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Abstract:The Madagascar Plateau (MADP), as a product of the separation of the Gondwana
continent, exhibits unique topographic and geophysical characteristics. Through the interpretation
and analysis of deep reflection seismic section A-A' across the MADP region, combined with
gravity and magnetic anomaly data, the geological properties, crustal structure and sedimentary
stratigraphic framework of the MADP are deeply studied, and the tectonic evolution process of

lithosphere extension and rupture in the southern continental margin of Madagascar is clarified.
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Based on gravity and seismic data analysis, the MADP can be subdivided into the thinned
continental crust in the north, the oceanic-continental transition zone (OCT) in the mid, and the
thickened oceanic crust in the south. After undergoing rifting at 133 Ma, the southern continental
margin of Madagascar experienced extension and rupture at 120 Ma, leading to the formation of a
magmatic passive continental margin. Subsequently, influenced by the Marion hotspot (90-50
Ma), the continental and oceanic crust underwent further thickening due to magmatic activity,
ultimately resulting in the present-day Madagascar Passive Margin (MADP). This research
enhances our understanding of the development and evolution of MADP and has significant
practical implications for determining seafloor high terrain attributes in the southwest Indian
Ocean.

Key words: Madagascar Plateau; Submarine Elevation; Mid-ocean ridge; Proto-oceanic crust;
Marion hotspot.
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Fig.1 The location and surrounding topography of Madagascar plateau

The bathymetry of SWIR. The thick black line along the ridge valley is the spreading center. The ages of the crust at intervals of 20Ma
are shown as thin white lines and marked with black numbers (refer to Earth Byte for oceanic crust ages). The area enclaved by the
white dash-dotted curves is the regime of SWIR (Yu et al., 2020). The area enclaved by the black dashed lines is the seafloor plateau.
Solid white circles represent Marion hotspot locations of different ages (Zhang et al., 2011). The green spots are DSDP 246 and 247
drilling locations (Schlich et al., 1974). MADP—Madagascar Plateau, MOZP—Mozambique Plateau, AGP—Agulhas Plateau,

DCR—Del Cano Rise, KP—Kerguelen Plateau, CR—Conrad Rise, BTJ—Bouvet Triple Junction, RTJ—Rodrigues Triple Junction.
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Fig.2 The Geophysical characteristics of the Madagascar plateau (location see the yellow dotted box
in Fig. 1)

The dashed white lines are the scope boundaries of the southwest Indian Ocean inferred from magnetic anomaly data, seismic
reflection data, and gravity anomaly data. (a) The free air gravity anomalies for the Madagascar plateau (Sandwell et al., 2014). (b)
The bouguer gravity anomalies for the Madagascar plateau. (c) The magnetic anomalies for the Madagascar plateau (Meyer et al.,

2017). (d) The crustal thickness constrained by seismic data.
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Fig.3 The structural stratigraphic interpretation of Line A-A' (Location see Fig.1)

(a) The gravity and magnetic anomaly data along the profile. (b) The seismic profile. (c) The line drawing of seismic profile. (d) The
interpretation of seismic profile. SDRs—Seaward dipping reflectors, OCT—Oceanic-continental transition, FAA—Free air gravity

anomalies, MAG—Magnetic anomalies.
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(Reeves and de Wit, 2000; Reeves, 2014; Reeves et al., 2016; Reeves, 2017; Tuck-Martin et al., 2018; 3K#%4, 2011)
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Fig.4 Tectono-magmatic evolution history and division of key interfaces in the Madagascar
plateau region (Reeves and de Wit, 2000; Reeves, 2014; Reeves, et al., 2016; Reeves, 2017;
Tuck-Martin, et al., 2018; Zhang, et al., 2011)
Afr—Africa, Ind—India, Ant—Antarctica, Mad—Madagascar, SWIR—Southwest Indian Ridge, S.L.—Sri Lanka, MB—
Mozambique Basin, WSB—West Somali Basin, MasB—M ascarene Basin, MadP—Madagascar Plateau, DFZ—Davie Fracture Zone,

RTJ—Rodriguez Triple Junction, Mp—Marion plume.
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XA, ARMEN REERBIR T ER O L, WiiE 7l RHE, B
YrZ il (40 570 km 4b, 200 km Ab) o XA 70 B X BUAN G A 22 A A 2 8
Fifi ¢ IR AL AP B A R 2L A R AE R 2 (Cox,  1992; Reeves, 2014; Reeves and de
Wit, 2000; Storey et al., 1995), HEJlJEAE SIS INETIN & 1)/ 5 B A 5 s hg A vE Zh A 0%



