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Formation and destruction of the Minle Basin in the Hexi Corridor: insights into Cretaceous tectonic
characteristics of the northeastern Qinghai-Tibetan Plateau

Abstract: [Objective] A series of sedimentary basins developed in the Hexi corridor along the northeastern margin of
the Qinghai-Tibetan Plateau during the Early Cretaceous. These basins preserve critical records of pre-Cenozoic
tectonic evolution in this region, forming the basis for understanding the growth mechanism of the Qinghai-Tibetan
Plateau during the Cenozoic. However, the nature of these Early Cretaceous basins remains controversial, hindering
consensus on late Mesozoic tectonics in this critical area. [Methods] This study focuses on the Minle Basin in the
central Hexi Corridor and carried out a detailed field structural investigation in this area. Through structural analysis
and paleo-stress reconstruction, the formation and destruction process of the Minle Basin was redefined. [ Results] Our
investigation reveals that Lower Cretaceous strata in the Minle Basin contain numerous syn-sedimentary normal faults
that strike initially nearly north-south, indicating that the Minle Basin was a fault-bounded extensional basin controlled
by nearly east-west extension during the Early Cretaceous. Subsequent deformation is recorded by NE-SW- and NW-
SE-trending folds, coupled with shortening structures in Lower Cretaceous strata, indicating NE-SW- and NW-SE-
trending horizontal shortening events during the Late Cretaceous. [Conclusion] The Early Cretaceous extension of the

Minle Basin was consistent with the widespread extensional deformation and extensional stress direction across East



Asia during this period, which was a product of the retreat of the Paleo-Pacific Plate and the consequent mantle
material flow. The bidirectional shortening during the Late Cretaceous resulted from the superimposition of the remote
effects of simultaneous compression events that developed in the Tethys tectonic domain along the southern margin of
the Eurasian Plate and the Pacific tectonic domain along the eastern margin of the Eurasian Plate. [ Significance] The
deformation mentioned above indicates that the influence of the subduction of the Paleo-Pacific Plate extended
westward at least as far as the Hexi Corridor and the northern Qinghai-Tibetan Plateau.

Keywords: Northeastern Qinghai-Tibetan Plateau; Hexi Corridor; Minle Basin; Cretaceous; fault-bounded extensional

basin
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Fig. 1 Sketched tectonic map of Asia, style and distribution of the early Cretaceous basins around the northeastern Qinghai-Tibetan Plateau
and regional geologic map of the Minle Basin
(a) Sketched tectonic map of Asia; (b) Style and distribution of the early Cretaceous basins around the northeastern Qinghai-Tibetan
Plateau; (c) Regional geologic map of the Minle Basin
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Fig. 2 Stratigraphic Column of the Lower Cretaceous Xinminpu Group and Typical Lithologies in the field

(a) Stratigraphic column of the Lower Cretaceous Xinminpu Group in the Minle Basin; (b) Thick-bedded conglomerate; (c) Thick-bedded

coarse sandstones; (d) Medium-thin-bedded siltstone; (e) variegated mudstone
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Fig. 3 Structural Characteristics of Growth Fault in the Lower Cretaceous Strata of the Minle Basin (See Figure 1c for the field observation

sites locations. Lower hemisphere, equal area projections apply for all stereoplots in this paper. The blue solid lines represent the bedding,

the gray dashed lines and the black solid lines represent the measured and initial attitude of the growing fault, respectively)

(a) Syn-rift conglomerate show thickness variations across growth fault; (b) Syn-rift coarse sandstone show thickness variations across

growth fault; (¢) Syn-rift black shale show thickness variations across growth fault and is covered by thick bedded sandstone; (d) The

growth faults developed in the overturned strata now express as reverse faults; (¢) Stereo-projection and rose diagram of initial attitude of



the growth faults
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Fig. 4 Soft-deformation developed in the Lower Cretaceous Strata in the Minle Basin (See Figure 1¢ for the field observation site location)
(a) Position of soft-deformation developed in the Lower Cretaceous; (b) Tepee-like structures developed in grayish-black sandy mudstone
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Fig. 7 NW-trending dextral strike-slip fault developed in the Lower Cretaceous in the Minle Basin (See Figure 1c for the observation site
location).

