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Abstract

Emerald (green beryl) as one of the world's precious gemstones has always been of interest to gemologists and
geologists. Determining the geographical origin of emeralds is of particular importance in the gemstone trade for
reasons of valuation, authenticity and ethics. Determining the origin of emeralds has been mainly based on
gemological observations and inclusion studies. These observations are very valuable, but in cases where samples
lack specific inclusions or different deposits have similar inclusions, determining the origin becomes very
challenging. This challenge is especially evident in the case of deposits that are geographically close but
geologically different. Given that the amount of trace elements and their trace elements are important factors in
determining the geographical origin and tectonic environment of the formation of these gemstones, the use of
advanced analysis methods, including the ICP-MAS method, is a reliable and trustworthy method for determining
and examining these samples. Based on the results of ICP-MS analysis, Swat emeralds from Pakistan, with their
very high magnesium (average 34,263 ppm), iron (average 9,265 ppm), and scandium (average 633 ppm) contents,
as well as three-phase inclusions containing magnesite, are clearly distinguishable from Panjshir emeralds, which
have a similar chemical composition to Colombian emeralds and complex multiphase inclusions. This study
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shows that combining data from gemological and geochemical studies (ICP-MS) provides a powerful framework
for determining the origin and identification of emeralds.
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