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Mineral composition, inclusions and trace element characteristics of Shuikeng
Stone from Shoushan, Fujian Province

DENG Yu-qing and CHEN Tao
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Abstract: Infrared (IR) spectroscopy, X-ray powder diffractometry ( XRD), scanning electron microscope ( SEM),
laser Raman spectroscopy and LA-CP-MS were used to study the mineral composition, inclusions and trace element
characteristics of Shuikeng Stone from Shoushan, Fujian Province. The results of IR spectroscopy and XRD indicate
that the main mineral of Shuikeng Stone is dickite, with nacrite, pyrophillite and illite also detected in Shuikeng
Stone as accessory minerals. The crystal particle size of the turnip vein is smaller than the particle size of dickite
matrix, and the crystal particles are arranged non-directionally. The dark granular minerals with metallic luster ex-
ist in two different forms, i.e., euhedral and anhedral, and are embedded in the dickite matrix. The result of Ra-
man spectroscopy analysis indicates that the turnip vein consists of svanbergite, and the mineral composition of dark
granular minerals is pyrite. A comparison of the trace element characteristics between Shuikeng Stone, Gaoshan
Stone and Tianhuang Stone shows some differences between them. The discriminant criteria of Gaoshan Stone,

Shuikeng Stone and Tianhuang Stone are established by SPSS, and the three kinds of samples can be separated by
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these criteria. The estimated value of discriminant accuracy for a new sample is 90. 8% . The difference between

LREE and HREE in Shuikeng Stone is not very obvious, and the content of LREE in Shuikeng Stone is not rich.

The primary ore-forming environment of Shuikeng Stone was a reducing environment. The turnip vein and the pyrite

are both primary inclusions. Secondary environment caused the difference of trace elements between Gaoshan

Stone, Shuikeng Stone and Tianhuang Stone. Groundwater environment caused the migration of LREE. These

differences can be used to identify the three kinds of Shoushan Stone.
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Fig. 5 Inclusions in samples under the gemological microscope
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a—turnip veins Cindicated by white arrows); b—euhedral dark granular minerals (indicated by white arrows); c—anhedral dark granular

minerals Cindicated by white arrows)
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a—turnip vein in GS-1; b—turnip vein in KT-4; c¢—euhedral dark granular inclusions in KT-11; d—anhedral dark granular inclusions in KT-11
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Fig. 9 Discrimination plots of Gaoshan Stone, Shuikeng

Stone and Tianhuang Stone
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Table 3 Representative rare earth element composition of Gaoshan Stone, Shuikeng Stone and Tianhuang Stone

