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Gemological and mineralogical characteristics of LLaos Tianhuang Stone
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Abstract: In this paper, the authors studied the gemological and mineralogical characteristics of Laos Tianhuang
Stone by means of hydrostatic weighing method, X-ray powder diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), whole-rock chemical analysis, environmental scanning electron microscopy (ESEM) and
laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). The results indicate that the sam-
ples are mainly composed of dickite which belongs to kaolinite group minerals. According to whole-rock chemical
analyses, Fe is the main trace element contributed to Laos Tianhuang Stone. The size of particle and degree of
crystallization of minerals are associated with the transparency of samples, and the samples with high transparen-
cy are usually small particles with high crystallization. A comparison of chemical compositions between Laos
Tianhuang Stone and Tianhuang shows that the content of Ga in Laos Tianhuang Stone is higher than that in
Tianhuang, whereas the values of Co, Rb, Ni are obviously lower than those in Tianhuang. The element con-
tent can be used to perform synthetic origin identification. Plots of Co-Ga, Rb-Ga, Ni-Ga can be used to distin-
guish Laos Tianhuang Stone from Tianhuang. Laos Tianhuang Stone is rich in light rare earth elements( LREE)
and poor in heavy rare earth elements(HREE) .
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Table 1 Description of Laos Tianhuang Stone
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Fig. 1 XRD patterns of Laos Tianhuang Stone
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Table 2 Analysis of XRD data of samples

WO-H-1 WO-H-2 WO-H-3
20/° d/A xR 20/° d/A SR 20/° d/A IR ]
12.28 7.20 D/N 12.28 7.20 D/N 12.28 7.20 D/N
20.00 4.43 D/N 15.60 5.67 S 15.60 5.67 S
20.31 4.37 D/N 20.00 4.43 D/N 20.00 4.43 D/N
20.78 4.27 D 20.31 4.37 D/N 20.31 4.37 D/N
21.55 4.12 D 20.78 4.27 D 20.78 4.27 D
22.45 3.97 D 21.55 4.12 D 21.55 4.12 D
23.45 3.79 D 22.45 3.97 D 22.45 3.97 D
24.83 3.58 D/N 23.45 3.79 D 23.45 3.79 D
25.97 3.43 D 24.09 3.69 K 24.09 3.69 K
27.34 3.26 D 24.83 3.58 D/N 24.83 3.58 D/N
28.84 3.09 D 25.97 3.43 D 25.97 3.43 D
29.45 3.03 N 27.34 3.26 D 27.34 3.26 D
30.31 2.95 D 28.84 3.09 D 28.84 3.09 D
32.00 2.80 D 30.48 2.93 D 30.31 2.95 D
35.02 2.56 D 31.24 2.86 K 31.24 2.86 K
35.47 2.53 D 32.00 2.80 D 32.00 2.80 D
35.79 2.51 D 32.33 2.77 S 32.33 2.77 S
37.65 2.39 D 33.72 2.66 D 33.72 2.66 D
38.73 2.32 D 35.02 2.56 D 35.02 2.56 D
39.08 2:30 D 35.47 2.53 D 35.47 2.53 D
40.82 2.21 D 37.65 2.39 D 35.79 2.51 D
41.26 2.19 D 38.73 2.32 D 37.65 2.39 D
42.89 211 D/K 39.08 2.30 D 38.73 2.32 D
43.12 2.10 K/N 40.82 2.21 D 39.08 2.30 D
45.95 1.97 D 42.89 2.11 D/K 40.82 2.21 D
46.83 1.94 D 43.12 2.10 K/N 42.89 2.11 D/K
48.33 1.88 K 45.95 1.97 D 45.43 2.00 K/N
50.52 1.81 D 46.83 1.94 D 45.95 1.97 D
50.97 1.79 D/K 48.02 1.89 D 48.02 1.89 D
53.88 1.70 D 48.98 1.86 D 48.33 1.88 K
54.44 1.68 D 50.97 1.79 D/K 48.98 1.86 D
55.20 1.66 D 52.16 1.75 N 50.52 1.81 D
55.67 1.65 D/K 52.44 1.74 S 50.97 1.79 D/K
58.05 1.59 D 53.11 1.72 D 52.16 1.75 N
59.29 1.56 D 53.41 1.71 D 52.44 1.74 S
62.38 1.49 D 53.88 1.70 D 53.11 1.72 D
63.35 1.47 D 55.20 1.66 D 53.41 1.71 D
64.93 1.44 D 55.67 1.65 D/K 53.88 1.70 D
56.75 1.62 N 54.44 1.68 D
58.05 1.59 D 54.80 1.67 D
59.29 1.56 D 55.67 1.65 D/K
59.62 1.55 D 56.48 1.63 D/K
62.38 1.49 D 57.15 1.61 D
63.35 1.47 D 59.29 1.56 D
64.93 1.44 D 59.62 1.55 D
62.38 1.49 D
63.35 1.47 D
63.88 1.46 D
64.93 1.44 D
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Continued Table 2-1

