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(a), (D) AHEREMRR; (c), (AAFERFHRE
(a) and (b) are the photos of sample E; (¢) and (d) are the photos of sample F
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(a) BSE image of sample E;
(b) BSE image of sample F
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0. 454 XRD Fl Raman #9437 0] AiE B EE & F Aoy 52 &
AR A (BRGS0 2 & UKL 20 /s BLTR 2 78 H A 9 48
PRIt 5 IO B SN B b A0 A . BEGL F i R €8 9 A
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F1 HEREMFIEFRIEHSMXER
Table 1 EPMA results of samples E and F

Wew E-1-1 CEl2 CE2l CE22 F-1-1 F2l F22
Y WEM wEwM O WEym e AR YR HOY
Al, Oy 25.59 24. 89 12.95 14. 10 35.75 27.01 25.18
P, 0; 0.03 0.02 31. 26 31. 64 26. 68 36. 19 32.72
SiO, 56. 20 55. 48 8.33 8.15 22. 82 1.98 5.74
CuO 3.32 3.07 2.67 2. 81 6.22 5. 82 5.21
FeO 4.10 4.31 2.43 2. 61 4.99 3.92 3. 80
Cr. 05 0.15 0.15 0.05 0. 06 - 0.04 0. 09
MgO 1.19 1.23 0. 35 0. 30 0. 44 0.08 0.15
CaO 1.74 1.82 30. 97 29.18 0. 68 14. 80 14.72
MnO - 0.02 — - - - -
V204 — 0.03 0.01 0.05 - 0.02 0. 04
BaO 0.04 0.12 - 0.15 0.16 - -
Na, O 0.11 0.07 0.10 0.09 0.03 0. 10 0.08
ZnO 0.23 0. 24 0.27 0. 26 0.57 0. 49 0.43
Total 92. 67 91. 45 89. 39 89. 40 98. 34 90. 45 88. 16

T 7 FR S AR T ARG h B, AR i

Note: “—” means the content undetected below the detection limit
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(PO,);F. PDF82-0577 14 = £ KAl (AlSi; O,,) (OH), fy#5
TERT ST — 3, Hoh d {2 3. 445 6, 2.790 5, 2. 691 6 K&
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Fig. 3 XRD patterns of samples E and F
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45 9 3l B B SR L 2 RRAE S 0E AL T 3 470 em T RTIE . H v
(H, O) fh 45 4ig 3 T B AL TE 2 9 59 B 2 3% 1 L T 3 290 ~
3070 em R EE

Feah E R F Bh0 & ek an gl 4 FlE 5 Fros . fERE s E A
il F B2 k8 2 A4 WA R AT I B IR] — A [
B RGBT AR, T RE S T 4 45 i URL 4R /)
WGAE HEAT L O 335 W 42 i 3 0 L B Dy 2 R R
B, XAE S ERIAR S F RS2 OR AT A, Pkt se it
AT A L 2 G 1 I R RO 1 BEAT 4 A (E-1, E-2
RFERD ERNEALE B OGHE s F-1, F-2 SRR d FOR[E AL E RO
T o KA R 5 R ARG A h 2 O AT LR R . W
FE G2 I 5 KRR G A P21k 22 B AR, Hop ke
i E R B A 0 hr 204, AR FUE /N ER 43 1 i W]
DLV Jag Sy S A A v ) R AR 3l 7 A o A o 0 A5 1 L 2 i e
5 RRUFF 8 2 rf 5007 ) 00 b v 7 2 W R 47 X% R, R IR
m ERFEG F R A s B WK AR, 5
XRD R 25 R AHAF

i EAE 45~1 500 e 'R Y, 7T 203, 432 F1 709
em bR IETE T H B2 g, H 203 fl 432
em ' Ab P B G R R AR A TR Bl M PR RS 4 T B, 709 em !
Qb % W Sy Si—O,,—Si Y T A Y i 45 R0 R 3 &
Al—O WS 0 M a5 4R sl B0, A7 F 964 cm ' 4 iy s iz 2 3
U6 9 )& F S5 K A7 v (PO IR 30 19 R A 58 i 2 35 1%, 7E 1 500
~4 450 e JEFEI N, 3 626 em ! {3 E AL (Y 5R B S 5 U A AR
AR B AL E IO R e W, 58 T E = B OH i 4 48
) JIT B A B 0T

