31 %1 W i& E’EI jj % % ?ﬁ Vol. 31 No. 1
2025 4F 2 A JOURNAL OF GEOMECHANICS Feb. 2025

SIRREN: ERM, 204, 2025 I & & R AR S BBl A . UL T I 2 b w9 BE O 1) [0, 3 B2 g 2244, 31 (1)« 39-60.
DOI: 10.12090/j.issn.1006-6616.2024042
Citation: WANG C X, LI X, 2025. Tectonic characteristics and numerical simulation analysis of an arcuate structural belt: A case study of the middle and

southern segments of the Red River fault[J]. Journal of Geomechanics, 31 (1) : 39-60. DOI: 10.12090/j.issn.1006-6616.2024042

SV ) 8 77 ) 3 A ik B R SR AR AU o By —— LA 213 By 28 PP g
B Ry B

TRE, = W

WANG Chenxu, LI Xi

ZMREHIRYIL R, =M B 650091
Department of Geophysics, Yunnan University, Kunming 650091, Yunnan, China

Tectonic characteristics and numerical simulation analysis of an arcuate structural belt: A case

study of the middle and southern segments of the Red River fault

Abstract: [Objective] The southeast Yunnan Arcuate Structural Belt, with the central and southern segments of the Red
River fault as its main body, serves as the southwestern boundary of the Sichuan-Yunnan block and the forefront of its
south-southeastward movement. However, there is still controversy as to whether its current motion is primarily
characterized by transpression or transtension. This debate is strongly correlated with the complex stress-strain patterns
surrounding the southeastern margin of the Qinghai-Tibet Plateau. Clarification of the kinematic characteristics and genesis
of the southeast Yunnan Arcuate Structural Belt will help to understand the regional tectonic evolution. [Methods] This
study utilized the interpretation of remote sensing images and geological field surveys to identify evidence for late
Quaternary tectonic activity in the central and southern segments of the Red River fault. A three-dimensional (3D)
geological model tailored to the actual characteristics of the region was established. It considers the influence of lower
crustal flow and includes finite-difference numerical simulations with different velocity boundary conditions set at 26.5°N.
[Results] The study reveals: (1) Numerous geomorphic features and fault profiles in the central and southern segments of
the Red River fault indicate that most of the faults along the line are predominantly high-angle, northwest-striking with a
complex fault rock development. The presence of structural wedges and infill of overlying material has been observed in
several typical outcrops. Additionally, there are significant undulations in the lower part of the overlying strata on both
sides of the fault. (2) The numerical simulations show that the influence of the far-field stress on the horizontal and vertical
deformation of the southeastern margin of the Qinghai-Tibet Plateau is quite different on both sides of 26.5°N, and the
deformation is further enhanced by the presence of lower crustal flow. (3) Numerical simulations of velocity fields,
maximum shear strain rates, and maximum principal stresses demonstrate that surface motion trajectories, velocity
distributions, stress conditions, and deformation accumulation differ among different models for the arcuate structural belt
area; the presence of lower crustal flow promotes deformation accumulation and makes the magnitude of the velocity field
closer to that of the current GPS horizontal velocity field. [Conclusion] (1) The numerous geological profiles along the

central and southern segments of the Red River fault reveal predominantly normal-strike-slip movement, indicating that the
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region is currently dominated by the effects of transtension; (2) Current tectonic deformation and landscape evolution in the
southeastern margin of the Qinghai-Tibet Plateau are mainly controlled by two different force sources: one is the
southeastward movement of material, and the other is the arc-parallel extension and slab rollback beneath the Sunda-Java
subduction zone. The presence of lower crustal flow influencess the scale of tectonic deformation in the southeastern
margin of the Qinghai-Tibet Plateau. In the southeast Yunnan Arcuate Structural Belt, arc-parallel extension and slab
retreat play a more significant controlling role; (3) The initial curved shape of the southeast Yunnan Arcuate Structural Belt
is mainly attributed to the influence of material migration towards the southeast and the Xiaojiang sinistral strike-slip fault.
Under the constraints of pre-existing structural fabrics and the control of arc-parallel extension and slab retreat, it has led to
continuous deformation. [Significance] The research contributes to the understanding of the current activity of the
southeast Yunnan Arcuate Structural Belt and the causes of this activity. It provides a quantitative analysis reference and
theoretical basis for the study of the tectonic evolution of the southeastern margin of the Qinghai-Tibet Plateau.