WO-H-4 WO-H-5 WO-H-6
20/° d/A X R4 20/° d/A XA ) 20/° d/A X R4
12.28 7.20 D/N 12.28 7.20 D/N 12.28 7.20 D/N
15.60 5.67 S 15.60 5.67 S 20.00 4.43 D/N
20.00 4.43 D/N 20.00 4.43 D/N 20.31 4.37 D/N
20.31 4.37 D/N 20.31 4.37 D/N 20.78 4.27 D
20.78 4.27 D 20.78 4.27 D 21.55 4.12 D
21.55 4.12 D 21.55 4.12 D 22.45 3.97 D
22.45 3.97 D 22.45 3.97 D 23.45 3.79 D
23.45 3.79 D 23.45 3.79 D 24.83 3.58 D/N
24.83 3.58 D/N 24.83 3.58 D/N 25.97 3.43 D
25.97 3.43 D 25.97 3.43 D 27.34 3.26 D
27.34 3.26 D 28.84 3.09 D 28.84 3.09 D
28.84 3.09 D 30.48 2.93 D 30.48 2.93 D
30.48 2.93 D 32.00 2.80 D 32.00 2.80 D
32.00 2.80 D 35.02 2.56 D 33.72 2.66 D
32.33 2.77 S 35.47 2.53 D 35.02 2.56 D
35.02 2.56 D 35.79 2.51 D 35.47 2.53 D
35.47 2.53 D 37.65 2.39 D 35.79 2.51 D
35.79 2.51 D 38.73 2.32 D 37.65 2.39 D
37.65 2.39 D 39.23 2.29 K 38.48 2.34 K
38.73 2.32 D 40.90 2.20 S 38.73 2.32 D
39.08 2.30 D 42.89 2.11 D/K 39.23 2.29 K
40.90 2.20 S 45.95 1.97 D 42.89 2.11 D/K
42.89 2.11 D/K 48.98 1.86 D 45.95 1.97 D
45.95 1.97 D 50.97 1.79 D/K 46.83 1.94 D
46.83 1.94 D 55.67 1.65 D/K 48.98 1.86 D
48.02 1.89 D 59.29 1.56 D 50.97 1.79 D/K
48.98 1.86 D 62.38 1.49 D 54.44 1.68 D
50.52 1.81 D 64.93 1.44 D 55.20 1.66 D
50.97 1.79 D/K 55.67 1.65 D/K
53.41 1.71 D 56.03 1.64 D/K
54.44 1.68 D 56.48 1.63 D/K
55.20 1.66 D 57.15 1.61 D
55.67 1.65 D/K 59.29 1.56 D
56.75 1.62 N 62.38 1.49 D
58.05 1.59 D 63.35 1.47 D
59.29 1.56 D 64.93 1.44 D
62.38 1.49 D

