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Pl I 2 L R A 1) 728 Al e AR T LA R B e i IXC 8 28 JE ML /0 8l g 2 kA o 4ROk, [ N A
HAELLI WY LA S AR DX R TT 1 K BR ) BRI 98 A, G A i )2 A 6 i AR (Huang
et al,2015; X1l 52 8 ,2020) | 10 3% )2 #r 4% (i AE 4k %, 2015; Wu et al,2016; Fu et al,
2017) AW R BB i (SR 45,2001 5 B I 45,2008 5 45K A2 45,2009 5K 845 ,20155 Wei
et al,2016; Hu et al,2018; Yang et al,2017; 5K ZS%F,2020) | 3% 5 2 00 26 B0E 5 S il (B %
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e H W R B 7 1 AT LK R 1 5 T ) B 48 D B 4 b 53 B9 R (Farra et al, 20005 A ,2021)
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Hovbr, baz )G IO, 0 RIS f o WeRE )T Loy i b E RO P PO (B P Sp
Fethlle) \Q 7bi b BB S Pofir (HIK S 3\ Ps $6 i) il L5 Q - S i
RT3 AT 3R AT S PHRICPR L (Yuan et al,1997) ¢
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T,, = f( v -p - 1)1:2 -p*)dz (3)
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Horr, v, O P E g O S POBGHE , BN IRIE Z B RR KL, p TS B, R AR AR R R
TauP Jr ki 5438 (Yang et al ,2017) o f1 30 (3) I, 5258 PR B S, O [R] — B I A9 %
e U5 B I A [ B o T4 X e WA R KR AT e B T, e 4 i 7 A 2 DR B I A9 AN () T R L
1, 5553 F) B 48 00 T B 2 S B0 AE MR P o LA™ S, DR O Sy 9 IR R v BEOR B I A R R, B i 2
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G R 2P BEITIX 28 A= 6 0 S2 U S P H2 A ok 3048 Bl K IE 1IN 4 5 45 75 31 1)
e Hh e B A LA RO L (1 [a] BB i R 5 . MR 1.3 2

i 38 o 47 (A B W9 X SEE 1R LAB FUiH 1 25 8] JR Al , T 45 A B R AT 40 BT o

G ol T J7 58 i A LAB B i IR AR

*1 AN TABMNEERS LAB REMNHEREINRRE
ERLES BuifRiS  &E/(°E)  HE/(°N) Swp /s BEEEIREE/km Sy p BIW/s  Lab %/ /km
il s BAS 99.15 25.12 5.91 42.50 10.12 73.59
BIEE CAY 99.26 23.14 4.49 32.04 12.33 90.17
SAE JIG 100.74 23.50 4.64 33.02 10.85 79.37
St s JIH 100.74 22.02 4.91 35.01 10.46 76.32
&FE Jp 103.22 22.78 5.72 40.85 12.62 91.35
& LAC 99.92 22.55 4.25 30.46 10.48 76.02
It & LIC 100.17 23.88 4.82 34.59 12.86 93.57
Wik & LUS 98.85 25.83 5.60 40.10 13.38 98.03
G MAS 98.59 24.42 4.74 34.04 12.38 90.12
FriiRa) MEL 99.58 22.34 4.46 31.90 12.08 88.54
il hal MLA 101.53 21.43 4.88 34.98 12.43 91.24
BES SIM 101.01 22.78 4.92 35.18 12.74 93.34
i o & TNC 98.52 25.0 5.59 40.15 9.73 70.21
Wi W] & WAD 98.07 24.09 5.01 35.84 11.00 80.25
K& YOD 99.25 24.04 4.37 31.02 10.45 76.39
=& YUL 99.37 25.89 5.82 42.01 17.65 129.38
JLILE YUJ 101.98 23.57 5.39 38.98 11.69 85.43
Zh& YUX 100.15 24.43 4.94 35.45 11.03 80.86
*x2 AT FEREMEEDS LAB RAEMNFERENRERE
B Bl ZE/(CE)  ZE/(°N)  Syp BIN/s  SEEHEEE /km Syp BIW/s Lab %E/km
ks CUX 101.54 25.03 4.89 36.25 12.02 91.42
K& DAY 101.32 25.73 5.78 42.85 14.39 105.40
NHEG GEJ 103.15 23.35 5.56 40.12 15.75 115.44
B A HLT 102.75 25.15 5.21 37.90 17.07 125.41
#KE JIS 102.76 23.65 5.45 39.58 17.83 131.08
W& LUQ 102.45 25.54 5.28 38.57 11.35 83.29
WiRG TOH 102.79 24.11 5.27 38.02 14.06 102.95
AL & TUS 100.25 25.61 6.30 45.01 19.22 140.56
A YIM 102.14 24.70 5.97 42.96 15.31 112.31
TCiE & YUM 101.86 25.69 5.03 36.03 10.91 79.67
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N7 7 S0 22 S« DRI 2R AR I 0 5 78 T P 2% HL M 58 FE )R B AR A 36 ~ 45km 2 [A] 22
s T T 2R A7 PG R 0 M 5 VR AE 30 ~ 43km YU [ N, ph b 3 R M 5E O 0 R R 2
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24.3° N DUR 04l DXCHE (R BN B0 A9 7, J5E 2 ZEASAE 36km LA o X BE RT R, 2190 I SR
VT 0 3 X e T T2 7 A A 2 I e DX B e 2