Keywords: southeastern edge of the Qinghai-Tibet Plateau; southeast Yunnan Arcuate Structural Belt; Red River fault;
geological 3D model; finite difference numerical simulation; structural deformation

W E: WAV AT ERAETRNERAG N EREN N AR TG R 8RR SN
S, RSN EIURMEUFENEN S AR ZHARUT KA EINERARZHMEESN, X5FHA
RAEXEABEZLNEA-NEERAHZBINNXE, h3t— PR ER TN W5 50 F FFE X R
B, #4854 AEREARRERR, BAIZFHMAEARTHRZ2BEEN, AREREXN: &4
A ATHEBEAAREHN A TE T EAREHMR, BrEASRRAETELHK-FTRL AR NE
Hl; TRBEAELINSNHELTH IR ECNEEZE T E OB RO EAT @S 20 LR TTER -\ =+
T TRENMERK. HABH2AFTR A RGERER, R, THRANEESRED W TR
BREAMGWHETHRE, EEAENBHEN Y, IERNKARIEREEENEFNEHIER;
HAEMMMEGT R RS T ORSNMREZTRT 2o BY RS @30 09 % RN 3 A ek
BWES, A ELAFEWENARSHRAFNERL KIS ERNEHNT AR ERE, HRERAH
TERARBENEMERASWESIRERRE, AAFRGEAEELNEENARRBEEEM T
HH B BRI

XA FREEAESL; BAEMNBHEY; WA, —SHAER;, ARZ2HEEN; HELTFH
FE S ES: P54; P313 XHEAFRIRES: A NEHE: 1006-6616(2025)01-0039-22

DOI: 10.12090/j.issn.1006-6616.2024042

11z gl A5 B IF H A& 6 B A9 4F 2 (Ferrill and Groshong,
1993; Marshak, 1988; Macedo and Marshak, 1999) .
2 M BT R AR TG R 1y “Il T S A 3 A R R
TH e A0 T K O A i A G AR 7R N o DLk, X SIOE
Hay 3 7 AT B 5 2 4 s il A 3 L 8l g 2 0 G B i
e, H BATHE B8 L (FE G, 19545 2 i
ZE 0 2007; Ge et al., 2022; # I I 4%, 2023; Jiao et al.,
2024) .

JUE b e 248 phy 200 BT 22 VTR 2 /N VY
B 7] W LN i K T e B[R] B R — A A 1

0 3%

TR g S A BT B RE M e 5 DI Al B Al
BB AR AR LAk B 25 0 b 5T b S 00 R A s AR
T o Il e A SR 7 9 e L 2R T % Y R R A T
g3 FOARR I 3 AR AR A TR AT S i I A K R
W Tk A A A AL PR AL T A A B B A
(Tapponnier et al., 1982, 2001; Clark and Royden, 2000;
Schoenbohm et al., 2006b; Wen et al., 2008; Sun et al.,
2012; F 4, 2023; Chen et al., 2024a; & I 55, 2024;

Shu et al., 2024) , K AU JE 3 By 24 i JL ] 2 Al iz 8y 2
W 5 % 1 8 7 K Bifi 449 1 38 b R b AR A 24 01 Bl ) 2
B 2 OC 2L, I 9 A4 1 7 1 Ay i — Bl il 488 28 T2
BRI X, s S ShE R B, A E S

oG, SHAE I G50 o Z AR X T A R
X3 B A 1] e e AR AL Bl 0 e, 5 A P R
X 3 2 MR 0 Bl (] o8 25 %5, 1977; Wen et al.,
2008; % C #, 2013; Fan et al., 2023; Li et al., 2023;


https://doi.org/10.12090/j.issn.1006-6616.2024042
https://doi.org/10.12090/j.issn.1006-6616.2024042
https://doi.org/10.12090/j.issn.1006-6616.2024042

%1

FRIN, 2 G I A A 3 AT S KA 23 B —— A2 T W7 224 v g B 51 41

Chen et al., 2024a) . T £L 30 W7 24 . A7 5 — 2L 7K Wi 24
il VT 0T S IE A T M B AR R K 1 3 AR R
X 3 2% W S48 T R A R AE A BL, 35 2 9, 9ITH i)
PaR O, e B B AGE M MR AR R — A
], 0P FR R AR e SO AL 3 B AR R AR A
(T ARAE, 1992) 6

