WE AT , 55 67 &, 454 %5, p. 101-110, 2016

s - Article

EEARNMIREOE X E ET 5 F /N —IVEXDOLZHERK DHRET

£ BV NTEHF BALEE EBREHET Z2BRSS ZHER® MRS

Yutaka Kanai, Yoshiko Tachibana, Masahiro Aoki, Chizuko Okazaki, Yasuyuki Oppata, Naoki Mita
and Hiroharu Matsueda (2016) Study on chemical composition of fluorescent opal specimens in the
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Abstract: Two specimens of fluorescent opal in the Shikaribetsu area, central Hokkaido, were studied
on their chemical compositions of fluorescent layers. Some characteristic properties for their chemical
compositions were elucidated, although clear relationship between chemical element and fluorescent color
was not found out. They contained as much as several hundred ppm of Li, Be, Ga, As, Rb, Cs and several
thousand ppm of Sb. Alkali elements (Na, K, Li, Rb, Cs) and alkali earth elements (Ca, Sr, Ba) showed
relatively small variations among the parts showing different color fluorescence in one sample. Further
study on organic materials is necessary for better understanding of the fluorescence phenomenon.

Keywords: Hokkaido, Shikaribetsu, Opal, Fluorescence, Chemical composition
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Fig.2  Sampling parts and their marks in MI-72 (Photographs
by Okazaki et al. (2015) Fig.5(e)(f) are used).
(a) Photograph under natural light, (b) Photograph under
UV light and marks of sampling parts (Modified after
Okazaki et al. (2015) Fig. 5(f)).
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Fig.3  Sampling parts and their marks in MI-74 (Photographs
by Okazaki et al.(2014) Fig.3 are used for (a) and (b)).
(a) Photograph under natural light, (b) Photograph under
UV light, (c) Sectional photograph of sample and marks
of sampling parts.
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Table 1 Chemical compositions of MI-72 and MI-74 by ICP analysis.
Sample - MI- MI- MI- MI- MI- MI- MI- MiI- M- MI-
72-A 72-B  72-C 72-D 72-E 74-A T74B T74-C T74-D T4-E T4F
Composition
TiO, 0.02 0.00 0.00 0.00 0.00 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
AlL,O3 1.09 0.10 0.05 0.34 0.03 027 0.03 0.09 0.04 0.02 0.03
Fe,03 0.36 0.09 0.02 0.01 0.01 0.13  0.01 0.11  <0.01 0.11 0.02
MnO 0.07 0.03 0.06 0.13 0.02 0.03 0.02 0.06 0.06 0.05 0.03
MgO (%) 0.07 0.01 0.01 0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
Cao 0.18 0.16 0.16 0.19 0.06 013 009 0.5 017 0.13 0.10
Na,O 0.29 0.24 0.23 0.29 0.14 024 019 025 023 019 0.18
K20 0.23 0.16 0.15 0.20 0.08 0.17 013 017 015 012 0.2
P,0s5 0.018 0.001 0.007 0.006 0.004 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba 19 15 13 15 8 25 12 12 8 7 6
Sr (ppm) 37 41 40 45 18 40 28 38 36 29 24
V 6 3 1 10 6 8 <1 5 6 11 7
" ALO, Fe,O4 = MnO u MgO g CaO m Na,0 g K,0 mBa @Sr
(%) (%) (%) (%) (ppm)
0.0 10 00 02 04 00 01 02 00 01 02 0
Mi- MIl- ———— MI- Mi- MI- MI-
T2-A i 72-A T2-A 72-A T2-A 72-A
T2-B I 72-B 72-B 72-B | 2B 72B |
72-C 72-C 12-C 72-C 72-C 72-C
72-D . 72D 72-D 72D 72-D 72-D
T2-E T2-E T2-E T2-E T2-E T2-E
" AlLO, Fe,O4 ® MnO u MgO g CaO m Na,0 m K,0 mBa @Sr
00 (:A]& e 00 (1%) 00 (;:A) 02 00 0(;/") 04 (ppm)
MI- , mi. 0092 04y T — M- ———— Ml ———— M
74A E 74.A 74A 74A 74A 74A
74-B 74B 74B 74B | 74B 74B |
74C || 74C 74-C 74C | 74C 74-C |
74D 74D 74-D 74D 74D 74-D i
T4-E 74-E T4-E T4E T4E 74-E
TAF 74F TAF 74F TAF 74F
4 ICPAITIZ & B MI-72 3R B O'MI-74 3UBHZ 55 1 3 2 LB LK.
Fig.4  Chemical compositions of MI-72 and MI-74 by ICP analysis.
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Table 2 Concentration of minor elements in MI-72 and MI-74 by ICP-MS analysis. Element shown in
parenthesis is the one of low concentration and with relative analytical error of over 30 %.

