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Fig. 1 Corundum samples from Fangshan (a) and Le-shuza-kone (b) mines
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Fig. 2 Three sets of needle-like inclusions in CL-02(a) and BM-01(b) under optical microscope(50X)
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Table 1 Mineralogical characteristic of CL-02 and BM-01
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Table 2 XRD characteristic of corundum., diaspore and boehmite

CL-02(d1) #1 BM-01(d2) BM-01 BM-01
[{IES KR A P (—KEBA)

di d> (hkl) 20 d (hkD) 20 d (hkl) 20

- - - - - - - 6.115 1 (020) 14. 44

- - - - 3.9815 (110) 22.31 - - -
3.408 8 3.477 0 (012) 25.65 - - - - - —
2.551 8 2.549 9 (104) 35.03 2.549 9 (130) 35.22 — — —
2.380 7 2.378 1 (110) 37.77 2.378 1 (10D 37.82 - - -

- - - - 2.314 9 (11D 38.97 - - -
2.086 6 2.084 9 (113) 43.33 2.084 9 (140) 43. 50 - - —
1.741 1 1.739 8 024) 52.51 1.739 8 041D 52.52 - - -
1. 602 6 1. 601 4 (116) 57.47 1. 601 4 (240) 57.62 - - -
1. 548 2 1.547 0 21D 59.71 - - - - - -
1.512 2 1.511 4 (018) 61.23 — — — — — -
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Fig. 5 Raman spectra of zircon inclusion in CL-01
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Table 3 The FTIR results of CL-02 and BM-01
(KBr pellet method)
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Fig. 7 Micro-infrared spectra of CL-02 and BM-01(KBr pellet
method) in the region of 400~3 500 cm™'
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Table 4 EPMA results of CL-02 and BM-01

Wt% CL-01-1 CL-01-2 CL-01-3 CL-02-1 CL-02-2 CL-02-3 BM-01-1 BM-01-2 BM-01-3 BM-02-1 BM-02-1 BM-02-3
TiO, 0 0 0. 089 0 0 0 0 0 0. 008 0.015 0. 008 0
V;0; 0 0. 007 0 0.015 0.012 0.012 0 0.013 0 0. 01 0. 009 0
Cry O3 0 0.021 0 0 0.001 0.001 0 0.02 0 0.032 0.034 0.01
SiO; 0. 006 0 0 0. 007 0.018 0.023 0 0 0. 009 0.015 0 0

Al Oy 97.695  99.233 97.731 98.859  98.995  98.516 100.476 100.546 100.207 100.114 100.556 100.748
FeO~* 1.371 1. 278 1. 597 1. 257 1. 386 1. 294 0. 272 0. 249 0. 249 0. 249 0. 249 0. 249
MnO 0.031 0.003 0 0 0.02 0.022 0 0 0 0.02 0.01 0. 005
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Table 5 The content of Fe’* and Fe** in CL-02 and BM-01 calculated by electrovalence difference method

CL-01-1 CL-01-2 CL-01-3 CL-02-1 CL-02-2 CL-02-3 BM-01-1 BM-01-2 BM-01-3 BM-02-1 BM-02-1 BM-02-3
Fel™ 0 0 0.004 6 0 0 0 0 0 0.000 4 0.0008 0.000 4 0
Fe?! 0.0198 0.0182 0.0184 0.0179 0.0197 0.0185 0.0038 0.0035 0.0031 0.0028 0.0031 0.0035
Fe, O3 0 0 0.3557 0 0 0 0 0 0.0320 0.0600 0.0320 0
FeO 1.3710 1.2780 1.276 8 1.2570 1.3860 1.2940 0.2720 0.2490 0.2202 0.1950 0.2202 0.2490

%f CL-01, CL-02 F1 BM-01, BM-02 43 BIMHE T =4~ 4
Hft CL-01-1, CL-01-2, CL-02-1, CL-02-2 fl CL-02-3 £ i
WZEMEEITHE, Fe, Oy W& EAN 0, M FeO i & & 5 ¥
TREFA Y FeO™ S Bi AH A5, P38 3 33 oA~ A0 A5 W £ o
SFBR Fe''y T Fe'', IR A4 S TiO, 13 =k
0, s CL-01—3 FT7EALZE IR 3 fh 2 St AL . i EBSD #iA £
BRI J AR (Fe, Og) s HEE TP Fe'™ o 8w f 22
EHI Sy ARERENIE R R, Ttk bgsie, 8
RIEE AN EPEEITTE R F', Mk Fe'o +Fe 5 Fe''

+Ti*" , LT Fontana Fl Bristow, 822 P 1003 fy Fe®
+Fe’ 5 Fe' " +Ti'" fr [ M fif B 3 . CL-02 th ki 25
BT A R MR 2 R h WA IR R