5 HoAfth o 3 OB FE A5 R A BE , 7 SORRAT 9 5 2 1] = (8] Ji& A7 5 00 X022 J2 A s #8 ( Hk
45,2023 ;5 APk ,2023) AT R PRI (5K B2 25, 2013) I )= B AR (I HE 8k 55, 2015
Wu et al, 20165 Fu et al,2017) | [ 5 55 $2% WS o8 RO &5 719l (il B 45,2023 ) (R 5 S i
(BRA145,2015; Wei et al,2015; fREMAF,2018) A4 2 A9 45 5 — BbkBdr; IS Pk
BRI AT 2 1 25 SR 5 b 2A 2R T Pk i e IO vk (B AE 8K 48,2015 3K Je 2, 20155 Yang
et al,2017; Hu et al,2018) ZR45 1) b 52 )& J3 22 Al #a B IEA A [, (Holy T 5 P 3 13 Ui ek 20
PE L S e Wi e 5041 il 1) 25 T 9 FET IS K, 7 ) 08l DX M 7 PR 86 7 W ol 22 5

Wt 2 BB B A W7 i B R M BR 45 4 B T I N R L BR T BRI R S T,
FRUMEAEENSHME. Mremsw I E 3 5 e RS B R R 5T
JoAe) i R Il M ER Bl g 2 0 R S T T AR BRI (14, 2019) o AR SCIE FH 3E [ [ SR 05
5 B L (NCED) & A 1) EMM2017 i 37 150 R0 R34 3k o v Pl il 3 A58 8 ool I A
2 ) PR R R 2 — LS T TR A R R s A B R E R . BT EMM2017 @ 3
BRI RSO T 20 Wy S B LA X L SE B B AR AR IR T JEOR T OAF fE ML R
(h=0) B At ol o

H1 T 58 DX B 3t 78 % 5 95 20 A1 (&1 7) R R0, 20700 b 28 2R U 000 1) 2 1 S e AR R A, HL 52
PUIR 73 A, T 20100 W 28 A S 9ICIR 23 A 19 15 % 53 8, 5 1) R B0 W 388 4 3 o 1) — 2 209
W7 SR8ty P I ) A 2 B S 58 S U P T A SR R i S S % T 0 SR D A
P I 53 A1 AN [R] S e S 21307 W7 28415 19 400 3 Jo ) 3 A7 W S 22 5

L5 LTI ZLART W 2T ARV O e PR R R ) T 0 A A A B I 25 S, S L9 I 2
A7 X 3 5E 45 R A E B4 A R — AR e BT T

C A BF 5% 3% MR R BRARAT A2 T 52 IR S (W1 5 1 45,2003 ), Z1 307 W7 224417 ZR AL A T 352
AER R 2 5V g 00 T (A 355 25, 2005 ), Rt P 0 S A 2 W 77 8 oo I AR A7 AE P 2% P T e
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K7 RIS X M 58 1 S I