(a) Fault zone and fault plane solution (In the fault plane solutions, black solid lines represent fault planes, blue dots represent P-axis, and

red dots represent T-axis); (b) Cleavage developed in the fault zone; (c) Slickenlines on the fault plane indicate dextral strike-slip
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Fig. 8 Distribution of the Early Cretaceous basins and associated volcanic rocks around the northeastern Qinghai-Tibetan Plateau.
(a) Distribution of the Early Cretaceous basins and basalts around the northeastern Qinghai-Tibetan Plateau (modified from Hui et al.,
2021) ; (b) Seismic profile reveals interbedded clastic rocks and basalts in Early Cretaceous Suhongtu Basin (modified from Fu et al.,
2025)

B IR A B 00 g e o 5t X AN T 1L g 0 DX B 9 S A [ A T P, TR T — R BT R I g 7,
UVERAR BT N b . o5 s i . R A . R L RS T A 4F (Graham et al., 2001; Meng et
al., 2003; Huietal., 2021; Zhangetal., 2021b, 2022; X|ZE%F, 2024; Zhang, 2026) ; [AfEFEA JEH K



AR (137~99 Ma, [ 8b: PFAESE, 2005: #h4E-F4, 2011: XS, 2012 FIIZS, 2018; R
855, 2019; Huietal., 2021) , HUERILZERFAEFR/RIXEE KA T HEIAEE (Huietal,, 2021) o Libf#
Je W7 e 7 b oK 22 52 4% T A6 2R — 7 4 S 1) TF BT J2 BTG AR FE 4% 25 BT /2 BB )41 ( Zhou et al., 2012; Zhang et
al., 2021b, 2022; Zhaoetal., 2025) , FEHHIER T ALPE—FE AR I A6 PG PE— R AR R 1Al KT e B0 ER R
(Zhou etal., 2012; Zhangetal., 2018, 2021b, 2022; XIZE%E, 2024; K#HSE, 2025) . MEANRILHIX,
TEIX — W] BA B ARt b T R R BT, TR 1 V2 40 A7 IR At i 738 i R0 A8 Jo A% % S S5 RFE 1 #3&  ( Davis and
Darby, 2010; Wangetal., 2011; Liuetal., 2021; Lin and Wei, 2020; Zhangetal., 2021b, 2022, 2025;
Chuetal., 2024; Zhang, 2026) . IXL&{ 7 (1) JUMT 22400 328 23 W L 1 7 J2 T 0 3 O i e DA R 38 o #%
FA I R E PR, SERFE R T2 R R T AP — R AR B P P — R AR AR KA R B IR T
(Zhang et al., 2021b, 2025; 3K#F4%, 2025; Zhaoetal, 2025) . MIRHFAIER KR T A ES K REZEAL
WA Z AR FY R IERTZ, #HE T AZSERTUR (- 3) o XEEIERZE KRG R 2B T R AEE A R RRE
foR VIR AR PR E (B 3e) o X —3E MG RE SAR R & B 713575 0], 5 AL 0 B 7 35 b X Je %
AR H X B SR R — Bl (FkESS, 2025) o XUGIFIRRET, RAORGHE R A B E MR
i, HIE A IR R R ACTHRRER (B3) o thah, fERREM IR . feiEasth, Ukl
(P K AR A 7 e rp, R T R 2N R AR G h R B KERIVURUIERZ, #3675 A 221
PR (9 o WELREMTARREERE KT TR (K9, S5RIRZHET )T ILEE Sk RO 1 RSO IE W
JERHIE— 3. IX U BRI P8 AR S A IX,  Toie MNRIBEIE 2 o A fa [l b, RIVTRIERTEE T AR ST iZ K
B, X RIS .

