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A review of studies on the magmatism at Southwest Indian Ridge from petrological and geochemical perspectives
SUN Guohong'?, TIAN Liyan', LI Xiaohu®, ZHANG Hanyu', CHEN Lingxuan'?, LIU Hongling'?
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Abstract: The Southwest Indian Ridge (SWIR), as an ultraslow spreading ridge, has attracted great attentions from the geo-society of the world
in the past three decades due to its unique morphology, crustal architecture, crustal accretion mode, volcanism, hydrothermal activities and deep
mantle processes. This paper is devoted to the recent research progress on the petrology and geochemistry of basalt,gabbro and mantle peridotite
collected from the SWIR. The geochemical data well revealed the variations of the whole ridge and ridge segments. Based on the data
mentioned above, we described and discussed the main factors, which control the geochemical variations, magma supply and crustal accretion.
In the oblique spreading ridge segment of 9°~16°E, the tectonics-dominated ocean ridge spreading patterns resulted in the wider oceanic crust
accretion zone with significant geochemical anomalies; in the 50°~ 51°E ridge segment, strong volcanic activities occur, and its genetic
mechanism includes different points of view, such as the interaction between the Crozet hotspot and SWIR, the micro hotspot, and the remelting
of the residual mantle left behind by the former melting events. The latest research about the Longqi hydrothermal area (~ 49.7° E) suggests
that the hydrothermal circulation is closely related to the development of detachment faults, and the maximum depth of hydrothermal circulation
may reach 6 km below the Moho boundary. Therefore, it is suggested that the future study be strengthened in such issues as the mantle
heterogeneity in different spatial scales, the tectonic-magmatic processes in the ridge system, ridge-plume interaction, and the seafloor
hydrothermal activity and deposits.

Key words: ultra-slow spreading ridge; petrology and geochemistry; magmatism; hydrothermal activity; Southwest Indian Ridge
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Table I The main parameters of fracture zones in SWIR!

Wi HR (45D EF WiE/km  iESINS/MaBP K&

Bouvet (BO) NE 65° 240 0~50 1°55'
Islas Orcadas (I0)  NE 65° 100 0~70 6°03’
Shaka (SH) NE 60° 180 0~70 9°30"
DuToit (DT) NE 35° 160 0~70 25°25'

Andrew Bain (AB)  NE 40° 720 0~>120 32°18’

Marion (MA) NE 30° 125 0~>120 33°40'

Prince Edward (PE)  NE 25° 155 0~>120 35°30'

Eric Simpson (ES)  NE 18° 100 0~60 39°20"
Discovery [ (DI) NE 10° 320 0~60 41°50"
Discovery II(DI[)  NE 10° 320 0~60 42°30'
Indomed (IN) NE 15° 135 0~60 46°00’
Gallieni (GA) NE 10° 90 0~60 52900/
Atlantis I (AIl) NE 5° 190 0~50 57°00
Melville (MEL) NE 5° 125 0~50 60°45'
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Fig.1 Geographical location and topographic map of Southwest Indian Ocean

a. Geographical location map of Southwest Indian Ocean, b. Topographic map and rock type distribution map of Southwest Indian Ridge, c. Free air geoid map

of the Southwest Indian Ocean (modified from reference [10]) . EGM96: Earth Gravitational Model 1996. Half spreading rate marked by red arrows, which is

7.1 and 7.3 mm / a, respectively.
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Fig.2 Variations in isotopic ratios of MORBs along SWIR

a. The horizontal red dotted line represents MORB reference line of ’Sr/**Sr=0.7028; b. The horizontal red dotted line represents MORB reference line of

*Nd/"**Nd=0.5129; c. The horizontal red dotted line represents MORB reference line of **°Pb/***Pb=18.4; e. The horizontal red dotted line represents the

MORB reference line of *He/*He=8R, (R,="He/*He in air) . Sr-Nd-Pb isotopic data are from reference [27], and others are from petdb database

