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Geochemical records of hydrothermal fluids in corals: Evidence of rare earth elements from coral reefs in the
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Abstract: The contents, distribution pattern and elemental anomalies of rare earth elements in carbonates are the records of surrounding water.
Corals are characterized by high resolution and high stability of rare earth elements and may faithfully record the geochemical characteristics of
the surrounding seawater. In this paper, we analyzed the coral reefs from 142 to 84 ka collected from the Yongxing Island of the Xuande Atoll
of Xisha Islands, South China Sea. Trace element contents, especially the rare earth element contents and their distribution patterns are used in
this paper to determine the characteristics of the sea water, in which the coral reefs grew. Results show that, since 142 ka, most of the coral reefs
in the Yongxing Island has a normal rare earth element distribution pattern of marine carbonates, characterized by LREE depletion, negative Ce
anomalies and high Y/Ho ratios, indicating an environment of open shallow sea. In contrast, the coral skeletons in depth of 23 m 114 ka have
similar LREE depletion, negative Ce anomalies and high Y/Ho ratios, but positive Eu anomalies. This suggests that certain amount of

hydrothermal fluid has been input during the growth of corals. Based on the model calculations, it is inferred that at least 0.1% of hydrothermal
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fluid has been added to the open seawater during that time. The hydrothermal fluids may be related to the volcanic activities observed at

Gaojianshi island or Hainan island.

Key words: coral; rare earth element; Eu anomaly; hydrothermal solution; South China Sea
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Fig.2 Stratigraphic column (A), samples of Porites skeleton fossil (B) and its X-ray photos (C)
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Table 1 Mineral phase composition of coral reef samples

Fims TR /m A% Tr A%
18.40 18.40 76.4 23.6
22.80 22.80 100 -

23 23 76.3 23.7
27.75 27.75 43.6 56.4
31.20 31.20 - 100
41.80 41.80 - 100
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Fig.3 Macroscopic hand specimens and micrographs of coral reefs in the study area
A. Macro photo of coral skeleton limestone; B. Coral skeleton limestone, single polarized light; C. Macro photo of red algae bound limestone; D. Red algae
bound limestone, single polarized light; E. Macro photo of bioclastic limestone; F. Bioclastic limestone, single polarized light; G. Macro photo of bioclastic

marl; H. Micritic bioclastic limestone, single polarized light.
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Fig.4 X-ray diffraction pattern of coral reef samples

Ar. aragonite, C. calcite. A. Bioclastic limestone at 18.40 m; B. Coral skeleton at 22.80 m; C. Porites skeleton fossil at 23 m; D. Bioclastic limestone at 27.75 m;

E. Bioclastic limestone at 31.20 m; F. Red algae bound limestone at 41.80 m.
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Table 2 **U-’Th dating results of some corals (including Porites skeleton fossil) in core column
Bedhs U (x10°)  2Th (x10)  §#U* (R BOThAEY U™ (RRIEJF) i /ka RLIE G4 /kaBP
YL-1835 1670+1.1 24 128+52 114+1.1 0.606 4+0.000 745 144+1.4 84.18+0.206 83.82+0.277
YL-1890 2 766+1.8 1417+44 109+1.0 0.723 8+0.000 900 150+1.3 112.40+0.305 112.38+0.305
YL-2175 2 400+1.3 741437 109+1.8 0.743 1+0.001 038 151+2.5 117.74+0.473 117.73+0.473
YL-2300 2 480+1.3 398441 113£1.0 0.734 2+0.000 812 156+1.4 114.36+0.299 114.35+£0.30
YL-2495 1222+0.9 942+46 107+1.2 0.821 4+0.001 177 160+1.8 142.49+0.540 142.47+0.540
YL-3011 3108+2.2 111 312+143 104=£1.0 0.795 9+0.000 981 152+1.4 134.64+0.412 133.73+0.615
YL-3650 1 888+1.2 14 549+45 85+1.1 1.063 0+0.001 193 220+3.8 337.10£3.71 336.92+3.71
YL-4285 924+0.7 6 890+47 89+1.2 1.007 3+0.001 333 183+2.6 255.73+1.837 255.54+1.839
YL-4605 951+0.7 594+40 88+1.1 0.982 6+0.001 357 171+2.2 234.82+1.47 234.80+1.47
YL-4850 963+0.7 579+48 82+1.0 0.986 6+0.001 279 163+2.2 243.85+1.53 243.84+1.53
YL-5015 509+0.4 184440 92+1.3 0.894 8+0.001 208 152+2.2 177.96+0.848 177.95+0.848
YL-5530 1816+1.1 158+47 88+1.0 0.962 6+0.001 209 163£1.9 220.19+£1.135 220.19+1.135
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Table 3 Major element test results Cunit: %)