H X VAR e IO A 368 A 1 R DG B XA AN
[F] 8 DA TR, A5 A1) 2 X BT 2 % 308 S e R 190 % b 5 1 R
A1 Bl M AR AR R A 5 o G T I 2R R A i
ARZS, A A% WA 5 40 (2003) A S 20 3 B 22 . i vT
W7 22 1A J5F — K T 24 3 2% 7 284 T R R TR K BT 4 A
T AT A T b AL B 43 SRR 3 5 A R AT 42 (2013)
N ARG RS (T N i RAN [ R RN i o )
440 1) BV, L T R B TR K BT S 1) A
I RAN A I PEWEE =0 L TR Wi =P S AN [ 1]
T AT E T b 3% ) B R BB 2, 1 £ T W 24 T g S
H IR F A L W54 Wen et al.(2011) U #2 H 52 & A [H)
AR A, DA A T BT 24 RN 5 — S K T S 1) b AR
FE R A T R — W 58 1 2% B0k e P e 3 g
T AL T, AR B TR 1] b 55 20 Y] 7 28 b ] — 2%
T b 25 F1%) 396 T )2 A 3, (L 20 YT E 24 5= DK i 465 1) 1 P
H 5 50w db AR 09 W 1 A B X W R L et
al.(2020) W] TA Ay i1 VI W7 24 | Ay o — 4 /K W 24 21 o]
W 22 7 VR A0 S 0T R b — b b AR i

O T M 5w BE AT B M T, A B 5 3R WD LA £1 9T e
4 bR Bk 3 AR 0 TE R R OIOE A 3 A B A DL IE B
iz 3 4 3= (Wang et al., 1998; F & B 25, 2008; I ff
FE A7 %45, 2013; Zheng et al., 2017; 4 B £, 2020)
SR, 33X — 5 AE 558 3 20 )1 V8L b e AU 350 7 R 4R 1) 4
FE A 76 B0 AR 1 i DX 3 B 45 A8 I8 3 o 4 7
Wiy 284 5 45 A8 (f] 22 AR %5, 1992; Wen et al., 2011; 2=
WA, 2015 fRAE B 3 25 5% o L Ah, 2R AR (2011)
P2 00 X IR 3 2 77 2E R DL R O K A (2021) 2
A GPS K (1991 — 2015 4 ) UL 3 2R I “Ho B i
RO TR A LAS B Y 219 I 24 e B 5 A
BE, BIRBE S Y AT B WS Sh AR IE W) & o TR
OB 4 38 4 B4 32 3 2 R AE 1Y A8 T2 3K 2l ) 02 AT
A7 SR AEAE BRI — 32 Bl 2% REAE A9 3 T 1] 5% 2

WL AR WAL A A E A
W 5% WA, X 21 70T 1y 24 v g B A 3 0 3l kAT 5 4%
A 37 55 W 5 IX S B b B B T AR A AH A 1Y) M T
BT I I Jre s s B 0L, DA 2 1 o DX 3 o 7
Ak 1 AR, I Sk W7 S84 T ] 300 X381 b 7% e B M T

B LR 4
Qe

AR OB A8 8 6L T 5 5 H0ORE AR A 3 45 R
] 400~700 km 4, 44 5 1] L Hb B P4 R 300 R ) R
B AR TR 0 A v (D La), S B RE — BRI Al B 0T e A
A 7 R AR T RS B WA . —, AR R R AR
559 R R AR S 2 2R N - AR A G

TELZR T SO A 385 07 00 oy YL T b B, 2 0y 4
L H 5/ AL Y], o T A b - K
W 24l VT SR 20 W S R B (] 1b) . B
Macedo and Marshak( 1999) #2 Hi ) 44 1& B & 2 H Xt
3 S5 T8 A RRAE EAT A R OA, L, 20T
TR B AR RN 0.116, A XEFREE R 1.212, i H R
Sk 0.855; A7 B~ /K T 24 1) A1 T %l 0.196, A X AR
J S 1.248, T LR 0.574; VT 2L ARG A R R
0.069, /A XFFR K 1.196, T H R A 0.744, K 35 7l 2
2R F DN R 0 R R B R AT A, R 3 AR
KR EE AL, HARIE T 24wl . R HERR 3 %%
W 24 Sk AH EL R 3, S AR I DL A B 5 (M) PR A
1992; A A1 5 77 4%, 2013; H #1 55, 2023) f1HIE &
SRR AL R 3 45U M A, IF SR A AR pE R
T T o

