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Investigation of FTIR, XRD, and UV—Visible (UV—-Vis) Spectra of Kunzite
and Hiddenite from Nuristan, Afghanistan, and Evaluation of Their

Gemological Potential

Abstract

Spodumene is one of the most important lithium-bearing silicate minerals, and its colored varieties,
namely kunzite and hiddenite, are of considerable gemological and economic significance. Afghanistan,
particularly the Nuristan region, is recognized as an important source of high-quality gem-grade
spodumene. In this study, natural kunzite and hiddenite samples from lithium-rich granitic pegmatites
of Nuristan, Afghanistan, were investigated to characterize their structural, spectroscopic, and
gemological properties. X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR),
ultraviolet—visible spectroscopy (UV-Vis), and standard gemological tests were employed. XRD
results confirmed that all samples correspond to monoclinic spodumene with no detectable secondary
phases. FTIR spectra revealed characteristic absorption bands related to Si—O vibrations of the silicate
framework, while UV—Vis spectra indicated that manganese and chromium are the primary
chromophoric elements responsible for the pink to violet color of kunzite and the green color of
hiddenite, respectively. Gemological examinations showed that the physical and optical properties of
the samples fall within the standard ranges reported for spodumene. The results demonstrate that
colored spodumene from Nuristan possesses favorable gemological characteristics and significant
potential for gemstone applications.
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