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Figure 1  Geographic location and data distribution of the Mariana Trough

2 AR KAk 5

2.1 HFEAETTE MRS 5 (ICA)

ST Gy o BT O 0 — P AT 5 o i R B T LUK TR S 1 22 D0 BUHE o A SO B ST (Y B 4 . FastICA
SRVE RN R AR A vy B M 89 8 57 B 43 43 Ht (Independent Component Analysis, TICA) %3877 ¥, TEAS B 5% v #)
FH 3 o B335 ok A3 i TR 6 0000 B2 JBOA ST 1 43 (TC )

P ST 3 53 TR A v, 22 S0 B8 B B R R AN TR AR B R MR A . BB — AN ST 3 43 BT AR A

X =AS, @D)
b X N R R S A ST o R s A S S TR B A X S i () 497 2 B (R Y b T A R
.S Rk Ny
S =wWX, (2)
KW BRI W=A ", NIt R E WA S BIATR



76 o By o R 39 %

R rP O Al PR E B, A g 3 22 e A BE AL TR 5 LU L 0 2 i B 4200 v U 1 L i S g S 7R BT AT AT RE Y S A
KUl BA B R AR e . R AT AR 2 £ 5 1 B WL A5 52 30 A9 20 57 R o3 G ik S O BA B
RAE = 73 A

Be A AT b o SR T A B R ST S B AR v B

J(y) ~ [E{G(y)} —E{GOL)} ], (3
A G ()= —exp(—y*/2) sy FEMMBE YA B s ¢ JE AR T W By =T EA AL T7 25 09w AL &
Ry Rm oA, R T () =0 WER y SRARR TG L U T (v) > 00 U T () ORI ST ALY s
HA R AR & o3 A

T8 M BR AL~ K30 79 23 B v L 1C, BRURU7E [R) 67 28R A B b 2 AR B 09 1C, B0 R B  HURE L R &K
3622 5 00 75 1) 0 TC, A 0 R o 9 4 R O B ) DR £ B IR RE 1Y

2.2 HEERR

K 600 413k H 5 A XY kL A R S A Se-Nd-Ph [R)467 R 5, Horb 53 45k 3 S B 48 (2 h
VERE IR A R ) L 39 4ok H S BT B IR, 277 410k A KPR A, 159 4ok A BN R E .72 405k A
TP Rg 57 1 A (VG RT3 b DX g — A~ BRSO o OIS A ) o O T RE B TR T B 4 T R 1 b I X
FRAE L 2R FH B0 K L 5 R S B 00 A IE B DL R 2 NERAE 1) SI0, <56 % (Ui CHEFR A “ LR A7) 52) Sr-
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Table 1  Statistical characteristics of Sr-Nd-Pb isotopic values of 600 basalts

Iﬁj [j i}@ ,Z 87Sr/868r 113Nd/111Nd 206pb/201pb 207Pb/201pb ZOSPb/ZMPb
43 0.702 86 0.513 084 18.357 15.500 37.978
KFHHEHE 0.702 54 0.513 145 18.343 15.484 37.790
ENEEVEVE TP 0.703 05 0.513 032 18.117 15.488 37.984
Iy HLAY 44 g Al 0.703 22 0.513 020 18.576 15.538 38.308
oy B4 055 0.703 25 0.513 003 18.773 15.546 38.345
e 5 I A 0.703 23 0.513 055 18.554 15.540 38.240
Eoand 0.704 23 0.513 270 18.982 15.615 38.848
K A 0.702 91 0.513 270 18.882 15.568 38.253
EQVRE V7 R o 0.703 84 0.513 189 18.616 15.558 38.701
R MH
I T 4 g K 0.704 23 0.513 185 18.982 15.615 38.848
I §LWE 4 5 0.703 55 0.513 112 18.864 15.578 38.466
vh R 57 L 0.703 46 0.513 081 18.768 15.561 38.375
e 0.703 07 0.513 019 18.514 15.507 38.061
KL 0.702 31 0.512 956 17.903 15.416 37.327
EJL B 7 o 0.702 66 0.512 857 17.620 15.440 37.443
e/ IME
Iy LY 44 16 A 0.702 64 0.512 820 17.706 15.394 37.370
o HLAY 4 15 9K 0.703 07 0.512 942 18.514 15.507 38.061

