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Abstract: This study, through meticulous interpretation of high-resolution 3D seismic data from the deepwater area of the Qiongdongnan
Basin, identified four stages of Mass Transport Complexes (MTCs) on the northeastern slope of the basin: MTC1, MTC2, MTC3, and
MTC4. Among these, MTC1, MTC2, and MTC4 are relatively small in scale with low internal compression, averaging 130-150m in
thickness; MTC3 is the largest in scale and exhibits the most intense internal deformation, with an average thickness of 200m. By
identifying and analyzing the kinematic indicators within and outside MTC3, it was determined that it was transported towards the
southwest, and its development process was divided into the initial slope instability stage, the sliding stage, and the fluid transformation
stage. Based on the morphology and internal structural characteristics of the identified MTCs, combined with the tectonic and climatic
evolution background of the study area, it is concluded that the development of these multi-stage MTCs is influenced by the combined
effects of stratigraphic slope, sea level fluctuations, and high sedimentation rates, with the continuous strike -slip movement of the Red
River Fault Zone being the dominant controlling factor. Specifically, the rapid fall and rise of sea levels after the late Miocene (10.5Ma)
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altered sediment strength and stratigraphic pressure parameters, promoting the development of MTCs; the rapid subsidence of the
Qiongdongnan Basin since 5.5Ma has led to increased accommodation space, progradation of sediment sources, and increased slope,
providing conditions for the formation of multi-stage MTCs; the fault activity triggered by the continuous strike-slip movement of the Red
River Fault Zone is the main factor triggering the multi-stage MTCs in this region. The results of this study can improve the understanding
of the depositional characteristics and triggering factors of multi-phase MTCs on the land slope in the northeastern Qiongdongdong Basin,
and also provide a reference to explore the development of MTCs in the South China Sea.

Keywords: Qiongdongnan Basin; mass transport complexes; seismic reflecton characteristics; kinematic indicators; gevelopment process
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Fig. 1 a Schematic map of the study area and b topographic and geomorphological features of the study area
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Fig. 2 a The integrated stratigraphic column of Qiongdongnan Basin and b seismic age horizon map
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Fig. 4 Kinematic indicators displayed in the root mean square amplitude slices extracted from within MTC3.
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Bull(2009)# MTCs 53k FB-Frk X . (AER -1 78 X
FEEAR-BF R 3 AN BB 9), JFEE TR FeRn =4
HEEAEE MTCs ARG KRz s, X4z
bR ILk T MTCs Wiz 8215 8 . Gee 5(2005).
Moscardelli %%(2007)F1 Bull %(2009)ik & MTCs 1)k

IS A2 AR Ik b IO R AR 1A o JR A 3 R M Ak, AT
Uiy 284 THT g P B DT[] T ¥ %, R I A B BT
B W7 J2 BT B A Vg IR 25 A B SR B T . MTCs 7R
Sl R Z B R EEAE IEH], JE T MTCs 1A# I
WA WA AR IEAR I, AN SV R | B R A o R Bk
iz VTR 32 s DL S RN B o £, N R B AR B
ay, Hp 4 AR AR I (Shanmugam G, 2012), MTCs fil# /2t



PRH s DU i T S DU HERRIX . OB & B Y,
SR TR AT )=, T B IR R 4 R s FUR

NG
7<

T At B R AR SR, T2k AT D 132 i B (A R B
(Bull et al, 2009; Shanmugam, 2012),

5NE s
7

<

S X 8k

JACH 1X S

S X

Bl 9 MTCs &5 2 B (i Bull 55,2009 &),

Fig. 9 Schematic diagram of MTCs structure (modified after Bull et al, 2009).

HAEICT MTCs A B BRI — L5008, &
FIE B —A G —89iAR . Hrb, Dott (19634 MTCs )%
BRI W BB . A 4 BB K2R
EFMINH MTCs R B I BEAFE, sl
TR W) 25 B B0/ W 2 T AL (Hampton, 1972; Parsons et al,
1998), A iy 8- i K ooz Sl B 4 i B WAL RS
7t (Nisbet and Piper, 1998; Moscardelli and Wood, 2008),
EAXF MTCs k& B R, ELIHKTEXE
7K Hl S5 3 AR A PRI T BOAE R B o = 2 b 7 A0 A R B
40 1Y) b 5T 45 0 32 A1t T — Fh A7 8% T Bt (Cartwright and
Huuse, 2005), A BI FRATX MTCs iz ghid 25
AR .