HAMIUEMENR T T — RN E Z= 01 15
AL . R — Bt (34~17 Ma) , £07 W 24 (9
iz Ay 5 2 32 3R B e ek W, [R] F R BE ADRE 1Y
¥ HVFNRE T S5, 3K — B 30 v e O IS Tk A
) B % Ay Fogr it (24 5 Ma) DA, 20 S & A T
O 2 RV AP AR T g, Hissh i EE 5
AL 2 () A7 e AE WA — B0 7E 17~5 Ma 3 [6] 1307
VT 224 oAy 12 ST V4 DRI I T B, DT 24 7 A0 1) AH X 3z
MRS A AE I 5 3 I (Allen et al., 1984; Tapponnier et
al., 1990; Leloup et al., 1995; Replumaz et al., 2001; [7]
R4 20065 Cu'o'ng et al., 2013) o ZL 0] by 24 5E 1)
J6 VG 40°—50°, {H 76 T VL BT H BT B 8 i 5% 728, B
JRCAE K W 45t O A 2F A B R DB 2408 1) R
TEJLVE 60°—70°, & AE 3 — i §% 09 X BE J2 67 T/
VL W B4 1 0] B B4 58T A X8, 1% X TR 100~200
km 4 38 Y 2 7 Y 24 60 km 4 75 BE 137 5% (Wang et
al., 1998; Schoenbohm et al., 2006a; Shi et al., 2018) .
Fals R © YN T AN T K VA REART N (R3¢
#4950 km F1 75 km &b, I 5 2 P47, BAE W LG —



42 ¥R 55 54 https://journal.geomech.ac.cn 2025

——.2a(101.590°E,24.017°N)

5 offid

o

&2k
7 |
1 [41.2d(102.553°E,23.3215N)
pC G

[%].2e(102.:868°E,23:219°N)

| 1230N -0
101°E 102°E 103°E
— R GIGHT. — B ICHI — T A A B
= e o e NI TN

a— LR P I g 38 7 o B (P o i B Ja) 43 AR 4 sl %5 72 45, 2003 18 250 ) 5 b— 1 AR rig ST A4 3l DT 24 43 A1 B i 427K F GPS 3 B 3 (&l Hh GPS 7K
S 3 B S AR R AR R A B Y GPS K T B 3, T A b 3 BT S 3 4 K A U A i e 1Y DT 4 30 28 A7 (3K B Ganetal, 2022); c— E AR M IUEH
T 5 S AR B (Of B R ML ] https:/vgimap.tianditu.gov.cn/)

K1 EAENAEMEFTETEH RSN AR P EE

Fig. 1 Distribution of major faults and topographic imagery, southeast Yunnan Arcuate Structural Belt

(a) Location of the southeast Yunnan Arcuate Structural Belt (block division based on Zhang et al., 2003); (b) Distribution of faults in the
southeast Yunnan Arcuate Structural Belt and the horizontal GPS velocity field along the fault (the horizontal GPS velocity field is relative to the
South China Plate; it is obtained by interpolating through surface fault traces and inferred undeflected fault traces; Gan et al., 2022); (c)
Geomorphological imagery of the southeast Yunnan Arcuate Structural Belt ( from https://vgimap.tianditu.gov.cn/ )
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Fig. 2 Typical outcrops and remote sensing image interpretation, middle and southern segments of the Red River fault zone ( remote sensing
images from Tianditu https://vgimap.tianditu.gov.cn/)

(a) Fault to the northwest of Gasa toll station; (b) Scratches on the fault to the northwest of Gasa toll station; (c) Fault to the southeast of
Maludong; (d) Fault to the northwest of Dazhai; (e) Fault to the south of Yuanyang County Atu area; (f) Details of the fracture zone of the fault
to the south of Yuanyang County Atu area; (g) Remote sensing image of the dextral dislocation of a ridge and gully at Dazhai, northwest of
Daheigong; (h) Remote sensing image of the dextral dislocation of the Atu Longcha River in the south of Yuanyang County
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Fig. 3 Study area of the numerical simulation

(a) Horizontal GPS velocity field of the southeastern margin of the Qinghai-Tibet Plateau (data are from Gan et al., 2022; The blue dots in the
figure denote the fitted rotation center relative to the South China Block); (b) The primary fault framework in the geological model

