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Fig. 1 Schematic diagram of the sampling point position of the
Core GC11
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Tab.1 The results of smear identification of sediments in Core GC11
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Tab.2 Rare earth element content of the post-Athena average shale in Australia™”
JLH La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
ER/107° 38.2 79.6 8.83 33.9 5.55 1.08 4.66 0.774 4.68 0.991 2.85 0.405 2.82 0.433 27

11.27%, 45 FE it U R FREH WL 3.
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Tab.3 Characteristic values of main elements (wt%)

AlO4 CaO TFe,0; K,0 MgO MnO Na,O P,05 SiO, TiO, LOI

SFRIE 16.40 1.32 8.90 2.53 3.06 2.53 3.31 0.56 49.60 0.71 10.48
RARAE 16.95 1.40 9.20 2.80 3.22 2.63 4.02 0.60 50.78 0.75 11.27
R/ME 15.42 1.24 8.52 2.39 2.80 2.37 2.46 0.51 48.91 0.66 9.72
i 0.42 0.03 0.20 0.14 0.12 0.08 0.35 0.03 0.43 0.03 0.37
H2 12.32 1.04 5.95 2.52 2.25 1.58 5.51 0.30 56.26 0.46 11.37
H5 13.57 1.09 6.16 2.97 2.02 1.62 4.04 0.32 58.04 0.47 9.55

H: LODR B . H2RMFLIR N 15 em; HSJZ A FLIR NS5 em. TFe,04/CR Mk & .

LOI/% ALO,/% Ca0/% TFe,0,/% K,0/% MgO/% Na,O/% P,0/% Si0,/% TiO,/%
8.0 10.012.0 10.0  20.00.80 1.201.60 5.0 7.5 10.02.00 2.50 3.001.003.005.002.004.006.00 0 0.50 1.00 45.0 55.0 0 0.501.00
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Fig. 2 Vertical distribution characteristics of main elements in the Core GC11
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Tab.4 Contents of trace elements and rare earth elements in the Core GC11 (10°%)

Ba Co Cr Cs Cu Ga Hf In Li Mo Nb Ni
SFME 1631 205.67 41.06 5.16 441.72 2409  5.01 0.14 59.54 57.01 13.12 516.67
2 N1 2250 224.00 51.00 5.49 474.00 2550 5.40 0.16 71.20 68.20 14.30 556.00
R/ME 1200 182.50 38.00 477 386.00 2220 450 0.13 51.20 33.00 11.80 467.00
i 2 267 9.15 2.69 0.19 22.77 0.94 023 0.01 5.67 7.76 0.64 24.14
H2 1480 136.50 27.00 439 286.00 1670 3.50 0.10 38.60 20.40 9.90 342.00
H5 1205 136.50 27.00 5.50 293.00 1870 420 0.11 42.90 20.60 11.40 323.00
Pb Rb Sc Sr Ta Th U \% w Zn Zr
FEIH 80.39 83.04 25.89 202.78 0.92 19.81 227 12561 9.19 146.39 194.39
RRME 89.30 90.60 27.90 215.00 1.09 2230 246 133.00 10.10 152.00 211.00
HR/ME 72.70 78.60 23.40 190.00 0.77 1770 198  115.00 8.20 137.00 177.00
b2 4.56 3.09 1.35 7.09 0.10 152 0.14 4.97 0.60 4.82 9.25
H2 65.80 83.30 19.20 162.00 0.79 1775 2.03 84.00 9.10 112.00 129.00
H5 69.10 107.50 18.50 159.50 0.94 21,70 258 82.00 9.00 106.00 145.00

T HYZ LR A 15 em; HSJZ A FLIER M55 em.,

REY/10°¢ Co/10°¢ Cu/10°¢ Mo/10°¢ Ni/10¢ Th/10°¢ u/10°° V/10°¢ Zn/10°°
200 7001200100 200 300 200 400 600 0 50 100200 400 600 10.020.030.0 1.002.00 3.00 40 80120160 50100150200
0 == == —_— = Pl
H2
50 H5
g
2
100
1SS
150
200

Kl 3 GC11 ALl o i T 3R ARG 70 3R 3 B 70 A R AiE
Fig. 3 Vertical distribution characteristics of trace elements and rare earth elements in the Core GC11
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Fig. 4 The average enrichment factors of trace elements in the Core GC11
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
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Fig. 5 Average enrichment factor and comparison of rare earth
elements in GC11, DSDP213 and GCO02 cores
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H2:15 cm below seafloor; H5: 55 cm below seafloor
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JCEFFIE—B . W L oCRAEDIRRIE b4 A 345,
fEH2 M HS 2y EREREWRMTHMWZEN. 5
B VE O A 1 HAL TR W & O B3, AR5
GC11 LAY Al 00 R 1 & 4 R 508 I 4R
1) GCO2 L, T 5 7 B BE 3 IR Wi 1 4 DSDP213
FDHIAY, WWES,
42 HWITRFEEMBESER
FLUUBY PG e R AR EE LR 5. Bk
U, # +OC R P RHAE (A AR b SEA —3, GC11 T