63.35 1.47 D

64.93 1.44 D
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WO-H-7 WO-H-8 WO-H-9
20/° d/A X R4 20/° d/A X R4 20/° d/A X R4
12.28 7.20 D/N 12.28 7.20 D/N 12.28 7.20 D/N
15.60 5.67 S 15.60 5.67 S 15.60 5.67 S
20.00 4.43 D/N 20.00 4.43 D/N 20.00 4.43 D/N
20.31 4.37 D/N 20.31 4.37 D/N 20.31 4.37 D/N
22.45 3.97 D 20.78 4.27 D 20.78 4.27 D
23.45 3.79 D 21.55 4.12 D 21.55 4.12 D
24.83 3.58 D/N 22.45 3.97 D 22.45 3.97 D
25.97 3.43 D 23.45 3.79 D 23.45 3.79 D
30.48 2.93 D 24.09 3.69 K 24.83 3.58 D/N
32.00 2.80 D 24.83 3.58 D/N 25.97 3.43 D
35.02 2.56 D 25.97 3.43 D 27.34 3.26 D
35.47 2.53 D 27.34 3.26 D 28.84 3.09 D
35.79 2.51 D 28.84 3.09 D 29.45 3.03 N
37.65 2.39 D 30.48 2.93 D 30.31 2.95 D
38.73 2.32 D 32.00 2.80 D 32.00 2.80 D
39.08 2.30 D 33.72 2.66 D 33.72 2.66 D
45.95 1.97 D 35.02 2.56 D 35.02 2.56 D
50.97 1.79 D/K 35.47 2.53 D 35.47 2.53 D
55.20 1.66 D 35.79 2.51 D 35.79 2.51 D
55.67 1.65 D/K 36.24 2.48 D 36.24 2.48 D
59.29 1.36 D 37.65 2.39 D 37.65 2.39 D
62.38 1.49 D 38.73 2.32 D 38.73 2.32 D
64.93 1.44 D 40.82 2.21 D 39.08 2.30 D
42.89 2.11 D/K 40.82 2.21 D
45.43 2.00 K/N 41.26 2.19 D
45.95 1.97 D 42.89 2.11 D/K
46.83 1.94 D 45.95 1.97 D
48.02 1.89 D 46.83 1.94 D
48.98 1.86 D 48.02 1.89 D
50.52 1.81 D 48.98 1.86 D
50.97 1.79 D/K 50.52 1.81 D
52.44 1.74 S 50.97 1.79 D/K
53.11 1.72 D 52.44 1.74 S
53.41 1.71 D 53.88 1.70 D
53.88 1.70 D 54.44 1.68 D
54.44 1.68 D 54.80 1.67 D
55.20 1.66 D 55.20 1.66 D
55.67 1.65 D/K 55.67 1.65 D/K
56.03 1.64 D/K 56.03 1.64 D/K
56.48 1.63 D/K 56.48 1.63 D/K
57.15 1.61 D 57.15 1.61 D
59.29 1.56 D 58.05 1.59 D
59.62 1.55 D 59.29 1.56 D
62.38 1.49 D 59.62 1.55 D
63.35 1.47 D 62.38 1.49 D
63.88 1.46 D 63.88 1.46 D
64.93 1.44 D 64.93 1.44 D

T D AT A K A A N VBB S BB
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Fig. 2 IR fingerprint spectra of Laos Tianhuang Stone
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Table 3 Whole-rock chemical analyses of samples

B s WO-H-3 WO-H-4 WO-H-5
SiO, 45.04 45.26 45.34
ALO; 39.22 39.15 39.53
TFe,O; 0.086 0.17 0.12
MgO 0.066 0.12 0.099
CaO 0.2 0.37 0.24
Na,O 0.012 0.009 0.008
K,O 0.007 0.005 0.004
TiO, 0.03 0.016 0.014
P,0s 0.095 0.13 0.12
H,O 0.66 0.42 0.16
SN 15.06 14.8 14.52

psgil 100.476 100. 45 100. 155
Si0,/ Al O 1.952 1.965 1.950
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Table 4  Whole-iron analyses of samples