F1: Red River Fault; F2: Xianshui River-Anning River-Zemu River-Xiaojiang Fault System; F3: Longmenshan Fault; F4: Dianbianfu Fault, F5:
Lijiang-Xiaojinhe Fault
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Fig. 4 Three-dimensional (3D) geological model of the study area

(a) Grouping by physical properties; (b) Grouping by major active blocks

AR ESEILE 1, FEARAFAE AR AL, 20 L LA 5 JRE A R L S B

WFoE R W], % XA A B AR A5 ) S PEAE EIUNRRAE . GPS B BE 3 48 O (1 b 3R B R E B
26.5°N [ i 8L T A - G . s R UL E A ] 76 43 S LA AU 9 2R 18 8, 42 10]52 3 05 ) A
Pl 2 B2 Ry 120~140 km, DARE Ky 80~100 km, Hi5E)E B DhrfEAR M 45 ) Ab (18] 5a), 43 5 LARE 4 e 74 )



46 ¥R 55 54 https://journal.geomech.ac.cn 2025
*1 SWERT CEIHR) WA REM
Table 1 Material properties of each tectonic unit
PIGHE/ S/ R/ ; o i/ BILIEE/ Bl R %Y
lhi‘ / = BRI /k D \H =
oIz PR (km’s) (km/s) (g/) AL GPa GPa (Pa-s)
e 16.1~27.0 6.00~6.10  3.52~3.55 2.72~2.74 0.238~0.244 83.419~85.908 33.702~34.531 1x102~3x10%
JIlt T 38.0~59.9 6.30~7.00 3.65~3.99 2.78~2.95 0.241~0.259 92.396~118.291  37.037~46.964  3x10*~6x10%
HiHk
Eﬁlﬁ 120 21
i 100.0 8.02~8.12 4.46~4.51 3.28~334 0276~0277 168.045~173.501 65.841~67.936  8x10*"~4x10
I b7 14.59~17.38  6.00~6.10 3.52~3.55 2.72~2.74  0.238~0.244 83.419~85.908 33.702~34.531 5x10*
T T b 30.0~41.7 6.30~7.00 3.65~3.99 2.78~295 0.247~0.259 92.396~118.291  37.037~46.964 8x10%
Mk "
A 20
i 100.0 7.90~794 4.40~4.42 326337 0.275~0.276 169.431~177.461 63.114~64.079 2x10
=4
LHIFE  21.02~22.80  6.00~6.10 3.52~3.55 2.72~2.74 0.238~0.244 83.419~85.908 33.702~34.531 1x10%
“F@ = 22
T 38.0~46.8 6.30~7.00 3.65~3.99 2.78~2.95 0.247~0.259 92.396~118.291  37.037~46.964 1x10
Mk "
?_TE%] 21
W 100.0 8.12~8.13  4.50~4.51 3.34~335 0.277~0.278 173.501~174.128  67.936~68.139 5x10
HFE 22.89~27.54  6.00~6.10 3.52~3.55 2.72~2.74  0.238~0.244 83.419~85.908 33.702~34.531 1x10%
B T i 53.2~59.0 6.30~7.00 3.65~3.99 2.78~2.95 0.241~0.259 92.396~118.291  37.037~46.964 1x10%
oy i
E’F“q’ 100.0 7.96~8.01 4.43~4.45 328330 0276~0277 164.226~166.871  64.370~65.348 9x10*
=

iz 3y, 72 113z 8l 77 [n) AR R T 5 R AR R A 45 e Y
(Shi et al., 2012; & F 7= 5%, 2015; Yang et al., 2017;
Zhang and Gao, 2019; 1 i1 55, 2020) . % AL AE
o — 9K E g B 3, AT RE R B 2 A IR [R5 R
SRR 38

PRI, 7 58 OB BY JUART T 25 R AS 44 56 2R 109 1
KA 5t @ Ve S B W I, 70 B B 3 B SRR ik
B, R IZ A 5 TR A TR 30 AR D X B A
(J8 sb—5d) . #5228 — 3= 2 2% %% 26.5°N DL L iz 37 1%
386 3k ke 1 1 g i 3 R I A8 3 i AR TR R AR, JE
T 1 YL Hb B R0 T 20 K b B ) R i A AR R ok
BREAUL K — 2o P (5] 5b) 5 #R — 2 % % 4% 26.5°N LA R
I8 3 A 38 2ok Sk B 1N g T i ) IO R 3 R R R
A, 38 32 5 T T b B ) R 30 R SRR SR AL —
b (] 5¢) ; AL = 25 8¢ Jir 47 10 ) 35 456 A6 T i i
) IR ) 3 i A8 T8 R AIE , R A5E TR0 A T A o 3 A
HEAT A ORI — 2k 2 (18] 5d) .

