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Abstract

A suite of basaltic glasses were examined to determine how subtle compositional changes affect 
mid-infrared spectra (650 to 5400 cm–1). Glasses with different SiO2, FeOtotal, Fe3+/Fe2+, and alkali 
contents were synthesized in a gas-mixing furnace and analyzed using electron probe microanalysis, 
Mössbauer spectroscopy, and micro-reflectance Fourier transform infrared spectroscopy. The major 
mid-infrared spectral feature in silicate glasses is a broad peak located at ~900 to 1100 cm–1 arising 
from Si-(Al-)O asymmetric stretching vibrational modes. To accurately compare spectra of different 
glass compositions, we have applied the Kramers-Kronig (KK) transform to our spectra and exam-
ined the resulting absorption peak (KK abs. peak). The location of the KK abs. peak shifts to higher 
wavenumbers as SiO2 content increases (1031–1054 cm–1 with SiO2 from 47.18 to 55.57 wt%). For 
basaltic glasses with near-constant Al/(Al+Si), the full-width half maximum of the KK abs. peak de-
creases as alkali content increases (235–188 cm–1 with Na2O+K2O contents from 0.07 to 3.74 wt%). 
In contrast, the location and shape of the KK abs. peak are not affected by variations in total FeO 
(6.06–16.30 wt%) and Fe3+/Fe2+ (0.05–1.17). Our results show that KK transformed mid-infrared 
spectra of basaltic glasses may be used to determine the SiO2 contents in basaltic glasses, irrespective 
of FeOtotal and Fe3+/Fe2+, and the alkali contents if Al/(Al+Si) is known. These observations will aid 
in the interpretation of laboratory and remotely sensed IR spectra.
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Introduction

Tholeiitic basalt is the most common terrestrial volcanic rock 
type and is also ubiquitous on other planetary bodies (Basaltic 
Volcanism Study Project 1981). Tholeiitic basalts may be domi-
nated by basaltic glass; for example, on the Earth’s seafloor, and 
presumably on cold, atmosphere-poor planets where molten mate-
rial quenched to form glass or where impact processes have melted 
basaltic rocks. To determine the composition of basaltic materials 
remotely, many workers have used infrared (IR) spectroscopy (e.g., 
Hunt et al. 1950; Salisbury and Wald 1992; Clark 1999; Chris-
tensen et al. 2000; Wyatt et al. 2001). However, there are relatively 
few laboratory studies of basaltic glasses (Crisp et al. 1990; Minitti 
et al. 2002, 2005; Johnson et al. 2007) and only a small number of 
emission IR measurements of glasses (e.g., Christensen et al. 2000; 
Wyatt et al. 2001; Johnson et al. 2003, 2007; Minitti et al. 2006, 
2007). Therefore, our understanding of the relationship between 
glass composition and IR spectra is limited.

In mid-IR spectroscopy, the major spectral feature(s) ob-
served in most silicate minerals and silicate glasses are due to 
Si-O-Si, Si-O-Al, and/or Al-O-Al [abbreviated as Si-(Al-)O] 
fundamental vibrational modes (e.g., McMillan 1984; McMillan 
and Hofmeister 1988). There are several distinct mid-IR bands 

related to Si-(Al-)O vibrations in silicate glasses: in particular, 
asymmetric stretching vibrations contribute to at least five bands 
between ~700 and ~1250 cm–1 (~8 and ~14.2 µm) (e.g., Bell et 
al. 1968; Furukawa et al. 1981; McMillan 1984; Dowty 1987; 
Poe et al. 1992; Parot-Rajaona et al. 1994; Agarwal et al. 1995; 
McMillan and Wolf 1995; McMillan et al. 1998; King et al. 
2004; Dalby and King 2006). The individual bands are difficult 
to discern in mid-IR spectra of silicate glasses, but instead a 
“broad peak” is observed in transmission, reflectance, and emis-
sion IR that is centered at ~900–1100 cm–1 in silicate glasses. In 
intermediate-felsic silicate glasses, an additional band/shoulder 
is observed at ~1150–1230 cm–1. It is well established that the 
location of the broad peak shifts toward higher wavenumbers 
(shorter wavelengths) as a function of increasing mol% SiO2 
(or Si/O) in glasses (e.g., Heaton and Moore 1957; Sweet and 
White 1969; Logan et al. 1975; Efimov 1996; Byrnes et al. 2007; 
King et al. 2008; Dalby et al. in prep.). The ~1150–1230 cm–1 
band also shifts toward higher wavenumbers as a function of 
increasing mol% SiO2 (e.g., Dalby et al. 2006; King et al. 2008; 
Dalby et al. in prep.).

The locations and shapes of the KK abs. peak and its shoulder 
are a function of the average Si-O force constants, Si-O-Si bond 
angles and linkages (e.g., Si-O-Si, Si-O-Al, Si-O-Na, etc.) and the 
relative contributions of each of the structural units to the overall 
glass structure (e.g., Efimov 1996; Mysen and Richet 2005). 
Each glass is made up of network formers (e.g., Si4+, Al3+, Ti4+) 
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