Content

MI-72- MI-74-
(ppm)
Element A B C D E A B C D E F
Li 196 164 169 225 107 196 164 183 214 173 133
Be 132 2 24 392 13 2 3 22 5 2 5
Sc 6 <1 <1 <1 <1 1 <1 <1 <1 <1 <1
(Cr) 63 33 15 12 10 70 8 32 14 55 15
Co 10 2 1 <1 <1 2 1 <1 <1 1 <1
Ni 94 21 9 11 26 70 11 17 22 16 15
Cu 192 27 32 94 12 31 28 21 23 42 14
Zn 144 56 48 101 32 54 30 34 25 61 19
Ga 328 3 39 785 12 2 <1 55 10 <1 <1
As 29 10 9 9 16 518 58 12 3 11 192
Rb 302 237 214 293 115 235 197 251 228 182 191
Y 16 3 1 <1 1 3 1 <1 <1 <1 <1
Zr 15 2 1 1 1 8 1 1 <1 1 <1
(Nb) 1 3 7 4 1 8 10 24 7 6 3
(Mo) 2 1 <1 <1 <1 2 <1 1 1 1 <1
Cd 2 1 1 <1 <1 1 <1 <1 1 <1 <1
Sn 3 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Sb 2340 2480 2240 1530 1210 2870 3350 3640 6920 3200 3180
Cs 458 425 384 571 222 446 385 460 407 331 352
La 14 2 1 4E1 3EA1 3 5E1 4E1 4E-1 2E-1 3E-1
Ce 31 4 1 1 5E-1 7 1 5E1 2E1 2EA1 1
Pr 3 1 2E1 6E-2 6E-2 1 9E-2 6E-2 3E2 3E2 6E-2
Nd 14 2 1 3E-1 2EA1 3 3E1 2E1 7E-2 9E-2 3E-1
Sm 3 4E1 1E1 4E-2 9E-2 1 9E-2 5E-2 2E-2 1E-2 9E-2
Eu 1 1E1 6E-2 4E-1 3E-2 1E1 2E2 3E2 1E-2 2E-2 3E-3
Gd 3 4E1 1E1 1E1 2E-2 5E-1 9E-2 1E-2 3E-2 3E-2 9E-2
Tb 1 1E1 3E-2 1E-3 5E-3 8E-2 3E2 1E-2 8E-3 6E-3 3E-2
Dy 3 4E1 9E-2 6E-2 1E-1 5E-1 1E1 5E-2 3E-2 5E-2 1E-1
Ho 4E1 1E1 2E-2 1E-2 2E-2 9E-2 3E-2 7E-3 9E-3 1E-2 2E-2
Er 1 3E1 1E1 3E-2 6E-2 4E-1 8E-2 5E-2 6E-2 4E-2 1E-A1
Tm 2E1 3E2 7E-3 5E-3 1E-2 4E-2 2E-2 <1E-3 2E-3 <1E-3 1E-2
Yb 1 2E1 6E-2 8E-2 6E-3 3E-1 7E-2 4E-2 3E-2 8E-2 1E-1
Lu 2E-1 3E-2 1E-2 1E-2 2E-2 5E2 2E-2 6E-3 1E-3 1E3 1E-2
Hf <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
(Ta) 1 1 2 1 1 <1 1 1 1 1 <1
Tl 8 7 7 10 4 9 8 7 7 17 443
Pb 52 13 8 11 4 11 3 7 4 5 8
Bi <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Th 6 1 <1 <1 <1 1 <1 1 <1 <1 <1
U 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
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Concentrations of minor elements in MI-72 and MI-74 by ICP-MS analysis (unit: ppm). Element shown in
parenthesis is the one of low concentration and with relative analytical error of over 30 %.
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Fig. 7  Rare earth element pattern normalized by C1 chondrite.
FI3L Ao EH e ILR OB
Table 3 Relationship between fluorescence color and chemical composition.
Sample Observed color* Relative content**
P® Under VIS Under UV Al Fe Mn Mg Be Ga As TI
MI-72-A Brown-Yellow  Violet-Yellow © © O © O O
MI-72-B Brown Brown O
MI-72-C Cream-Yellow  Yellow O
MI-72-D Dark brown Black @) © © ©
MI-72-E White Blue
MI-74-A Light gray Aguamarine O O O ©
MI-74-B Light gray Greenyellow
MI-74-C White Black-Orange O O
MI-74-D Light gray Blue O
MI-74-E Light yellow Orange O O
MI-74-F Light yellow Greenyellow O ©

*: VIS and UV mean "visible light" and "ultraviolet light", respectively
**: © and O mean "very high" and "high", respectively
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