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Abstract: [Objective] The collision and ongoing convergence between the Indian and the Eurasian
plates led to the uplift and expansion of the Tibetan Plateau and the formation of a mountain-basin
system rich in oil and gas resources. Fold-and-thrust belts, as an important structural unit for
accommodating compressive shortening, has always been a hot and challenging topic in structural
geology research due to its complex structural styles and deformation evolution history. This paper
focuses on the Wuyitage area in the foothill belts of the southwestern Tarim Basin by integrating
the differences in structural styles, detachment layers, and paleo - uplift distribution demonstrated
by previous investigations. [Methods] Through the application of the discrete-element numerical
simulation method, the coupled process between the basin and the mountain under the combined
action of multiple factors is explored. [Results] The results show that the thrust belt in the study area
exhibits significant structural segmentation, and its geometries are governed by regional detachment
layers, such as the Paleogene gypsum - salt layer. The thickness disparity of the detachment layer
directly influences the fault slip efficiency and deformation intensity. When the detachment layer is
thicker, the detachment effect is strengthened, the decoupling between the upper and lower strata
becomes more pronounced, and it is more conducive to the propagation of thrust structures towards
the hinterland. When the detachment layer is thinner, the detachment effect is weaker, and faulting
is more prone to occur along the pre - existing basement faults. The presence of the Ulagen and
other paleo - uplifts have also played a dominant role in the development of thrust faults by
reconstructing the regional stress field and the mechanical properties of the strata. [Significance]
This study reveals the main controlling mechanism of the differential structural deformation styles
in the Wuyitage area in front of the southern Tarim Basin, providing an important basis for better
understanding the coordinated evolution of basins and ranges and its potential resources and

environmental effects in the study area.

Keywords: compressional deformation; numerical models; detachment layers; southwestern

Tarim Basin
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AR B FE - RO AR R 2 18] & AR G R S AN S 80T sk SR I R T+ A e
WAEF G RT B, & SRS IE NI S R LA R (EARRSE, 2007; BiKiE
S, 2013). FHodr, REA-phWT AR R E RS (AT A 2 R EE A, RFILE T KE
S EMIEERACMEZEGE, RS T a2l R EN EESE®
(Burchfiel et al., 1999; Shaw etal., 2005; Chapman etal., 2017; Butleretal., 2018;
Laborde etal., 2019). #AIf, HHTFEGE— Wiy BA S RMIIERT 583 s (%
SLEF, 2007; BURIESE, 2022), HIAZRMEH T EH AU E AR A IRk, BT
LA DR 2 S BRI R (EIEEAE, 2023, 2024; MilEZESE, 2025), Xizth
XM AL T RONTET I ZIE (757555, 2004; F%%, 20145 BRIUKE:,
2018; Lietal., 2019, 2025; #/0#f, 20215 BRMUE, 2022; Z'5a%, 2025). 4R, 1&
F RIS WK RIIEIZ S 3L FE RN, DRI A it 7 2 0 22 A A A

CL A T 9030 T R 4R 3 A b R A AL S B0 U N, IR RE SR BZ 0 A [RIAG S
DURR DA B ot A A S5 DR 25 mT e Ll B A o 0= A T PR 2 (Wang et al., 2013, 2016; [
DRSS, 2018; Lietal, 2019; #/0ME, 2021). SR, _EIREEER 5 w2 W) 3 F4E A
1), V3 fEdt— B L SE I I LA IE . TRk, B THENLEFRE 1 B 52T, 4L
(ELBEAUL 7 ¥ Ay XA 40— v BB i ) 3 A8 T R A AT LER P P - BE (Morgan,

2015; 2K ESE, 2022; Lietal, 2022; BA—3K5F, 2025). B, SEHEIT DL RIS S
X FEIX, 45601 N A ORRE RN IE RESLZE . A ENESOMRE (TR
2, 20205 D, EHEEUCEUER I, IRNITSHEBZ R DA B 43 A ) B
A L AT AR B A A 1 iy AR TR B U AR I o B 9045 vt — D IR A BR AR 23 b — L ik V1
[ 38 A, B G BE YR AN T B4

