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Abstract: The northern margin of the Qaidam Basin (NQB) preserves key records of the Mesozoic—
Cenozoic tectonic evolution of the northeastern Tibetan Plateau. However, significant controversies
remain regarding the nature of the Mesozoic basin (extensional vs. compressional) and the tectonic
setting during the Paleogene. To address these issues, this study conducts detailed interpretation of two-
dimensional and three-dimensional seismic data in the central segment of the NQB, yielding the
following results. Integrating thermochronologic constraints, seismic reflection geometries, and regional
analyses of fault activity, the structural succession of the area can be subdivided into three principal
tectonic layers: the Mesozoic layer (Jurassic—Cretaceous), the Paleogene layer (Lulehe Formation (E1+2)
to the upper part of the Lower Ganchaigou Formation (E3?)), and the Neogene-Quaternary layer (Upper
Ganchaigou Formation (N) to Quaternary). Fault assemblages differ markedly among the tectonic layers.
The Mesozoic layer is characterized by small-scale planar or listric normal faults; the Paleogene layer
exhibits NW-trending imbricate thrust systems; and the Neogene-Quaternary layer is dominated by NW-
trending thrust-related imbricate structures together with near-E-W-trending Y-shaped thrust-strike-slip
faults. Based on the fault architecture within each tectonic layer, the tectonic evolution along the northern
Qaidam Basin margin since the Mesozoic can be categorized into three major stages: a Mesozoic rifting
phase (Late Triassic-Cretaceous), a Paleogene weak compressional phase (27-18 Ma), and a Neogene-
Quaternary intense transpressional phase (5.1-2.8 Ma). This study clarifies the fault assemblage styles
and their temporal evolution within different tectonic layers in the central segment of the northern
Qaidam margin, providing new seismic evidence to constrain debates on the Mesozoic basin nature and
Paleogene tectonic background of the northern Qaidam Basin. The identification of tectonic layering and
stage-dependent intensification of compression and transpression also offers key constraints on basin—
mountain coupled deformation mechanisms associated with the northward expansion of the northeastern
Tibetan Plateau during the Cenozoic, and provides a valuable tectonic framework for structural analysis
and resource exploration in the northern Qaidam margin.

Keywords: northern margin of Qaidam Basin; fault architecture; seismic interpretation; tectonic layering;
tectonic evolution
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Figure 1. Survey lines and their location within the study area.
NZF — Northern Zongwu Longshan Fault Zone; NQF — Northern Qaidam Fault Zone; QTF — Northern Qiman Tagh
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Figure 2. Tectonic geologic map of the northern margin of the Qaidam Basin (modified from Wu et al., 2021; Wu
etal., 2017; Gao et al., 2013; Zuza et al., 2016).
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Figure 3. Composite stratigraphic column of the study area.
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Figure 6. Distribution of tectono-thermochronological dataset in the northern margin of the Tibetan Plateau, the
labels in the figure from 1-42 refer to Wu et al., 2021, 43—Wau et al., 2021; 44—L.i et al., 2023; 45—Gao et al.,
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RS A Z T R B AR S S CE ], 2013) , #t—BiF ARG EL DT
M2 R R IARKE SN, BAkE, hARKIE Z 2R R R R EWE N, L
Je BB i s 1 X 3R 3 ) R AT e R BT R R B 5, S B RIE R S5k
AT BEE T 4t A
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Figure 8. Seismic interpretation of profile AA'".
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3.2.2 HIELHEEWRRHE