R 57 L 0.702 78 0.513 019 18.340 15.506 38.004
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I|}‘| E J:m IZ 87 Sr/SG Sr 143 Nd/lrlfl Nd Zr\(SPb/ZOIPb 207Pb/2me zospb/zmpb
e 0.000 356 0.000 075 0.267 0.038 0.307
KV 0.000 097 0.000 039 0.154 0.026 0.170
EIJTE##LI—IQ 0.000 215 0.000 052 0.231 0.028 0.302
o 22 (#E22)

y FLG. 4 1 0.000 391 0.000 087 0.327 0.056 0.379
I B 44 1 K 0.000 146 0.000 041 0.088 0.017 0.091
R 57 VAL 0.000 090 0.000 013 0.099 0.012 0.086

e 0.54 —0.38 —0.06 0.39 0.45

KFFEHEHH 1.04 —0.77 0.63 0.38 0.51

ENEEFE D E 0.68 0.35 0.20 0.39 0.33

I WL 99 g K 0.65 —0.44 —0.82 —0.70 —0.59

I §LE 44 5 5K 0.61 1.60 —1.38 —0.38 —1.39

R o A —1.60 —0.48 —0.26 —0.36 —0.51

A 2.53 2.79 2.73 2.72 2.34

KR 5.14 5.96 3.93 3.61 2.78

E[ R 1 P 3.59 4.09 2.09 2.37 2.16

Vg

L) B 4 v 2.52 2.71 2.79 2.74 2.51

I B4 B 2.01 3.72 4.32 2.90 5.37

R 5 A 11.07 2.86 2.14 3.09 2.65
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FLSIY 0 9 R | T B 4 8 9K L R 95 I 4 A 192 P/ Ph, 2T Ph/2 Ph FIZS Ph/* Ph [R] i & A 9 T f
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Fig.2 Scatter plots of Sr, Nd and Pb isotope ratios
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Table 2 Statistical Characteristics of Three Independent Components
woH X B 1C, 1C, IC, moH ICy 1C, IC,
Eoand 0.00 0.00 0.00 0.25 0.45 —0.02
KPP A —0.89 0.24 0.04 KFFEFE A 0.34 —0.18 —0.49
E R Vv P A 1.19 0.06 0.86 RS Vv R 0.03 0.58 0.12
I 1Y 4 g A 0.57 —0.63 —0.66 Iy B 44 1 Al —0.15 —0.35 0.80
I B 4 15 90 —0.30 —1.03 —1.16 I B 40 15 3K 0.29 —0.05 0.18
R 95 A 0.52 —0.01 —0.96 R 7 i A —1.73 —0.27 0.13
Eaand 1.00 1.00 1.00 46.83 51.17 69.50
-V A 0.40 0.74 0.73 TRV A 2.53 68.95 83.75
; EIVJE P PR R A 0.47 1.42 0.68 1C,>0 ElJBE VR TR TR A 99.37 46.54  100.00
b fE 22
I BV 4 Vg A 0.67 0.68 1.41 || et/ %% o HLE 4 8 75.47 16.98 37.74
I L 4 5 90 0.32 0.45 0.48 I BG40 B 0 23.08 5.13 7.69
1R 5 I A 0.35 0.52 0.33 R 57V AL 94.44 45.83 8.33
4 4
2r 2t
<o g o
2} 2}
4 : : | ; : 4 : | ; i
-2 -1 0 1 2 3 -4 -1 0 1 3
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(@)IC FIIC, HAE O)IC FIC, B B
4
A
2 L
<ot
B
ol » RFFEERE
o EIEFHERE
AT H T YiEE
* ETHEI
-4 : : : : : HE IR
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Fig.3  Scatter plots of independent components
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— 0.5 X, KF MORB (%00 4345 00w 2, oAt 4 2850008 09 20 A3 S IE R S (GR 2) .
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JE ¥ MORB 19 1C, {8 (5943 A7 X 38t 77 76 B AR [A), 97.3 % (0 K S ¥8 MORB (19 1C, <<0, 1fif 99.3 % 4 BB JiE
MORB 4 1C, >0, (La/Sm) il % # FH T MORB J2& 75 & 46 . — oA A (0 RR JBE 110350 40 4 il A 42 i 4
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B g4 Al 2R IC, R (La/Sm) W AE 5 TEAH G, A pg 95 1 28 X A 1C, A (La/Sm) b A 5 f0RH ¢ (&
