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Far infrared spectroscopy of carbonate minerals
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aBsTracT

This study presents far infrared spectra in the range 650–70 cm–1 of 18 common and rare carbon-
ate minerals. Mineral samples of known provenance are selected and physically characterized to 
determine the purity of the crystalline phase and their composition. The fine ground mineral powders 
are embedded in polyethylene pellets, and their transmittance spectra are collected with a Fourier 
spectrometer. The far infrared spectra of different carbonate minerals from the same structural group 
have well-defined similarities. Observed shifts generally manifest the mass effect of the constituent 
metal cations. Remarkable spectral differences occur for different carbonates in the far IR region and 
may serve as fingerprints for mineral identification and are more useful identifiers of carbonate spe-
cies than those in any other infrared range. For some of the minerals studied here, like kutnohorite, 
artinite, gaylussite, and trona, no far infrared spectra to that extend (up to 70 cm–1) have been found 
in literature.
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inTroDucTion

The vibrational spectrum of a carbonate mineral consists of 
mid-infrared (IR) internal modes due to bending and stretching 
within the carbonate anion and far IR lattice modes. The far IR 
modes probes lattice vibrations and are unique for a specific crys-
talline structure, differing significantly for different polymorphs 
of the same chemical compound in different crystalline forms. 
The spectral region where lattice vibrations occur is below 600 
cm–1 (Nyquist and Kagel 1971; White 1974). The far IR is an 
ideal spectral range when it comes to distinguishing between 
different minerals. For distinguishing carbonates with IR spectra, 
far-infrared data are indispensible. One situation where mineral 
identification using IR spectroscopy is of greatest use is in the 
astronomical analysis of cosmic dust. Successfully launched in 
2009, Herschel Space Observatory will collect the spectra from 
the interstellar objects in the far IR and sub-millimeter range 
(167–15 cm–1). This will substantially enhance astronomical 
observations in this range (Rowan-Robinson 2009). These 
spectra will provide the information about the distribution of 
different mineral species in space, which in turn allows to deduce 
information on physical conditions and the possible presence of 
water in its different states. Only since the past 10 years has far 
IR spectroscopy become a usable tool for identifying the mineral 
dust composition around the astronomical objects (Chiavassa et 
al. 2005). Since that time, attempts to identify some common 
minerals that possess prominent far IR features observed in dust 
found around various astronomical objects are being undertaken. 
Among those minerals the carbonates group is especially interest-
ing. The presence of carbonate grains within interplanetary dust 
particles was demonstrated by Sandford (1986) and Tomeoka 

and Buseck (1986) by means of laboratory analysis. Kemper 
et al. (2002a, 2002b) attributed the 109 and 161 cm–1 emission 
bands in spectra of planetary nebula NGC 6302 collected by 
the Infrared Space Observatory (ISO) to calcite and dolomite. 
Similar emission bands between 111 and 91 cm–1 were found by 
Chiavassa et al. (2005) in 17 out of 32 ISO spectra of proto stars 
and were again attributed to the presence of calcite. All these data 
encourage an extensive laboratory infrared studies of terrestrial 
carbonate minerals to the far IR range. 

All information on vibrational spectroscopy of carbonate 
minerals up to 1973 has been reviewed in White (1974). Also, 
measured and calculated vibration frequencies for all carbon-
ate groups are presented in Gadsden (1975), although in this 
publication only peak frequencies are given, rather then the full 
spectra themselves. Within the mid-IR range, the vibrational 
spectra of naturally occurring carbonate minerals have been 
extensively studied down to 625 cm–1 (Huang et al. 1960; Adler 
and Kerr 1962, 1963a, 1963b; Chester et al. 1967; Hunt et al. 
1950; Weir et al. 1961). IR spectra of many carbonate minerals in 
the range between 400 to 4000 cm–1 with specified characteristic 
frequencies are given in Moenke (1962, 1966). A study of three 
possible carbonate polymorphs (aragonite, calcite, and vaterite) 
is reported in Weir et al. (1961).

Only a few far IR spectral data on naturally occurring car-
bonate minerals of sufficient quality to be useful for application 
to astronomical data analysis can be found in the literature. 
There is a substantial work on 10 anhydrous normal carbonates 
(Morandat et al. 1967), where the far IR spectra (400–12 cm–1) 
together with the assignments for all the lattice vibrations are 
provided. Absorption spectra of 7 anhydrous normal carbonates 
in 500–30 cm–1 range are presented in Angino (1967). However, 
all these spectra contain gaps around 350 and 140 cm–1, which * E-mail: brust455@inbox.ru