AIRBH 57 1, Herp— 2% B I8 I PR 46 VD VL — B K T W7 2 1) 2 R AE A, 0 AR SR T Bk
(Bai et al,2010) , X SBAF 5 45 2 O 7 W) Jo UL 190 A7 A il is 7 32 436 1 st Bk P2 AR B oy i
SR, 7 7 i i 2 B RE A e 5 IV AR R A Ll A 5T I 1 B 3t e 6 TS TR S A o ) ] i A
5 A 1B F% , 2R F 1) 3 Y 1 5t e ) S E T T B, S BOLL T I SR AR L N e
32 ERBEEH

[IREM, 25 & [ 2 18 8 MR 132 70 B nl i, B S BiF 58 X A el A 8 88 B K, A
70~ 141km Z [FZAEAY o 2000 W7 28 74 1 M0 O350 2 X I8 80 o A Rl 5, R St £ S e K L X
A B BB IRAS 5 21T W R AR AU M XA s A R B AR AE 90km L B KR
AOFFEIX K, LAB St i1 £ £ ] W 535 19 S R - 2% , 3 14 2 v Bl DA 74 125 2 20 9] By 334 1)

8 BF5EIX A BRI (LAB S R (km) )
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ARAEAR ANAE W7 24 AU i R g 0 e 5 b X B R 3k 130k,

E A, A 320 R 807 20845 10 )1 VB b X2 Pl JREBE A - 200 Tl T 245 1 g 0 19 L S
DX A R FETE 100km LA (Yang et al 2017 ; FEAF 455 ,2022) 5 15w K 1L X5 A B v HL &2
TR R A7E 78~ 88km Z [A] (7K JE 55 ,2015) &5, 55 i A4S B9 BF 5 X8 4 X A A
Bl JRE 3 AH L, AR B 98 3R 15 19 LAB ST 1) 25 [ J A B A — 300, (HA SO 9% KB S iz, R it
R B 47 b 24 S 2T V0T DB 2Ry B LR 02 A PR A A

R O A BF I 45 5, 75 P8R B 2 b 1 45 1) S5 22 B b 40 X P RRAIE , 7E 29 26° N DLy
(4 X 388, XKS AP 77 1] 3 81l EW J7 1] (BRI 14,2018 ; Kong et al 20185 i Fi| 75 4%
2015; /& B A ,2020) , fy TR i I D 5 g 9 VB 49 5 9L 8 Tl — B, X T RE AR R TR
G X 3 08 A AR ) 0E A% 5 TR PG M X 1 M R Oy IR S M IE 4% 1) 4% 1) 5 1 (Huang
et al,2002; Lei et al ,2009; BRi&HIAF,2018) 1 o 1l X Hboe b g o 5 ) 72 (I X
HFEH B I R e ORI R B R A R AE (Bai et al,2010; Wei et al, 20165 25 Bk KL%,
2024 ) , iy T 50 0 S0 1 T I fok e I b 0 ) R BAAG L K S AIE ST UL B TR ol il X b g
TR A . B, A RIS A Ry A B RE B B 1) 2R G A I A O e A T I R R
IR AR AE T 308 vh L X5 A R Rk R0, 9 3 3 0 B 5 R B 0T T SR ) AR
B, MY X A A A T Y AR AR S I HLE RS b okl X B T
o B B e TR I O S 5 X Ay A i 9 11 9 B 1) AN 257 (70~ 141km ) LA KB ofr iy
DX A A B A T (29 70km ) I RRAIE

4 g

ASSCRT S 9 42 Wi ok BTy 125 Ak B 21T W SR R HG 408 1X 28 A4 58 Bt 7= A8 S B 1Y
2011—2022 4F R Kt , AR5 1 BFIE X 57e 5 05 A Jl R 88, R 45 4 i 5 5 1 S A 2 A 1) b Bk
Py BRI T MR BEAT R o0 B, A5 0 B ST AR -