BRI E HE 5N, RAE T A B (90-88 Ma) , H—HIFLLIGEEIES GRIES, 2011)

(E 4> o fESIE M0 S vam, B anfeek FOm 3L Sk b g b X 38, Hb B 5 T A P AE
R ER T X B S K IES IR (Bassias, 1992; Salman and Abdula, 1995; BRIk,
2023), #Eik, FAIHEWT Tom-BI Z 8] 2R A2 5 Marion #SiG 3G KIIEERUZ
. Marion ¥ 1 H M 88Ma LISk —EiE3), FFRA M EITH 1 (Reeves and de Wit,
2000; Storey et al., 1995; 7K¥#4F, 2011), & HaGaiHUL (K 1, RATEHER I Eidx
X BN A LE R IR E 4 90-50 Ma 2 [i]

600 5 & (km) 550

TWT/s
o

600 550
1 1

iR W)
/

TWT/s

R k& 7 T
2 5
Kl 5 Ik A-ARIFB X SOBCR Sttt Re ] (A B LK 3b)
Fig.5 Line drawing of parts of Line A-A' (Location see Fig.3b)
FERITH ZE M X4 (640-480 km) , U2 2 N4 BI 5 The St B E ML= #o¢ U3, H
WK B A MR A& (SDRs) i — F 471 ) b 52 B A% LS A 4 A i BELI, 7 B3
Hh EORF IR LIS SR E SON KL BUE HETE, AT HE S Marion #ARUEENA 5¢, BIILIATIA
N, Marion #RUTESIEIA . & 7 U3 WERSERY . DXIRBT R3], S g i i 0 bl % 1
TERGA T H A (~133Ma) Sk inloin 5 et sk B AR X Z 3T 4R (Reeves, 2014;
Tuck-Martin, et al., 2018) (& 4) , I I 21 i — Z 20 il 6 1F W7 )= S L B8 i) () SDRs
W F R ARG 2 AT BE B A RSN B I ALRAIE (Geof froy et al., 2015), U3 NI
T A Bl R AR ] (~133-120 Ma) SRl il = 42 il it v 2 a8 (183,50 o R4
S1. S2 MR SRANRHE, Z5a Sisinimih g b s, RATHEN S1 v i N R ERBEH
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VIARUTRRE (183-170 Ma) , S2 A Hy s indin a3 bk 2 24 i M A2 (133-120
Ma) (K 4) (Reeves, 2014; Tuck-Martin et al., 2018).

450 PR/ km 400
| |

TWT/s
o

B ZRE 40 i

TWT/s

o 08

JiE 12 4
K6 Wiz A-AJR R DX IBOBCR et Re 1 (A B LK 3b)
Fig.6 Line drawing of parts of Line A-A' (Location see Fig.3b)

Tbc < MA—EY—FARY, WHBKEA —RIIMBUIERE, £ Toe 2 T TWT
8-9 s MIXIHA, LA AF B — LB LR A 2 RO (B 3¢) , ASE (Moho) Jx
ST, B DA E RIS SR B % X i 7~ 3 JE B ATk 20 km (8] 2d) , BERIIE
TR EE T RLIAE TWT 9 s (IREEAL . (R, AR SO i 7% 51 T Ad R A 12 11 The FIT
Bk FE T, Tbe 55 Moho T2 [ AL 1B 5% .

FEFITH A X 4%, (430-0km) , Tbm 5 Tbo Z [A] ] U2 HJZ 5t FIRE thoh — B 44 LRI
SERIAA, AFAEVE 2 0] b A B AL G5, HERE N R, JR R XA AR JEOIR S S 54
NEREERA (B 7 o FREATAN Tom Ml Tbo 2 [MA—E KILAEKR, #5800 EH
T 2 Y s A A R

Tbo X NA—EX—F ARSI, SHIH M XIBA AL (640-480km) , HANHME A
FWrE gk, BE A E AR S T M (B 2a,3a) , /M E H 2 E
HFEIRA TR S ERWERIREA K. AMZIX AT 5 ) 55 5 A e T 2 X3,
RYISLE R BEAFAE I A6 T, I 2R W AR (B 20, FRATTIA gl i e A A ] X
b s PR B AN, Tbo 2 N AT BEAFAEVESTEE 1, Too WIDGEse i S AEHLRZ I TWT
8-9 s FRIVR L AL HH T WL — LG I 22 2 (1 R IR A 454 (1] 3e) AR B -RR A& S s 45 2 1Y
XTI R Ry 15 k(B 2d), HUESSIZIX I SCE K LATE TWT 8-9 s IR, %

11



[X 15 km 5% J5 5 A i i T A 7 JEE R, AR A AR 0 K s i R & X SR v e SR, AT
e A-AHIFE I T XS P 7 B RE R 200N 25 / TWT, 6-7Tkm J&.

