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Color change of Zambian amethyst by heat treatment
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ABSTRACT : 1t is known that the natural amethyst is changed to citrine after heat treatment. However,
when all amethyst samples from Zambia were heat-treated in the temperature range of 350~380C for
1 hour, the result was that five out of eight samples were changed to citrine and all the rest of
samples became rock crystal quartz. These differences in the color appearance seem to be influenced
by the original colors contained in the amethyst before the heat treatment. The amethyst containing
yellow color changed to citrine and the amethyst without containing yellow color changed to rock
crystal quartz after the heat treatment. The results compared after the instrumental analysis on the
difference of color change, it showed the differences of peak intensity in 3,400 cm™ and the existence
and non-existence of peak at the range of 5,200~5400 cm’ in FTIR. It revealed the difference in the
quantity of Cr which is a trace clement in the WD-XRF analysis. The identical result in the FTIR
spectra before and after the heat treatment reveals that the heat treatment did not cause any change in
the main composing elements or crystal structure.
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(a)
Fig. 1. Photographs of Zambian amethyst before heat treatment. (a) group A (Top left: Al, Top right: A2,
Bottom left: A3, Bottom right: Ad), (b) group B (Top left: Bl, Top right: B2, Bottom left: B3, Bottom right:
B4).

Table 1. Characteristic of amethyst sample

(b)

Sample Color Pleochroism Carat Impurity RI C}?alr) :llccter
Al bluish Purple M.Purple/M.brownish Purple 643 Fluid 1.544~1.553 DR(U"
A2 bluish Purple M.Purple/M.brownish Purple 6.64 Fluid 1.544~1.553 DR(U"
A3 bluish Purple M.Purple/M.brownish Purple 6.25 Fluid, 1.544~1.553 DR(U)

Negative Crystal
A4 Light Purple M.Purple/L.Purple 1.71 Fluid 1.544~1.553 DR(U)
Bl  yellowish Purple M.reddish Purple/L.brownish Purple 10.9 Fluid, 1.544~1.553 DR(U")
Color Zoning
B2 yellowish Purple Mreddish Purple/L.brownish Purple 7.33 Fluid 1.544~1.553 DR(U")
B3 yellowish Purple M.reddish Purple/L.brownish Purple 9.45 Fluid, 1.544~1.553 DR(U"
Color Zoning
B4 yellowish Purple Mreddish Purple/L.brownish Purple 10.1 Fluid, 1.544~1.553 DR(U)

Negative Crystal
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(a) (®)
Fig. 2. Photographs of Zambian amethyst after heat treatment. (a) group A (Top left: Al, Top right: A2, Bottom
left: A3, Bottom right: A4), (b) group B (Top left: BI, Top right: B2, Bottom left: B3, Bottom right: B4).
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Fig. 3. FTIR Spectra of group A amethyst before heat treatment.
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Fig. 4. FTIR Spectra of group B amethyst before heat treatment,
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Fg. 5. FTIR Spectra of group A amethyst after heat treatment.
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Fig. 6. FTIR Spectra of group B amethyst after heat treatment.
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Fig. 7. UV-VIS-NIR Spectra of group A amethyst before heat treatment.
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Table 2. Chemical composition of amethyst before heating by WDXRF

(unit: wt%)

Sample 6] Si Fe Cr K Na Ca Other component

Al 79.670 20322 0.006 0.001 - - - Sn (0.001)

A2 79.663 20319 0.003 0.002 - - - Se, Zn (0.004), Bi (0.005)

A3 80.452 19.427 0.030 0.020 0.005 0.064 - Ni (0.002)

A4 81.586 18.408 0.006 - - - -

Bl 81.885 18.104 0.005 0.006 - - -

B2 79.974 20.006 0.008 0.005 0.002 - 0.005

B3 80.079 19.880 0.009 0.006 0.020 - - Se, Rb (0.003)

B4 80.385  19.590 0.007 0.007 0.004 - - Se (0.004), Ni (0.003)
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