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Abstract Metamictization and color change in zircons from Cambodia and Tanzania were investigated. Elements analysis
to detect radioactivity of elements such as U and Th, and spectroscopic analysis using UV-VIS and Fourier transform
infrared spectroscopy were performed. According to the UV-VIS spectroscopic analysis, it was perceived that many and
high intense absotption peaks appeared in blue and colorless zircons, while less and low intense absorption peaks appeared
in uranium contained green and yellow zircons. It was found that those stones have made progress to the metamictization.
After heat treatment, we could detect opposite results. As the results of FTIR spectroscopy analysis, in the metamict green
and yellow zircon, it is showed that 3-phonon combination mode bands of [SiO,]" internal vibration in the region of 3100~
3400 cm™ are broad and some of them disappear. However, the dlsappeared bands are observed again due to restored
crystal lattice by the heat treatment. Also, U*'peaks that can detect the uranium content in zircon appears at near 4800 cm™
in the green and yellow samples. From this investigation, we could observe the metamictization effect and color change in
uranium-bearing zircon by heat treatment using spectroscopic analysis.
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Fig. 1. Crystal structure of zircon [1}.
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Table 1
Composition data of zircon by wavelength dispersive X-ray fluorescence (Unit: wt%)
Origin Color No. Zr Si U Th Cl K Ca Cr Fe Hf Y
Cambodia Blue BL-1 73.98 1491 5.02 0.08 345 0.08 0.06 1.63 0.16
" " BL-2 7625 15.12 3.10 009 291 0.08 0.10 1.68 0.18
" " BL-3 80.42 15.91 0.56 - 0.71 - 004 212 -
Tanzania Brown  BR-1 66.78 13.96 1062 - 6.11 0.30 0.46 1.53 -
" " BR-2  78.57 15.22 2.74 0.09 124 - 0.09 1.88 -
" " BR-3 7449 14.56 547 0.11 2.55 0.31 0.44 1.77 0.21
" fé‘s’:or' CL-1 7866 1536 199 - 190 - 006 180 -
" " CL-2 77.70 14.87 231 009 186 0.08 0.09 - 0.17
" " CL-3 79.24 15.60 1.29 - 1.43 - 006 219 -
" Green GR-1 7785 1599  0.19 1.06 0.11 1.75  0.08 010 252 0.16
" " GR-2 7750 1580 - 1.27 - 1.80 0.09 0.09 3.20 0.19
" " GR-3  79.36 16.84  0.10 0.52 0.13 082 0.07 010 2.05 -
" Yellow YE-1 76.99 15.98 0.12 0.09 1.45 0.12 1.94 0.12 0.06 2.68 0.35
N " YE-2 7823 1604 0.07 0.09 121 - 1.27  0.06 0.08 2.41 0.47
" " YE-3 7945 1628  0.15 007 034 - 038 - 0.06 2.88 0.23
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Fig. 2. UV-VIS absorption spectra of various zircon. (a) blue color zircon from Cambodia after heat treatment (b) brown color zircon
from Tanzania before heat treatment, (c) colorless, (d) and (f) green color zircon, () yellow color zircon.
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Fig. 3. UV-VIS absorption spectra of various zircon as compared with before and after heat treatment in the O, and N, condition.
(a) blue color zircon from Cambodia (BL-2), (b) brown color zircon from Tanzania (BR-1), (c) colorless zircon (CL-1), (d) green
color zircon (GR-1), () yellow color zircon (YE-1), (f) yellow color zircon (YE-3).

o] AgEolth HAe] AgdXe Skl AE HA
I gAY AlgoME fEEH EFel 2ol AE =HA
o A5 3 ARE REOX @A Hele ALl
A2 g F, Wigy gue H2 59 Ity
w2 A719) SFER velth 542 7i" 2o A
o] Sol7idE UM o8 vehhe FAa i)
ol 71903 A% AEjel] o Hzan EfE Moz
Ve =3 A2F Az Yol si Aele) o't
A= o] FA oM =4 ez EXE] Wi A

< H310]. o8 AT A BF L2¥ AE
29 g2 2"EYo] Wit olES AT 4
3 A Y4B oSt AFWTY s E v dstd
Zlo] @At Foll= thA] FEARI ARAR HEokst
A Hagy 7 FrIEeH 9= A7 =4 o
Bt vege] AfeEgon Yepdy F3 Aksl Ixje
of o5 E¥Y EHof Add A} AAER Fol WA
Faow Wk Zojy o) FHo EdRS fARE
A= B9




A study on the metamictization and color change in zircon by spectroscopic analysis

3.3. A9 BgEN

AZFE A Goolr A7 Feje] F5 M=Fol
vehdt}, 250~1000 cm™ GGl E [Si0,]7 Lol9)
W7 2EdA Brel U WY oyl ey olE
2 welayt | A ekt o M= welA B
TH11]. 1400~2000cm” FolME [Si0,]" goleg]
2EYAF iy REo] 2.¥i= 23 Rl vehdt)
3000~3500 cm™ YoM E [Si0,]7 WF AT mre

a8
3383

(a)

0.8+ 3178

@@ns

0.7 1

Absorbance

LR

0.4

30‘00 35‘00
Wavenumber (nm™)

T
2560

()

124
2753

3198
3088 l

Absorbance

3000 3580
Wavenumber (nm™)

T
2500

.7

o
n
L

P 3326
!

Absorbance

b
»
L

0.3

SD'OU 35&)
Wavenumber (nm™)

Absorbance

4000

Absorbance

4800

Absorbance

17

3= 2% 2ErF yehb o714E 3500 cm oA
OH 2Ed#H W=y Yepd}12, 13]. S-S AEd
WEE 4000~7000 em™ G ERT  4500~4800
em™ Atolel A= UY7E 5800~6800 cm™ Abolol A U™
ol 9] F7F vERdTH14].

Fig. 4= A9 2400~4000 cm ™' FolA Jehd |
232 ~HEeHo|t} 3500 cm | FH O-H 2E&A
o] F WiErt EAlske o] gutdol A=F AR
oXE JeERA] 9ol OH B H,0 H=7} itk B

12

(0)

10 3083 3195

03
2754
0K

D4

a2

ZDIIJU 35|Clﬂ
Wavenumber (nm™)

450

GAE |

052

2659

046 4

044

040 -

036 4

3000 3500
Wavenumber (nm™)

2500

()

2706

05

[

{1

T T
3000 350¢ 4000

Wavenumber (nm')

T
2500

Fig. 4. The infrared spectra of various color zircon in the region of 2400~4000 m . (a) brown color zircon from Tanzania (BR-1),
(b) blue color zircon from Cambodia after heat treatment (BL-1), (c) colorless zircon from Tanzania (CL-2), (d) and (e) yellow color
zircon (YE-1 and YE-3), (f) green color zircon (GR-3).
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