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Fig.1 ~ Sampling locations
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Table 1 Sampling locations and field observation record
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Table 2 Content of major elements (wt.% )
i ALO, Ca0 K,0 MgO Na,0 $i0, S0, TFe,0, MnO TiO, LOI
XY0l 0.42 525 0.09 0.12 0.61 1.88 0.16 0.32 0.03 0.01 43.16
XY02 1.06 49.9 0.18 0.29 1.16 418 0.27 055 0.04 0.04 4224
XY03 1.59 49.1 0.28 0.49 0.87 573 0.20 0.86 0.03 0.07 40.75
XY04 267 4538 0.16 1.29 1.44 8.63 0.22 2.05 0.07 027 37.42
XY05 0.96 50.6 0.14 0.23 0.76 3.44 0.21 0.56 0.03 0.04 42.37
XY06 0.26 524 0.07 0.19 1.02 1.44 0.24 0.22 0.03 0.01 4395
XY07 0.26 532 0.07 0.17 0.98 091 0.19 0.24 0.03 0.01 43.96
XY08 1.02 50.2 0.17 0.26 1.04 411 0.26 0.53 0.03 0.04 4228
XY09 0.70 513 0.10 047 0.89 233 0.29 0.53 0.06 0.04 43.1
XY10 1.73 48.6 0.24 0.59 1.16 6.04 0.25 0.98 0.04 0.08 40.21
XY11 0.92 50.9 0.14 0.25 0.84 3.40 0.21 0.54 0.02 0.04 4238
XY12 030 523 0.07 050 0.94 1.56 0.20 0.44 0.04 0.02 436
XY13 048 51.8 0.12 023 1.06 1.99 0.22 0.60 0.03 0.02 4351
XY14 0.23 52.1 0.07 041 1.00 1.14 0.21 0.28 0.02 0.01 44.09
XY15 2.40 487 0.11 0.74 0.67 6.66 0.16 1.30 0.04 0.10 38.96
XY16 0.56 51.9 0.11 021 1.04 2.03 0.25 0.46 0.03 0.02 4348
XY17 1.16 49.6 0.16 0.85 0.88 444 021 0.97 0.05 0.09 41.15
XY18 1.03 49.7 0.17 0.32 1.10 4.18 0.28 0.70 0.02 0.04 4243
XY19 113 50.3 0.25 036 0.77 4.54 0.19 0.79 0.02 0.06 41.65
XY20 1.20 488 0.21 0.34 1.20 5.02 0.29 0.82 0.04 0.05 41.78
Xy21 3.66 393 0.16 3.09 1.04 14.71 0.19 357 0.07 030 33.88
XY22 10.67 12.20 0.49 8.29 5.01 35.30 0.10 7.46 3.87 0.71 16.06
XY23 10.02 26.8 0.14 439 2.00 29.90 0.25 727 0.38 0.85 17.13
XY24 10.50 17.20 0.12 6.97 1.94 38.53 0.33 10.17 0.15 1.02 12.55
XY25 1.59 483 0.19 0.48 1.14 5.63 0.25 1.46 0.16 0.08 40.74

2) & & ALO,.MgO. SiO, . TFe,0,. MnO , TiO,; CaO F1
LOI & 301 AV PR T XY21~XY24 %5 4 e b, Ho
XY21 £ § (19 CaO F1 LOL 75 & 43 % 4 39.3% #
33.88%, B ARILIE K T XY22~X Y24 25 Hiflh 3 ML
HBA /N T 5 5 BT OB i, 25 IR B2 AR L T ALO,
Mg0 .Si0, . TFe,0, MnO  TiO, & 5 2 i 27 T & 45 it
DURR, RGN R XY21 1 XY22~XY 24 [6] )& T & & e
JE TR A
312 WMEAEZAHETE

T TG A LR AEA R R DU rh = 8
B ENER(RIE2 1) &AM
(XY01~XY20.,XY25) H T3 3R Z1 A0 45 Jox AE W s A
FH K B S oG 2 ARG o0 2 10 & i 5 KRG
5 FHE (UCC) A LY R I B AE . HA7 Sr
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Fb Rl b 5 B 4R, JEH 2 ShFI U 43 & 4 466.92
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Fig.2 Content of trace elements and rare earth elements in the
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sample compared with the continental upper crust (UCC)™
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3.2.1 Zr/Ti-AV/Ti 5 Si/Ti-Al/Ti
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Table 4 Factor rotating load matrix for

calcium-rich samples

EHT Fl F2 F3 F4
ALO, 0.893
Ca0 -0.954
K,0 0.931
MgO 0.977
Na,0 0.750
Si0, 0.936
S0, 0.878
TFe,0, 0.967
Tio, 0.943
LOI -0.941
As 0.798
Ba 0.775
Co 0.955
Cr 0.844
Cs 0.977
Cu 0.885
Ga 0.914
Mn 0.909
Mo 0.623
Nb 0.739
Ni 0.725
p 0.869
Pb 0.979
Rb 0.976
Sh 0.66
Sc 0.987
Sr 0.685
Th 0.970
U 0.882
% 0.964
Y 0.628 0.616
Zn 0.925
Ir 0.787
REE 0.788
T 22531k % 41.51 24.55 13.84 6.35
SR 2511k % 41.51 66.06 79.90 86.25
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Fig.3  Diagram of (a) Si/Ti-Al/Ti, and (b) Al/Ti-Zr/Ti in the study area

: This study; @ : Upper continental crust; ll: Mud deposits in the northeastern South China Sea; A : Southwest Indian Ocean Ridge basalt
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Table 5 Characteristic parameters of rare earth elements

FHIESHL S REE(x107) > LREE/Y HREE 5Ce 8Fu Bl A

RARAE 61.56 9.53 1.91 1.35
ABEFERE FoMA 14.52 1.43 0.53 0.94 ABFFE

e 28.71 4.66 0.76 1.07

SWIR Xl 60.63 1.98 115 1.44 F R

N-MORB 39.11 1.32 0.88 1.49 TR AR

uce 148.14 9.33 0.98 1.09 Rudnick et al.'¥
SWIR #UR L 436 2.99 0.52 8.1 TR A
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Fig.5 REE concentration for the Mariana Trough

normalized to shale and plotted versus atomic number
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Elemental Geochemical Characteristics and Significance of
Hydrothermal Signature in the Axial Sediments from the
Southwest Indian Oceanic Ridge
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Abstract: The exploration of hydrothermal sulfide resources in mid-ocean ridge zones is a critical challenge for the
mining sector. In this study, 46 surface sediment samples were collected from the southwestern ultra-slow-spreading
Indian Oceanic Ridge area. The sediment types were classified by mineralogical analysis, elemental measurement
(including main, trace and rare earth elements) and the material sources of the sediments are discussed. The study
showed that biogenic calcareous deposits are a common sediment type in this area; evidence of eolian input was found
in some sediment samples with element geochemical characteristics. Signs of hydrothermal activity were observed in
some samples near the Longqi hydrothermal areas. The study suggests that characteristics of REE fractionation using
an Al+K-Mg-Fe+Mn triangular diagram was an effective indicator of hydrothermal activity. This study not only pro-
vides basic data reference for sulfide exploration in the Southwest Indian Ocean, but it is also a preliminary explora-
tion of geochemical prospecting methods for submarine hydrothermal sulfide exploration.

Key words: Southwest Indian Ocean mid ridge ; surface sediment; elemental geochemistry; hydrothermal activity



