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Gemological and mineralogical characteristics of the Sleeping Beauty
turquoise irom the USA

BAI Xu meng and LIU Ying-xin
(School of Gemology, China University of Geosciences, Beijing 100083, China)

Abstract: Arizona State in southwest USA is one of the main producing areas of high-quality turquoises. Natu-
ral, Zachery-treated and plastic injection processed Sleeping Beauty turquoises were investigated with the purpose
of analyzing their gemological and mineralogical characteristics and explaining the causes of their beautiful color
and high hardness. These characteristics were studied by such methods as conventional gemological tests, ultra-
violet-visible spectrophotometry, XRD), infrared spectrum, microscopic observation, and WDXRF analysis. The
results confirm that, compared with turquoises from other producing areas, the Sleeping Beauty turquoise from
the USA has more compact structure and higher Cu?" content, which can explain its higher hardness and purer
color. Zachary and injecting process-treated turquoise has more compact and stable structure. WDXRF test of
Zachary-treated turquoise shows a visible increase of K element. The infrared spectrum of plastic injection-treat-

I caused by the v(C=0) stretching vi-

ed turquoise shows a characteristic weak absorption band at 1 735 cm™
bration of the organic compound.
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Fig. 1 Three groups of American Sleeping Beauty turquoises and slice samples

F BRI 0.5 mm BEIHOGHE R, %5 8 J1.
2 SEESIR

EREARFMR

B2 2y T 3 I SE T B o A A S ABE
5 3 A I S TR B B, 7RO S RO R T
SERPRFAE o It A [ M BOK S CIE RO BR R
BEMa o e OR A3 30 £5.40 fife AHHLEY 5
Canon 550D-

HT Pl 2 W] 4, AR IR HEE 56 N 254 A1 HL W] G F R
SN A PY AL BT ST BN TR AT I/ INNIYNRA N2
), o3 A EBURE L AR doRL ] B R A 22 5, TR T R
ARIHE 5 N 2 A4 A1 3R T ) A8 B BESUAR AL, XA S 36
T AT B2 5% B R IR 2L B 2% ot N8 JL~F- AT 2%
oL, b WLk 2

FLoC HUE AL PR R AN A FE S (210D 52 B A
B AN B L ) 23 A1 LA ok ) FR 4 B, 7€ 20 A1 R
WA FL 0 B AR PRI RE S 3 FORE i P B ]
It (1), X A] BE S 3L L A B 1R A BRI R AV TN
WA %, FLARAL BRI RIS Iy R vl 4

2.1

T b B ) S A A7 B S (D) LR B 4y,
P dioRia 5 BT e A AR A T o O, B AN 1Y
Y5 T R) AR IS 4 A8 I S O L8 T Al TT LUV 5 3
ANELE T () AfoRE L A, B LG () BT AT G

Xof bl e B9 A6 A7 Ll 7= 1 b A (R TILS B
i 7R VERER R RIS, S A 0
R TR S AED GIRIE 53, 2012), RARESE N 2%
FART AT B — B AR, A5 M B0, X & 3L
A5 AR5 v Bl R 11 1 B2 R o L e B VK X P g
sl JOT 1) SR A 0E — 2 O, AR A ) Ak 3 R
I A R A 15 SR A AT &5 0 BE D B0, B TR Ol
B, SR TG T Al A B PE 8 R A M. I
b FRFE AR 5 LA 22, A5 R AR SR B0 B A, 1
I F5 2 J2 Al B2 | BRE A5 3 o3, R ER TR B ) A
e O SPNES S VY R CED e ll B WV NP A S
NG

3 ALFE S I TEAN A IR R R 1.
2.2 EISAIRSDHAETHIA

FE b 230036 R A8 NI 3L v BV b 31 71 FlvE
JRE AL BRI S N SR A1 J1 i A g AT U,
JEEE 0.5 mm, A