FHAIF FT CLIE SI2VRT G 732 JHR 75 i PR P SR e Hb 7 B 1 S O TR . (R4 3L, 2003; T4R3E%%, 2005; 4]
A, 2006; FHEFZE, 2008; Zhang etal., 2018) , @MW K E A HF AR KA (120~99 Ma; K
8a) , FLHBERALSAERESR R T B (BaH, 2003; %305, 2012) o BLIKERFEIA I o6 8 iR v B i R
SRAEHLE L S (R RE T B T 3R 8, 3 ELA% ] 2 AN 0 T B AP O 0 — 80, R 2 AN IR R
TAHFEME S SN XEUESER I, s B AR LGB L DAb X, 2/ 7E A P L IR X, 75 5 1 St
Wb T REIAEE, AR PR .
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Fig. 9 Extensional deformation of the Early Cretaceous basins in the Hexi Corridor and adjacent areas that indicated by 2D seismic
reflection profile interpretation
(a-e) Growth faults in Jiuquan Basin; (f-g) Gowth faults in Huahai Basin; (h-i) Growth faults in Yin’e Basin; (j) Growth faults in Chaoshui
Basin
412 waEEMEFH

Wang et al. (2022b) BFFIANRIRAAE R A B G, T EEMHE R 7 4iR2E, SBFAES
KT R BB FRIREAE T B2 et P T SRR AR iR (B 5D o BAERME S THES .
[F) () A BE A B SRR X — AT R AE T R AR 5. AR ET (Wangetal.,, 2022b) o 7E] P4 78R K A
WX, kKB AR B AR ERIEiEs), m T b THESZEMAEAES . N Bk AT



W EAEGRAMAMENEST FTAESGN O E CHREHBIAER, 2021) ; RAREHCILREIKE
W, EAESGESNIRARNEST FTAESmAA 2 b (Zhangetal., 2017a) o [HF, ZHHFEE SR AE
tH 0 R A A S e, G ) B S IR R R A N T, T O R IE SO s (] 9d. 9gs EEK
3, 1989; BXZisE, 2004) o LA, TV R DX R HE AL Rl v 3 b DR R 5 i X PR LRI R AR A 2 B A
Wk T IX— i M i& A 4 (Jolivet, 2017; Zhang et al., 2017a; Song et al., 2018; Zhang et
al., 2021b) o ZIAHE R FAF XS AR H X 774 T e, FECR A B WU 2 1 #40E S % (Suo et
al., 20200 DLR AR PR ARS8 1S & % 5% F4F (Zhang etal., 2021a; Wangetal., 2024) . [F]fHA
MAERARTET ZRE, ERIRIRGZ ., ErghX DL eI, K ERIIN AT RS ERE (RS,
1985; Darby and Ritts, 2002; Zhang etal., 2020, 2022, 2025) , EE24%TIbii— 4 m s g dbrm s
(Zhang etal., 2020, 2025; 7KiFS, 2025) o EHRICVUERHIFTH MK, KA [EIRH RS A8 G0m 247 E
W2, [FIE 52 2R —rg AT IL P —md 2R B RS JIEH (Zhang etal., 2021b, 2022; 5Ki#E%E, 2025) .

BEIRCAH TN RIR FE U AE WG 1 St 22 BT AR —r P I 55 AR, T 7 MR b v — e 2R 1] PR RS 48
(Wang etal., 2022b) . {HULRBIFER, ROREM ARG IR —m iR AIc i —rE R 2 SAFETT
FREGE (B 6a) o HIRARETE A HRBR N IR IE AE S R R, H AL el 8 1 X AT 7] REBT R L Y typel Y
Smrael (B eb) , #E—2BUFI T ZM X T [ 2GS IR A F R AE o X U B IR AR A TR X — B TR
W52 3 7 bR —r v R AAC P — R AR R 2 A7 R AT RAE R . [RIRE, R OR B R N I AR T,
2 TACPE — R ARG AR —m 78 2 DN J7 M B R R ER (B 5) bR iy 3% 1 X [R] i 855 5 5 77 3% —
#{ (Zhangetal., 2021b, 2022; 5K#F%F, 2025) o FIRUEHRRE], [ROR G0N 20 X AE i 1 B 52 7k
R—d P 1Al AL P — R 2R [) 2 AT ELAE 7 [l 8% S S A - 2 5 SR 2 R AR R AR T, T S
INFE4SE (B 6b)
413 FTTH A BRI G B X

