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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 (E,.,) to the upper part of the Lower Ganchaigou Formation (E,’)), 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.

Key words: northern margin of Qaidam Basin; fault architecture; seismic interpretation; tectonic layering; tectonic evolution;

structural geology.
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DO =] IS IS SRE R v 3 B ) =l D R T VRS W N T
W J2 Sy F2 R AE , s ) B AL A b R s i Al
g 3 2 e A G TG [ 30 b S BO AR 3 A B B,
J2 AT BN K AE HE 5 %% B AR B T 55 5 A
I VAR T e RUNR T Bl = s 3B = S Wi
— A Fe Al AR I 5 B 4 VR T B L
PO I 3% op & FOA i S LR ARV I Y FR

Wb EWEE G WA RS R X BN )53 AR
FUH 55 By Bt ( Tapponnier ez al., 2001). I i 3 [m] A8
AT s e T A8 3 N 7 3 Y R R 5 R AR T e
TOY R A RE TN R R Y A R 2% kL

321 HPERKHEERWRSFE TERMEZE0+
KO S B 1 B 5 DX 00 DA R Ry 32 00 4 3 A S, LY
ok E RIS 5N ERZ (K 8 1 9),
A 1l — ZR 91 24 1 4 =R 2 (R 3638 55, 2001) L 7E
HZ T AA (K 8) S BB (K 9) v, 1 W J2 3% i 5
) N R A= WO L G (15 O - [ TR /-3 TR
H A A I TR A S A A 3 e 3 L 3 S T 2 AT B
VN (ENCTNER: F SO &0 NI O NG A R 1 (T
B R A LR FIEH (Wueral., 2011). 3 Al
PR® - 22 B B, XU 1 3 B R il
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(E1vo-Es?) b 7 X A 35 DA il R 1] 3% Hs % 4 119
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VG AR R e A A (EE A, 2019) .
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A= W R ph 5 R E [ (SO AR 2024) L i — 0
P W IZ A 1 2 00 J5 0 3 R Ry B A E S

SRR E, FELAMEZHAEKRNAERX
R W)W BE S B Be, HE BL I R RGN R
B 20 B R B R BT AR O B 4L T 45 b il
323 MIEL-FNELHEEHMABFME Hrina
5 0 40 F 3 R (N -Q) s IF 58 XA 36 72 T i i 2 1Y
B B, G T 24K R 2 B0 ] W i 0 el 5 S AR
fiE, g2 7 e J b 2k 0 ZU A i E A Y 0 0 ok
(‘Tapponnier ez al., 1990; Wu et al., 2021b). —4El

LR GG (F13) 5 = 4em 4 &l FF'(F 14) % #
o, 1Z0H 1 2 v 3l gl R P S R i A

(1) 7E ) 306 vh B FUAG AR R 1 14 o, A1l
DB 24 R % T %4 N Sy DX P R 30 e i ) 9 Bl T
S TR AR RE 1 R (50°~55°) , W1 T+HK L E, .,
E)ES NS ZEMZ, b8 A % 0 W2 1L 55 4
A, 2% BT I 20 DAOR X8R 4 J VR K i 1 i

() ZRVEm Y Binh SEWE AW ARG K
135K 143 WoR , AW 2k R b Kk EW [1]
Wi 24 5 5 NW [ 3 s Wi 244 & 1 Y B SOIRESH
X S PR 24 B A W A G T A, RO X i AGE
W-HEEGN Y. xS S REC PR 4
WA e R AR RIE S B A A X R
(Jolivet et al., 2003 ;Zuza and Yin, 2016).
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4.1 St BRI RAIEREM AT

AN R A8 33 2 v IR 2 A 3 2H A R U A B
ZE 5, Ok T X SR AL 3 N ) 37 0 B B T AL AR
(Lieral, 2021). 3% Fft By BE P 22 52 AN AL 4K BN g
A DA AR 2 2 B L ) R 5T A2 G A T AL, R
DX N AR T M i B30 e A Al S R Al
Z A5y B S AR A o R VAR S R N L B
Ji.47 5 5 5 1 5 U1 Al LA [) i B DUAS [) # E 3E [A)
0 W 244 A 5 4E I 4> X (Tapponnier ez al.,
1990; Yin ez al., 2008a, 2008b; Zuza and Yin,
2016) . AR AR 3 2 b 3 2k F s b
AT W7 2 A R 2 AR LRk PR AT i A Y
2 5 W B 4 Al ORI 55, 20095 Wu ez al.,
2011), Sz Wl 7 i I 30 LA JR A 3 A ) Sy 32 A4 07 g 3R
S5 AR O JR AL 3 O I PR 27— 2 20 ) 3T A X Js
PR 5K 25 YIAR OC | 107 24 AR 5 IX Ak T A NW -
SE [a] {8 Ji& 2 3 9 3l g 24 30 5 () #2 8 45, 2003) .