1 BM-01 #, BM-01-1, BM-01-2 il BM-02-3 £ Hi, ffy 22
HETTE, Fe, O W& #Eh 0, 1 FeO 1y & i 5 L TR
by FeO g A REARR , B iE i ix = 50075 W & b 420
HFe, T Fe, Bk =AM TiO, & =48R 0. a5
BM-01-3, BM-02-1 #1 BM-02-2 H, FeO 5 Fe, Os H) & & Lt
{E43 5} 6. 886, 3.253 Fll 6. 886, F F-H{H 115 . Fe* /5 Fe
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Table 6 Mossbauer results of CL-01 and CL-02

s E /K i I IS/ (mm =+ s 1) QS/(mm=+s 1) LW/(mm=+s 1) TR AR/ %
298 1(CL-01) 0.562 78 2.479 67 0.582 00 32.01
298 2(CL-02) 0.288 08 0.519 69 0.582 00 67.99

¥ : IS(8) =Isomer Shift([f] T G » QS(A) = Quadrupole Splitting(FU#% 4324, LW(I) =Line Width(% 55)

5861

584 1

Counts/10*

582

5804

-16 -12 8 4 0 4 8 12 16
vi(mm-s™)

8 CL-01 #0 CL-02 BB & /RiL (298 K)
Fig. 8 Mossbauer spectra of CL-01 and CL-02(298 K)
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Spectral Characteristics of Dark-Blue Corundum From Fangshan Mine,
Shandong., China and Le-Shuza-Kone Mine, Mogok, Burma

ZHAO Qian-yi' , XU Chang'* , LIU Xian-yu®
1. Geological Institute of China University of Geosciences, Wuhan 430074, China
2. College of Jewelry, Shanghai Jianqiao University, Shanghai 201315, China

Abstract To analyze spectral characteristics of dark-blue corundum from Fangshan mine, Changle, Shandong, China and
Le-shuza-kone mine., Mogok. Burma comparatively, and to find out the valence state of iron and coloring mechanism of
corundum from both of the mines, in this paper, we did research with the help of X-ray powder diffraction (XRD), microscopic
laser RAMAN spectroscopy, microscopic Fourier infrared spectrum (FTIR), electron microprobe (EPMA), Mossbauer
spectroscopy (CEMS) and other methods. The phase, spectral characteristics and composition of dark-blue corundum produced
in Fangshan mine and Le-shuza-kone mine were studied. The X-ray diffraction results show that the corundum produced in the
two mines is characterized by four diffraction peaks of 3. 408 8/3.477 0 A (012). 2.551 8/2.549 9 A (104), 2. 380 7/2.378 1 A
(110) and 2. 085 0/2.089 4 A (113) between 26 angles of 25° and 45°. In addition. The corundum from Le-shuza-kone mine has
a weak diffraction peak of 3. 981 5 A (110) between 20 angles of 22° and 23°, and a weak diffraction peak of 2. 314 9 A (1D
between 20 angles of 38° and 40°, which are the characteristics of diaspore and boehmite, respectively. Raman spectral scattering
peaks are mainly distributed in the two ranges of 350 to 450 and 550 to 850 cm '. The 416 and 378 cm ' are characteristic peaks
of corundum. In the RAMAN results, the strong peaks of 415 and 377 ecm™ ! are displacements caused by internal structural
deformation, and the Raman scattering peak at 749 cm ' is attributed to AlI—Q stretching vibration. The 793, 811 cm ' Raman
peaks of corundum from Fangshan mine and the 707, 793, 1 239, 1 247 cm™' Raman peaks of corundum from Le-shuza-kone
mine can be used as the basis for distinguishing the origins. The infrared spectrum shows that the absorption peaks of 451, 603,
640, 779 and 1 088 cm ' in the fingerprint region are common of the samples from the two mines, and in the functional group
region, the absorption peaks of corundum of Le-shuza-kone mine has constitution water (—OH) peaks of 1 981, 2 110 and 3 311
em ', which can be distinguished from the characteristic peaks of corundum from Fangshan mine, Changle, Shandong, China.
The dark-blue corundum from Le-shuza-kone mine, Mogok, Burma contains constitution water (—OH), which was involved in
its formation, while the corundum from Fangshan mine, Changle, Shandong has no constitution water (—OH). According to
the electron probe results and the electrovalence difference method, the iron element in the main crystal of corundum from
Fangshan mine is Fe*™, and the Fe'™ content of is zero. In the sample from Le-shuza-kone mine, Fe*™ accounts for 91. 9% while
Fe*' accounts for 8. 1% of the total amount of iron. Furthermore, the Mossbauer spectra were creatively applied in the research
of Fe valence state in Fangshan-mine corundum, and the results show that the occurrence form of iron in corundum from
Fangshan mine is Fe’", and the dark-blue body color is caused by Fe’", which is neither Fe*" 4 Fe*' nor Fe*" -+ Ti'!

inter-valence charge transfer reported before.
Keywords Fangshan Mine; Le-shuza-kone mine; Corundum; XRD; FTIR spectra; Raman spectra; EPMA; CEMS
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