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Fig.1 Geographic location of the study area

ocean circulation modified from reference[23], and bathymetric base map is derived from ETOPO global relief model
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Table 1 Statistics of major element content in the study area and related samples (%)

EIDX/BE Si0, AlLOs Ca0 Fe203 K20 MgO MnO Na;O P20s TiO2

Be/ME 48.24 12.40 0.99 6.40 2.42 3.20 0.40 4.09 0.19 0.68

AR BTN/ [SON(E 54.18 16.68 1.72 9.08 2.95 3.67 1.02 6.23 0.36 0.95
it Rl 49.14 15.85 1.23 8.63 2.84 3.51 0.91 4.46 0.30 0.90
CABETE) T 22 1.06 0.77 0.12 0.49 0.09 0.09 0.11 0.40 0.03 0.05
A5t 7% 2.16 4.84 9.86 5.66 3.13 2.62 12.27 9.07 11.01 5.33

VHEA T i/ A R0 51.0 15.9 2.17 9.19 1.56 4.77 0.33 3.22 0.16 0.76
RIS/ R 00 49.16 15.64 247 9.36 243 3.58 1.09 4.24 0.29 0.78
FUIH—I 57 HEE /R ST 3518 — 13.8 1.52 7.99 2.16 4.11 1.14 5.81 0.26 0.64
P — e i L /R 20 53.22 16.53 1.23 7.79 3.47 3.61 0.94 3.00 0.30 0.81
FACHE L/R 28 48.26 15.75 2.13 9.30 2.95 341 0.91 4.47 0.58 1.19

HH [ 129 54.66 11.45 7.87 6.74 1.96 3.44 — 1.70 — —
IR S A 2 B0 44.85 13.43 10.25 14.55 0.67 9.74 0.16 2.31 0.35 311
F it 7031 65.89 15.17 4.19 9.98 3.39 22 0.07 3.89 0.2 0.5

PR LR 493 31.2 11.8 20.1 0.4 8.3 0.15 48 0.23 1.2
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Table 2 Trace element content in the study area and related samples (x107%)

HEIX/RE

Li Sc \% Cr Co Ni Cu Zn Hf Pb Th 18 Ba Sr Zr




2 NS 7R N 3R JZ TR 0 3 MR AL 2R AR R B

/ME 469 151 120 675 733 859 193 123 340 286 9.8 1.70 505 155 129 433 52

R 4 7 >IN 69.0 209 192 934 117 186 408 158 485 446 138 245 1383 197 180  83.8 17.8

1+ T 633 193 179 875 109 170 289 151 448 413 122 225 770 185 172 702 124

R P 22 4.2 1.1 13.4 4.9 7.9 182 315 6.1 0.26 2.8 0.7 0.5 210 7.3 9.2 8.0 2.8

A5 R % 6.6 5.7 7.5 5.6 7.3 10.7 10.9 4.0 5.8 6.8 5.7 6.7 27.3 4.0 5.4 114 226

o [ 3 41291 38 125 99 476 21 39 25 79 605 30 122 315 510 le4 230 — 059

TR B A 2 A B 445 26.1 351 344 64 286 109 113 3.84 1.13 1.43 0.39 187 518 152 226 —

bRy 20 136 107 85 17 44 25 71 5.8 20 107 2.8 550 350 190 22 1

e/ L AR 8.8 40 252 317 45 144 81 78 2 — 019 012 43 134 85 29 —

*3 MREEREXXEHEEBELITERZESGT (x100)
Table 3 Rare earth element content of the study area and related samples (x10)
HEXFE La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu  YREE
He/ME 36.0 80.8 9.44 37.1 7.99 1.98 7.98 1.32 812 153 439 066 412 0.66 202
RKAH 58.0 109 155 62.5 13.6 3.43 143 2.34 14.1 276 789 116 733 1.21 308
TR BTN
FHIE 52.8 102 13.8 55.7 12.1 3.03 12.5 2.05 125 238 683  1.03 644 105 284
it RO