4), AN, 70 %% Y h B 4 i R 2 i B O (La/Sm) =1, (La/Sm)  H B 28 A6 3 B 45 K (0,64 ~4.13) , 3
iR 1.55589 % By I HLE 440 55 90 % 2 45 5088 0 (La/Sm) =1, (La/Sm) « FUAE A8 AL R 0.51~1.78, ¥ {8 Ky
1.41, 1H 76 %6 M ENEEVE MORB ¥4 24 (La/Sm) <1, (La/Sm)y HWAEZ AT FE 0.36~2.01, (La/Sm) 3
li 7 0.85,81 % B K9 MORB %48 K (La/Sm) <1, (La/Sm) \ A28 4L TG Bl M 0.32~2.96, (La/Sm) 1
5} 0.82,
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The Signatures of Mantle Sources in the Mariana Trough Indicated by
Independent Component Analysis of Basalt Isotopic Compositions
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Abstract: Therefore, the study of back-arc basin basalts in Mariana Trough is important for understanding
the structure and geochemical composition of its mantle source, also for revealing the genesis and evolution
of the back-arc magma. Here we collected the published geochemical data of basalts from Pacific Mid-
Ocean Ridge (277 groups), Indian Mid-Ocean Ridge (159 groups), Mariana Trough (53 groups), Mariana
Island Arc (39 groups), and Central-Southern Lau Basin (72 groups) , and applied the independent compo-
nent analysis methods to trace the mantle sources in Mariana back-arc region. We identified three ICs (IC,,
IC,, IC;) in the five-dimensional space of Sr-Nd-Pb isotopic ratios, which can account for 99% of the iso-
topic variance, The correlations between the ICs and the incompatible trace elements ratios were used to
examine the origin of these ICs. The results show that IC, separates Mariana Trough back-arc basin basalts
(BABB) from Pacific Mid-Ocean ridge basalts (MORB) and Mariana Island arc basalts (IAB), and also
shows a positive correlation with (LLa/Sm)y ratio. IC, discriminates BABB and IAB from Mariana region
from the other three groups, and correlates positively with Ba/Th ratios as well. IC, distinguishes BABB
and MORBSs clearly, and displays a negative correlation with Th/Nb values. The geochemical signatures of
trace element ratios and the statistical properties of these ICs further suggest that IC, can be related to en-
riched components of the Indian-type MORB mantle, IC, corresponds to a fluid-rich component from the
subducting Pacific slab, and IC; may represent melt of recycled subducted sediment. The geographic distri-
bution of these ICs supports that the Indian-type MORB mantle might replace the Pacific-type MORDB
mantle from the northern Mariana Trough. The back-arc magma from the northern Mariana Trough are af-
fected more by recycled subduction sediment melts, and those from the central and southern back-arc basin
are influenced more by aqueous fluids released from the subducting Pacific slab.

Key words: independent component analysis (ICA); Mariana Trough; Sr-Nd-Pb isotopic ratios; subduc-
tion; Indian-type MORB mantle
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