(1) ZL707 Wy 53885 B L A400 DX 3t 578 )5 JEE A 30 ~ 45k 5 i A A2 Ak, W7 38447 P g 00 3 X 3t 576
JREJRE 5 AR 0 3 DX L e SR 2 L T 2 VO 0 P 0 Jo oA I A ) 3 B T
EAN P A

(2) &5 A TSR, HE I by T B3 A e 5 S0 T Al R A il 488 B I o oo D AT ) o
i) Ji] 30 535 ML 3 K, 2 T 1) b S v i 7 ) SO A e L R S BIOLL T T 2T A L N
¢ LT I

(3) BB 5T X 1 5 A0 18 JZ B AE 70 ~ 14 Tkm 30 [l A 42 fb, (07 Joy 0 M X 58 i
130km , RHR 73 DI 1) A PR, e ) 7 J oty DX P S B B AR RS

(4) W5 DX 014 2 A1 BBl 25 2009 W 58007 1) 2R S A, 3 B pl 7 B0 JEE AR R 1) b 5 |2
5 TR 50, S R AR A S SO b e X A P e AR, B8 P AL Sl 1) B R B A
T W7 285 AR 1) 38 7%, S F S IX AT B0 1) o A L, ot A o T 9 AN 32 S0 R Ak 3 BOZ X
A P B JEE A7 A 5 Z0 PR R i) AN 2 5] 1

Brift: B R R RN ERBERE .
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HORMIA, T e, TG 2005, FIL A B 1 MO A 160 5 PR HOER B4, 58( 1) 4052~ 4067.

BRI, 225545, 66 B TE 45, 2018, gt X b oe b e = 4k S Uk ol 5 4% 1] 45l S MR SE A BE ST b Bk F T, 61(8) ¢
3219 ~3236.

PR, AT 4 R 2015, b Ry g Bt o€ )5 18 S BRI S A0 AL S8 BR ) B4 4R, 58 (11) 13941 ~3951.

FERL K. 2016, I 3y 72 305 BR DX IR 78 Fbt 1 65 R ARp A0 B 3l Jy 2 3 S0 W e (v 3. bRt o [l 7 R 3t BT 50

AR ULAR , B 3CHE, T, 4. 2020, A T DK RO 2 7 IR 7 Bk IF 5T )11 T R A0 Ml 5 45 AL R AL Bk B2 4, 63 (10) ¢
3653 ~3668.

ALk 2023, KT X2 2 BT AR BTSN E R 3 DI se 45 0 . B L2 i S0 Kby R R

R AT R, E B 2020, 55 R J5UAR Sk b AR A% 16) S M R L TR 3 R L. R B2 4, 63(3) 1802~ 816.

BRI ES , 1 XA, 7] 2% &, 4. 2001, £33 3 W7 247 . Jb a9 AT,

WIZCE A R 55, 2003, ARFAYHST S P YA KA LA A SR S P AL (D #]) ,33(8) 1714 ~722.

BAGEET A G LW 3T, 45, 2005, ) F 7 R e b IR A ST U DY b X 5 M EE S5 K. BR P B A, 48(5)
1069 ~ 1076.

RO, Gk KAk, X ve B2, 55 2024, ) T H U R BT 580 o ok Ll X SE 25 4. P R 3R L, 40(3) 630~ 646.

AEIKAE P /N, 55 2009, F R R B0 1001 5T 2 pi B AR DX st 5e b b g 45 4. b BR ) B2 4R, 52( 1) 167 ~ 80.

T, SR v % , 4. 2023, J5 P4 3 X 3 58 = GRS A0 Z5 40 AR S A AR IE DR AL . s Bk B2 4,66 (9) 3674 ~3691.

BEHK. 2019, I XA £ BS54 K 3l Iy % R AE. W2 A0e 30 B SR,

Wk, Bk SR 45 2015, 75 0 G J5UAR T T b DX i 7 AR S RRE 2 T IR L BR P LA AR, 58 (11) :3993 ~ 4006.