PES S LREE S HREE S LREE/ ¥ HREE (La/Sm) (Gd/Yb)y
GS-Al-1 5.866 0 0.2797 20.975 8 12.067 3 5.7390
GS-A1-2 32.586 3 2.458 4 13.254 9 10. 646 2 1.1120
GS-A1-3 11.819 4 0.480 6 24.593 0 13.679 2 9.643 6
GS-A3-1 5.5227 0.062 6 88.181 0 21.4959 0
GS-A3-2 0.248 8 0.093 5 2.662 1 1.286 6 -
GS-A3-3 0.038 5 - - - -
GS-Bl-1 0.095 0 - - - -
GS-B1-2 812.675 3 4.103 6 198.037 2 96.360 6 -
GS-B13 3.860 1 0.062 8 61.482 2 - -
CS-B2-1 0.391 4 0.024 0 16.274 0 - -
CS-B2-2 1090.474 4 11.062 1 98.577 2 21.217 3 83.011 1
¢S-B23 0.944 0 0.0515 18.327 0 - -
GS-C2-1 0.923 7 0.083 1 11.113 6 4.315 4 1.968 3
6S-C22 0.362 7 0.1347 2.692 2 - 1.958 4
6S-C23 60.388 0 0.744 0 81.165 7 22.060 4 9.255 6
GS-C4-1 180.067 0 2.094 8 85.960 6 27.251 4 23.264 7
GS-C4-2 510.487 3 6.211 1 82.189 4 20.840 0 70.888 5
GS-C4-3 0.679 8 0.1389 4.893 0 3.551 1 1.919 2
KT-21-1 0.306 7 0.2615 1.172 8 - -
KT-21-2 0.179 0 0.256 0 0.699 0 - -
KT-21-3 1.806 6 0.1111 16.262 3 4.865 8 -
KT-22-1 1.219 1 0.399 3 3.053 3 9.463 2 -
KT-22-2 1.586 2 0.091 1 17.404 6 0.807 5 -
KT-22-1 1.628 4 0.231 0 7.050 0 0.654 8 -
KT-23-1 1.688 7 0.186 2 9.068 8 - -
KT-23-2 7.3355 0.156 8 46.793 2 9.799 4 -
KT-23-3 3.067 1 0.238 8 9.0529 3.1190 20.246 6
KT-24-1 3.2299 0.474 1 6.813 1 1.966 9 3.207 2
KT-24-2 5.069 1 0.426 7 11.880 0 1.890 9 0.298 1
KT-24-3 1.919 0 0.3199 5.998 7 - 2.049 4
KT-25-1 1.250 3 0.153 4 8.152 4 - -
KT-25-2 1.2427 0.296 2 4.1958 0.903 8 -
KT-25-3 1.099 4 0.076 3 14.416 8 1.173 3 -
KT-26-1 8.073 4 0.368 2 21.925 6 5.978 3 0.544 9
KT-26-2 1.587 6 0.051 1 31.046 8 0.519 1 -
KT-26-3 1.743 0 0.129 8 13.433 1 0.4113 -
KT-27-1 1281.635 0 15.012 8 85.369 5 18.646 3 48.962 8
KT-27-2 3839.644 9 38.918 4 98.658 8 22.285 7 179.346 7
KT-27-3 149.136 9 2.763 5 53.965 9 30.566 0 8.248 3
KT-28-1 1.540 2 0.359 7 4.281 4 0.656 0 -
KT-28-2 14.429 3 0.045 6 316.521 6 33.652 8 -
KT-28-3 84.380 2 0.881 6 95.714 8 84.036 1 2.439 6
KT-29-1 0.740 7 0.448 8 1.650 40 1.368 3 -
KT-29-2 26.100 3 0.5329 48.977 2 7.094 9 10.868 7
KT-29-3 1 850.202 4 19.436 0 95.194 5 10.050 1 34.146 4

THI-I 27.971 6 0.608 7 45.956 0 15.469 8 11.490 3

THI-2 178.480 6 2.248 6 79.373 1 21.953 2 52.984 4

TH2-1 192.982 7 1.805 8 106.868 5 110.748 6 16.925 9

TH2-2 60.051 4 0.613 1 97.947 6 84.780 8 2.364 6

TH4-1 3291.876 8 42.088 3 78.213 5 99.210 4 -

TH4-2 54.909 5 0.351 156.445 6 48.365 3 -

TH4-3 143.645 2 2.716 9 52.871 4 62.215 3 -

TH7-1 215.735 4 3.9776 54.237 1 92.274 7 -

THT7-2 51.319 1 0.740 1 69.345 2 60.269 5 2.6339

TH7-3 271.361 0 2.986 8 90.854 7 188.540 8 -

THS-1 924.178 7 18.850 4 49.027 1 21.480 5 35.904 9

TH8-2 1.153 6 0.119 4 9.658 9 - -

TH9-1 4.2025 0.301 9 13.920 0 - 3.047 6

TH9-2 515.478 1 4.958 1 103.967 3 63.706 5 39.814 7
TH10-1 68.589 4 0.887 7 77.264 1 49.329 1 -
TH102 49.754 5 0.544 6 91.356 7 29.202 1 -
THI1-1 284.516 6 11.022 6 25.8120 8.9713 122.244 6
THI1-2 442,084 4 30.596 4 14.448 9 9.432 1 5.268 5
THI2-1 300.535 9 2.687 3 111.836 9 107.070 8 12.729 8
THI2-2 20.409 1 0.093 5 218.215 5 - -

W GS—miiAy, KT—/KYifr, TH—H ¥,
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Fig. 10 Chondrite-normalized REE patterns ( standardized chondrite REE data after Boynton, 1984)
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