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(a) The front photograph of the sample; (b) The back photograph of the sample; (¢), (d) The local enlarged photographs

Fig. 1

of the sample; (e), (f) Microscopic photographs. showing metallic luster on the surface of impurity minerals
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Fig. 3 Composition test results of inclusion minerals
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Fig. 4 (a), (b) backscattered images; (¢) EPMA test point; (e), (f) EDS analyses

R1 FERTMHR TR MLLER

Table 1 EPMA results of inclusion minerals

Al O Se Co Fe K P S Cu Ba Total

Wt%
BX06-1 4.13 10. 79 79. 34 0. 04 0.31 0.08 2. 40 0. 06 2. 04 0.11 99. 30

BX06-2 0. 95 4.01 87.97 0.03 0. 31 0.02 0. 66 0.03 1. 30 0. 15 95.42
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34 it

(DS AP IR BEIRTTD PSS ER /N, BELHE
MR L O R G R, SRR YIRS A TE R AN A T, A R
RSO 2R T 4 R G

(DOBINA P IRBETTTT Y EZ Ry AR, Hd Se &
HOR 79.34% ~87.97%, LANEH A AR AL P,
Cu, Ba, Fe fil Ca &SN AT HE Wt R Bt



2256 i 2% 5 61 43 Hr %41 %

2o 3 2 L 2N TR A 0 R AE B2 0 L F 144 R 235 SRR R AT RE AR B O I O AR T

em BT . R B S B G AR AL iz £ i e RS Al 2% BT ) DOAEW AL B RN AT P R AR T W 9. 455
HERTFR L3R S R 5 2 3t M S B AR A8 R S A L A R

(OGMA KB OZTT Y PR BRTORE T /A H il 5 YRI5 2 R IE 8 A5 BR 5 MOl 25 4 T G A 7 7 st 4R A1 o
A W-J7 WA g KA 72 A BT T IR AT R e e KU BLRKR .

References

[1] LI Yan-xiang, XIAN Yi-heng(Z=1E+¥E, SE4445). Sciences of Conservation and Archaeology (U547 5% BF2%) , 2015, 27(2): 102.

[ 2] CHEN Ting, DI Jing-ru(}% %, 2k ). Comparative Study on the IR and Raman Spectra of Turquoise From Different Origins (A [A] 7
HiL WA AT 21 A6 5 RS e R X LB FE). Proc of International Gems and Jewelry Academic Conference 2012(2012 [E R ¥k 55 2 AR 2318
), 20120 99.

[ 3] SHE Ling-zhu. QIN Ying, LUO Wu-gan, et al(x¥¥. & #H., ZiXT, %). Chinese Rare Earths(#i+), 2009, 30(5): 59.

[4] HE Xu, CHEN Lin, LI Qing-hui, et al(fif 1, F& #k, Z#H <, 4. Rock and Mineral AnalysisCE# 3% . 2011, 30(6): 709.

[ 5] XIAN Yi-heng, LI Yan-xiang, TAN Yu-chen, et al(JE{4 %5, ZEFE, BF)E, %), Spectroscopy and Spectral Analysis (%% 2% 5% %
SH) . 2016, 36(10); 3313.

[ 6] FU Bao-guo, HOU Qing-ya(f} 5 [#, {7 Il.). Huabei Land and Resources(#]t [ + %), 2017, 80(5): 33.

[ 7] Bindi L, Cipriani C, Pratesi G. et al. Journal of Alloys and Compounds, 2008, 459(1-2): 553.

[ 8] LI Sheng-rong(Z=k 7). Crystallography and Mineralogy (%% 2% 585 #)2%). Beijing: Geological Publishing House (4t 5% : Hbu it H4 b4t »
2008. 153.

[ 9] LI Ya-guang(Z=i)%). Identification and Appreciation to Cultural Relics(3CH) %5 5 %5, 2017, (6): 82.

[10] ZHU Jian-ming, ZHENG Bao-shan, LIU Shi-rong, et al CREEW], FFE 1L, XIHE, 55). Acta Mineralogica Sinica(8"#J%#4)) » 2000, 20
(4): 15.

Spectral Study on Natural Seleniumin Turquoise From Shiyan, Hubei
Province

KU Ya-lun', YANG Ming-xing" ** , LIU Jia', XU Xing'
1. Gemmological Institute, China University of Geosciences, Wuhan 430074, China

2. Gem Testing Center, China University of Geosciences, Wuhan 430074, China

Abstract Recently. there is a kind of turquoise with gray black impurity in turquoise market of Hubei Province, which has been
studied very little. This study selected a turquoise protolith from Shiyan, Hubei Province. Blue basal turquoise is covered with
dark gray inclusions of different shapes and sizes. The magnified observation shows that dark gray inclusions minerals have a
metallic luster. The dark gray inclusions have been measured by in situ micro-element analysis with LA-ICP-MS, phase
observation with back scattering electron image, principal quantitative chemical composition analysis using EDS for
semi-quantitative testing and EPMA for quantitative testing, and micro-laser Raman spectrometer testing. The test results show
that: The LA-ICP-MS results of dark gray inclusion minerals are influenced by the diameter and depth of the laser ablation spot.
The results show that the chemical composition is a mixture of dark gray inclusion minerals and a small amount of turquoise. Se
in dark gray inclusion minerals content is 95 927~221 394 pg + g ', which is obviously higher than that in blue basal turquoise
(146~212 pg » g '). The content of CuO in dark gray inclusion minerals is 7. 47% ~9. 28%, the content of Al,O; is 28. 1% ~
35.7% ., and the content of P,O; is 30. 1% ~37.8%. In dark gray inclusion minerals CuO content is 7.47% ~9.28% ., AL O,
content is 28. 1% ~ 35.7%, P,O; content is 30.1% ~ 37.8%, which are caused by a small amount of turquoise mixture.
Backscatter electron images show that the crystalline particles of inclusion minerals are fine and mix with turquoise, and hetero-
morphic inclusion minerals are aggregates formed by multiple crystals. The results of EDS show that inclusion minerals mainly
contain Al, P, Fe, Cu and Se. Quantitative analysis of principal chemical components by EPMA shows that inclusion minerals
mainly contain Se, with a content of 79. 34 % ~87. 97%. In addition, due to the fine crystalline particles of inclusion minerals, in
the aggregates, inclusion minerals are mixed with turquoise. Therefore, Al, P, Fe and Cu of turquoise can also be found in the
quantitative determination of chemical composition. Al content is about 0. 93% ~4. 13% , Cu content is about 1. 30 % ~2. 04 % ,

P content is about 0. 66 % ~2.40% , Fe content is about 0. 31%. The micro-laser Raman spectra of inclusion minerals are sharp
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peaks at 144 and 235 ecm '. The inclusion mineral is mainly natural selenium, according to the results of chemical composition
spectroscopy. Selenium minerals is a newly discovered inclusion mineral in turquoise. The discovery of natural selenium, an
inclusion mineral in turquoise, can provide an effective basis for the identification of turquoise by jewelry practitioners.
Keywords Spectroscopic characteristics; Turquoise; Natural selenium; Chemical composition; Raman spectroscopy
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