FRAFG, Bah A . 2022, APl IX Y A A B A5 i T HL 8l ) 24 R . MR LA TR 37 (4) 1 1464~ 1474,

AR 2019, b T E K 4R DX 0 S AR AE K A i R . B e s B BRI R

A 2021 7 5 S5 2R AU Sl DX 5 5 285 AL 0 fr) He M BR BT Y R A A S0 bt TR E BT R A (b aD)

EXGEL, T kW R EREE. 2013, R - Ry AR LR & R O A 0 PSS . sk BEA 4,56 (11) :3828 ~ 3836.

SCHA B, HEE K, AR, G5 2017, o g b DX 58 i S 5 M BT . BR324, 60 (9) :3493 ~ 3504,

AT WIBRLT, 0. 2001, Z HECTHLRE £ F 709 S SO IELS HOBFAT. MR BOE A, 44(2) 1228~ 237,

S, A7 e W 5 R . 2008, T4 W R B0E AN B R BT S8 PG b gk (] D B OR . B RE T AT, 31(3) 1244 ~249.

BHER W i, AR 2023, T I R4 A oK B A R LT IR R T AR IX st e S5 A . I KRR (B ARBFE R L45
(¥4 1).367~378.

Mg G, R AT, R EAE  4E. 2005, )4 0 R BOUF 28 3 A 1L — 20 7 244 b oS b g R AE . T RS (D ) ,35(8)
729 ~737.

R, £RIE, L5, 5%, 2018 )1 JE Hb DX 58 78 0 BRI 52 5 8. M RR 5T, 40(6) 11318 ~ 1331,

kB2 B, B I, 5F. 2013, A TG AR b IS IR BT S A AR AE . bR A B4R ,56(6) 11915~ 1927.

SRS OGS WAL, 55, 2020, K T4 00 ok B2 A 1T b DX B TR S B T MR B 4, 63(7) 12579 ~2591.

KB T) L ZE A, G 2015 g I vh X 5 K A BB TR B A bR A R A R L 58(5) 11622 ~1633.

AR, T AW R IGE AR . 2016, A T 4 A3 155 e Wi R 8000 5 52 38 745 9 i i AR T %t L R S T S A Bk gy B 4R, 59
(9):3223~3236.

RARTL 30K, FL2E bR, 55 . 2004 Z1 707 W7 2415 W0 000 3t 72 52 R ML o) B 3 T8 L. R 5 55 i 2%, 28(3) 1239~ 247.

Bai D H,Unsworth M J, Meju M A, et al. 2010. Crustal deformation of the eastern Tibetan Plateau revealed by magnetotelluric
imaging. Nat Geosci,3(5) :358~362.

Farra V, Vinnik L. 2000. Upper mantle stratification by P and S receiver functions. Geophys J Int,141(3) :699~712.

FuY V,Gao Y,Li A B,et al. 2017. Lithospheric structure of the southeastern margin of the Tibetan Plateau from Rayleigh wave
tomography. J Geophys Res:Solid Earth,122(6) :4631 ~4644.

Hu J F,Badal J,Yang H Y, et al. 2018. Comprehensive crustal structure and seismological evidence for lower crustal flow in the

southeastern margin of Tibet revealed by receiver functions. Gondwana Res,55:42~59.



‘(IM K

2 1 BB RIS DB K B BRI LT I S R AR X A A P 2 239

Huang J L,Zhao D P, Zheng S H. 2002. Lithospheric structure and its relationship to seismic and volcanic activity in southwest
China. J Geophys Res:Solid Earth,107(B10) :2255.

Huang Z C,Wang P,Xu M J,et al. 2015. Mantle structure and dynamics beneath SE Tibet revealed by new seismic images. Earth
Planet Sci Lett,411:100~111.

Kong F' S, Wu J,Liu L,et al. 2018. Azimuthal anisotropy and mantle flow underneath the southeastern Tibetan Plateau and northern
Indochina Peninsula revealed by shear wave splitting analyses. Tectonophysics,747 ~748 .68 ~78.

Langston C A. 1979. Structure under Mount Rainier, Washington , inferred from teleseismic body waves. J Geophys Res:Solid Earth,
84(B9) :4749~4762.

Lei J S,Zhao D P,Su Y J. 2009. Insight into the origin of the Tengchong intraplate volcano and seismotectonics in southwest China
from local and teleseismic data. ] Geophys Res:Solid Earth,114( B5) : B05302.