FESZ R Al 04 CaO K,0 MgO Na,O P,05 [ TR SiO,
2-6 0.03 48.62 0.02 0.15 0.53 - 000-1 0.034
2-16 0.03 422 0.01 0.12 0.44 0.01 000-2 0.016
5-1 0.01 43.88 0.01 0.17 0.59 - 000-3 0.078
5-8 0.01 43.24 0.01 0.17 0.59 - 000-4 0.031
9-1 0.01 43.6 0.01 0.25 0.59 - 000-5 0.044
9-8 0.01 45.2 0.01 0.24 0.67 - 000-6 0.020
15-1 0.01 43.62 0.01 0.24 0.6 - 001-1 -
15-8 0.01 42.97 0.01 0.24 0.6 - 001-2 0.011
19-1 0.01 52.1 0.02 0.33 0.81 - 001-3 0.057
19-11 0.01 52.4 0.02 0.3 0.99 - 010-1 -

18.75-2 0.01 54.05 - 0.66 0.21 0.08 010-2 -
20.00-1 0.02 53.79 0.01 0.46 0.32 0.05 010-3 -
20.00-2 0.02 53.83 0.01 0.15 0.51 0.01 021-1 -
20.25-1 0.02 63.04 0.01 0.27 0.58 0.01 021-2 0.033
20.25-2 0.01 55.06 0.01 0.45 0.32 0.03 021-3 0.008
21.05-1 0.01 53.09 0.01 0.16 0.53 0.01 034-1 0.004
21.90-2 0.03 57.59 0.01 0.33 0.43 0.04 034-2 0.011
22.75-2 0.01 54.21 - 0.82 0.36 0.05 034-3 0.020
23.40 0.01 54.16 - 0.25 0.27 0.05 039-1 0.015
24.00-1 0.01 53.17 0.01 0.5 0.4 0.02 039-2 0.018
24.00-2 0.01 53.05 - 0.82 0.17 0.04 039-3 -
25.25-1 0.02 53.61 0.01 0.56 0.38 0.05 054-1 0.028
25.25-2 0.02 54.85 - 0.64 0.16 0.04 054-2 0.011
26.55-1 0.01 54.68 - 0.3 0.25 0.02
26.55-2 0.01 54.06 0.01 0.13 0.36 0.01
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A. Core column samples, B. Porites skeleton fossil samples.
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Table 5 Trace element content Cunit: x107°)

