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Abstract: The kinematic characteristics and dynamic mechanisms of key faults in the Yinggehai Basin and the Red River Fault
Zone remain controversial. This study applies stratigraphic backstripping and balanced cross - section restoration to quantify
subsidence and extensional rates of major faults in the Yinggehai Basin across different geological periods, aiming to clarify the
tectonic activity of the Red River Fault Zone and the basin’s evolutionary history.Results show that between 30 and 21 Ma, strike-

slip faulting was primarily concentrated along the Song Lo Fault, while horizontal extension remained relatively minor. During this
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period, significant extensional deformation was localized in the Chay Fault zone. The main subsidence center was located in the
Hanoi Depression, especially in the overlap zone of the Chay Fault, Thai Binh Fault, and east-west trending fault systems. From
21 to 15.5 Ma, tectonic inversion occurred in the northern basin, with the most intense compressional uplift centered on the Lingao
Uplift. Concurrently, the Song Lo, Yingdong, and Dongfang Faults experienced varying degrees of tectonic inversion. The
tectonic behavior of the Song Lo Fault mirrors that of the Red River Fault Zone, with the Yingdong and Dongfang Faults acting as
southern extensions of the Song Lo Fault within the Yinggehai Basin. The escape tectonics of the Indochina Block was marked by
substantial regional extension, with strike-slip deformation occurring along boundary faults on the eastern margin of the Yinggehai
Basin, while extensional tectonics was widespread both within and around the basin. The observed tectonic inversion is closely
linked to the reduction of left-lateral shear along onshore faults and the cessation of rotational motion of the Indochina Block.

Key words: Ailao Shan-Red River Shear Zone; Yinggehai Basin; tectonic subsidence; amount of extension; inversion; tectonics.
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Fig.1 Tectonic framework of the Yinggehai Basin
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Table 1 The major faults developed in the section
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R B AE 30~21 Ma, 21~15.5 Ma i} 3 () °F
Y4 0 ¥ 0B B 4 0k 920 m . 254 m (K 4, & 5). 7E
30~21 Ma 1R, 25 75 Wi 2% .55 AR W7 J2 4 3 D0 o 4
251010 m F1928 m, B & = F 1% Wi )2 A9 410 m
(K 7c, 7d, 7). 30~21 Ma, il J& i 5 3= B4 th 7575
KWE SR GTWZE, MRS 314 m F1376 m, 15
W J2 14 i R R 240 m. 21~15.5 Ma 3 ] , 45 )5 Mt
JZ AR WEE B 15 U2 A R s T A e, 4 o
202 m 212 m 240 m; I (8] 7R J7 17 J2 7K OF- b R 3
S Ik, B AR W2 K AR B I B R R (] 11e) L %
JE 3 R 150 m. 15 B )23 A 0 8 3% Sl ek 22, i 1t Ry
181 m ([ 71).

4 Pg

41 BREEINHESLAHRETHBEXER
T P MT B il B 358 0 5 20§ W7 24 A1 R R 1 Dai

Nui Con Voi 28 Jifi 44 %5 /& 14 , Dai Nui Con Voi 28 it
F 5 AR 30 543 500 A G e A 0T ) S AR AL
Song Chay W J2 (Jolivet ez al., 2001). X W 5% K7 )2 5
Chay W72 . Vinh Ninh W7 )2 P & Song Lo £ 1% V- 17
4y #i (Jolivet et al., 2001; Fyhn et al., 2018). 7£ Wr
JZIEZ F, Thai Binh W1 )2 5 Vinh Ninh W7 )2 #) Jy BE
U 7R TE TR OE S s 1 R T J2 19 RF 5. Song
Lo Wi )28 BE Y , B A 5Kk v W7 2 R AE (181 2,
10b).

1 30~21 Ma ¥ ] , ZL ¥ Wy 2407 ¢ 1 i 5 T )
{7 PR B U) e 4, W2 0 2 B I 4y Bt L S [
26 2B 2 R s g % FF AR (Morley and
Wang, 2023; Luo et al., 2024; & 8). Ik, il
MR i I Thai Binh W7 2 . Vinh Ninh W 2 [F] #£ 3% 81
HE Y S 0 A R W REAE OB L T AR N R IR A
(Zhu ez al., 2009). {07 P 111 ¢4 ¥ 335 43, I 7 1) 17 22
I 7 34 W i %% 20°. Chay Wi )2 30187 1k <y 97 W 1
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Fig.8 The tectonic subsidence and extension (compression) amounts of faults on the Yingxi Slope and Yingdong Slope

AR5 Wi )2 5 Song Lo Wi J2 1 gh F#AE 28 B, /K F fif e
RN, RN R L E TR S 9 R R o R
W7 )2 5 2R 5 W )2 i R 2l I vt R X
S . R AY 1S 2 R L AR ey B PR
A TE 2 R A5, fR b 1l e BT R R, 3X — B
il JR 1% 2y S A7 AL 1 T Ak Sk 22 e AE 1 T Y 2
(4 AR, 2024).