)2 FO A 56 FEESE N SRAAT IR S A0 220 ) 24 R AL 5 63

B2 RERFL o HLI Ak BRI JI Ak B D I 56 N SR A0 B it 1) S OBOR U (e« I A, 1 O
Fig. 2 Enlarged microphotographs of natural, Zachary-treated and injection-treated Sleeping Beauty turquoise samples
(left: transmitted light; right: reflected light)
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a b—natural samples; ¢, d—Zachary treated samples; e, f—injecting samples
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Table 1 Conventional gemological characteristics of Sleeping Beauty turquoise samples
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Fig. 3 Uv-vis spectra of three groups of samples
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Fig. 4 X-ray powder diffraction patterns of three groups of turquoises
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Fig. 5 Some characteristic diffraction peaks of

three sets of powder samples
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Table 2 Crystallinity of some characteristic diffraction peaks of three sets of powder samples
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R=d.85% %Eé.rfz 71.14% 85.89% 93.55% 87.38% 97.30% 73.22%
GRZED (2.15%) (4.11%) (6.38%) (3.25%) (9.26%) (2.69%)
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Fig. 6

Infrared spectral reflectance of three groups of Sleeping Beauty turquoise samples
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Table 3 XRF element analyses of Sleeping Beauty turquoise samples
FE a4 FR NN I HR N7 e
Com El m/m% m/m% m/m% m/m% m/m% m/m% m/m% m/m%
ALO; Al 38.30 20.27 37.74 19.97 39.72 21.02 36.84 19.90
P,0s Px 28.61 12.48 27.35 11.94 27.82 12.14 34.12 15.23
CuO Cu 7.45 5.95 8.24 6.58 7.54 6.02 9.57 7.86
SiO, Si 4.58 2.14 2.09 0.978 1.09 0.510
Fe,O5 Fe 0.865 0.605 0.989 0.691 0.734 0.513
K,O K 0.523 0.434 0.912 0.757 0.129 0.107
PbO Pb 0.188 0.174 1.42 1.32 0.207 0.192
ZnO Zn 0.106 0.0852 0.0220 0.0177 0.200 0.161
TiO, Ti 0.101 0.060 5 0.088 8 0.0532 0.231 0.139
Ca0O Ca 0.0442 0.0316 0.084 6 0.060 5 0.127 0.0909
Na,O Na 0.035 0.0260 0.335 0.249 0.079 0.058 4
Cl Cl 0.005 6 0.005 6 0.0360 0.0360 0.006 3 0.006 3
V,0s A% 0.004 3 0.002 4 0.0015 0.000 84 0.004 4 0.004 4
MnO Mn 0.0013 0.0010 0.0030 0.002 3 0.0016 0.0012
As,O5 As 0.0160 0.0121 0.016 4 0.0124
MoO; Mo 0.009 2 0.006 1 0.0126 0.008 4
MeO Mg 0.0754 0.0455 0.0329 0.0198
PO, Pt 0.007 1 0.006 1 0.0054 0.004 6
Au Au 0.0053 0.0053 0.004 7 0.004 7
Cr05 Cr 0.001 6 0.0011 0.007 3 0.0050
Ar Ar 0.016 4 0.016 4 0.0129 0.0129
La,O5 La 0.0123 0.0105
Bi,Os Bi 0.002 4 0.002 2
Rb,0O Rb 0.001 4 0.0013
S S 0.0160 0.160
SO; Sx 0.298 0.119
Sc;,04 Sc 0.016 4 0.0107
La,O5 La 0.0089 0.007 6
Bi,O5 Bi 0.002 1 0.0019
HREHE 5] ARG HIAF(2006)
100%
90% |
80% |-
70% L Ot
6% 5 WilnE
50% | mxo
40% |
30% |
20% |
10% | L =
O A T e si e KRz T Ca Na s Cl - Mn

Fig. 7 Relative values of some chemical elements in three groups of samples
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