(http://www.earthchem.org/petdb/) . He isotope data are from reference [30-32]. The gray solid line in the figure shows the location of the fault zone; Capital

letters indicate the name of the fault zone (abbreviation).Solid bars on right-hand side represent the range of isotope variations reported for Rodrigues Triple

Junction (RTJ), Central Indian Ridge (CIR), and Southeast Indian Ridge (SEIR) MORB, respectively.

filnge D1 BT Z4HF (AB) BRFIT KV P 28 )47 25 M g
ToF 9 kg BV EE VR R S8 232 i Ah, SWIR i A B (HE
RTJZ /> 78 km) MORB 4 [F] i Z %1k 5 RTJ MORB

AIAHLL, 7225 72 °Pb/"Pb LUAE T HAT B /N YSt/*Sr,

27pp/ 24P, [H I, % Ak 2R P R A0 A b VR X 4
TELAFAE 22 5227,

HLAK UL, 75 SWIR P4 B¢, MORB f19*Sr/*Sr LU {H
AL TE RN (0.7028~0.703 6) /K T SWIR 1 E£(0.702 6~



130 YRR M J5 5 56 D0 20 b TR

2021 4F 10 H

0.7048) , {H = F SWIR % Bt (0.7027~0.7032) ; ifif
Nd [F] 137 2 HAE AR fE Y (0.5129~0.513 1) WK T
SWIR H1E£(0.5124~0.5132), 5 SWIR 4B (0.5130~
0.513 1) A1l . 7E SWIR H Bt 1935 B o o 3% 2% (ES)
AR = (DIN) Wr 24 Z 18] (39°15'~42°37'E),
MORB [ Sr #l Nd [A] {37 2t R B T B AH R
B AR (] 2a,b): &3 T 5(DI)FI%E T5(DIT)
M 24 45 2 18] B YSr/*Sr &% K A ( 0.70258) Fil
Nd/Nd F =518 (0.51322) 5 A, 78 35 BL v 3 3% 2%
(ES)FIEBL 1 5 (D1 ) sy Z 8], ¥Sr/*Sr L AH K
17 (0.7048), "“Nd/"“Nd HE#£(0.5124) . 7E SWIR
AREBL, S/ Sr WA A T2 ZEW 24t W TG B B AR 1k, 1
B4 Nd [F] 47 F HAA AF 32 22 W 242 w0 & A= AR A
gt WA 2 TS5 (AT Wi 243, '"“Nd/“Nd [
(HAR K, 2 ad Mg /R 2R (MEL) Wi 4445, L 0 28 /N
M Pb [FIfiE WAERF, 75 SWIR P4, MORB 1y
Pb/Pb L AH T 23KV {E (29 18.4), Hoh 7
13°~ 15°E, MORB Ji& 8 i1} # 4~ SWIR i /& 19 L&
(19.6) . £ SWIR H1 Bf, 2Pb/*Pb Fb{E Ik T 4 Bk
YA, HEA R854 3 Fl (8] 2¢) 5 7E 39°~41°E
D3 (o7 F 35 B g o 3% 2% (BS) A& 8L T 5 (DI ) Wr
4 Z [A) ), MORB & Bl Hi % 4~ SWIR #x Ik Y
2Pb/2MPb {H (16.58), X W& AR K X R AL %1
BARME . 78 SWIR AR B, #d WAs 22 %1 T 5 (Al)
Wi 477, 2°Pb/2Pb LB B 5 B A 4 /K 48 /K (MEL)
Wi 245, FLAE W TF 5 . 5 2°°Pb/™Pb Y SWIR % {4
AR, [ 74 45, MORB H°%Pb/”“Pb [ {8 %% {4 |
BB/ 7E SWIR T B, 2Pb/™Pb FLAH
W S TR BERI AR B (18] 2d) 5 78 SWIR H1B% 39°~41°E
X 35k, MORB [F] £ i 8L tH T FAIR{H 5 1T 7 SWIR 7R
Bt, 2Pb/"Pb LAY 43 AT BRI P/ "Pb U fH —2 .
M He [F] {37 2 HAH K B, MORB ¥y 7 il 17
FEI K AEALTE R (6.26~14.9R . )E2, 7 SWIR
74 Bt Fil v BE, MORB 4 °He/*He (B V0 48 . e
o, 7 7°E ML, MORB 1 He [A] {37 2 o AF 28 b 715 ]