TE bk 3 ) P A rh (B A — | A — | B
A=), BRI AR AR R S RO T AR e b B
() GPS # Ji 375, H {5 15 38 B2 N BE IR B i A2 4k . (HF
9% 3% W1 ¥ 6K 5 D 2R R 0 A A R [ S 1Y T M5
i CH AR B 0 E #5955 , 2004; Wang et al., 2007; Bai et
al., 20105 T* 5k BLAIBR AT, 2023), FFIA R T Hb 52 Ui
XoF 1 b7 HE AR ) 5 o R 2 R AR O — RS AT
Z0 W, TE BB AR AU B 30 F 2% i v Oy T M 5 it
AT B 5 B L B8 24 AT DL A B 5 S B OO B W) A

B H0L B 2 R R <7 R A %, 2004; 8 4 35 55
2009) . it , FHELE(2007) 75 )1 T H X H 52 I 28 A
U R T VE AN M58 2 ) 3 L GPS #
1R 10 mm/a, B 45 S 5 S BRI B R $E00

Ry i — 2 A T b S I 5 XSS Bl R
fERSZ e, BT 2 A O 7S R, 78 3 AW P B ALY
FEA BN TR M 5E 0 A A, b T R A Y
R H RIS . T R Y i Y R S B
RE R, HAE AW T Ho A B 45— 1S PR 10 mm/a,
4545 52 bR b 3R GPS B b M 45 #1820 A o
H T M5S0 B R AR RCE O ST R b g
HEEI B 2 4% . 6 LAY BRI L 2,
33 HEEMER

IR B 5 SR B A BR 22 43 3k FLAC™ 52 A ST
HY = Y b AR, I A7 A OC 28 BRI A 5t 2 8K
MRAE . FLAC™ $R A 14 J AR Jir B2 6 3% 282 4 Jo 25 1
1 A PR 22 0 WA, R 28 53 5 BRARE i 2 i )
S BT 7 R 38 S B 1 SR i X 2y AR R
A T ARB J1 AT o O A& AR AR R
B3 A A, AT BEPE T B AR R . 2 I Ab PR
3BT, A5 B4 A BB R x, y. 2 I = L A
BoRma K., RN AERRE S KFEN S =
SEIIER R e
331 La#kELER

3 BERIAE x, y Bz J7 1) B9 A B 25 4R = ]
UL 6o 78 K /INTE = [ v A [] ) 33068, 4 47 X



%14 FRIN, 2 G I A A 3 AT S KA 23 B —— A2 T W7 224 v g B 51 47

a  PIFEE%/ (mm/a) RIAEHR/ (mm/a) b R R

34° 3.9736E-10
3.7500E-10
3.5000E-10
3.2500E-10
3.0000E-10
2.7500E-10
2.5000E-10
2.2500E-10
2.0000E-10
1.7500E-10
1.5000E-10
1.2500E-10
1.0000E-10
7.5000E~11
5.0000E-11
2.5000E-11
0.0000E+00

19° 190
94° 95° 96° 97° 98° 99° 100°101°102°103°104°105° 94° 95° 96° 97° 98° 99° 100°101°102°103°104°105°

e p————
0 100 200 300 km

¢ FEER R d s R

3.7360E-10 3.9736E-10
3.5000E-10 3.7500E-10
3.2500E-10 3.5000E-10
3.0000E-10 3.2500E-10
2.7500E-10 3.0000E-10
2.5000E-10 2.7500E-10
2.2500E-10 2.5000E—-10
2.0000E-10 2.2500E-10
1.7500E-10 2.0000E-10
1.5000E-10 1.7500E-10
1.2500E-10 1.5000E-10
1.0000E-10 1.2500E-10
7.5000E-11 1.0000E-10
5.0000E—11 7.5000E—11
2.5000E—-11 5.0000E—11
0.0000E+00 2.5000E-11

0.0000E+00

y

.
(; 130 2;;0 3;>0 km

F1— 03] W7 ¢ F2— ff 7 ] — 22 ] =W A —/IN YT W 288 28 485 F3—J 100l W 285 F5— i /0N < 1) Wy 285 Fo— S ¥ 7 245 1A b, o d R TR (2 e o3
91 X 7 ¢ W T A [ 4y B2 A A i T, R P A Sk A 1) R R T B O A Y 5 1), 5 Sk 2T R I O S R R RN, L R B R P 2