Feah F AR08 635 A0 Lo A ah E B9 h 80615 A 0 2 i hr
Sk, HA R I ES SRR . B sl F Y Cu Ml Fe
A AR E B Cu fl Fe i, HE8 F PS50 5 K
SRR A AR HERL B 035 & RRUFF B4 2 ob 547 4 19 A v iz
SOGIEHEAT L A 45 AR BT T F oS A L S KA e
o HIEAY . 5 XRD K& EPMA K 45 A4 . 7F 45~
500 em'YE N R AE 231 F1 337 em ! Ab 4R g S 04 2
G A v(CuO) YR 45 IR B T B, 428 em ' 4b i XG5 )
RGASA T v, (PO M RS BT EC £ 500~1 500 3 [l K
K 709 emt REIT Y SR 4L 2 1E 0 )8 O 2 = B S0, —Si
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Fig. 4 Raman spectra of sample E
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Fig. 5 Raman spectra of sample F
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GANE PG FEEZ Cu™ Ml F' gm, Cu'' g a
RO, T Fe’t M A RO, HE L T & Y
. @A RREOA-Ga- Ak, Cum B FHETAS
Je d’, BB AN D, 7 O BUXF ARG i3 b i 2o A
'E, MR ATy, - B F Jahn-Teller B . fafkh Cu’t 32
ABTE AN ) B B WA A8 (0 B b TG IR AR AS J BLIE #E— 2P
3L MR FRYE S Doy X FR, W RO d BUE 4
5 A REE AN M BIE, TE, 3R A L (o) AR Ay,
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FNEEZS B OSBRSS W BRIT R WCRE R . TR I T S
OGS 4 4557, (RSEPRINEIY Cu® A IR IS 7 F 640
nm [, E A Reddy™ 148 Cu®" g K AE 7= A= 11 W%
WA 7E 5 G GG P R 700 nm i UE (805, 710 1 640 nm)
14 56 RO AT 430 nm (SR BRI . H TR I AF AR 4k
AN SR TT IR B Cu® Al Fe' IR A 3%, Cu™
S WAL . B A5 17 AN BUR B . Cu™ 9 IR iy 72
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TEGOG XA BRI RS, FEf R 08, 0 TR & iR 5 S
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Fig. 6 UV-Vis spectra of samples E and F
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Spectroscopic Study of Green-Yellow and Green Turquoise Associated
Minerals from Zhushan, Hubei Province

KU Ya-lun', YANG Ming-xing" ** , LI Yan'
1. Gemological Institue, China University of Geoscience, Wuhan 430074, China

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

Abstract Recently, there have been many natural minerals commonly known as “turquoise associated minerals”, which are rich
in color, such as purple, white, brown, yellow-green, green and so on. However, green-yellow and green turquoise associated
minerals have a more similar appearance to other color turquoise associated minerals and are more difficult to identify. In this
study, to explore their different features, two green-yellow and green turquoise associated minerals samples (sample E and
sample F) were selected from Zhushan County market of Hubei Province. These minerals have been used for the basic gemologi-
cal test, electron microprobe micro, X-ray powder diffractometer, micro-laser Raman spectrometer as well as Ultraviolet-Visible
spectrometer. The test results show that the main mineral components of the associated ores are fluorapatite, muscovite and so
on. The results of electron microprobe backscattering photographs show that the associated mineral samples are polyphase mix-
tures of tiny crystalline particles. And quantitative analysis of the chemical composition of the two phases shows that the dark
phase is an aluminium-containing silicate, while the light phase is calcium-containing phosphate. In addition. the samples also
contained CuO (2. 27% ~6.22%) and FeO (2.43% ~4.99%), whereas the contents of CuO and FeO in sample F are higher
than those in sample E. Furthermore. Damaging test of X-ray powder diffraction can accurately test the main minerals of the
samples which are fluorapatite, muscovite and a small amount of turquoise. The typical Raman spectra of fluorapatite near 964
em ' and muscovite near 203, 432, 709 and 3 626 cm ' can be effectively identified from turquoise. The results of ultraviolet-
visible absorption spectroscopy show that the color origin of the samples is similar to that of turquoise, mainly due to the electron
transition of Cu?" and Fe’" ions. Based on the relatively systematic spectroscopic testing of the samples, the authors suggest
that Raman spectroscopy is a nondestructive, rapid and effective method for identifying different mineral phases in turquoise as-

sociated minerals. The typical Raman peaks of fluorapatite and Muscovite can effectively distinguish them from turquoise.
Keywords Turquoise; Associated mineral; Ranman spectrum; X-ray powder diffraction
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