SRR UL, MADP (11057 & 14 R0 kb e 25 44 M e A3 b B A K AR Ak o 75 58 30 ity i — 1] C 640-
480 km) AFFEdk, KE—RHFEEEFEMOBEBUERTZ, Bt 88K R IR N R
K, PR EERE (~20km) o TAEFE—M (430-0km) AEEFEIR, RENE
IFEFREEM, TRz PR KERNFBH KL, SRR (~15km)  BEZ
DX AEAE — AN B S () B ) S NG S W B (480-430km) (8] 3a) , Tbo Frifi A7 7EH]
I R FERRRE, HEMI T B8 A2 FUNAETE R R AR, DR 12 X 3K 9 S 3o i e 46
i (OCT)  (E3,6) , HMhseahtt i g st BT Moho JE R 5 3R R H A e e Hr
A R 1 578 5 A P A PP T 1 S A e

BE 5 / km
350 300 250
| 1 |

TWT/s

TWT/s

9 3 48

Kl 7 D2 A-A R X SOBCR Sttt Re I (A2 B LK 3b)

Fig.7 Line drawing of parts of Line A-A' (Location see Fig.3b)
4. VP8 Sk e Bk 2 L S5 MADP HIJE R
4.1 X LEN A5 A 55 DX SRy 38 T 0 i 7

Sk nrnkG g B Rk P DISRE L 7ROV E 2R G- A SRS R (B4 - P

IR & BRI SR T X BLAN K 2R AR A5 (X BL AN Al o 348 X A A A R T 46
I K BRAHE (183-177Ma) , A& SBUT AR-TU M TLAN KRR, 25 M A5 5
bE ST BT T T (Cox, 1992; Reeves and de Wit, 2000; Storey et al., 1995; Tuck-
Martin et al., 2018; W&, 2024; ZFESE, 2024) . RYGHEFHMITIT (<170 Ma)
(Geiger et al., 2004) 43 SiAMnHiin SRy Bk, BT Sk 0l &0k 2
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HIFE R, B G 332 L e i E~165Ma B} #T - (Leinweber and Jokat, 2011; Leinweber and
Jokat, 2012; Tuck-Martin et al., 2018). BHHEVERY TKAVFFEREAT, MWilH L EITIRK
BIRHWE, Bt lZ (~158-120 Ma) (Reeves et al., 2016) % T 5kE 2 /4]
PIARXIZ ), FR Sk s 55 R i ok, TR s nin vh i 2. Sism
HI I R BB 2% BT G T S i in 5 rE AR AR B 18] SRS E S AR AR A R (~133Ma),
b6 PH R D B 5k, Sl i S AEAR B G H N — A e BEAR PO 45 5 R AR R
[ R AEAR X IE BN, ik i e b T 48 T2 i (Tuck-Martin et al., 2018) . BE/EFEH
Z2HE A (90-88 Ma) , ik indrhn & EB A Marion Hul@k: - 4GTE ) HE & S8 T Sk nih
IS ENEEARB 2 5, B e k@I iE K E , Sk BT AR HRE S0 TE % (Reeves, 2014;
Reeves and de Wit, 2000; Storey et al., 1995; iK%, 2011) .

RAE T Sy o n e Rl 2 1) R E S B0 IR EUE T ZE KR A T ia 1 e
2, o Toc S B Nk AR S FLlT, Tbe 2 B U3 HiuZ B oo AR AR FH I 3 52 it 4t
Wi ZEH R 2 A E R, METE KL 120 Ma, #iEEe /e DA I8 ineg S a6 68,
HMERSR (7R FIR S % Barth Byte) o BILIRATIAY U3 (TR R )2 133-120 Ma,
FI Gt Bl A A BB G i, ARERBERME L £ FSCh AT S8 X IR
SrHr4a t U2 9 Marion #Si& a0 774, TR RURTEIA 90-50 Ma, HJRFH VRS
H (BD AFEFMINTHE (Tbo) , TFHIN Tbm, XK Marion # GBI LL, BA
T o FRAE AT HED 1 Marion # RS SIPUE (B 1), MADP FERE—MIH Tobm F 1 4E (~90-
88 Ma) , {3 Marion ¥ T ARG AN [A], IR RS, Tbm FIH 44 T 45, £ MADP
H R U il AEIAF] S0 Ma 47, IX 015 DSDP246. 247 H-{E MADP B b4l 8 () Fe iR Ab o FE 4
AT (B T - LA (Schlich et al., 1974) . Marion #EIEFhZ 5, Sikindy
I0 e H R 2% PR 22 ORI A& FA, e g5 b T A X AR ERAS, Tbm 2 IR R BT
FHZ UL, JRisoEis W EEWr. % &3] Marion #SIG U, FATINA MADP b3 Ul
JRFYOR TR LL B, R A-A' EXLI 2] %) MADP JEHH UL AR T 1 5 H I E 2
T ET AR S AT R~ (B 3b) .