PELEMIEE (BraEs?) AbT X0 3 A JR 5] 475 He B 46 () S B v 40 2R = 20 R T
LA B E SRRz (8] (27-18 Ma) , J& T it 4R i ol 2, AKX
WE5FF RS (Cheng et al., 2019) . fEHIFEHIE CC' (K 100 5 DD’ (& 11) Faf i
ZAKBEMT (Al >50°) WirflTE, W Efl. Ef2. Ef3, EA1I# J+K UK Bu-Es HIZ,
R EEE NW-EW [, MEIbE s MR RA S (E21HE4, 2019) . Hi Efl
e rEhilE LSRR B R E SRR, BT R AEREREZER R, R EPAERD
WAL, AL I ERTEGE (10D .
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Figure 10. Seismic interpretation of profile CC'.
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Figure 11. Seismic interpretation of profile DD'.
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3.2.3  FEL-35 UL R W RURAAE
Brird—E MG R (N1-Q) & L IX M1 8 T fe i ZL BB B, H Ak 2 R B B
(R b 7 W B AR A T i e i AL 25 9 Z1 ) 145 B 40 () BL 210 5% (Tapponnier et al., 1990;
Wuetal,,2021) o Z—#4EMZHIT GG (K 13) S5=4EZEH FF (8] 14) HR- SR, %0
1t 2 v i K B S R A 2
(1) J675 A S FLA IS A4 &
K14 B, SABER g N1 SN IX A A B 2 s sl W3R, JE W 1 =g A A )
B (4] 50°-55°) , YUJE| J+K. Eio. E3's Ei2. N\ ZZEME, FEEWE 2B E LR
4%, FEHTIT A DR X 384 R A K T 3 o
() IEARVER Y Biirh—EEE SRS
K 13 5K 14 ¥ER, AR ERTREIE EW WRES NW [midiphlid &
()Y B0 SOREEH, IR Le 2 B B R B 2, RO EWR-FTEE SN 137,
ZAERIFE S R B A -Fil R 4l T W 24y i e AR ARTE S A B AR & X & (Jolivet et al,,
2003; Zuza & Yin, 2016) .
FE A LSRN BRZVAR T FEZ 2 0 B DL R AR K T, HR R 5T X P T R
FERCRPE—TAIER R . FIRRRIER T, Hrirad-28 DU 20 hi s 2 R A 7T XA v Ah o s B AR
TE 5 25 (B B, M2 LA R A% Jr) d5e 26 E Y 1 R B 3 o
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Figure 13. Seismic interpretation of profile GG'".



E . E 2
E I
B il [ it
=3 =3 (&
3 3 H[—~wrsrm
[ =)ream
NN G
INSETY
4 P NS
= N
K14 FR e ore 1 i
Figure 14. Seismic interpretation of profile FF'.
» N
4 Wi

4.1 SEdes b BET RIS EME R R

ARG 2 R R s A A 3 2 5, IO T X 3 B 737 R B B ¥
HRHE (Lietal, 2021) o IXFRHTEBNEZE A MUAILRL 744 I e BI85 K . 2R 87 5
G, R T X AR 7 7 i) S o 7 S A e 2 (R B S R A i
2, EDFERRERICRI RN, BORSE R 5 8 B V) aT 75 A [RI I B DAAS [RI A 2 e (7 42 il i 4 2
& 52/ X (Tapponnier et al., 1990; Yin et al., 2008a, 2008b; Zuza & Yin, 2016) . H4
Rk i B EZ R F P NE e N IER A AR, AR IR IAEE T 2 1 1
N FTIREE o A A AL F S RS TR 2 — A SR 2 b ) X o sk IR O, By
B FEX AT BL NW - SE [l @ A = 13N /1 (g, 2003) .

TELMIEZ R EE — RS NW AR, SRR BN 2 200 25 130 b ik Fr
W M PAT 0 A, R R IX M R b it s, R T ABSIRAE AR E IG5 (FhE R
&, 2012; Wangetal.,2019) o BB MRS BB LM BN, (B AR R A% MR
(30 AL J LT R AR, T BA T i 20 A SR AL G AL I B JE ] (Cheng et al., 2019) .
DRI, M B IS S T o “BERI R A Bh- TR, KRB T NG 8E R o
SN FEH N R I A A R PR A T IR 14 A 444 (Tapponnier et al., 1990; Zuza & Yin, 2016;
Cheng et al., 2021) o HIUELAR IR IR & Wr 25 S A A IE AAIRHE R B (Cowgill et al.,
2003,2004; Gaoetal.,2022) , HIENT] e X8I0 756 58N 03 R AR RS, T A2
F0 S 30 W7 2 1 2 kb N R R AR R B S R A I A 1) SR B AR ) 77 % 5 (Cheng et al,
2019) .

WL BFENLAMIEEPMERRENE R, WA R B2 5 EE ST
(Jolivet et al., 2003; Wu et al., 2021) , FEERICNFFMAIFIERE: F— NIk i
TR 2L 35 2B BUAA S, LT 2 TR) B v 30 20 B S90S S s W 3 5 T A ) ) R A
HNERERME Y PRSP EE IR, XRWRAERE G R FKTFA3)
Iy, LT AZI AL B 7535 O BB 1) 7 W -5 R A B ki #4748 (Zuza & Yin, 2016)
IR AE 2 T ) 43 AR, DB TE DR AR AR AR A G AL SR (i T B B S B 4,
S HME ARG R TR 7R (R B0 RS — RO Al 45 5 5075 i e A 22 R e 222 S5 Ak 4 66 D 45 38 5 P it



Fi—3 (Chenetal, 2024) .