A, HL0L g mis
a— HH X T4 1 L e 3 37 e e v o0 E AT U ) RAR 1) 43 B R R, 2020) 5 b— R R — R 00 LA s o— MR R I B AR A d— Y
=R AR

B s BEAEE R &G

Fig. 5 Velocity boundary conditions of the model

(a) Projections of the tangential and radial components relative to the rotation center of the velocity field of the South China Block (Zhu, 2020);
(b) Velocity boundary condition of Model 1; (c) Velocity boundary condition of Model 2; (d) Velocity boundary condition of Model 3

F1: Red River Fault; F2: Xianshuihe-Anninghe-Zemuhe-Xiaojiang Fault System; F3: Longmenshan Fault; F5: Lijiang-Xiaojinhe Fault; F6:
Sagaing Fault

In figures b, ¢, and d, the different colors of the blocks correspond to tectonic units with different physical parameters assigned. The arrows point
ate the velocity vector directions. Arrow color and length indicate the magnitude of the boundary velocity. The specific values correspond to the

color bar on the left of the figure, with units in m/s.
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Table 2 Boundary condition setting of the model
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Fig. 6 Contour maps for numerical geological 3D simulations ( no lower crustal flow ) of x, y, and z axis displacement
(a), (b), (c) Model 1; (d), (), (f) Model 2; (g), (h), (i) Model 3

Displacement magnitudes and directions are given as absolute values in meters corresponding to the color bar in the top left corner of each
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contour map: positive values indicate displacement along the x, y, z direction; negative values indicate displacement along the opposite x, y, z

direction.
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Fig. 7 Contour maps for numerical geological 3D simulations ( including lower crustal flow ) of x, y, and z axis displacement
(a), (d), (2) Model 1; (b), (¢), (h) Model 2; (c), (f), (i) Model 3

Displacement magnitudes and directions are given as absolute values in meters corresponding to the color bar in the top left corner of each
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Fig. 8 Contour maps for numerical geological 3D simulations of velocity vectors

(a) Model 1; (b) Model 2; (c) Model 3; (d) Model 4; (¢) Model 5; (f) Model 6

Arrow colors and lengths indicate the velocity magnitude; specific values correspond to the color bar in the upper left corner of each cloud

diagram; units are in m/s; arrows point to the direction of the velocity vectors.
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Fig. 9 Contour maps for numerical geological 3D simulations of maximum shear strain rate and maximum principal stress

(a—f) Near-surface maximum shear strain rate contours of the six models (the magnitude and shear direction of the maximum shear strain rate
are absolute values in s™' and correspond to the color bar on the left side of each contour map: positive values indicate clockwise direction;
negative values indicate counterclockwise direction); (g—1) near-surface maximum principal stress contours of the six models ( the magnitude
and characteristics of the maximum principal stress are absolute values in Pa and correspond to the color bar on the left side of each contour map:
positive values indicate tension in the direction of the maximum principal stress; negative values indicate compression in the direction of the
maximum principal stress)

The contour maps are superimposed with the corresponding stress tensors to indicate the direction and magnitude of the maximum, minimum,
and intermediate principal stresses. In the legend from g to 1, the dominant directions of each principal axis are extracted and distinguished by
different colors (red indicates the maximum principal stress axis, blue indicates the minimum principal stress axis, and green indicates the

intermediate principal stress axis).
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Fig. 10 Formation and evolution of the southeast Yunnan Arcuate Structural Belt

(a) Thrust structures controlled by a strike-slip fault (modified from Macedo and Marshark, 1999); (b), (d), (f) The evolution of southeast Yunnan
Arcuate Structural Belt (the light blue areas are approximate topographic contours from Schoenbohm et al., 2006a; ELIP represents the inner
zone of the Emeishan large igneous province, and its range is delineated with reference to Xu et al., 2004); (c) Slip-line field model (modified
from Tapponnier and Molnar, 1976, the triangular rigid punch is used to analogize the Indian Plate, the semi-infinite rigid-plastic medium is used
to analogize the Asian Continent, and the slip lines indicate the locations of maximum shear stress and deformation in the material); (e)

Schematic diagram of dextral strike-slip and transtension in the central and southern segments of the Red River fault
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