FET0] 76 7 JHG H S R I ) AR AR L e BT, B RR 2R M PG A LRI AR I & e i, PR T KiE
IR A ERIE . Horh, &b SRR G (U-Th)/He FIBE K 1 AR R S R 2 R X & a1k E
9.5 Ma HIG RAERZFT RS (JI5REE, 20100 5 I8 B ACH AR08 -2 K FE AT AL, R
S SFEARER I EH (90 Ma) RA T SRABET, 2R NEEREEH, 7E4 10 Ma /24 FHXGRFRE T+
Zheng etal. (2010) X J35#k%E (20100 RF M & M=F A ARE0E =T 7R, A8 10 Ma DURE #5751k
A6 AT HEE IR B AL 10 kmo MR RS (2004) HRHE R 119 H BRI N ILAERE LA & TF B (575
MR b B B T IA 48 kmo [RIUt, ZEE HEMDX —Hb X 32 A oMM (2t R (90 Ma 4D Ha
R R e, 2 S SO AR A St R i R sk . ERER R, RS SR AR
LB AR A LA AR IR AR S A A 22 S v SR T e S (88.7+49.5~62.1+£8.2 Ma) FAHALIY BL, K4 FF 5 H
90~70 Ma FFIR 218 E N 40 iR K (110~60 °C) ,  DUH 8 R f5 0l B2 2 Ji 4R iy, B & Bt (49 4 Ma)
RAPOE R FE o 50 FE SRR R O JE A T RS RER I (KB L8 0.5 °C/Ma) , E 2 Mgt
(15~5 Ma) PRIEIATHFFE EHE (Wang etal., 2018) o At (B F SLAR 204 21 7 o 5 AR ) & il <
AR, 1T RES R AR R R R I B A A L ROk MG G (BREARSE, 2019b) .

FERPEE R ERAbm, EZRnLFCHRE ILAEERAL, HIFEm A RER RIS . B
WK A R4 EN T L3R B, T (L WT 2 TE MG (1 32t (90~60 Ma)  [ifi SR R 3s i i 9 2K 1 AR 42328 3 43 1B K
i (110~60 °C) , ZJa KHIAETARIER (<60 °C) FaERMUIRE, BEERFFEME (Zhangetal., 2017a) KR
TR K B R A2 G KRR R IR R H EE M BB %E 1L (Vincent and Allen, 1999) , Hf 2 DLk,
o LR T (Zhang etal., 2017a) , f§i75 5 (1 32 thE ] /K 2 RN IR 0K 78 R 4 B, WK 261 B B 2 40 4
WIS LI 4RIZ 5 B AL BB fr 36 3 X (7095 ( Vencent and Allen, 1999) o 22 11IH K 47 4748 420 B0 36 1
P2 XK 73 FF il E . 3 S A 2 TRl 2l i S aB K (110~60 °C) 5 FolR AR il U4 7 1 2t X W 1 2 4
(108+8 Ma A1 83+3 Ma) HJ#i&[# Tt (Anetal, 2018) .

