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Infrared spectra and inclusions of emeralds from Pakistan

GUO Hong-shu and YU Xiao-yan
(School of Gemology. China University of Geosciences, Beijing 100083, China)

Abstract: In this paper, the inclusions and the structural water in the microchannel in emeralds from Pakistan were

investigated by using optical microscopy, infrared microspectroscopy ( FTIR), Raman spectroscopy and electron mi-

croprobe analyzer (EPMA). The emeralds from Pakistan contain type [ and type II waters. The infrared spectra
show that the intensity of water type I (5 270, 3 600, 1632 ¢m ') is much stronger than water type [ (1 600

em™').

Most of the multiphasic inclusions in these emeralds are of biphasic elongated shape or are “neck-licking”

inclusions, which consist of liquid ( H,0) and gas, including carbon dioxide gas (CO,) + nitrogen (N,) + meth-

ane (CH,). The main solid inclusions are magnesite, dolomite, muscovite and quartz. These inclusions and infra-

red spectra contribute to distinguishing Pakistani emeralds from emeralds of other origins.

Key words: emerald; infrared spectra; Raman spectra; inclusions; Pakistan
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Fig. 1 The samples of emeralds from Pakistan
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Fig. 2 The inclusions in emeralds from Pakistan
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a—rectangular light-color crystal inclusions; b—rounded or irregular light-color or colorless crystal inclusions and hexagonal emerald crystal inclu-
sions; c—white minerals and brownish dip on the sample surface; d—* neck-licking” and irregular fluid inclusions; e—spotted brown solid inclusions

concentrated in emeralds; f, g, h—elongated or “ necked” gas-liquid two-phases inclusions
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a—the range of 6 000 ~1 500 ¢cm =" about the YE-13 emerald; b—the
range of 4 000 ~3 000 ¢cm ~' showing the details of H,O transmission
in samples; c—the range of 3 200 ~2 000 ¢cm ~! showing the details of
the mineral oil and CO, -related transmission
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Table 2 Electron microprobe analyses of Pakistani emeralds and associated minerals
i H Si0, TiO, Al 05 MgO FeO CaO MnO Na, O K,0 Total
R 1 0.01 0.01 0.01 44.87 8.28 0.14 0.14 0.01 0.00 53.48
2 0.15 0.00 0.01 46.88 3.19 0.19 0.02 0.01 0.00 50.45
HBE 4% 64.80 0.00 13.70 2.23 1.16 0.01 0.02 1.63 0.01 83.56
EES 98.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 98.04
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Fig. 5 Backscattering image of the YE-12 emerald and

surrounding rocks
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Fig. 6 Raman spectrum of emerald from Pakistan
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Fig. 7 Raman spectra of two phase inclusions in YE-12 Pakistan emerald
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a—gas and liquid phase in the “ neck-licking” fluid inclusion; b—gas and liquid phase in the elongated fluid inclusions
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Fig. 8 The Raman spectra of mineral inclusions in emerald from Pakistan
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