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Mineral composition and trace element characteristics of Laos Northern
Yellow Stone

XU Ya-ting and CHEN Tao
( Gemological Institute, China University of Geosciences, Wuhan 430074, China)

Abstract: Laos Northern Yellow Stone is bright yellow to dark brown in color, and the color distribution is uneven.
Short thin turnip grains and wave-like texture are commonly seen. It has certain similarities with the appearance
characteristics of Tian Huang in Chinese seal stone. In this paper, X-ray powder diffraction ( XRD), Fourier trans-
form infrared spectroscopy ( FTIR), Raman spectroscopy ( LRM), scanning electron microscopy ( SEM), electron
probe micro-analysis (EPMA), Laser ablation inductively coupled plasma mass spectrometry ( LA-ICP-MS) and
whole-iron chemical analysis were used to study the mineral composition and trace element characteristics of Laos
Northern Yellow Stone. According to the results of X-ray powder diffraction test and FTIR test, Laos Northern
Yellow Stone is usually composed of pure dickite, which is disordered dickite. The Raman spectroscopic test shows
that other minerals contained in Laos Northern Yellow Stone include barite, anatase, diaspore and hematite, in the
form of impure minerals. The micromorphology of Laos Northern Yellow Stone observed by SEM indicates that the
dickite in Laos Northern Yellow Stone is arranged in plate shape with a flat and sharp edge as well as a smooth sur-

face. The turnip vein is mainly in the form of dendritic and short veins in the substrate of Laos Northern
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" causes the yellow color of Laos Northern

Yellow Stone. EPMA test and whole-iron chemical analysis show that Fe’
Yellow Stone. The iron ion content shows a trend from high to low with the color changing from dark to light. The
trace elements content of Laos Northern Yellow Stone was test by LA-ICP-MS. The content of Cr, Rb and Sr in La-
os Northern Yellow Stone is lower than that of Tian Huang, and the content of Ga is higher than that of Tian
Huang. Discriminant analysis method can effectively distinguish these two groups of similar species from Laos and
China respectively. The correctness rate of the unknown sample in Laos Northern Yellow Stone and Tian Huang can
reach 92.9% and the reliability of the model is high. According to the rare earth element distribution pattern, it is
easy to distinguish Laos Northern Yellow Stone from Tian Huang.

Key words: Laos Northern Yellow Stone; mineral composition; XRD; infrared spectrum; trace element; discrimi-
nant analysis
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Table 1 Description of Laos Northern Yellow Stone
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Fig.1 Internal characteristics of Laos Northern Yellow Stone
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Fig. 2 XRD patterns of Laos Northern Yellow Stone
*2 ZHRAHMERERNERERY
Table 2 HI/DHI of Laos Northern Yellow Stone
B b i iV HI/DHI FWMH (002)
LWY-1 D 0.403 0.167
LWY-2 D 0.502 0.184
LWY-3 D 0.319 0.201
LWY-4 D 0.437 0. 150
LWY-5 D 0.308 0.167
LWY-6 D 0.575 0.167
LWY-7 D 0.357 0.184
LWY-8 D 0.571 0.150
LWY-9 D 0.277 0.167
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Fig. 3 IR spectra of Laos Northern Yellow Stone
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Fig. 4 Raman spectra of impure minerals in Laos Northern Yellow Stone
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Fig. 5 Micromorphologic characteristics of Laos Northern Yellow Stone



VPR

SEREAH A O S B R TR A 405

6 ERIATRER R NG HUN AT

Fig. 6 BSED patterns of “ turnip veins” in Laos Northern Yellow Stone
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Table 3 Chemical constituents of different yellow
distribution regions in Laos Northern Yellow Stone

g WY LWYS O LWY-LWY- O LWY-LWY-
201 202 203 204 205 2-06
[gEs T He T ¥ R W R A
Si0,  45.231 47.269 46.448 46.712 47.076  46.904
ALO;  36.556 36.016 35.573 35.716 36.173 35.928
K,0  0.005 0.017 0.001 0.028 0.026 0.028
Ca0  0.015 0.035 0.065 0.011 0.005 0.034
FeO  0.138 0.146  0.114 0.061 0.104 0.011
Na,0  0.051 0.007 0.013 0.028 0.017  0.005
MgO 3 0.001 L 0.007  0.003
MnO  0.046  0.002  0.004 - 0.003
Cr,0;  0.100  0.242 0.435 0.500 0.236 0.119
Ti0, - - - 0.011  0.006 -
Total  82.142 83.735 82.653 83.067 83.650 83.035
Fz4a4 ZHAETENHERNEKEFEDH wy/ %

Table 4 Whole-iron chemical analyses of Laos Northern

Mountain Stone
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B4, (o by R

FeO <0.01 <0.01 <0.01
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Table 5 LA-ICP-MS data of Laos Northern Yellow Stone and Tian Huang