WL AR PR E — RS NW ] /9 35  y
2R AR R I N 22 SR A v A T R 9 O e
AT A3 AT R R D P Y 3 R R L R R T LAY
FEAE R g 32 B 48 3 5 5t (90 B 58 55, 20125 Wang er
al., 2019) % B B i) i 2400 AE B B0 3T 22 B B/

H 4 4 R X 5L 45 i A0 0 53 b A 3 L AT 4 F | 1d B
T 20 SE b 2 b v Ak ) 5 22 0 U 0] (Cheng
et al., 2019) . B, 2 By B 538 A PR O ¢ B TR B
U= B R W o S - S (e R =
Ul = RS i O o 1 R e IR ]
F 2% F (Tapponnier er al., 1990; Zuza and Yin,
2016 ; Cheng ez al., 2021). 7y 3T 40 & 1) W] /R 4 Wy
2405 B BN R R K X T BR B B (Cowgill et al. ,
2003, 2004 ; Gao et al., 2022) , 7] E 42 i X 48 i
L YR AR N N1 - SURCE
Wi 4 AN H RS R T S R 1
i AL 2 4t 2 ) 2% 8 & (Cheng ez al., 2019) .
BT 40 5 DU 20 b 3 SR TP R T AR R O A
T AR 2R 5P vh 5 E W8 & AR (Jolivet ef al.,
2003; Wu et al., 2021b) , 3= & 3l Sk 9] Fofr 3L 780 4y 35
R — Ay b TG i A 3 e D) A 3 b e B A
i, HE BT )2 () B e oty 20 I S D | B R R o B R
VEF R 52t s e oM IE AR P m i 2 Y F A5
1 00 v e i T 2, 3 2R R 4 A A L B B A K
S Bl o a R T R R 5 ) B R R
W B R A T AR5 78 (Zuza and Yin, 2016). 3X
Ty 3 e 2 ) 3 1] 43 S ARRAE L SR AR 9 X A A AR
AR AL T B A IS B E I B S BUE R A5 R
JIT 8 7% 114 B — BRIV Tl i 50 77 o DR 2 b B 25 S
P 45 J R B R 18 580 19 5 B2 — B0 (Chen ez al., 2024).
AR DX A AR DR 11 4 i 2 B £ B B
T1 5 W FE SR b A AR A R AR FH 5 BR T A D8 I 4
¥ 5 35 i Al ¥ — M AR B AR A i R A 2 B
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AW 0 S50 5 VR R, X5 5 40 8 2400 B R Ak
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A5 2003 BEHEBEAE , 2009; Wu et al., 2011; Gao et
al., 2013; 2506 %, 2018; Li et al., 2021). #F AHi /£
ARG, 50T 390 e 2 T B e DXk B R 3 i 4
S Y A it B AE A O 20 B O R R A B
Y RE AR, 1) 38 72 R sk B A W v AR By B g
(Jolivet et al., 2001; Yin ez al., 2008a, 2008b; Wu
etal., 2016;Cheng et al., 2021). 15 11 22 K BT IR 4=
Veir 224 35 Bl 0 ] i S8 3k KR L AR i, 975 &b
PO AR VY IR AR W R T, s Y I DX i B
1A Ry A T 5w vk Ak 5 E BT 3 BE (Cowgill et
al., 2003; Cheng ef al., 2019; Gao et al., 2022). 7E
BE 2R R R Wb B W IR R — R T
9 DX PN A A8 5 i AR T Y 8 R T A 5% L A PRl
R 0t 55 e iy g ke 2 B A e s 5 B VR L 5 B
G 3 i B R W 22 S (B 584, 20105 Zuza
and Yin, 2016; % R4 ,2023) . X N I 1L 3 A9 A 3
— VM, B T A AR X R 1 N T 9 A 2 B B
05 43 B N REAE 55 b S8 58 R 2 Hh R A4S i
N 5 LA B R A — 3. RRORE AR IX
A 3 A ey SR o A AU R A 3 a8 A T AR AR TR 5
A T 3 99 B DA R Jy TR R 4 22 A DR R A ] A
FHI 25 5, 25 4 38 R ICAE A [A] B B 3% 90 i 1) o 722 3
Je 5 e 7 22 S AT e i — AR AR DUBRIE Sk
TR 45 # B AR T B LS 28 1 29 3R (Tapponnier
et al., 1990; Wu ez al., 2017; Wang er al., 2025).
42 MEBELDH