1 REMFEER

B9 X7 T35 R S Hb VE s 30 . AR R s s b2k, R0 Rl R 2 5108 e A
(B 1o MEoRRIE s B2 AN KRERAE & AR R— AR AR DI 2 i, 5 e AR R 4%
(Lietal., 2019; XUFEBASE, 2024). HrAEAQHHA, B - KRR AR BRI 1 (12 5 M oK 7R A4 idk
W AGHERS, HETE BOIOERE  rh ria&E r (BRIR, 202200 MASK/RAEZ R B FEiE K /R
M (MPT) S5WUK/RETSS 2L (PFT) MR, EEEICNIERYMES NE (K
1o FEMEKIR W20 55T 5 T e A — ot 54, 7628 DU LB b T& 3l MoK R AT
Wb A I VS B 206 T 6~5 Ma, 1R DX IR IE B 2R M AR JEAG, TEVGM B 3~5 SRkl
PHWTE LR, W) 2R R T 5 MK R e i35 F (Lietal,, 2019). SZMAK/RIbZ M
HARZGH AR RS A HEE e, B X IS LT 5 R E 1A AR
b i
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Fig 1. Regional geological map of the junction zone between the northeastern Pamir and the southern Tian Shan

(modified after Li et al., 2025
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Fig 2. Geological cross-sections
(a) The strata are dissected into a series of fault blocks by basement faults (the section position is shown in Fig.1,
line A-A’ ; modified after Yang, 2021). (b) Basement faults exhibit an imbricate pattern, accompanied by
extremely thick Cenozoic sediments (the section position is shown in Fig.1, line B-B’ ; modified after Yang,
2021). (c) Several basement faults converge into the décollement layer, and the overlying strata are marked by
intense back-thrusting towards the hinterland (the section position is shown in Fig.1, line C-C’ ; modified after Li

etal., 2019)
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2013; Heetal, 2019); 7828 5 DL AC TARTE S A - kR Eh A Ui 1, HP R A
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Fig 3. Stratigraphic column of the study area (modified after Li et al., 2025)
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2.1 SHTRERDEE

B HUtiE (Discrete Element Method, DEM) & FH Cundalland Strack $& H 19— F -5
BLA R T2 B UE R 778 (Cundall and Strack, 1979). HAZOEHETE T, KA LA R E
BN RESAH BLAE I RRTRL A T, 8 1B R B e (R B3l 122 AT Dy, SR . REAias
SR AR T MBI AR AORE ARG AU, . FE BB THSELRAR T T, 15 2 i A B U 1] R o<
#; KA Hertz-Mindlin ##% (Morgan, 2015) SRiH-SM0kL F (At /1; 2 Jmi8
HEORBABIEE) TR, HEHRRRLE T — M AP A B, BRI IRIEH SN, HE%
RIS B8 BT BARSS . Dk, AZ S is I HUCBUB A 7%, S0 B B A%
D3 SR A ey, TR 7 OR T HAE R AR R R AT LR IR AT, X
PR IZIMIE B AR M 7 E 2 (B S, 2022; Zhouetal., 2024; Liu
etal., 2025; Maand Wang, 2025; Yangetal., 2025).

2.2 AR E

R FRAKFEZ K 2L (2019) BRI ZDEM (https://geovbox.com/en) BHLITAT B -F
G XTSRRI b X 1 AR TR AE A AL R T B4, . 228 A XU SEgR 45 R, e 1
SEIGHET O S RN 2 M S50 (Morgan, 2015; Z5K2%, 2019). 38 3 4 il Jer 8] (1 %
SERFIEFIBER R A M RE SRR GR 1D R T % . WIAR IR d 35 s
BUBURL A R, IR SBR[ 242 60 m A1 80 m. SR SZPRIb BT I K/, WG U B N
KBE 75.0km. = 9.0km (& 4), JARALR 0.2, FEHE RECN 0.4. Tk A EHEE
JEN 4 km, ARSI K CUT R, HOREEBE Y T2 A b a2 31 i e S 30 I /2
HE ARG, TR E T BE 3 Kbz (L), HEEERECN 0.0, M
20°, [H]FEN 5 km. MAh, S35 O B /MG A AP BRI 45 5. (Wang et al.,
2016), TEWMETwE 7 — M ERMREE S ER GRED. hlRsg ot ZNE Nz,
ST X LPRFUE DL, KR B E Y 600 my 400 m A1 200 m. b AR )
RATHIE R, ik REeT)E, WEREN T1. BAAALE b [ e WUk Rl 2 />3 B
BEAN 1 /MEREE. I A MR BL 2 m/s B SR o) 4 U BEAT HF e P 2B T3, AP 4G 50 ms, HE
IR REE 9.8 m/s?, i E BRI A BB PR T MR AT R (K, 2019). #F
JERE AR B AR R, BRI BEE 2 km JEITAARIME, 2 J5HHYE 1 km 2
A7 — kol ) s sk A B 2 B THEES 500 m FASURISR SE I . [RITRR 2 A8 S50 B fa B B i
DURRL Db R IH T 1 2 . ARALEIEHE IR 16 kme A T T WSS TEARHE, AL
WE T —RYIAFEBIE. BAMERSES RS .
4 AEE
Fig 4. Model setups
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Table 1 Parameter settings of discrete-element experimental models

