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Fig. 1 Garnet samples from three localities
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Table 1 Range of chemical components in garnet

samples from three localities

HEJe W e LT TR F .

F RS/ Wt
MgO 13.5~14.5 12.9~17.8 10. 3~10. 7
Al Os 21.6~21.9 21.6~22. 4 21.3~21.6
Si0, 41.5~141. 6 10. 4~141. 9 10~40. 7
CaO 0.41~0. 87 0.52~1.97 0.86~0.98
MnO 0.08~0. 24 0.18~0.91 0.99~1.18
FeO 20.2~21.2 16.2~21.8 24.5~25.1

MR ICE /ppmw
Li 19. 5~36. 3 1.68~12 2.12~3.79
Na 130~297 70. 5~272 165~200
P 598~962 278~1759 381~462
Sc 8.06~52. 9 16. 3~66. 4 89.3~101
Ti 16.5~65. 3 6.65~218 113~262
\% 3.02~32.7 14.7~71.4 22.8~32
Co 11.9~13.3 5.3~28.7 16.6~18. 6
Zn 3.76~62.9 24.7~67.7 40. 8~49. 5
Ga 4.72~8.82 5~10.8 6.95~9.9
Y 20.8~149. 6 14.5~146 326~417
Zr 17.1~23.6 12.3~146 21. 6~26.5
HIf 0.23~0. 4 0.29~0.77 0.22~0.41
> REE 15.9~31.8 10. 2~88. 1 147~229
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Table 2 Coefficients of different element variables in canonical
discriminant functions and standard canonical dis-

criminant functions
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Fig. 2 Samples from three localities plotted according to different pairs of chemical components
(a): MgO; (b): Co; (¢): CaO; (d): Li
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Table 3 Vibration modes of different Raman peaks and wavenumber ranges of Raman peaks

of samples from different localities(peaks are consistent with Fig. 4)

15 i Lo W £ P s A R A/ cm ! WMEJET/em ! LW/ cm !

a Foq 1 045~1 050 1 049~1 055 1 050~1 058
Si—O i 45 iz 3 b Alg 917~920 921~923 920~928
c Foy 865~867 866~870 864~871
d Fay 635~639 638~641 639~647
Si—O 25 il ¥k 3h e Aig 556~560 559~561 559~566
f Fag 501~505 504~507 505~512
[SiO, 1% 5 g Foy 349~352 354~355 354~358
[SiO, 153l h E./Fay 207~211 209~212 206~212
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Table 4 Pearson correlation coefficients between wavenumber

of Raman peaks and content of chemical components

$ir & s for FAS G b2 B4 G0 IR 56 2250
G EO MgO FeO MnO Ca0
a 0.875 —0. 880 —0. 637 —0.058
b 0.926 —0.893 —0. 685 —0. 348
c 0. 590 —0.553 —0. 424 —0. 466
d 0. 855 —0. 839 —0.658 —0.139
e 0.918 —0. 883 —0.698 —0.275
A 0. 905 —0. 900 —0.753 —0. 141
g 0.973 —0.973 —0.785 0. 064
h —0.299 0. 268 0.467 —0.072
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Table S UV-Vis absorption bands and their color-causing ions

and energy level transitions
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Comparison of Chemical Composition and Spectroscopy of Purple-
Brownish Red Garnet From Zambia, Tanzania and Australia

ZHONG Yuan, QU Meng-wen, Andy Hsitien Shen”

Gemmological Institute, China University of Geosciences (Wuhan), Wuhan 430074

Abstract Purple-brownish red garnet is the best-selling garnet variety. that from different origins often have various prices
owing to particular hues and clarity, so it is necessary to determine the origins. Tanzania and Australia are two main provenances
of purple-brownish red garnets, while Magodi, Zambia, is a newly discovered locality. We compared the chemical composition
and spectroscopic characteristics of samples from these localities. LLA-ICP-MS testing shows that all samples belong to the
pyrope-almandine series. The linear discriminant analysis based on 17 chemical components can distinguish different localities
with 96. 7% cross-validation accuracy. MgO, FeO, MnO, Co, etc., have larger weights in discrimination than other
components based on standardized canonical discriminant function coefficients. According to the distribution curve of rare earth
elements, Australian garnets perform an obvious upward trend in heavy rare earth elements. The ratio between the total content
of heavy rare earth elements and light rare earth elements was various among localities, 9-175 in Zambia, 50-164 in Tanzania and
191-334 in Australia. With the increase of MgO and the decrease of FeO), Raman peaks related to Si-O stretching vibration,
Si—O bending vibration and [ SiO, ] rotation shift to the direction of high wavenumber. The offset of wavenumber is linearly
correlated to the content of Mg and Fe. Thus, the Australian samples can be roughly distinguished by Raman peaks due to lower
MgO content. Garnets from three origins also have a difference in hue. Ultraviolet-visible absorption spectra show that the hues
are mainly affected by the absorption strength at 425 nm. The ratio between the absorbance at 368 and 503 nm can be used to
distinguish three localities. of which Australia is more significant than 1. 3, Zambia is between 0. 8 and 1. 3, and Tanzania is less

than 0. 8.
Keywords Garnet; LA-ICP-MS; Linear discriminant analysis; Raman spectrum; UV-Vis absorption
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