XA IR AR B S e 1 3 7 R A e S R AR SR BRI R BT, FRoR iz X AR X — R A T
THIEG R IRARAHT A R5R E MRS T 2 MR B 48 5 A, PTREAL R X — MG M B R
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KT AR X F. 3 St AR A& AL, AHOC B T 2 PR . ORI JE b 52 1) & ) 5 45
(Wang et al., 2011; Zhang, 2012) ; @ A #7 T (Lin and Wei, 2020; Zhu etal., 2018; &AM L5,
2019, R HEEAR XK, 2019) ; @Hilg F3f (Zhang et al., 2021c) ; @7 K FPER A EH (Liu et
al., 2021; Zhuetal., 2017; Zhangetal., 2020) . fERREHEDMBTRE . Jbil DLRIER A Z KB 1)
Ry JOliEs), Ba X — iR M /EH (Huietal, 2021; BHIRAREE, 2024; x2S,
2024) . Zhangetal. (20200 HRHEHEILH L PG HL X ARG BT FT, TR IR RS R sl e b B 22
R F A B A E B0 . Huietal. (2021) @ik X iy 56 H X 5. [ 2 A fre 2 b AN 4 L 5 (R A SR 9
P T Pz DA R A L . R, R M ERRR R AR T RO R R 2, il AP AR B ) 7
Pifeh T RODAR H 2 N H R AE M R, EROUAR AR & TE A B a5t R, AR S i o] 5 S St b 4 o
ARG AR Al sl R 51 b A B 1l R 2R 7 T g o 3k — Bl ) 7 ez T R R R AR b R ) kL R
X (RRARIREE, 20245 XIZESE, 2024) o RORAHLF O HRIER 23 TIERE KRR T, 5
T I oy RSP AR B (BT L R @ o e A 7 T R A — 3, 5 [ U AR T b X A P A e 7 [l P AT . [
W, BRI e By B KOS K E IR T XA X — I @S 3 (BREMSEE
2019; Huietal, 2021) o [k, EHAOR AR ER BR8P0 5 i 2 St (Rl i 1) b iR e e, R il R R 78
Hhy L S R SR L (BT 10) .

W A, 7R RO AR B e % 0 R 4 A 1 I 2R R R ORSPE aE dk,  3 kA T G HF . (EF 8
JRARESE BT A& I, % B RE 2 B A e T IR S R 2 R, 3 RCR B R (48 T DA R M SR ) 4 (Kapp et
al., 2005) ; HiEE R ARIEZR RS, BELSEMX X AL 7P E A FFE (Yuan et al., 2006;
Linetal,, 2021; Liuetal., 2026) o fERRMEARMAKFI S, — AR RIS ROW AR R A Rl IE iR i S kF
#Lmdbiz5h (Zhangetal., 2016; Zhangetal., 2017b; Guoetal., 2018; Suoetal., 2020) , F=AMIFFE/EH
1) b P i P 7 1) o] — B ZE R 3 ML X (Darby and Ritts, 2007; Zhang etal., 2021b, 2022) . X #7E
IRV AR B P 25 0 2R Bl 2 R AR (RGP AR 1 AR AR — R P I AN E P — R AR 1) 2 MIE B BT R R /187, 4%
) 2R . A o . DX R S B AR AGDE AR T o 7 IR R 2 LA R BT o 35 40 X, o] B SR AU X 2 ANAN TR 7 1) B 7 BT P
AMHIEAL Y (Zhang etal., 2021b, 2022) o MLIRAER KM T E LGP RFER A T 50m d6 78— AR i
AR —ra vt 1A 2 3 A IR A A Y, IER AL P — R R [ AL R — P v KPR RLAE 2 g5 R . [Fi,
JE R E 1 [F) I SR A8 6 A8 T 43 ) 32 4% T AR v — i AR A AL ZR—Fg v 1m) 2 A7 W) I 4 RAE o 3% 2 AR 7 1)
5 T 0 A 0 ) 3 SR 2R B 0 A T 9 A it 3 ) N A 3 R = R R 33 5 Tl AR — B, BRI AR vl RE 2 IX 2
ANBR A 25 K0 1 A 2 AR (P R RN fil N B B =) (&1 10b) o

SR, ROREHZ —ANERCT B B R W e i, BE SRR A T 2y MR uE . 1%
I RS E, 23T R ROE AR S SR iE A, R RSN ST E Rl N A R RS AR I . (R
e RS, ARG IE T L R RS Y RS, o R A R AR A T B A R
o
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Fig. 10 Cretaceous deformation evolution of the Minle Basin and its tectonic background

(a) Early Cretaceous tectonic model and tectonic background of the extensional deformation in the Minle Basin; (b) Late Cretaceous

bidirectional compression and tectonic background of the Minle Basin
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