AR X AR AR DLR ARG AR I 22 [ BERL 137 (R R e R R, o A AR A I B R 1
T o 35 ) 5 B DS Sl 2 — MR AE S A AR i EE T L S AR R B I B RS RE IVE R, oS B
ZUr B KRGS b 2 Ak AL = AR T B (SR, 20035 MEHEHESE,. 2009;
245, 2018; Wuetal,2011; Gaoetal.,2013; Lietal.,2021) o #ENBAEARSE, HHI@p
78 5 20 S W DX I R 20T S S R 5, i RRAE T 40 & ol B IR AR AR
fiE, A AR TR N5 B it v AR Be 9848 (Jolivet etal., 2001; Yin etal., 2008a, 2008b; Wu
etal.,2016; Chengetal.,2021) o T2 AR IR /R G W ig s B, (828R AR i,
HE RACTE I 2R VG R HT AR T R R B S o 2 XA 3l ke Je A2 T J7 R PR Ak 5 E T
43Hc (Cowgill et al., 2003; Cheng et al., 2019; Gao etal., 2022) . fEFHELAK, HRECH T
TEIG R R — DR T WA X N R A AR T SRR, 4 L [ PR B X B R
DI EH BRI S B, SR MG HILREE R (RRSE, 2023; Wanget
al.,2010; Zuza & Yin, 2016) o XN SJEIBFIAI—M, KB B AR X I8 1E B 13547
152 W BB 05 2 B LT RFAIE , 5 b S8k AR 738 i 2B AR 38 B 77 3% 5 I IR 1 A P 3 A —
;o BEKRE, ARG R ARG B E RS EG . EEWIEES L&
Ja S PRI o 45 22 A DR 2 3 R FH R 45 R, A5 Mt B TG PEAS [RIB B SR B H 1) AR 7 P 5 e 9
Z RN EE PR TR SRS M G T BN LA RS A 293 (Tapponnier
etal., 1990; Wuetal., 2017; Wang et al., 2025) .

42 MEHRERESHT

e =Stk D LIk, ARIXAT — P MG EE, Y R T K= I EAR IR,
Erp k% - R S e B E AR — 3 REEAE, 20035 WhEEESE, 2017; Wu et
al., 2011) o HAEAC LA R A R R IR T B S5 R 7R 4 2R ) Wi VR IR BRI B &R, T
5 HACG MR BCSR R AE — R RS 0%, £ — IR F . Sedb s BAE R
RGNS T RE 2, BRI — RN A k2 -
N R ZE ;B SR R B2 B R R BT, TR 2 AR S (BB, 2013; Wuet
al.,, 2011) (K 15).

TEFTAEAREIA (50-45Ma) , SEALGWIRIT MG R TR, Koo i AR- ol AR AR A R
PRAER 2 A Z 2 E (Jolivetetal., 2001; Yinetal., 2002,2008a) . S&4b2ZxH Befo 5t
FIX R HEARINBGBIPRE, 5K HH X R — /MR, B3R MiE %5 78
WAL LO, SRR ARG RE T, M2 PUAR B P ) 28 1) 2R L R, RN
—ANIBRWRHE T TS o B X A SRR A SR AETE S, AR E KRB, 4T
FAIIE AFXOT 22 (T B

LR (29 27-18Ma) , RIARX i R IAWZE K B IE], 4edb&rh B3 B2 R /R
SW RSN, SOl R IR TRERE S, S Bk rE W R A HE R I TS S, RIS
17 240 A1l W 4 R 0 K 24 A R AR T, RIS S 2E 1 VR 22 b 7 S ) AT 4R 7 A 1 R 2B
WrZ4(Cowgill et al., 2003; Cheng et al., 2019; Gao et al., 2022). i, HTLREWRHERTK
H, KEAMBEIEER, SHAXS T BKEIBRBIEL G T, B X AR R R
P I FEARTEIX B AR T TE B o

WL ZAM (5.1-2.8 Ma) , HTRECIKEARR RS ERBIRANES), B
5 DX P9 28 DU 20 7 )2 R A I3, A 98 DX B B R s B AL R TR () 15), R B A KEM AL
W, FUERKERE, TRREERZ, BT REEL | Kolivet et al., 2003;
Zuza & Yin, 2016; Wuetal., 2021). MZrZILEFEFE MY, Wik 7 REXFELE, KE
O Ll B T B A% 368 00 SN, BT ASE S 5% LU 9 5 — T )R S EL TV P Ay i AR T A 55 A
BEAR 2 L P ) ()AL 3 PR e W A A R A T B B IR BRI 25 5+
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Figure 15. Tectonic evolution model along profile HH'.
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