J 7.4~ 14R,, 7 0°~11°E Fl 46°~52°E o i B T 1=
‘He/*He fH(>8R,) . IMi#E SWIR 4 B, MORB [°He/
‘He M {E 70 FBIAH X4 /N (7.3~8.1R,), 55 N-MORB
A Rl A

2.2 BRKEMBKL FIFE

P 2 T R SWIR WK A TR AR i
14 b X, — AR e P B A 5 06 G M 2 R TR AL 4
1141 (ODP) 735B A it5 (32°43'S | 57°17'E) . %X %
B IR B BT 2 050 7 0 M 02 ARS8 T30 IS
FEA, 5 W2 K b A S R A R A A A
(OCC)™, VYREENEEVER RIFEEZE M A ML A T
%2

ODP 735B &hifL g S R B, iZa O A PR D
MR T HE A R B, RIEESE A% 0 Y
FHL R A2 S50, nDRE A S i ) 53 54 EE
Hi Bk Ak 2 5 0] 5 3 A~ i BR k22 R 51 (18] 32) . Hovp
AT R b ER 2= R 9 15 2(805ER 15 2) 1
2 20 B VS i s CRP IO Mgiei ), i 76 A4
BRAGE R A KO 550 (B D) 3R ) Mg I e I
Z2 T 128 W A AT, B 7 DS 400 281 T 5 i A o B 3 ¥
T, TR R T — IR BB AR F AR, A
O S A 9 U-Pb [R] 37 25 4 3% B ODP 735B %) fL
T3 4F #% M 12.175£0.069 Ma, Ji§ #6 & 11.902+
0.012 Mab™", [H I, ¥ K it 1 72 T8 Al B[] =0.214+
0.032 Ma. IR LL 7 mm/a 2P ik 8 R, %Ak
(R JR B A IX 29 R 2.6+0.4 km,

ODP 735B i LM 2 1 AL Rl 37 3 LU A Bl % B
TN T 336 38, B X FE 800 mbsf LA R, 80 L # T
Fa i (5.7%40.2%0 ) U5, H M HE W, WK 1Y K2 %
JRi FRAE T M7 13 (Gl A )2 800 m) o L4,
1 N A Bk A AE 700 mbsf LR 55 WL, 3% B A8 B FL T
(700 5 800 mbsf LA ) A = i i AF 43 A R .
O Y NG (R 28 B 7 S TR ) i L e
€ (1l 3¢) 5 Po [l o7 25 Lb A A8 b 3 67 4 L 13

®2 SWIRKEFEBRRESHER
Table 2 Occurrences of oceanic core complexes (OCCs) in SWIR
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Oxygen isotope data are from references [39, 42].
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Fig.5 The model of magma supply and crustal accretion in different segments of SWIR

9°~25°E magmatic segmentation and associated “effective segmentation” . Red arrows indicate simplified direction of melt focusing beneath each

magmatic segment and theoretical slope of lithospheric base; the shade of gray reflects the relative enrichment of lavas for each segment (modified from

reference [18]). b. At slow-spreading ridges, principal magmatic segments coincide with second-order tectonic segments (numbered vertical lines indicate

discontinuities of orders 1~2). Strong melt focusing (indicated with small subhorizontal to subvertical arrows) results in large variations in crustal thickness

within segments, short-lived crustal magma bodies ( filled ellipses in crust) can be formed in mid-segment where thicker crust typically emplaced (modified

from reference [8]).
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