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A study of turquoise and secondary woodhouseite from Yuertan, Baihe County,
Shaanxi Province

SHI Zhen-rong!? and CAI Ke-gin!
(1. China University of Geosciences, Beijing 100083, China; 2. Beijing Institute of Economic Management, Beijing 102602, China)

Abstract: Turquoise in the oxidized zone of Yuertan pyrite mine in Baihe County of Shaanxi Province has experi-
enced severe weathering and retrograding. Its color has changed from sky-blue through yellowish green to
white, with its texture from massive and smooth to loose and porous. Recent studies of typical turquoise samples
by such means as thin section observation, chemical analysis and X-ray powder diffraction and infrared absorp-
tion spectroscopic analysis indicate that the factor responsible for weathering and retrograding of turquoise is the
replacement of phosphate ions by sulfate ions. And the last important retrograding replacement product is wood-

houseite.
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Fig. 1 Turquoise samples from Yuertan
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1—sky-blue turquoise; 2—yellowish green turquoise; 3—white powder
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Microscopic characteristics of turquoise from Yuertan (e is the feature of b under orthoscope)
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Table 1 Geochemical analyses of turquoise from Yuertan
A12 (); CUO Pz 05 Zl’lo FCZ 03 K2 O N ap! () CaO MgO S(); Sl()z
LSO1 30.85 0.11 7.80 0.132 0.157 0.013 0.09 0.547 0.0556 3.04 23.61 66.41
LSO2 33.44 5.22 27.85 0.187 0.960 0.490 0.18 0.070  0.0326 2.56 3.56 74.55
LSO3 37.00 5.30 29.04 0.216 0.394 0.032 s 0.489 0.0182 1.13 3.23 76.90
31.00 7.74 31.32 — 7.01 — — — — — 4.46 81.53
37.50 9.70 34.80 — — — — — — — — 80.00
X ARL-XRF 4.2 kW 249% ~
0.6% * 1989
Sio,
23.61%
LSO3
SO;
K Ca
L.SO2
SO;
P205 CuO
Fe,0O; MgO K,O  Na,O MM\W
SIOZ A1203 5102 /\1203 4 12 20 28 36 44 52 60 68
20/(°)
1984 3 X
3.2 X Fig.3 X-ray powder diffraction diagram of turquoise
X and residual minerals from Yuertan
X
D Max-RC CuKa 40 kV 80 mA 1987
I 0.15 mm 1 3 d
X 3 2
3 2 1L.SO3
LSO2 X
JCPDS 6-0214 Erd et al. 1953
LSO2 20>50° 2H,0
SO~
L.SO2 3.3
LSO1
PE9S3G 3 cem ! 4 000 ~ 180
3.509 100 2.986 76 2.942 100 2.231 55 em ! 220~240 V 50
1.895 49 1.753 41 1.474 37 4 2 ~60 Hz 250 VA 4

JCPDS 83-1288 CaAl; PO, SO, OH 4

3
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Table 2 X-ray diffraction results of turquoise and residual minerals from Yuertan
JCPDS 6-0214 L.SO3 L.SO2 JCPDS 83-1288 LSOl
hkl d A 11, hkl d A 11,
010 9.09 50 9.074 9 9.000 15 9.225 14 101 5.680 25
001 6.73 50 6.732 17 6.753 28 6.784 27 003 5.462 0
011 6.17 70 6.197 31 6.197 52 6.250 48 012 4.870 34
110 6.00 40 6.029 24 6.062 21 110 3.496 31 3.509 100
101 5.77 20 5.779 14 104 3.393 0
110 4.80 60 4.813 23 4.802 31 4.834 30 021 2.977 37 2.986 76
111 3.68 100 3.681 100 3.687 100 3.705 100 113 2.945 100 2.942 100
221 3.440 70 3.440 41 3.435 52 3.448 45 015 2.882 4
200 3.280 70 3.281 35 3.281 35 3.381 24 202 2.840 2
022 3.100 40 3.091 20 3.089 25 2.951 26 006 2.731 11
012 2.910 80 2.906 89 2.908 84 2.919 78 024 2.435 4
211 2.890 10 2.875 24 2.877 18 211 2.267 0
232 2.740 20 2.730 15 205 2.224 4 2.231 55
130 2.520 40 2.521 21 2.514 23 2.538 21 122 2.204 13
221 2.350 40 2.351 20 2.355 20 107 2.183 49
242 2.320 40b  2.320 18 2.302 21 2.316 25 2.301 23 2.324 21 2.311 24 116 2.152 2
003 2.230 40 2.232 24 2.233 22 2.238 19 300 2.019 0
221 2.190 20 2.181 13 2.181 14 214 1.998 3
113 2.120 40 2.117 17 2.123 19 018 1.940 0
222 2.070 50 2.062 27 2.060 24 2.067 21 033 1.893 54 1.895 49
202 2.020 60 2.018 28 2.015 26 2.019 26 027 1.852 2
301 1.903 40 1.903 16 1.902 19 1.900 19 009 1.820 3
150 1.845 40 1.849 20 1.842 18 1.844 23 1.849 21 220 1.748 44 1.753 41
024 1.727°2 1.720 12 1.720 16 208 1.696 3
215 1.494 20 1.492 21 1.493 21 131 1.671 0
205 1.426 20 1.425 13 1.422 15 223 1.665 0
474 1.266 20 1.267 14 312 1.645 5
361 1.258 20 1.255 14 226 1.472 16 37 * 1.474 37
JCPDS 6-0214 Graham 1947 Erd et al. 1953 1983  JCPDS 83-1288 Kato and Neues 1977
JCPDS 04-0670 Pabst 1947
4 3
1L.SO3 1748 cm ! 1443
Farmer 1982 1983 4 1370 em™ ' CO3~
3 H,O
A, E F,
H,0O 1630 cm ™! LSO1
H,0 3426 cm ! H,O0O OH
1630 em ! H,O
Farmer 1982 1988 1630 cm ™!
L.SO3 Farmer 1982 1988 1 107
1050 3593 cm ' PO
L.SO2 1218
1748 1628 1 443 cm I
1370 cm ™! 1 628 SiOf -

em ! H,O LSO3 920cm ! SiOy
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Fig. 4 Infrared absorption spectroscopic diagram of turquoise
from Yuertan
3
Table 3 Data of absorption peak of infrared spectrum
H,0O OH H,O PO3~ PO3 OH PO;~ PO;~
v I v Ay v F» w E
. 3508 3463 3446 1195 1175 1115 615 595 580 555
3295 3090 1630 1063 1061 903 838 790 480 460 435 415
3506 3461 3288 1187 1170 1157
L.SO3 3070 1639 1108 1060 1010 902 836 783 650 571 453 427
3505 3461 3282 1188 1156 1110 648 609 570 544
LSO2 3069 1628 1060 1011 902 836 787 484 450 424
LSO1 3426 1630 1107 1050 967 601 593 465 358
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