(L EDIYE B/ kg/m? PEHERHL ¥ KA /Pa By B /Pa PP B L /Pa By P58 /Pa

e T2 Tl 1.0E07 2.0E07
2500 0.3 2.0E08 2.0E08

e T2 T2 2.0E07 4.0E07

IR 2200 0.0 — — — —

3 SRR
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FF B RBE AR AT AR 4.0~6.0 km I, ETEBURAVERR . F1 W R 5 R R
HWUE VI, BRI E R TR AR RPN 8.0 km B, b AT EE v A

HEBLZ 400 m

1020 30
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Wi . M4aMEIAE] 10.0 km B, EEGEZEARMEFIE R F3 W2, ZBEREERN,
KRBV MG RELE 10.0~14.0 km I, JofFWi 2GR F4, SILFIE, F3 W2
REHE—BER, U EN 16 km B, BT HEROEMES, EEHRARHES B
Wi FS,  [RIE Az (R RA i SO AR 38 o
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2, VW F2 Wi)Z, H LR AP IZR Ar 408 F3. A4k EIA S 14.0~16.0 km I, 5%
FWREIE K F4, JF A LR EMER, WHUZ AR IV SRR, X555 1 AT
ANA
a—3KY 1. WIERIEHZE 600 m, AR FERA AR R A, b—%5k 2. HiIERIEHEE 400
m, FEEAMUKE RMEIE, THEREFRRRBE R, %K 3: HLRBEHZE 200 m, B
B b R B AR AR TR
B 5 TREREREEENZRERA
Fig 5. Simulation results of the models with different décollement layer thicknesses
(a) Experiment 1: A 600-m-thick Paleogene décollement layer. The overlying strata exhibit prominent back-
thrusting toward the hinterland. (b) Experiment 2: A 400-m-thick Paleogene décollement layer. The overlying
strata is characterized by back-thrust structures, and pre-existing basement faults also break through to the surface.
(c) Experiment 3: A 200-m-thick Paleogene décollement layer. The upper and lower strata show consistent
deformation characteristics
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TESEEG 4 vf, [FIRENS IS R BB E N 600 m, (HIFREE GRER, DULRIR T HRE
FEC X R A — i W s A AR TR AE . (B 6) . MR AL T 0.0~10.0km B, BWIEKEH
S8 1R, AR E Flo AFEZAMET, S8 | WSt R EsmAN, i sess: 4 o U
BRI (HERER B FPEEEEAD . AN 12.0~14.0km I, JofrliZiE
WA F2 Wiz, A b 2 Az, K58 1 A AR SUEFR, f5R)5E
Wi 7 1) B S VR AL BE s 2, B0fs F2 W2 e Uik, 4 AR P 2 44 F3. 24
ARFIEIE ) 16.0 km I, JefFW 0GR F4. i T4 B RS A _ B 2 A6 T, F3
W= 5 F1 WRAEME E2PLERRR R, HEb LA ZIER. HERTEERE,
FERATI AR B Al Gt DO HE ISR BT 5258 1 K FS AR =



o i e+ I 2 J5600 m
10/ 4km ‘ ‘

50 60 70

30 40
ER AN
<-800—-800-80—4.8-0.16 0 0.16 4.8 80 800 >800
VIR |
o f— ) f— ) f— ed
THEEEERRN, BERAER RN F, EFTEEEMTEZR 1 F8 F5 g
K6 THgRrhiiRiR

Fig 6. Experimental process of the model without a paleo-uplift

In the absence of a paleo-uplift, back-thrusting towards the hinterland takes place, yet the frontal-thrust F5 in