B S WO-H-3 WO-H-4 WO-H-5
FeO <0.01 <0.01 <0.01
Fe,O5 0.086 0.17 0.12
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Fig. 4 ESEM images of Laos Tianhuang Stone
a~i—KUCHFEA WO-H-1 & WO-H-9 MBI j~ —KUCHFES WO-H-1 2 WO-H-3 [F47 3 i
a~i—fresh fracture of samples from WO-H-1 to WO-H-9: j~I——skin fracture of samples from WO-H-1 to WO-H-3
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*5 ZHHEAEME LA-ICP-MS X4 R
Table 5 LA-ICP-MS data of Laos Tianhuang Stone

FEi S Na,O MgO ALO; SiO, P,0s K,O Ca0 TFeO
wp/ %

WO-H-1-1 0.017 0.000 7 44.4 54.5 0.40 0.026 0.000 0 0.11
WO-H-1-2 0.0078 0.000 3 44.9 54.7 0.16 0.015 0.043 0.072
WO-H-2-1 0.019 0.000 6 44.9 52.5 0.94 0.064 0.002 4 0.016
WO-H-2-2 0.013 0.000 6 45.2 53.4 0.53 0.040 0.020 0.014
WO-H-3-1 0.0032 0.000 3 45.3 54.3 0.17 0.007 4 0.024 0.046
WO-H-3-2 0.005 4 0.001 0 46.6 52.9 0.22 0.011 0.000 0 0.045
WO-H-4-1 0.004 7 0.000 5 44.1 55.4 0.19 0.007 3 0.042 0.082
WO-H-4-2 0.004 0 0.0010 44.8 54.6 0.22 0.0056 0.007 2 0.10
WO-H-5-1 0.006 8 0.000 1 47.1 52.5 0.17 0.004 8 0.027 0.026
WO-H-5-2 0.004 9 0.000 4 44.3 55.3 0.19 0.006 6 0.016 0.021
WO-H-6-1 0.0052 0.000 5 46.2 53.3 0.19 0.003 8 0.035 0.059
WO-H-6-2 0.005 6 0.000 8 46.6 52.9 0.19 0.004 3 0.000 0 0.051
WO-H-7-1 0.011 0.000 5 45.9 53.4 0.24 0.016 0.083 0.14
WO-H-7-2 0.023 0.000 6 44.8 54.1 0.45 0.027 0.055 0.071
WO-H-8-1 0.006 0 0.000 7 44.7 54.8 0.20 0.006 5 0.021 0.029
WO-H-8-2 0.005 1 0.000 9 46.3 53.3 0.17 0.006 9 0.050 0.034
WO-H-9-2 0.0052 0.000 4 44.9 54.7 0.19 0.012 0.0000 0.11