R Tm Yb Lu Sc Mn Fe Ni Cu Zr Pb U
BLANK-1 0.000 0.000 0.000 0.000 0.001 0.179 0.017 0.029 0.006 0.005 0.002
BLANK-2 0.000 0.000 0.000 <LOD 0.002 0.294 0.010 0.013 0.005 <LOD 0.001
GSR-12 0.012 0.070 0.010 0.064 62.169 619.126 74.563 7.958 0.096 1.289 0.074
JDO-1 0.050 0.273 0.038 0.180 51.294 76.914 2.340 0.443 0.118 0.319 0.549
2-1 0.001 0.004 0.001 0.030 2.493 73.733 51.168 82.984 0.029 0.134 1.747
2-10 0.001 0.004 0.001 0.034 0.728 33.919 64.113 3.305 0.022 0.058 1.969
5-8 0.000 0.002 0.000 0.026 0.707 - 1.639 1.041 0.015 0.266 1.804
9-1 0.000 0.003 0.001 0.034 1.765 - 1.553 2.762 0.015 0.262 2.203
12-1 0.000 0.002 0.000 0.038 1.292 1.980 1.149 2.666 0.017 0.084 1.658
12-7 0.000 0.002 0.000 0.039 0.988 1.711 1.100 1.584 0.017 0.119 1.861
22-1 0.000 0.002 0.000 0.033 1.118 2.367 1.049 1.606 0.022 0.114 1.783
22-12 0.000 0.002 0.000 0.032 1.266 3.013 1.533 2.040 0.024 0.112 1.918
18.60-1 0.009 0.055 0.009 0.075 35.654 6.444 9.838 1.059 0.099 0.331 1.725
18.75-2 0.011 0.074 0.012 0.084 23.330 - 3.154 4.937 0.080 0.511 2.285
18.95-2 0.015 0.090 0.014 0.099 30.505 9.423 2.182 0.604 0.139 0.372 1.015
19.25-2 0.001 0.009 0.001 0.051 3.023 2.456 0.796 1.325 0.038 0.065 2.054
19.70-1 0.008 0.050 0.008 0.089 12.991 6.245 3.862 1.797 0.174 0.261 1.383
19.70-2 0.009 0.057 0.009 0.126 12.201 15.666 7.191 2.555 0.651 0.293 1.783
20.00-1 0.009 0.051 0.008 0.112 13.065 - 9.656 0917 0.582 0.363 2.161
20.25-1 0.002 0.010 0.002 0.045 5.453 3.263 3.261 8.437 0.039 0.155 2.224
20.25-2 0.006 0.035 0.006 0.075 24.240 8.048 1.443 5.293 0.098 0.258 2.112
21.05-1 0.001 0.005 0.001 0.033 2.548 - 5.812 13.849 0.019 0.160 2.780
21.05-2 0.006 0.035 0.005 0.078 13.212 4.427 2.597 13.135 0.057 0.230 1.641
21.90-1 0.001 0.006 0.001 0.046 1.020 4.089 1.174 1.839 0.020 0.042 1.784
21.90-2 0.010 0.058 0.009 0.061 10.913 - 0.688 1.520 0.150 0.788 2.708
22.75-2 0.010 0.064 0.010 0.107 17.480 5.726 0.725 4.369 0.101 0.396 1.723
23.40 0.005 0.026 0.004 0.045 3.529 2.209 0.905 0.478 0.070 0.200 1.974
23.50 0.003 0.019 0.003 0.040 2.536 1.934 0.459 0.630 0.064 0.181 1.964
24.00-1 0.005 0.031 0.005 0.054 5.503 4.197 0.595 3.818 0.065 0.207 1.639
24.00-2 0.009 0.052 0.008 0.072 9.951 5.948 0.720 3.302 0.090 0.343 1.173
25.25-1 0.009 0.055 0.008 0.074 7.101 4.257 2.776 15.709 0.108 0.319 1.627
25.25-2 0.008 0.049 0.008 0.067 8.883 4.157 1.359 16.578 0.102 0.342 1.151
25.76-1 0.004 0.021 0.003 0.050 4.696 2.398 0.536 0.488 0.042 0.146 2.683
25.76-2 0.012 0.070 0.011 0.085 8.654 5.156 0.712 0.768 0.134 0.408 1.966
26.55-1 0.003 0.016 0.002 0.048 3.130 4.850 0.666 0.947 0.048 0.116 1.594
26.55-2 0.001 0.003 0.000 0.028 1.165 - 1.181 0.539 0.039 0.110 2.590
27.55-1 0.018 0.101 0.016 0.109 14.908 5.549 0.726 0.695 0.148 0.514 1.299
27.55-2 0.011 0.062 0.010 0.091 10.275 4.326 0.646 0.883 0.108 0.427 2.101
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Scanning electron microscope picture of Porites skeleton fossil

A. coral skeleton at 23 m (134x), B. aragonite at 23 m (500X), C. coral skeleton at 22.80 m (989x), D. aragonite at 22.80 m (3.00kx).
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