TLE/ T Se \" Cr Co Ni Ga Rb Sr Ba Ph
LWY1-1 8.320 14.900 0. 000 0.036 3.910 20.200 0.214 2.120 0.252 0.622
LWY1-2 7.890 14. 800 0.000 0.000 3.330 20.700 0.022 0.175 0.151 0.083
LWY1-3 7.770 13.600 2.540 0.000 3.130 20. 600 0.124 0.160 0.020 0.000
LWY2-1 14. 000 14.300 5.120 0.037 0. 000 38.000 0.472 0. 684 2.010 0.773
LWY2-2 12. 600 18.800 9.320 0. 000 0.000 43.200 0.677 0. 667 1.990 0.274
LWY2-3 12.100 21.400 4.770 0.044 0.297 93.800 1.030 0.363 0.909 0.350
LWY3-1 10.700 16.100 5.330 0.000 0. 000 87.800 0.628 1.580 0.680 0.678
LWY3-2 13.900 15.100 0.718 0.009 0. 000 72.300 0.462 0.736 0.974 10. 600
LWY3-3 13.100 14. 000 1.270 0.034 0.000 58. 600 0.450 0.628 0.554 0.580
LWY4-1 7.220 20.000 2.040 0.013 0.089 154. 000 0.159 0.213 0.093 0.352
LWY4-2 8.280 17.600 0.063 0.000 1.260 159. 000 0.238 0.156 0.063 0.214
LWY4-3 7.670 19. 000 0. 000 0. 000 1.070 110. 000 0.336 0.157 0.277 0.206
LWY6-1 8.170 20. 100 0.000 0.028 0.065 144. 000 0.287 0.389 0.658 0.274
LWY6-2 6. 640 16. 400 3.390 0. 064 0.000 138.000 0.223 0.681 0.877 0.432
LWY6-3 8. 140 22.200 0. 000 0. 069 0. 000 150. 000 0.436 0.617 0.825 0.351
LWY8-1 11.200 15. 400 17.200 0.000 2.270 15.000 1.010 60. 100 9.580 0.483
LWY8-2 14.200 16.300 16.700 0.116 2.390 15.700 1.140 230. 000 27.400 1.470
LWY8-3 8.310 16.500 21.800 0.074 1.810 11.700 0.916 0.298 7.320 0.177
LWY9-1 4.750 14.200 2.370 0.051 0.000 20.100 0.248 300. 000 24.800 1.630
LWY9-2 4.140 14. 400 1.150 0. 000 1.140 22.500 0.250 137.000 15.000 0.893
LWY9-3 7.010 13.900 1.870 0.000 2.440 9.910 0.764 652. 000 49.000 2.430
LWY11-1 4.370 15.200 16. 600 0.000 0. 000 10. 300 0.350 70.100 4.040 0.296
LWY11-2 6.560 11.800 12. 800 0.175 0. 000 9.570 0.940 248. 000 33.700 1.570
LWY11-3 4.660 14.500 19.000 0.130 2.950 9.290 0.303 0.422 1.110 0. 156
TH9-1 4.720 10. 200 2.410 0.400 16.200 6. 190 22.100 1.180 15.700 2.730
TH9-2 4.740 10.400 1.380 0.699 0.000 7.810 23.100 384. 000 33.800 19. 000
TH10-1 6.300 17.600 0.760 0. 665 18.100 7.370 162. 000 52.500 35.000 1.670
TH10-2 5.860 17.700 2.150 0. 685 6.320 7.950 232.000 30.400 47.500 1.800
THI11-1 9.200 38.900 7.270 0.568 19.900 62.500 0.000 3370.000  294.000 87.000
TH11-2 8.480 39.100 6.900 0.123 0.809 76.700 2.040 5 080. 000 461.000 135. 000
TH12-1 3.530 8.580 1.610 0. 060 13.100 24.100 261.000 109. 000 315.000 3.680
TH12-2 3.300 7.750 0.377 0.360 5.090 20. 400 313.000 10. 200 280. 000 1.730
TH8-1 6.360 17.100 0.793 0.100 0. 000 13.700 10. 300 1 410. 000 63.200 46.000
TH8-2 6.750 18.100 1.420 0.326 0. 000 12.000 16.500 0. 655 7.370 3.510
TH1-1 7.080 5.490 0. 886 0.278 17.700 70.300 363. 000 24.200 1 100. 000 5.230
TH1-2 5.770 6. 800 3.190 0.307 14.500 69.300 382.000 114.000 1 160. 000 26.000
TH2-1 8. 180 6.980 0.476 0.658 0.000 6.530 130. 000 32.500 56.300 4.690
TH2-2 7.090 6.930 0.138 1.060 11.800 6.960 176. 000 11.600 72.000 5.050
TH7-1 5.080 5.590 1.460 0.021 0.000 4.140 2.260 71.600 4.200 9.680
TH7-2 4.300 5.480 1.590 0.008 5.500 3.910 1.450 18.200 2.450 3.340
TH7-3 3.860 6.280 0.853 0.237 0.000 3.590 1.980 98. 000 6.210 9.510
TH4-1 5.010 10.500 0.915 1.170 4.100 12.200 32.400 1 730. 000 87.300 62.100
TH4-2 3.200 10.700 0.237 1.280 30.900 7.610 54.200 27.700 20. 600 5.590
TH4-3 3.890 9.800 3.880 2.290 0.000 8.040 61.400 68.900 36. 100 8.690
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Table 6 Classification results of leave-one-out cross
validation
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Fig. 7 Discriminant plots of Laos Northern Yellow Stone and

Tian Huang
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Fig.9 Chondrite-normalized REE patterns of Laos Northern Yellow Stone and Tian Huang
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