FE 5 Cd Co Ni Ga Rb Sr Nd Pb

wp/10°°

WO-H-1-1 0.000 0 0.049 1.49 92.0 0.28 2934 212 534.281
WO-H-1-2 0.000 0 0.055 1.66 52.5 0.46 277 18.4 69.189
WO-H-2-1 0.000 0 0.000 0 0.27 26.7 0.35 10 266 386 363.208 8
WO-H-2-2 0.000 0 0.008 8 0.042 23.9 0.44 5267 192 166.574
WO-H-3-1 0.000 0 0.072 0.52 43.8 0.27 472 17.1 9.549
WO-H-3-2 0.000 0 0.000 0 0.15 40.4 0.34 1449 42.0 25.8316
WO-H-4-1 0.000 0 0.15 0.000 0 47.9 0.000 0 744 53.9 64.604
WO-H-4-2 0.000 0 0.037 0.000 0 45.6 0.092 1071 74.8 88.008
WO-H-5-1 0.000 0 0.13 1.43 45.2 0.000 0 456 21.1 37.323
WO-H-5-2 0.000 0 0.000 0 0.22 45.8 0.19 624 35.9 44.3843
WO-H-6-1 0.000 0 0.000 0 0.093 52.6 0.000 0 603 24.6 34.2191
WO-H-6-2 0.000 0 0.000 0 1.50 47.6 0.044 702 25.3 35.8297
WO-H-7-1 0.000 0 0.071 2.92 42.7 0.57 1070 27.6 92.252
WO-H-7-2 0.000 0 0.054 0.92 46.3 0.12 2914 61.9 192.203
WO-H-8-1 0.000 0 0.000 0 0.54 32.2 0.004 2 1130 44.9 34.4253
WO-H-8-2 0.000 0 0.49 3.90 34.2 0.13 745 31.1 22.724
WO-H-9-2 0.000 0 0.000 0 0.30 45.0 0.24 491 36.1 22.755

FbRHEAL G R 23 ith Ze o A RS Wil 6 Fios, 5 9

BABUE, BR LR ER L OEEE.Gd LK 3 45

R 9 W 1E 5% . LREE/HREE {54 7.38 ~

57.21, R W B A L OCE o R A T W, T I A R S AT ST, S R A R
Mmoo R w8, M LR T8 (La/Smdy b EFRHIE R T # M REE 76 % & 2 205 J7 T 1
2.11~10.03, LW KT 1, R oo R MM Frib R4 h .

TR B S (BRVESE, 2013) 220 BEORE T 1 2 A ) 1) A e U A T 2 Tl
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Fig. 6 Chondrite-normalized REE patterns of Laos

Tianhuang Stone

Z M, LT A8 X
Fe' N EEMBOE T, B TERENZ D
Wi 241 FH B R ol B € PR e

FESOR 42 3~ 5 pmy SRS FAR, Kl
P, B HESR LS PR B HE S R 1R W
JEE 5 FLAH ™ ) B RIORE R A &5 AR B B TR R B A
Koo LHRAT WA BURL /N, 5 f R B T, B R
T, i 32 B R

A B Ga 0 # B UE  B0m T B T
Co~RbNi %5 70 % 1) i & 53 20 WA T H 3. Co -
Ga~Rb— Ga 1 Ni — Ga #t £ &, BeAIF HIX 73 224 H
PO B . [R I FE R I 20 Loe 5w R
R SVIIS R (7O o WPve B it SR TN S (1 &
FI B b T DAE R 22 S i b S
AR

References

Balan E, Lazzeri M, Saitta A M, et al. 2005. First-principles study of

OH-stretching modes in kaolinites dickites and nacrite J]. American



332

ME
™
=
&

»2,

%35 %

Ju ok
b2 ST

Mineralogist> 90: 50~60.

Chen Shuheng; Wang Linjiang, Xie Xiangli et al. 2008. Effect of mi-
crostructure on the intercalation of kaolinite | —IR spectra study of
characteristic bands[ ] ]. Bulletin of the Chinese Ceramic Societys 27
(2): 269~284(in Chinese with English abstract).

Chen Tao, Liu Yungui and Yao Chunmao. 2013. Mineralogical charac-
teristics of Changhua Tianhuang and its differences from Tianhuang
[J]. Journal of Gems and Gemology, 15(3): 18 ~29(in Chinese
with English abstract).

Chen Tao» Yao Chunmao, Qi Lijian, et al. 2009. Primary study on
characteristics of mineral components and micro-morphology of Tian-
huang[ ] ]. Journal of Gems and Gemology, 11(3): 1~5Cin Chinese
with English abstract).

Johnston C T» Agnew S F and Bish D L. 1990. Polarized single-crystal
Fourier-Transform infrared microscopy of ouray dickita and Keokuk
kaolinitel ] . Clays and Clay Minerals, 38(6): 573~583.

