A TE RS A AR — 2, LFEER 7RO E LA ATk 2 H7E2) 5.3 Ma
RIS T — IR XM A G AR 0, ROV B3 s PR R R AR T — R B E FE T . 454 IX i3
BEkL, X — B BAAR A T RO Ll Ay A R TN B TR TR BRI B e [RIR, X — A A e A
e G IER R E AW E I, B T R AR KRR R I — IR I A

6 %

WEACHU TR L, 8568 A SRR 2 R REAT b, A H LT LA R

(1) E s KA A RIC R, B 1 5 T 25 2 ) B AR W N o R ARG RRA

(2) S PR R A AR WY, R 2 T ALY 6.8~2.4 Ma, B KMUZE RS T 5
Y TSR B AT 22 R BT, S RLAEAR N ZT 5.3 Ma, BE /R iz RGBT IF 46 T 40 5.3 Ma, MZEL#E
o 1A BRI B L A BB AT ZE [ 1 — R R IR IS B T

(3) SiEIETumEIIIR Mg, RIRAEAEEZ T HET FERE, YONHE &R IEZ H 4 5.3 Ma
PISRAAE T — I LM IE BT, a3 I 06 ) it 5 7] A% 34 o
Bt

XF AR IAZ Y F 2P B3 AAF LR ) FH RN AEIT, P BAF LR 5 R LA AT
Pt LB A K XA, B P EAF TR L s R JAT 50 N AR & skt L BAT T R A Tie, AR
— W
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