Mo =& PR 2 22 Dok, A XA T — i (i 1y
P 3 PR R, Z5 HTE B T R R R T B, S R % -
B e R AR 3 B A b R AE — B0 AR,
2003; Wu eral., 2011 ; Wk 7 3555 ,2017) . A A L
it JEe Ay 325 PR (998 1 5 BT 7R 46 Wi 24 0% 5 T AR T
B IR R 5 H AR 0 hr T SR B 2445 — FR A A
JRAN TE A O, R — IR X i = Sedb b B
TEF R 2 Oy (o i PR 58 T 109 W g 7 b, 2 2R I
— FR /N W R 2 A 5 b Ok R R e
TR 300 [ 2 1 e 1 R L H A7 B R AR BT OB AR
RS (Wueral., 201188, 2013) (& 15).

A8 #r A AR B (50~45 Ma) |, 484k 2 W 24 FF 1R
RS 3l ool A Bl 2R AR A R G o e BT
ZE AU 2 2 F (Jolivet et al., 2001; Yin et
al., 2002,2008a) . %&b Zk rf BoA 45 BF 5% IX 2 5 ¢

ORI AR A, 5K S8 oM X — A R
A WA L R i A R AR A e e
e TSR T E-E - B =BT A = R Y g A T
ZR B Lk 0 2R B Sk — A 2 AR 4R T
A KN EREERMAETES, ANEE
B W 2R AR T, kb T R 1 A X 2 R 0 B

T 22 K W (27~18 Ma) , Bl A X i 3 42 K
W7 2 kB R E] S8 2 b Be B 2 BT OR 4
495 BN 1 5, S8 3K R 1L T bR PR B T, S B
AN CRUIRE (3R = - ) N [ e el <
0 il By R R BB AE RS AR AR T
Z 6 VG JE 1n) R 2R PG E 1) 64 58 AR W 24 (Cowgill er
al., 2003; Cheng er al., 2019; Gao et al., 2022).
WCEE i FREW RN LT, KL B MEIFR
TE R, 5 05T X 4 5. B (8] T 24 A B B T dR R
R D RN R R R NI A

ik R AR (5.1~28Ma) , H TARECILK
B TH A 7R B 3 ool T BT A R G TR B, BT AR IX
P DUl W 2 kT R T, B 5 Xk A D Y e A
3 A2 B (18 15) , N &8 & & A K& 9 36 75 [ W
MR RE R, BILEE R AL, A
JE 5 B 35 #) iz K (Jolivet e al., 2003; Zuza and
Yin, 20163 Wu ez al., 2021b) . i & 32 111 B TF 33 R
Jne, W T K R BRI, R RS BT RT
% 33 0 R 7 W WA, IF LA AR R R 1 Y 5 — T B AR
f R S EL T A T AR O 5 5, R 9 Ll ) Y A 1
HOLTEWT A A AT M E LR KNS .

DLy A 22 BH , Se b 2 IX A7 22 3] 3 2 i b 1
ARG R B 2 R 3 R R T A A P
A0 FLX R AR B R R Ak & AR Y B R R TR I S AR
FESE T AH Y K — Bt 1], I JE 78 %6 i 8] 9 52 0
{52 ) S 3 2 Hb W 25 09 4 1 R B R B R AR AE LR
e, S b 2Ry B AR T AL Kk AR AE I B R B T
e b 2% 0% AE 0 i OT IR & E SR 2 R T R A AR
o P BEMIERESEEIARZEMILE ZEF T
— 3 13 W 5T U -5 A R SR A A 2
FGE W W72 0 L F 6 22T, S - R 209 X B
2 A& AR B B - MTE 28 () 78 M ( Tapponnier et al. ,
1990; % B 7R %, 2002a; Zuza and Yin, 2016). [A]
B, PR X FLA s Ramdt g b B, 51
ELAT A AL 0 ) 3 15 B, BRI R T e b 2R B RN
P B L AT N B A s R R B L.
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