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Àáñòðàêò. Èçñëåäâàíè ñà ïðèðîäíè öèðêîíè ñ ðàçëè÷íà ñòåïåí íà äåôåêòíîñò ÷ðåç ATR-èíôðà÷åðâåíà ìèê-
ðîñïåêòðîñêîïèÿ ñ ëú÷åíèå îò ñèíõðîòðîíåí èçòî÷íèê. Ïîëó÷åíèòå ñïåêòðè íà ïîãëúùàíå ñå ðàçëè÷àâàò
çíà÷èòåëíî çà êðèñòàëè ñ ðàçëè÷íè àêóìóëèðàíè ðàäèàöèîííè äîçè.
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Introduction

Natural zircon (ZrSiO4) belongs to the group of
metamict minerals, which are characterised by struc-
tural disorder of various degrees related to the si-
multaneous action of alpha decay recoil damage due
to incorporated radio-nuclides and structural recov-
ery caused by thermal annealing. Structural studies
of metamict zircon are important for geochronolog-
ical interpretation and for better understanding the
long-term effects of structural modification, since
zircon is used for a host system for disposal of radio-
active waste. One of the most frequently used meth-
ods for determining the degree of structural disor-
der on a micron-scale level is Raman spectroscopy
(Palenik et al., 2003). The structural analysis is based
on the disorder-induced anomalies in phonon modes
of zircon. Infrared spectroscopy, as an alternative
technique for probing optical phonon modes, has
also been utilised to study the structural modifica-
tions in zircon (Zhang et al., 2001; Geisler et al., 2003)
however, it has not been applied so far for analysing
micron-scale spatial regions of inhomogeneous nat-
ural minerals.

The objective of this study is to apply synchro-
tron-based attenuated total internal reflectance in-
frared (ATR IR) microspectroscopy to characterise
natural zircon samples with different degree of struc-
tural disorder, as preliminary distinguished by elec-
tron microprobe analysis and Raman microspectros-
copy. The advantages of ATR IR spectroscopy are:
(i) it overcomes the necessity to use Kramers-Kro-

nig’s transformation and, thus, the uncertainty in
determining the peak positions, as in the case of
specular reflectance; (ii) there are no special require-
ments for the  sample thickness as in the case of
transmittance regime, where the preparation of sam-
ples thin enough for measuring the first-order in-
frared-active phonons is difficult to handle; (iii) high
lateral resolution (approaching 3 µm) when an ATR
objective is used, which was facilitated by the utili-
zation of synchrotron radiation.

Experimental

We studied 36 natural zircon crystals separated from
various locations and type of rocks. The ATR IR
spectroscopic measurements were performed at the
ANKA IR beamline, using a Bruker IFS 66v/S FT-
IR spectrometer equipped with a Bruker IRscope II
microscope with a Ge-ATR crystal objective and a
liquid N2-cooled MCT detector. The refractive in-
dices of Ge and zircon are ~ 4.01 and 1.65, respec-
tively, i.e. the optical parameters of zircon meet the
requirements for occurrence of total reflectance
when Ge crystal is used. The spectral range in which
Ge can be used as an ATR crystals is 600—5000 cm–1,
which allow to detect the fundamental Si-O stretch-
ing bands near 880—980 cm–1, the infrared absorp-
tion due to multi-phonon processes and the stretch-
ing modes of hydroxyl groups. The spectra were col-
lected in a dry N2-purged chamber, with an apper-
ture of 25 µm, spectral resolution of 2 cm–1, by press-
ing the ATR crystal onto the sample with a force of
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0.46 N and averaging over 512 scans. The charac-
teristic penetration depth was approximatelly 700 nm.
Polarized spectra with the light polarisation either
perpendicular or parallel to the crystallographic c-
axis of zircon were collected using KRS5 polarizers.

Results
According to group theory, seven IR active modes
(3A2u + 4Eu) should appear in the IR spectra of zir-
con (Dawson et al., 1971). The modes of A2u symme-
try are observed when the light electric vector E is
parallel to the c axis, whereas the modes of Eu sym-
metry contribute to the spectrum when measured with
E perpendicular to the c-axes. The bands at 885 cm–1

(E ⊥ c) and 989 cm–1 (E || c) are generated by Si-O
stretching mode ν3, wheras peaks at 608 cm–1 (E || c,

A2u type) and 430.5 cm–1 (E ⊥ c, Eu type) are due to
O-Si-O bending mode ν4. The IR spectra reveal sig-
nificant differences between the various zircon sam-
ples, depending on the accumulated radiation dose,
which is linearly related with the uranium concen-
tration in the samples and in an exponential way to
their age. The accumulation of radiation damages
leads to a decrease in IR absorption band intensity,
shift of band positions, band broadening and/or spli-
iting (Fig. 1). In some spectra, besides the typical zir-
con peaks at 885 cm–1 (E ⊥ c), at 989 cm–1 (E || c)
and at 608 cm–1 (E || c), additional absorption sig-
nals were detected at 790 cm–1 and 1050 cm–1.  The
observed spectral changes are indicative for lowering
of the local symmetry of SiO4 tetrahedra and for a
change in the connectivity of the zircon framework.

Our results clearly demonstrate that ATR IR mi-
crospectroscopy is a very sensitive method for stud-
ing the degree of structural disorder in metamict zir-
con. When brilliant synchrotron infrared light is used
for ATR IR microspectroscopy, it further enables
investigations of minerals that are inhomogenious
on a micron scale.
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Fig. 1. Polarized ATR-IR spectra of selected zircon samples: R3 – metamict zircon from Sri Lanka with high
concentration of radionuclides, corresponding to an accumulated radiation dose Dα = 5.4×1015 α-events/mg; S6 –
zircon from metamorphic rocks with Dα  = 1.7×1015 α-events/mg; S5 zircon with Dα  = 0.7×1015 α-events/mg; S9 –
with Dα  = 0.3×1015 α-events/mg; S7 – from metamorphic rock without any accumulated dose
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