TEABFSE T, FoA TR A = 2 72 B 08 X F 2 X |
HEBE R MTC3 R FIEE S X I 192 shbr B E 1T Tk
ARG, RIG T LT MTC3 S B AAR . Bk,
MG SV N-E 09 A 77 o] (] 5a) . 306 ks 48 NW-
SE L [ (& 6b)FE L85 A N-E 19 & 77 [ (Kl 7b),
i€ T MTC 3 (W32 8 /7 [ o8 NE-SW., ILAk, #R4EAFFEIX
MTC3 {R-E# X319 32 Sk 5 Gee 55(2006) 1 Qin 45
(2015)%F MTCs K& il BRI R B9 X LA, A58
AN MTC3 MR E B I 3 4Bk
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FEMEBY B, — SO I (ORI S iR S, IR AR
ARTRIIE B3 5 (18] 10b), 177 55 — S ¥ 335 1A R 4 2 e fk ) 4
Fe A BRARIE O BB R PR slas f A . B & Pk iz it
TR (Fh 3% 2 04 T ) R R 56 JoT 4 ) 4k 25 1) T 338 3,
BRI Y I T 2% 1 AR N iR AL R Rk, B B — R B
NE-SW [in] 9% hi il (] 5). X 23 38 5 Mcgilvery
25 (2004) 7F ST T T BT WS 21 B9 4l KR IR 7R A AL
A AHAUPE, Posamentier and Kolla (2003)A 3% 255 1) {5
PVRRAE 2 B I B U Ak A ) S 1k o Bk OB A 3 3k
BEFRET R X5 2308 B Z0 AR T 1 196 vp il 45 (18 6), X5
IZAL ) Y BRI A 26 25 DR EK 32 (Moscardelli et al, 2006),
FEATIF ST, 300 P ks 45 2R G0 BT 2% 52 315 01 AR T8 )2 (B
PORIHI 2 (& 6b), T FHAN [ B ]2 32 214083 Hh 2 1 R
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Fig. 10 Evolutionary process model of MTC3 over time (modified after Gee et al, 2006).

)it AT 4 B Be

Bifi 75 P AR i DT AR 4k 2 m T RS 8, SR B BB R AR
FHAS A5 305 w8 45 AN W7 & R, IR BT D) R B AR R, R
o S RHFIE R T . TEXFRRZUAE RAE A M AT fE s
fih Kz — UK JE L (Gee et al, 2005), B8 FiRF K A DU
Yy dk S ) T e O s (B 10), 13 a0 W) A 4R
MTCs WHFATHRAR, DA K A= 35 5 59 577 1o A0 ) 3 5 |
PP, X SE AR A] RE7EAR KRR BE I 20 OF il A IR
JB R o PREY R 1 B[R] TR G o 17 J2 ) i 1) RO A s (T
4) 15 B 32 DX 3 ) A i i 2 0 ) 28 Ak R R JE i
(EXA 45, 2009),
42 ZHIX MTCs B E 4

MTCs (945 il [ 3R 0] 43 2 9 &8 B R FAh 3R I R

(Masson et al, 2006), PR Z LG T4, K HIE
AR RS ESE, AN R A MR L Kl T AR
B SR EUUREOR | W2 BALBRE IR A R
IKE W) 53855 (Locat et al, 2002; Owen et al, 2007; Scarselli
etal, 2020). MTCs 1)K H il 32 ZFh H R L F ¥, H
H A [ il DX 5 8 S5 25 S b, &R MTCs A&
VSRR FEAEAE W 25 S . AT ARG ER WY, B9 IX S AR
P LIXH) MTCs 32 AH[R] K2 RIS 6] A R A5 (Al 4,
2016; FHILYE 45,2018), A PR EFE MTCs " A1)
WAEESEA, T AS [ R 2 D0 PR e T R ) 25 5, AR ST
X MTCs B H MR A9 K B HFAE o
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42.1.1 HERE

W MTCs A Z, HakE, HAEERL
BRI 1) BEHE . 3 ABFFERETE R (Qinetal,
2015; Guan et al, 2016 ) , HZHZHE R T 1A 1T fE
fith & MTC's o AR SCHE T 1 52 70 Th ifp R 45 28, A A ] 48 e
MTCs Ji& BT AI3E BE 4304 MTC 124 1.5°~4°, MTC 2 A
1°~2°, MTC 3 Jy 2°~4°, MTC 4 Jy 2.5°~5°(|& 3¢), X[
WF 58 IXAL T 350K 19 4t AR L Bl ey S 31X, 2 01K
MTCs 13k BB T = 45 1 572 D 2 R BT 5 1 BE S DX, A
I FRATHEN 22 1k MTCs Sk 1 DX I 170 1l T 3 J32 383 K T
4°, TEXFPIFOCT, DS IR E ) R &
S R T UYL BT R 2, RIS SRR 5 & (A1 55,
2016). 2) F&EHTIRYIRIE . F& 1Y R BUEIE R
MTCs (3Rl (24 55, 2021), 3) SERMA R E.
MTCs ML AR 2 — e SN I 3R B0 il &, % LAY S0 R A
FAMENED . SUURER . g g A 3
Z ( Owen et al, 2007; Scarselli et al, 2020 ).
42.12 fARE

1) UARGE A —JE I 0T A R s TURR ) 1 HE AR 25 il
T M2 e D 3G R B 2l e, TR e b2 P LB R A ) is
AT BOR S TR 2 R AR RS, T B L
MTCs(Locat and Lee, 2002; Dugan and Sheahan, 2012;
Yamamoto et al, 2019). 4 CC26-1-1 H:Av 5/ B UTRR