21~15.5 Ma i [8] , 21 70] Wr 2445 7247 55 U 32 3
55 , 78 JoT A A 1 B R 98 55 (Leloup e al., 20015
Searle, 2010). 1 A 8] 3 I 2 M b 74 7] D7 2 44 3
RIS R G I B e o A 3B e o e
£ Song Lo Wi 24656, 2 B0k B FH B A B & 49 f 1
ANEEG T, Chay Wi )2 5 75 VG [ W7 207 it & 3% 2 9k 55
(Huang et al., 2013). Thai Binh Wi JZ 5 Vinh Ninh
W7 22 7 Bili - B TT PN T 5 DA Jsl b L R 3 S B 3
HMIE KB IEARRI & (Zhu er al., 2009). 4
(117 o A, X 3 A 3 S B PR G2 S B B, AT RE R 30~21

Ma i P IE M E R AN S BE T 21~
15.5 Ma B9 8% JE 18 (Fyhn ez al., 2018). & 4 i |2
T W e o AR BT 2 A R B A e R I AE AR R
P X B0 TR B e A FH S BT Sk, 2 T )23 0 38 95 )
PER S . I 15 W 2475 9K 3R L i e A

gi b, W2 LA 2% 5 38 o) SRR AR X L R B,
Song Lo Wi 2 5 3 72 1l — 20 ] 35 D)7 B3 40 %,
Song Lo Wi )2 J& 21 7] W7 2421 1) 15 32 48 fft . 7 30~21
Ma 3 5] 9 3 34 522 B0 1 DA SE W ok 32 A9 16 s 4R AE , il
21~15.5 Ma | DL #4 3% £% F 24 & . Thai Binh W72 |
Vinh Ninh W7 )2 F1 Chay W 2 1% 2l 1 5 Song Lo Wi 2
(3% B R A7 A 22 5, 7 30~21 Ma 3] 8] 5E ¥ 1% 3) []
if 357 52 R AN ) 2 B 1) fift Jié i, 21~15.5 Ma 38 ] 00
J2 Bt A6y 3 % 2y 1 VY R A R 5 . AR O 2 L AR
JZ M T Song Lo W )2 In] 4 b v .0 19 3 22 4E
30~21 Ma i b He H3E W 5 R iE 5, 21~15.5 Ma
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Fig.9 Fault movement characteristics of the Ailaoshan-Red River Shear Zone and Yinggehai Basin(data is based on Morley ezal., 2023)
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T6L ¥y b 53 2 UE S8 WO 2448 AF FHAE T — M i
BT I JF 4 22 2 2K (Morley, 2002, 20145
Fyhn ez al., 2018). i 91 A6 74 ) B 23 604 56 9
iz 3y 5 B W 2 MY U A OC R AR Y L 5 RO A
25 AN A8 1 BT A7 B AV ) 26 W R R AR A L A
i 25 17 AN ) R B A9 A 35 0 R O 2 52 KR DR . I Y
I S A ol Y =R EAR TN [E Y I RS
30~21 Ma ] [a] fi & 5 1K 1.0~1.5 km. 3] P U1 4 ¥
do, i R TG A 3.5~4.0 km (&1 4.9). Chay Wt
JZ 55 Song Lo Wi J22 a7 o 4 B 14 PR 4% 301 8 8 )22, O
6] 2R V4 ] W7 24 5 A AT B AR B T L TR T

WNW

Chay Wi /2 . Song Lo Wi J2 . Vinh Ninh W /2 %5 Thai
Binh B J2 45 32 2 E 18 W02 . 0F 58 2 0, 4R 04 1 B2
LRI R 2 8 3 DURE 540 1485 m Al 1 067
m, I 3 R 7515 0.16 km/Ma 55 0.11 km/Ma, i J&
oA 4574 m R 2 215 m, 2 A2 e T AL B B A i
JE R 5K W2 e AT R T A M e R R T R A
T 8 I DA = U | R NS e B G SN S
2023 ATV 45, 2024). B R B X, 5 2R )2
FIZR 77 W )2 /& Song Lo W J2 19 78 9 A ft, 2 28 W] B¢
14 ¥4 3 T35 Bh AR AE , 5 B0 WA R TG Bh AR AE (11 9) L 3%
JIN T i R S TR 5 v R DX P R G T T
() B 5 7 B A ¢ (Huang et al., 2013). X S8 W7 )2 1%
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Fig.11 Types of inversion in the Yinggehai Basin(See section location in Fig.1)
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Bl W, B O 2 b 1Y 3 5 W2 (191 4 Song Lo
B ARWEMAWIR) EELGERES N E, A
9y 1 7 TRV A b U AR] iy A T A R A S AR
Hh TE 7 b PR N P A0, EC e R e e G T ) )
(B0 Chay W2 ) LA K A PG i) i 4 22 i) (4 4% 74 1) W7
JE AT P A b T S 0 S (R P ) A
PR b 22 5, LR &Rl ik 5k 3.0~3.5 km, FJ fig J2
2 3 5 YT 2 5% 0 L[] B AE Chay B2 75 0 7] B
& H 5 Chay W )2 29 15°~20° 3 £A 14 Riedel 874 , 11
UE S R 5E ¥ 6 8 (Fyhn ez al., 2018;Hoang ez al.,
2020).