4.2 MADP HJJE s A1 73 A

BT Exemyatr, BATEL 0% MADP XI55 8 A 2 78 35 . MADP et — i) 7
A B 52 AT YA BRI e A0 R R AR T s i 5 r AR AR A 2R E . Toe NI RAS
BEE T o ARFEAE B I 2 10 2 8 T Bl 55 A R Bl 6 1 BT J2 DA B JFG e ) ) ) AU AR 1) i
MR EEE, B SDRs, FATHEM Sk hn i in e Sk 2 @ T8 KAk s 2k, smEIR %5 KAE
FYEWT 1A, RAAEY) 120 Ma BN AR, IR K RGESL, FERITeIE
B (FEFEFRE S5 BarthByte) o 7£ Tbe 5 Tbm Z [BIAF/E— K IRBA RS T, B BI (K 3c,
5) , ARG ARG T, ERAESMET RS 5 A KA BIRAE ¢ . B S 7E 90-
88 Ma, Marion # UGS IEMERH T Sak i hn B &8, /=4 7 RER KL A WG IF S8 T
Tk 3 in 5 B FE AR B 1) 4> 25 (Reeves and de Wit, 2000; Storey et al., 1995; 7K ¥44%, 2011) .
WG, BEFEEY Kigsh AT, SismbonBRrsdbmiEss, HatEH s 7B SN
Wrohned TR, SR A AT R SOE G 5 T Sk hn i o pe SR St e B, TS i E
2 i) MADP (5K¥44%, 2013,2011) . Tbm A Marion #US/EH BT, Tbm 2 J5, &GS
FSSUEEL A

SRR, Ak g R S AL SRR AT DA R PAR =AM B

D ZAERH IR S 5 A B AL

RAEGRE @ W, SIS v rg /e R &SRB EH B T 2 2445 ik, HF St
RUAZEAAE R R ISR (183-170 Ma) » JE4EbEE DA NS5 m i 1 70 5, Bk
DO e G 1 AE~133 Ma IN R TE %, s 2R S BT A A B R s AR . RZA81ME
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AT B b & A e A F e 55, E n]d i SRk MUE AE 2N 2%, Rk & IEWE, #6
F S2 HuJZPTAR o B R B o IR RF S 3, A 26 AH T 0UR) ) Bk 46T = (CDFs) UG K &
H5E R AR AL, A HROE T eV RE B R Y UK BRI X EUE X SR 5 2 = 45
& R R A, Bl SDRs (Geoffroy et al., 2015) . ZMy B & 3G shit
B 7 N SDRs FilHr defilih—C ST AL, PIAMAEE IR CDFs SR FRER T —MH C
gH sty BRI M Rl B (P 8a) o B JG 7 I A A B AR BN I A E T T, C-ER iR 46 T
W RV IR 2 W2, 2135 4 SDRs (34 A2 W0k S w584 (K 8b)

2) AR RS R TE K

BEE RSB E IR E A A BT R IT U8 2 A3E 1 A T 4], SEuh e e fils
Fr AL, TERL TR A K S o Al AR FH SR AL R e R 2 A B E i R T )
I RY Fkrbty, BONKREE AN @EE (K 8b) . 7fE~120Ma, BEERI D B/ER 1
KA, FERETKRGITEE L, KBTI R AR B R, 8T .
G ik Rga T RE, FERERIEEKE IR (B 8c) . MR EEBMLER, 1
120-88 Ma JHIA], Ehikinil b #RFG &R E 95K 1 422> 1000km L E (GRESE, 2020) .