A, FE 1R T30~T20 i [H] (14 g~ [ PR T B - - F e 1]
Hp VST PR T A 1 () A P B OB R S SR BE,
XV MTC3 BN IZZ IR MTCs & B B i
KIGJFERZ—, B, m iR R b i 3 AR p 7
flidf X MTCs KB — T ELHE,

2) VTR A Bl o VT T R D B0t Bl e OB B ) A
FE AT B VT TR SRR S MU LR Y
KBNS 5 . VOB R DL X B Ul B, i1 v] 58 S5 2000
TR Fa (Smith et al, 2013; Urbah et al, 2013; He et al,
2013b), 7EEHEILHE, Sunetal, (2017). Wang etal, (2018)
Al Li et al. (2019)TA A1V T01 A8 {b /2 35 7R B 7 b MTCs 1
fik A AL =2 — o 3 X B T 2 ) v TR At £k (Li
4, 2009)F1 LWk MTCs & & BRSO e, o1k
PLBAR e ZE ML AE MTCs JE RO (1 28 7 T 22 B0 4 11 it
ST TR, RRBIRTE T30 & T20 M EFETE— IR R K
1) VY PR T e VPR b S R, T X — T [ []
IEGFXERE T MTC 3 B9 EFSUTR(EL 2). L, ABF5EIA
Sy 1 Y T R D Sl RIS X 2 I MTCs 1 3 22 filh %
K,
422 FiESIRRS T

130 Doy 4 A Y5 T R A R R R AR R

li1) i VA VR Bl A A, i A T Z M, KB 3 1000km
(& la)o 2100 U 25 7 i 4o A SiE Ae N g 2 B AR 1 %k
HRPE (NS 55, 2003), BUAR B A b 0 AL g s S AL
T W 24 M 3 AL A B R IR R G B 4%, 2008),
HUARE AN T40 Fm iR £ 48 TIndE ooy, 7
3 — Ao 3 4 b 3 A Sy e B K i 10 R R DTS, i 2 PR
UURE, IR HER AR P, DU EREE RS K, )2 LUR A
JE R SRR . DR B AR e A AR A R T s A g, H
137 Wy 4 15 22 i AT 22 e is 8h, i3 gh ) [a] 4 2k 3
10~5.5Ma (58 %,2022 ). H 5.5Ma LIk, Z0if b4
MZETREIZ BN i A8 Ry Ay Tié iz sl, HL W2 3 sh e it — 20 ik
(BISFRE %6, 2021), HWER{ZE I, #F%5X MTCs fii T
TR A A b AR B B X3, 12 DX 382 ) 41 ] Iy 45 1 B
W (18 1; Cheng et al, 2021 ) ; Bf[E] I, TFRXKLKF 4
] MTCs JE B T g tit- Lt (10.5~1.9Ma) , 541
TR T ST A I 2l B I R R — 3, MR EIE [, AT ROUEE
F|Z WK MTCs T #-5 K 2 T Wi 2 S % AHE (# 2b),
Forp— sl 25 5 G MTC1 AYJE A1 (B 3¢). 2030
W S i R ks 3 & F B Y W 2 BT T ) (Xie et al,
2006; Ren et al, 2014), X426 Hr 2 I8 BT oot g 159
(Hu et al, 2024), Ff7F 8 gt 1 e 36 20 14 0 & 30k . 7
G Hh BT T AR (5.5Ma), 52 210300 B 4547 R R, IF T XU )2
PNZETEFE Vo e A S A e E W, I ELTE s PR e A U 28 0 —
AR, e AT DAHENT, 20T 2L i H skis sh & S EL
Z DT W21 By, X0 v A AL S B 3 ORR P AR E T
FETE B E 52, HET RO fil & % X B 2 IR MTCs 1 3
BHE,
5 45

(DIEZRFE M AR LB M & B T 2 1k MTCs TiLHA,
FA R T 12 Xl 3 20 AR b 2 vp i EE LR RO T, S
X MTCs Y 11 5% S S5 B RS IE A 55 4R I . 2435 B Je 24 6L
Rt

(QMTC3 TEZZ IR MTCs h SRR, ENERAS
TERRBE e s g o W X EZALHE MTC3 {R-BEFS, B
VAL X LA IR 55 3 S b A Ry S BEARAE BEFR ABY AR
20, DR 0 S B0l i /8 gl S R BEARE . 7E
MTC3 P TR SRS IR T 4 s shbrids: W
T RTINS U RULE K S VN 1 0 & o < NP, 82N N7 By = ) 7 T
XS SRS B AT E T MTC3 B9iER8 7 [n) b i
Jimnl, 3R MTC 3 (1932 ghad B Rl 43 0 ih i1 5 R Fa B B
T RS B BRI AR 46 B Bt

(3)3 AR A b AR G Rt e 2 Ik MTCs 9K B %2 3
M Z Y5 RE | I T I 3h A OB R A R R Y S [ R
Horpam b g fr g mssh R R XK A B 2K
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