A U 4 4 U B 0N A9 Bu Khang H & 76 36~21
Ma£8 ] T — R LAR — m P8 10 i LAz 30, 518 i
g 45 B iE B R T W — B3 (Jolivet et al.,
1999) . I 401 6% g b 0 Y Yk G A db S AT L b
4 i R S R S A4 YR G A b S B T g
G T /B R T I R I =2 ], KRS T 16~

12 Ma(Huang, 2013). i #5550 3 B, it J& 1 H 75
W WO A KA E R B A i W2k
T 1% BN A A6 SRIBE AR LB S R 2100 TR 44 5
b 3 45 ] TR O L S SR S X R AL
(Huang, 2013; Fyhn ez al., 2018). A #f 55 1A A Bl
SC Ml B 36 3% 3o A [ I A B A A DX A R AR
RE AR 6 W % ek PR R A TE O 4 AR Y
1B XA R R A 4 bl P R K A L i
FETE .
43 ERERMMERE

21307 r 24745 N Dai Nui Con Voi 2% A K 7E 26 Ma
Fr A v E AR B A Ok ] B BT U0 SE W A i iz Bl
59 , 76 20 Ma i A B F+ 3 # IR & (Jolivet er al.,
2001; 4% e B 45, 2020). 1% M i B I+ 5 Song Lo Wi
J2 o W R B 45 O S W BT R A 6 I (Searle er
al., 2010). 21~15.5 Ma I [A] #4 3& £ [ 45 v 7 7
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HE A R T Bl U 58 TN T L R T ) T T AR
R A (B 11). ] P MR Bl 1 X 38 Thai Binh Bt
ETEAC AR ML e AL , Vinh Ninh W12 5 6% 38 % 4E
T WF R — 5o 3 e (Hoang ez al., 2020). Ifi &
A bR X8 & A B R B, H P Song Lo W2 2R
W 3 S e s B, 1 S 5 B 100 m, F 3 =
2H b 2 R 2 ] P MR VR S 43 2 v g YT DXk,
Ay s 2 B A L AS B S TR P M VA 383 43 B9 Vinh
Ninh Wi 2 & & IEAER A 8 (B 10). 3 R R AR 7
W 22457 1k 36 3, 35 7R W7 )2 R0 8 U I8 )R R B A R )
P B R BF R BT (B 1)

8 T 3 Ml A i B R A B L AR e 2
A, v T R el e g 2 S R
22 RN A B . X — DX SR R AE by i AR
JE A 3t 2 0 A G A R RS AR L D R R A R L
J2 2 IR B R AR . 7R X R R X R R ARl R A T
Th] 19 306 BT 22, 30 5 1 OE R )23 R A a0 A L R i B
Ay AL VS 2% M Y 7S L 38 (Fyhn ez al., 2018; Hoang
et al., 2020). it 1~ #9 Day Nui Con Voi A 2% it 24 &
TRTE 25.241.4 Ma 22 47 W) M 59 D) 45 0, 7E 21~17
Ma #E A i 1 E ¥ By B (Leloup ez al., 2001). 7£ X
— B, O A 0 25 AT LR KR B 0N
AINT L2 B X 5 il b A 2030 5 Y17 (432 Bl Xt
M (Rangin ez al., 1995a). [a] B B 32 Hb B 11 Jig 4% 5%
1k, 2247 A WA Sh 40l 2l 8 e AR — e P )
() B 2 Fag s, I AU S0 S 3% o G I ) I 2 o R 3k )
e KL AR SCIA Ok i 3 I B 45 i 1 22 AT B 0 55
GUEISS R ) e S S
5 e

(1) H4) 36 190 4 1 F- 45 351 18 49 B 26 B, 30~21 Ma
HH (8] & W AE H £ Z AL TP AE Song Lo Wi )2 i, =M
Sy T[] A8 15 R R T2, AKOF- A A 55 5 (] B 3
1 KA R AR T B4R T AE Chay W2 —4lF . 21~
15.5 Ma i [] , #4 & $% /5 AF JH 4 & & 7€ Song Lo,
Vinh Ninh F1%5 4 Wr J2 Bif i .

(2)Song Lo W )22 5 2190 Wy 2445 (14 35 20 4 E AH
1, 3 AR Wi 2 5 4 J7 Wi J2 & Song Lo K7 )2 1675 10
%5 N B B TR AE AR . 30~21 Ma 1] Song Lo Wi 2 &
KWHZ MR W E E R GERB N, e
B 35 2 B o A 430 Hb PN 3 R0 G R — 0 o R A 7
WO FL ANz e, P 2 b v ) 2
5 2R VG () DR 4 s o T A T s

(3)21~15.5 Ma ] [A] 44 32 5 % 1 4 b 75 6 ¥ A
ol A i = N T A RN Y = B e R |
B ES . SC R i S v & B TE Song Lo Wi 2, IR
AR WTZE 10 B AR . Ml R S B 22 AT B U0 5
TRV ER S b e ) JE B 15 1A G

AL ZIBRARMAFEALKES AL T
A (U19B2007) % B % B A4+ K 4@ L7 A
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