3) Marion # fiAEH 1 0E

3 I ROV (R 25 58 AR AR By i B R AL, A N B 9 2 UE 3K Marion #4R3AE 90-
88Ma FFUAAE T Sk iniin & w8, S EEREE R Y5k, eI B shEu &
la Fi7R. 1E 90-50 Ma #[A], Marion # mHUTHA FE B E TN DA NNE G, HiE
BRI, BOSIESRER S, 1E 74 Ma AR (5945, 2011) . Marion #45
YEFA LA 80CA HOE i e ek RIS, BURIERL R R A A KRR, it — SR
Hige, SCREEERHLE (B 8d) o MR EHIE Y AR LR b, X e p= A
R, 3838 BT A 25 A P R P BRI, T I B Bl o3 40 1) 9B, ANTTTZ R T
AN TEH BT EF B Kl & Morgan, 1978; Small, 1996) .
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133 Ma _/Va %4SDRs -

|:> 22 1
T 44

HRIEAR

fhr 25 ” .: b i v
BRI T Hb

, , 6
120 Ma 9I 4SDRs PeE BB (b)

Wﬁ ”<<<\

A
o & UK T

120-90 Ma
W BL

Tbc ........ Tbo
90-50 Ma WL Ra @

Marion# s 4E F
i /3 JE Hh e

20k

<

41/.(“&{)4

B s == O B Marionfh#l # [ Famse [ o ] s

B8 By indbi n v #S ki M el AL s A
WOKE VIS SIINZ, RO ZE NCEIEESIER. () RAERITE. (b) ARk,
(o) AR B SHEFEIIER. (d) Marion # i fEHIBE . 198 I aRH7E. SDRs—IrHFIR] S S 4.
Fig.8 Schematic diagram of evolution of the southern continental margin of Madagascar
Blue faults represent active faults, whereas black faults correspond to inactive faults.
(a) Initiation of rifting. (b) intense thinning of the lithosphere. (c) rupture of the lithosphere and formation of the
oceanic crust. (d) transformation and thickening of the original crust by Marion hot spot. SDRs—Seaward

dipping reflectors.

5. 518

(1) JEIE X515 MADP P8 5 S 1= 5 T ) VR RS, ZERE 78 XN IR0 H T 4% O
S, BN F] 408 They Bl Tbo. Tbm LA #EE S, XL AR E T =&HZ I,
4358 U3 (Tbe-BD + U2 (BI-Tbm. Tbo-Tbm) 1 Ul (Tbm-#JiE) o 454 iE S HHHFAEA
X AL E TS S AT, WFFE R B U3 M2 B 70 T A 0B v 48 i 25 2 1 T 1l P 52 o A0 1 B
JEEHI RN Z AR, B SDRs, HJKFH The A AREA R (~133 Ma) , Ir&d
RAEHBITIG, TiHE B R ABE M (~120 Ma) , REERBIEHMREHR: U2
b2 6 A Marion #S/EA TR BRI KL A 2, KRG N Tom, Frd&EFE Marion #4Ai4E
4, MWEEIE BB g (90-50Ma) ; Ul #Z I AUTR)E, 52 Marion 4 HIGEI
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M, AEEE LA F A IR R R A

(2) @R FIT AR, 2565 MEEIE T, MADP &tk 1kt 7 5 5 )8 1772
AT HdSEkE—M AR 5E, Toe NGRS M, EBEZE kiliE (U3, U2) ,
KPR FERTIA 20 kme  [A1FE— IS 43 XIS JE 35S, Tho NFEFRTII M, Fye b
WERAREZE XA (U2) , B PYEERIA 15kme —F 2 [HAF1ETE L) 50 km [ REFS
e .

(3) ik g SRk G T AE L R0 (<133 Ma) Eik indt -5 s A AR
IR BIERN, HEESRBON S RGN, smEI A AR S 80T A A B 1 Wik
Z4, FEAE 120 Ma JFEEAE BT ITPESS . 7 120-90 Ma #A18], Sk s g 5 v e b TR g 9
FKIRAS, 90 Ma 2 J5, Marion # ST AATE Sk I insaBiG s, BE& R Tk s
ITHIBTE S0Ma 5L 1 8N Tk n i md SRRE 2t il 7R E . Marion #SAEH S 8US
W T ok By 3k 0 mE R 2k e PR TR IR, BORTESLE MM R A A RIRAR,
B E R AR R, SRR, TR T ELAE B Sk i iniE &

(4) @ik R RITARRE, 456 XIRERT 5 001, 75T A0 5 REAE EX MADP Hs
JEPEHAT T VA28, BTSSR AN A BT 76 R B0 R S A s SR A BAE F R, T
H, BT RN ERELR (Ams. 28EE%) KRR ARt E NS
NI
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