Li Ting and Chen Tao. 2010. Mineralogical characteristics of Gaoshan
stones and Kengtou stones from Shoushan, Fujian Province[ ] ]. Acta
Petrologica et Mineralogica, 29 (4): 414 ~ 420 Cin Chinese with
English abstract).

Ren Leifu. 1988. Mineralogy of Tianhuang Geml ] J. Acta Petrologica et
Mineralogica, 7(2): 151~ 157(in Chinese with English abstract).

Tang Deping> Zheng Danwei and Huang Shanshan. 2015. Mineral com-
ponents and identification of Laos Stonel J 1. Journal of Gems and
Gemology, 17(1): 1~9Cin Chinese with English abstract).

Tang Deping and Zheng Zongtan. 1999. Mineralogy and gemmology of
Shoushan stone[ J]. Journal of Gems and Gemmologys 1(4): 28~
36(in Chinese with English abstract).

Tang Yingying and Tang Deping. 2008. Study on clarity of Shoushan
Stonel J1. Journal of Gems and Gemology, 10(1): 9~ 14(in Chi-
nese with English abstract).

Wilson M J. 1987. A Handbook of Determinative Methods in Clay Min-
eralogyl M. Britain: Bell & Bain Ltd. , 308.

Xiao Shan and Chen Tao. 2012. Gemmological and mineralogical study
on Qijiang Stones from Shoushan, Fujian Provincel J 1. Journal of
Gems and Gemology, 14(3): 22 ~28(in Chinese with English ab-

stract).

Xu Naicen, Shen Jialin and Luo Hongyu. 2014. Analysis on crystallinity
of kaolinite by X ray diffraction and infrared spectroscopy studyl J 1.
Resources Survey and Environment, 35(2): 152 ~ 156 Cin Chi-
nese).

Yang Yaxiu and Zhang Naixian. 1994. Clay Minerals of Chinal M].
Beijing: Geological Publishing House, 20 ~ 46, 260 ~ 267 (in Chi-
nese).

Yang Zhigiong, Zhao Xingyuan and Zhang Ling. 1988. Infra-red spectra
analysis for clay minerals of kaolinitesl ] J. Experimental Petroleum

Geology, 10(1): 60~66Cin Chinese with English abstract).

Mt o 32 5% 30k

BRIGE, AR, WEEM, %, 2008. A5 FRr AEXT o i A7 4 )23 /=
RISEM | — LR AR BOC IR L) 1. RERR Shal ik, 27
(2): 269~284.

Bk ¥, a5, BRI 2013, B H S IO P02 Rl S 5 B
MBI EAMEAZRE, 15(3): 18—29.

VR ¥, DRI, T RIS, 4. 2009, FEEIOT AL RS HOE SERAE
WIBHHRL) ], BARE A&, 11(3): 1~5.

2, B W 2010, MRS LA SECR T PR
HOATWFERRE, 29(4): 414~420.

L& 1992, M tm Sk talM]. dent: MBUh R, 76~77.

DAY, PR B, 2015, “ 2 EAT 7RI AL SN E S
D] ®AMEAERE, 17():1-9.

DI, AL 1999, U My WA RS A R0)] w4
FIFATERE, 1(4): 28~36.

BB, HIET . 2008, FFIAE I EEBETEL) ], E AR S A
A&, 1001D: 9~14.

Hoogh BR O 2012, FUER AR AT W] RA
MEAAIE, 14(3): 2228,

VET5%, ok, 385K, 2014, X STATHIRLLAM G20 B 0
P EE (1], WIEIEA 55, 35(2): 152~156.

WHES, KI5, 1994, PHEKGLFHIMI . Abat: MR AL, 20
~46, 260~267.

WM&, B, T OB, 1988, w0 Ly M M AR bOL
ST ] A s, 10C1): 60— 66.