T 22 43 4.8 1.2 5.1 1.1 0.29 1.3 0.21 13 026 072 0.1 067 0.1 20.2
A5 7% 8.1 4.7 8.7 9.2 9.1 9.6 10.4 10.2 10.4 10.9 10.5 9.7 104 105 7.1
[UEEEESsE et 26.4 56.7 6.57 25.9 5.49 1.44 5.07 0.89 5.5 1.06  3.08 048  3.08 0.5 142
Ly e — 1 L1/ 1200 56.3 115 145 58.9 12 2.76 11.3 204 1.9 244 647 114 749 1.12 303
FAGHE L /R 28 65.08  85.25 16.80 73.49 16.14 4.17 17.21 2.77 1796 363 989 145 873 1.44 324
o [E 3 41291 34.0 66.8 7.97 373 6.20 118 4.43 0.83 453 117 261 052 269 043 171
IR B/ P 2 1) 15.1 34.1 4.48 20.2 534 1.81 5.48 0.86 464 086 207 027 154 022 97
k7B 30 64 7.1 26 4.5 0:88 3.8 0.64 35 0.8 23033 22 032 146
PEFEEEE X AR 3.7 115 1.8 10.0 3.3 13 4.6 0.87 5.7 1.7 37 054 51 0.56 54
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VORI 5 0 3 AR I LU MOT R Z I A FERC R o X 28 MR AL 2 T R A5 TF
JE LRI 3T, £ Kaiser bR HIIEAZ iERe, BREBHRRAE(E > 1 MR, ZRLER 4 MR 7]
PASRRE ST 2210 92.56% (£ 4).
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Table 4 Factor loading matrix of sediment elements in the study area



LR Rk

1 T2 T3 T4
Ho 0.953 0.208 0.203 0.064
Tb 0.946 0.233 0.211 0.066
Er 0.945 0.219 0.220 0.046
Y 0.941 0.291 0.084 0.116
Dy 0.936 0.237 0.238 0.067
Gd 0.936 0.226 0.223 0.112
Eu 0.936 0.240 0.229 0.097
Tm 0.932 0.256 0.237 0.035
Yb 0.932 0.252 0.248 0.020
Lu 0.924 0.281 0.238 -0.013
Sm 0.923 0.205 0.287 0.131
Nd 0.923 0.252 0.253 0.105
P05 0.912 0.284 0.058 0.165
Pr 0.909 0.294 0.258 0.099
La 0.871 0.363 0287 0.066
TiO, 0.671 0.499 0,505 0.071
Sc 0.118 0.904 0.137 0.180
Cr 0.113 0.896 0.252 0.199
Co 0.292 0.893 0.232 0.184
v 0.310 0.880 0.329 -0.023
MnO 0.451 0.767 0.428 -0.051
Fe,0; 0.397 0:754 0.502 -0.079
Ni 0.243 0.744 0.396 0.372
Zn 0.453 0.740 0.158 0.364
Zr 0.363 0.716 0.547 0.020
Cu 0.272 0.699 0.107 0.032
Na,O -0.536 -0.688 -0.337 0.030
Ba -0.572 -0.654 0.026 0.258
Pb 0.379 0.653 0.610 -0.007
K>O 0.383 0.643 0.545 0.257
u 0.474 0.260 0.777 -0.215
MgO 0.048 0.286 0.773 0.159
Hf 0.433 0.424 0.759 -0.068
Th 0.362 0.105 0.744 0.417
Cs 0.159 0.656 0.683 0.062
AlLOs 0.330 0.608 0.676 -0.052
Ce 0.451 0.509 0.644 0.219
SiO; -0.486 -0.491 -0.506 -0.349
Sr 0.463 0.421 0.496 0.459
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Cd 0.045 0.290 0.144 0.859
CaO 0.273 0.090 0.059 0.783
Mo 0.503 0.460 0.364 -0.580

i FRHOUT: EROY. BEEE: BAT Kaiser bRvELIYIEZ hedeik.
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Fig.2 Fe-Mn micronodules under microscope
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Table 5 Ratio of characteristic elements of the study area and related samples

R EIL i i — g i IR 2E FE L INZRREE 5 LB e

AL 11/ 4 120) /1) 2] [CAEPATE IR Gy B
La/Tb 25.78 27.60 29.66 40.96 17.60 46.88 425
La/Yb 8.22 7.52 8.57 12.64 9.81 13.64 0.73
Zy/Hf 3827 26.12 — 38.00 39.46 32.76 32.00
Th/Sc 0.63 0.83 — 0.97 0.055 0.97 0.005 8