Owens T J,Zandt G, Taylor S R. 1984. Seismic evidence for an ancient rift beneath the Cumberland Plateau, Tennessee : a detailed
analysis of broadband teleseismic P waveforms. J Geophys Res:Solid Earth,89(B9) ;7783 ~7795.

Tapponnier P, Lacassin R, Leloup P H, et al. 1990. The Ailao Shan/Red River metamorphic belt: tertiary left-lateral shear between
Indochina and South China. Nature,343(6257) :431~437.

Tapponnier P, Pelizer G,Le Dain A Y, et al. 1982. Propagating extrusion tectonics in Asia:new insights from simple experiments
with plasticine. Geology,10(12) :611~616.

Wei Z G, Chen L, Jiang M M, et al. 2015. Lithospheric structure beneath the central and western North China Craton and the
adjacent Qilian orogenic belt from Rayleigh wave dispersion analysis. Tectonophysics,646 ;130 ~ 140.

Wei Z G,Chen L,Li Z W et al. 2016. Regional variation in Moho depth and Poisson’s ratio beneath eastern China and its tectonic
implications. J Asian Earth Sci,115:308 ~320.

Wu T F,Zhang S X,Li M K, et al. 2016. Two crustal flowing channels and volcanic magma migration underneath the SE margin of
the Tibetan Plateau as revealed by surface wave tomography. J Asian Earth Sci,132:25~39.

Yang H Y,Peng H C,Hu J F. 2017. The lithospheric structure beneath southeast Tibet revealed by P and S receiver functions.
J Asian Earth Sci,138:62~71.

Yuan X H,Kind R,Li X Q,et al. 2006. The S receiver functions:synthetics and data example. Geophys J Int,165(2) :555~564.

Yuan X H,Ni J,Kind R, et al. 1997. Lithospheric and upper mantle structure of southern Tibet from a seismological passive source

experiment. J Geophys Res:Solid Earth,102(B12) ;27491 ~27500.



‘(W[ K

240 hoE o R 41 %

The Lithospheric Structure Beneath Red River Fault Zone and Its
Adjacent Areas by S-wave Receiver Function

Miao Suqiu'’, Li Zhenling'’ , Yang Zhipeng”
1) Yunnan Earthquake Agency, Kunming 650224, China
2) Sichuan Earthquake Agency, Chengdu 610041, China

Abstract The Red River Fault zone and its adjacent regions,located in the southern part of the
North-South seismic belt,have emerged as focal areas for research on plate motion and geodynamic
characteristics. This is attributed to the complex geotectonic background , vigorous plate motion , and
frequent seismic activity in this region. This study employs teleseismic data recorded by 28
permanent seismic stations within the Red River Fault zone and its adjacent areas(21°N—26°N,
98°E—104°E) from January 2011 to December 2022. We utilize the S-wave receiver function
migration technique to determine the thickness of the crust and lithosphere in the study area.
Additionally, we integrate these imaging results with existing geophysical research findings to
analyze the lateral variations in crustal and lithospheric thickness and related structural features.
The results are as followings: (1) The Red River Fault is an ultra-crustal fault. The crustal
thickness on the southwest side (30 ~ 43km ) is thinner and exhibits more pronounced variations
compared to the northeast side(36~45km). It is inferred that crustal material flow escaping from
the southeast margin of the Tibetan Plateau and entering the Central Yunnan block has led to a
thicker crust on the northeast side of the Red River Fault zone than on the southwest side. (2) The
lithospheric thickness in the study area ranges from 70km to 141km. In most regions, the
lithosphere is relatively thin,with a gentle gradient observed on both sides of the Red River Fault
zone. We hypothesize that the thin and uplifted lower boundary of the lithosphere in the Tengchong
volcanic region is associated with upwelling asthenospheric material heating the base of the
lithosphere. Furthermore, we propose that the eastward migration of hot, plastic-flowing material
across the Red River Fault zone may contribute to the thinning of the lithosphere in many areas
within the study region.

Keywords: Red River Fault zone and its adjacent areas;S-wave receiver function; Crustal

thickness; Lithospheric thickness



