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Petrogeochemical characteristics of mantle sources of volcanic rocks in the southern and middle Mariana Trough

ZHAO Sixu', ZENG Zhigang®
1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China

2. The Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: The Mariana Trough, as a typical active back-arc basin, is an ideal place to study the effects of subduction on magmatism and crust-
mantle dynamics. The petrogeochemical characteristics of the samples from two areas of the trough were revealed based on the published
petrogeochemical data, from which the degree of mantle enrichment/depletion, the degree of mantle melting, the depth of mantle melting, and
the degree of subduction material incorporation in the southern and middle Mariana Trough were clarified. Results show that a set of medium-
low potassium calc-alkaline series basalt and basaltic andesite occur in the southern and middle Mariana Trough. The volcanic rocks are rich in
large ionic lithophile elements (LILE) and light rare earth elements (LREE) while deficient in high field strength elements (HFSE) and heavy
rare earth elements (HREE). The Mariana Trough could be divided into three sectors along spreading center, and the mantle-melting degree and
the depth of each sector were calculated and the effect of mantle heterogeneity eliminated. The correlation between mantle-melting degree and
the depth in each sector was found negative near 15°N and 18°N, but positive in the other areas, which proves that there are two mantle-melting
modes in the trough. Volcanic rocks in the southern and middle Mariana Trough are influenced by multiple subduction-components and there
may be another water-rich melt end-member in the southern part of the trough that may be resulted from the faster spreading rate of the trough.

Calculations of the extent of subduction accretion show that the influence of subduction components weakens near 15°N and 18°N. The
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variation of volcanic rocks in the Mariana Trough may be caused by the mixing of an N-MORB-like mantle source involved with an island arc-

like mantle source. Therefore, subduction material is an important factor on mantle-melting degree, and spreading rate and mantle

enrichment/depletion degree are also play an essential roles.

Key words: subduction; mantle-melting degree; mantle melting depth; Mariana Trough
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The yellow line is the depth contour of the lower Mariana subduction plate.
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Table I Sampling information of volcanic rocks in the Mariana
Trough
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Table 2 Major and trace element compositions of the volcanic rocks from the Mariana Trough

FE 5L T2-1-01 T2-1-02°  T2-1-03°  T2-2-01 T2-2-02" T2-3-01 T2-3-02°  T3-2-01 T3-2-02°  T3-2-03"

Sio, 51.81 5275 53.67 47.27 52.03 48.86 51.09 56.55 56.55 56.57
Tio, 1.08 1.08 1.04 1.28 1.14 1.2 1.1 1.56 1.64 1.6
ALO; 16.7 16.17 15.58 16.16 16.32 17.71 18.19 15.05 14.98 14.88
Fe,O;T 9.15 9.36 9.21 9.46 8.42 8.33 8.02 10.09 10.3 10.12
MnO 0.159 0.16 0.16 0.156 0.14 0.142 0.14 0.194 0.19 0.19
o MgO 5.59 5.67 5.63 6.62 6.94 6.24 6.67 2.74 2.78 2.83
FROLE% CaO 10.27 10.25 9.92 12.82 10.86 11.68 10.88 6.02 6.51 6.41
Na,O 3.09 2.98 2.99 3.78 2.74 335 2.9 3.85 4.02 3.97
K,0 0.634 0.6 0.49 0.548 0.5 0.529 0.44 0.93 0.86 0.82
P,0;5 0.156 0.17 0.16 0.141 0.15 0.149 0.16 0.23 0.24 0.24
LOI 0.83 0.8 1.05 1.17 0.65 1.23 0.32 2.27 1.9 2.3
MR 99.47 99.99 99.9 99.41 99.9 99.42 99.9 99.48 99.97 99.92
Li 3.86 3.46 6.01 2.67 341 4.62 341 2.85 5.65 6.53
Be 0.854 0.648 0.694 0.470 0.615 0.789 0.588 0.544 0.865 0.92
Sc 29.4 335 334 27.4 35.6 214 30.2 27.9 22.7 254
% 239 263 263 199 247 157 218 204 171 169
Cr 245 30.2 29.7 165 244 23.4 217 184 1.83 1.78
Co 254 332 329 20.4 33.6 16.8 317 22.9 18.8 19.2
Ni 19.3 275 26.7 45.1 85.9 10.5 92.6 56.6 3.16 3.19
Cu 33.1 423 428 30.1 55.8 21.4 41.8 30.0 20.9 21.2
Zn 62.3 68.9 69 47.1 62.3 823 58.8 50.9 101 107
Ga 15.8 16.6 16.5 13.6 16.2 17.4 16.3 14.8 20 212
Rb 13.8 9.93 9.94 4.39 6.73 743 6.07 5.05 8.95 8.89
Sr 251 233 230 153 208 137 235 193 161 165
Y 211 24.8 24.7 17.6 262 34.1 242 19.2 48.7 492
Zr 79.0 81.3 80.8 674 93.1 133 91.1 76.1 161 159
Nb 3.51 2.98 2.98 2.49 3.26 3.48 2.74 2.40 439 45
Cs 0.215 0.148 0.141 0.069 0.0907 0.123 0.101 0.086 0.154 0.163
Ba 129 64.9 64.5 275 39.6 51.8 46.1 36.2 704 71.5
P La 11.4 7.05 7.05 4.20 5.38 6.08 5.55 491 7.26 7.15
Ce 224 16 16 10.1 13.6 16.0 13.9 11.9 20.1 19.8
Pr 3.07 2.41 2.41 1.57 2.14 2.56 2.18 1.84 3.24 3.26
Nd 13.9 115 115 7.93 10.6 13.4 10.7 9.50 16.7 16.8
Sm 3.50 33 3.25 247 3.18 424 3.12 2.79 53 55
Eu 1.21 12 12 0.905 1.17 1.43 1.14 1.03 1.79 1.8
Gd 3.69 3.95 3.92 2.75 3.94 4.74 3.76 3.06 6.93 6.78
Tb 0.641 0.675 0.673 0.527 0.697 0.950 0.653 0.576 1.24 1.27
Dy 3.75 4.16 4.14 321 433 6.01 4.09 3.55 79 7.74
Ho 0.889 0.883 0.88 0.779 0.933 1.46 0.861 0.854 1.72 1.64
Er 227 2.5 2.51 2.00 2.64 3.82 2.45 2.19 4.99 4.84
Tm 0.348 0.386 0.381 0317 0.408 0.614 0.374 0.335 0.774 0.754
Yb 2.20 2.36 235 1.99 2.52 3.88 2.32 2.11 4.82 4.69
Lu 0.349 0.364 0.364 0316 0.385 0.611 0.358 0.334 0.757 0.75
Hf 1.96 2.03 2.02 1.74 2.24 3.19 2.18 1.94 4.09 4.12
Ta 0.184 0.183 0.18 0.160 0.207 0.213 0.179 0.154 0.284 0.32
Pb 1.73 1.07 1.05 137 0.856 1.39 0.989 1.03 1.39 1.4
Th 1.29 0.668 0.675 0.357 0.427 0.476 0.47 0.427 0.537 0.505
U 0.443 0.426 0.241 0.139 0.243 0.197 0.184 0.162 0.233 0.243

e *Hdlik A 3CHR[16].
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Fig.3 Trace element of volcanic rocks from the Mariana Trough (a,c,e) and REE distribution patterns from the Mariana Trough (b,d,f)
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