£S5 BITEBMTE (BRXATERAHEREHTE (PAAS) I3—1, PAAS #iES & 0wk [10] )

Tab.5 Rare earth elements characteristic values (post-Archean Australian Shale (PAAS) normalized, PAAS data refer to reference[10])

JEfi/fem  YREY/10°° 5Ce SEu (La/Gd)y  (La/Yb)y  LREE/MREE LREE/HREE MREE/HREE

HI 0~10 735.56 0.87 1.08 0.40 0.53 425 13.07 3.07
H2 10~20 400.64 1.06 1.04 0.41 0.58 485 15.64 3.23
3 20~30 679.22 0.89 1.07 0.39 0.52 433 13.24 3.06
H4 30~40 711.97 0.88 1.10 0.43 0.56 4.44 13.77 3.10
HS 40~50 457.12 1.06 1.02 0.43 0.58 4.92 15.31 3.11
H6 50~60 647.70 0.88 1.07 0.40 0.55 436 13.65 3.13
H7 60~70 636.13 0.91 1.08 0.40 0.56 4.45 14.23 3.20
HS 70~80 619.32 0.93 111 0.40 0.59 445 14.57 3.27
H9 80~90 707.86 0.85 1.08 0.41 0.54 425 13.16 3.09
H10 90~100 680.30 0.89 1.06 0.41 0.55 437 13.62 3.12
HI1 100~110 682.17 0.83 1.07 0.39 0.51 4.12 12.70 3.09
HI12 110~120 742.74 0.84 1.08 0.40 0.57 4.24 13.75 3.24
HI3 120~130 651.93 0.89 1.08 0.38 0.51 4.20 12.97 3.09
H14 130~140 738.42 0.84 112 0.40 0.55 4.26 13.48 3.16
HI15 140~150 635.25 0.88 1.10 0.40 0.52 436 13.29 3.04
H16 150~160 705.34 0.80 1.07 0.39 0.53 4.14 12.96 3.13
H17 160~170 691.36 0.85 111 0.41 0.56 4.26 13.46 3.16
HI8 170~180 692.79 0.86 1.10 0.42 0.58 4.44 14.05 3.16
H19 180~190 707.43 0.85 113 0.42 0.58 438 13.92 3.18
H20 190~200 644.98 0.85 1.07 0.39 0.53 4.18 13.13 3.14
Min / 400.64 0.80 1.02 0.38 0.51 4.12 12.70 3.04
Max / 742.74 1.06 113 0.43 0.59 4.92 15.64 3.27
Ave / 658.41 0.89 1.08 0.40 0.55 436 13.70 3.14
GC02 / 1072.17 0.56 1.13 0.42 0.63 3.72 12.02 3.24
DSDP213 / 628.22 0.81 1.08 0.41 0.49 421 11.60 2.77
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Fig. 6 Sample vs. post-Archean Australian Shale (PAAS) nor-
malized partitioning pattern of rare earth elements and comparis-
on with other regions of rare earth-rich deep sea clay
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The geochemical characteristics of rare earth elements rich deep sea deposit
of Core GC11 in central Indian Ocean Basin

Zhang Xiaoyu'?, Huang Mu**, Shi Xuefa**, Huang Dasong'

(1. School of Earth Sciences, Zhejiang University, Hangzhou 310027, China; 2. Ocean College, Zhejiang University, Zhoushan 316021,
China; 3. Key Laboratory of Marine Sedimentary and Environmental Geology, First Institute of Oceanography, Ministry of Natural Re-
sources, Qingdao 266061, China; 4. Laboratory for Marine Geology and Environment, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China)

Abstract: Measurement of major elements, trace elements and rare earth elements (REY) for sediment Core GC11
collected in the central Indian Ocean Basin were performed. Based on the analysis of interelemental correlation,
REY enrichment and post-Archean Australian Shale (PAAS) normalization style, the factors impacting the REY en-
richment are discussed. The study suggests that: the total amount of REY varies from 400.64x10°° to 742.74x10°¢,
with an average of 658.41x107%, which is slightly lower than that of Core GC02, however, is equivalent to that of
the zeolite-bearing rich deep-sea deposit in the Core DSDP213 . The sediment exhibits distinct negative abnormal
5Ce and lower (La/Yb)y N 0.42, with obvious positive correlation between REY and P,O;. The average value of
CaO/P,0; ratio is 2.3, demonstrating that the bio-apatite may be the main host mineral of REY. Although there is
positive correlation between REY and Fe and Mn, hydroxyl hydrate of Fe and Mn have low impact to the enrich-
ment of REY for the distinct negative abnormal 6Ce. The mixture with the terregeneous materials maybe the main

cause inducing the differences of REY enrichment degree, 6Ce and PAAS normalization style.

Key words: REY rich deep sea deposit; REY geochemical characteristics; material sources; central India Ocean Basin;
Core GC11