JG% La-Th-Sc =M EIME R IRERMIRKIA T B A2 KT TTR T 7L 15 2
JZ L US4ST, A SE XITARY La-Th-Se EIfg B0 5 AR IR X AR5 1 38 ol (1
3), MHEEEREDT. Hhh, DRI AL La/Th-HE XUAZ & &6 vt £ 34 5 AR K 9 i
JRIX, BLESESE 78 5T X ORI i bt A ) BRI
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Fig.3 La-Th-Sc triangle diagram (a) and La/Th-Hf bivariate diagram (b) (base map is modified from references
[55-56])
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Fig.4 A-CN-K triangle diagram of sediments in the study area (base map is modified from references[11,18])
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Geochemical Characteristics of FElements in Surface
Sediments of the East Mariana Basin and Their Indicative

Implications

LI GuoGang', WANG Liang?, LI YiXin', BI ChongHao'!, ZHAO Sheng!, HU BangQi?
1. North China Sea Survey Center, Ministry of Natural Resources, Qingdao, Shandong 266061, China

2. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, Fujian 361005, China

3. Qingdao Institute of Maine Geology, China Geological Survey, Qingdao, Shandong 266237, China

Abstract: [Objective] The East Mariana Basin of the West Pacific Ocean, which is located east of the Mariana
Trench, south of the Magellan Seamounts, and north of the Caroline Seamounts, is an ideal area for the study of
Asian aeolian dust deposits, but the sediment research of the East Mariana Basin is still weak. To reveal the
sediment geochemical characteristics and provide background data for further sediment provenance, seabed
mineral resource evaluation and climate-environment evolution research, the element geochemistry of surface
sediments in the East Mariana Basin was studied. [Methods] Based on 28 pelagic clay surface sediment (0—10 cm)
samples collected in the eastern section of the East Mariana Basin using/thetbox and gravity samplers, contents of
major, trace, and rare earth elements of the sediments were analyZed’using inductively coupled plasma optical
emission and mass spectroscopy methods. Then, elements geochemical characteristics were analyzed, and their
influencing factors and indicative significance were discussed. [Results] The results show that the contents of
major elements in the pelagic clay sediments in the study area are roughly the same as those in the neighboring sea
areas of the West Pacific Ocean. The distribution pattern. of major elements (oxides) in sediments follows SiOz >
ALOs > Fe03 > Na,O > MgO > K»0 > CaO > MaO >Ti0: > P20s.  SiO: has the highest content of all major
elements, with an average of 49.14%, followed by Al,O;, with an average of 15.85%. The trace element with the
highest content was Ba, with an average of 770x10, followed by Cu, with an average of 289x10-°. The average of
total rare earth elements (3REE) is 284x10, which is light rare earth-rich type, with the highest Ce, Nd, and La
contents. [Discussions] Pringipal €omponent analysis of elements shows that the composition of chemical
elements can be divided into fourcategories: The first type is closely related to rare earth elements, including most
rare earth elements (except Ce), P2Os, and TiO», the second type is related to Fe-Mn micronodules, including
Fe203, MnO, Cr, Co, Ni, Cu, and Ba, the third type is related to terrigenous debris, including Al2O3, MgO, SiO2, U,
Hf, Th, and Ce, and the fourth type is related to biological sources, including Cd, CaO, and Mo. [Conclusion] The
element combination indices (Si/Al, Fe/Al, La/Tb, Th/Sc, etc.) and projection diagrams (La-Th-Sc triangle
diagram and La/Th-Hf bivariate diagram) further revealed that the sediments sources were dominated by
terrigenous materials, particular terrestrial aeolian dust materials. Furthermore, the Chemical Index of Alteration
(CIA) indicates that the parent rocks in the sediment source area are in low-medium chemical weathering
conditions. The redox sensitive elemental (Cr, Ni, V, U, Th, etc.) combination reveals that the bottom sedimentary
environment in the study area was oxidation-weak oxidation environment. This study has reference significance
for understanding the influence of the Asian aeolian dust on the sediment provenance of the East Mariana Basin,
revealing the sedimentary environment characteristics of the basin and the distribution of seabed mineral
resources.

Key words: East Mariana Basin; surface sediment; element geochemistry; sediment provenance
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