Experiment 1 was not observed.
4 ik

FRA -1 Wy 2 KBt Al 5 3 LLel R oo e 4 A% O s B s . TR IZ K B DASGE FE
FEC PRI AE A2 VA2 R 48— i s A 1 R T S B ) S R R OGSt T B 3R . FE /R,
T R R EEAT 28 3h B A i A 9 X3 E W, WoRR BTGl vl 2 R 3 2 E
BEEREEMAR (RIS, 2010; Cheng et al., 2016; Wang etal., 2016). b4k, &
BT K EE I L gk TRk, g 7 IE R & ik KU, 4RE
T X F AR B WA S R AR DO b, B R EE AT 2R TS WA SR B VS
M, BB ARNE, AHERIRIS (ERESE, 2017; (EBLFSE, 2017; &5,
2017; FRFESE, 2020). MEHZHERBATKZE R, BRI LA E 7] 2053
BT RRHIE (B2,
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YEEL 4 AN EHOCEUEBILIG R R EEEOR, WM AR R, &
T E TS 5y R B AR MG L Ja BT R R s (B 7a). BERMETESNEUE R
2 RIZEET SR, R T, BZ2E 5 T REERME. 2wz EH
MRS, IR A S G SR A2 BT R R Y B Y (1) S PG, TR R
MERERIEIL), aEURE T EEMEZ b (K 7a; F3); [N, KREBEEREANE,
LW FRE LRI RIEMEN . HEENZE, LR RE RN —&IE
W R R AR R AT E FS (B 7a), W 2R AE S SR AT
o USEIH M ARTEARES C-C' HITAE MR AR (B 20). BEIEILE B JE I
L, T RIEIE AR RS (B 7)), REERARESEANAWE, E2BHE
R BTERHAE . Ak, WIZEIRE — e RN, K E T8 & 1L i B 1) R id
X5 B-B' #lmifEe i LA B —8tE (K 2b). HiB IR EEACH 200 m B (K
7c), KRG R B 2 AR B AL, R RS LR i, mARW AR
X, BEMZUIECAZ . 2R RS A-AT HIH AR A R IR R
(K 2a). CAEWTTFERI, T8MLEEE X089 W7 s 11 A8 A 30k 2 21 B 14 il 1
(Stewart, 1996; JEMIFESE, 2018; XEHELE, 2024; Zhuetal, 2025). BFFLEFRKH,
T RV INEE JE BER A B A ] T S AR B AS AE  AR TERE S  BE e k. BREH)
B i R 105 5 [ B S I E R E R RN U BE 5 T A AT R R A
T L.

a s
b
600 m

10t 2.
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UFTY T
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10t e e

0 10
#A 25 /km
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Fig. 7 Comparisons of typical stages in the four experiments.
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(a) When the décollement layer thickness is 600 m, the deformation in the overlying strata is mainly characterized
by back-thrust structures, and the frontal-thrust F5 develops. (b) When the décollement layer thickness is 400 m,
back-thrust structures towards the hinterland are formed in the overlying strata, and pre-existing basement faults
also penetrate to the surface. (c) When the décollement layer thickness is 200 m, all basement faults penetrate to
the surface. (d) In the case where there is no paleo-uplift and the décollement layer thickness is 600 m, the overall

structural style is similar to that in (a), but the frontal-thrust F5 is absent.

AR, AilZ0 R BEAZ Z R R i, FE-ETTRRR K
ERIETT R ALE, I EAERT WS S B, HALE 2 e K (Wang et al.,
2013). HIEMZE RIS — o AnEy, WL 7R BIE AL (Nilforoushan et al., 2012; #5E
&5, 2025), BORETHBTE AL B 20 BUZR K mEHl . AR bl AR B, B
Jit 278 5 AR %S S R 2 B, 20 B UTRRIIR (AR — I i i Bk k. fEIE
BT, WEReHE LEE N ZEY RIEH (Wang etal., 2016), F7EdFER - RIEE
FHTRWT R (Bl 7as FS), AT WTZ S HFFCIX P 0 3B g v W 2 RRAR IF oo B . 24
XN A G LRGN (& 7d), EREEASKE, AR T4a A L
J7 R RIPAIETE R, R 5 ) R R R . W 7d B, F3 WiZERR B
B, M F4 W2 TR EAR, KEREMNES. adgRir, SRR
R RS T I MR R K s TE R (B Ta), FH s 2 AR TR St 1 3 B hli ph
WrEH A RS T ERER (B D,

A FEIX H AR IR K R 3 1L 5 S5 K Ll Ll s A 2 Ak, A s AR T A 252 R AL P I 4
EE R PSL R s . SO BB T IR R LAl B R AT AR, Ak B AR RE R L B¢
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