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Introduction: Glasses are common on planetary 

surfaces; for example, in volcanic terranes or at impact 
sites. Maps of glass distribution may be used to indi-
cate spatial relationships between glassy deposits and 
tectonic or volcanic features, or to better define lava 
crusts and welded deposits. Maps of impact glasses 
may be used to elucidate the extent of shock and/or 
maturity of the regolith. In the laboratory, glasses like 
the Apollo glass beads may provide valuable insights 
into lunar volcanic processes [e.g. 1, 2]. 

Thermal infrared (TIR) spectroscopy has been used 
extensively to examine glasses because the major band 
position (~10 µm or ~1000 cm-1) is related to asymme-
tric stretching of Si-O-Si, thus TIR is sensitive to the 
overall glass structure [e.g. 3]. However, it has been 
challenging to identify glass in remote spectra [e.g., 4] 
because until recently there were few glasses in spec-
tral libraries and glasses may be masked by alteration 
minerals [4]. Also, interpreting TIR spectra is compli-
cated by glassy rocks that have variable mineral %, 
surface roughness, grain size and thermal histories. 

In this contribution, we examine detailed laboratory 
TIR spectra of glasses to further unravel the effects of 
composition and thermal history. We propose that 
Apollo lunar pyroclastic glass beads provide an ideal 
target for laboratory TIR studies because they show a 
range of compositions and thermal histories. Some 
largely crystal-free beads are inferred to have erupted 
above their liquidus temperature (≥1400 °C [5]), whe-
reas crystal-bearing beads may have formed under 
unusual thermal conditions in the lunar eruption col-
umn (e.g. with gases or heat-radiating particles [6]). 
The conditions during quench are important for con-
straining lunar heat flow and magma temperatures [1, 
6], volatile diffusion processes [2], and volcanic 
processes. 

Methods: Glasses with compositions ranging from 
high-Ti basalt to rhyolite were obtained [7-9] or col-
lected. A lunar "orange glass" bead (Apollo 74220) 
was provided by Johnson Space Center. Ten basalts 
from Makaopuhi Lava Lake in Hawaii [10-11] with a 
range of compositions and sampling temperatures were 
obtained from the Smithsonian (numbers with a 113 
prefix are: 897, 898, 901, 906-13, 909-13, 918-26, 
3918-27, 919, 920 and 498-7). Twelve natural dacitic-
rhyolitic glasses were collected from Big Glass Moun-
tain lava flow at Medicine Lake volcano, CA. Glass 
compositions were determined using the electron mi-

croprobe at UNM or taken from [11]. Glasses were 
analyzed using micro-FTIR specular (bidirectional) 
reflectance spectroscopy (µR-FTIR) with a Nicolet 
Nexus 670 FTIR and a Continuμm microscope with a 
Globar source, XT-KBr beamsplitter and an MCT-A 
detector over a 100x100µm area. µR-FTIR and emis-
sion TIR spectra in glasses are complementary [7, 9]. 

Using TIR to determine glass composition:  
Results. New µR-FTIR spectra for a wide range of 

glass compositions (Figs. 1-2) confirm that, in general, 
the SiO2 content of glasses is related to the wavenumb-
er position of the major band [like 7-9]. The lunar 
orange glass has the lowest SiO2 (39.7%) and highest 
TiO2 (12%) in our dataset and, as expected, it has a 
µR-FTIR major band position at the lowest wave-
numbers. For basalts with a given SiO2 content, higher 
alkalis (Na2O + K2O) result in a higher µR-FTIR band 
position. The Makaopuhi glasses have high alkali con-
tents (≥2.8 wt. %) relative to the other basalts analyzed 
(Fig. 2) and have correspondingly higher µR-FTIR 
band position (Fig. 2). 

Discussion. The µR-FTIR major band position is a 
strong function of SiO2 content; related to the average 
Si-O bond length in the glass. The high-TiO2 lunar 
orange glass follows the trend of the other samples, 
likely because the addition of TiO2 does not signifi-
cantly change the Si-O bond length; following theoret-
ical models of melt structure [12]. In contrast, alkalis 
act as charge compensators, network modifiers, or 
both, and they increase average Si-O bond distances 
and result in a higher µR-FTIR band position. 

Implications. The µR-FTIR band position may be 
used to obtain a general sense of glass SiO2 content, 
especially if the alkali content is known. The µR-FTIR 
method may be useful in the case of fragile samples 
returned from space missions because it is non-
destructive. However, definitive SiO2 contents must be 
obtained via alternate techniques. Natural glasses may 
contribute significant challenges to TIR spectral de-
convolution methods and TIR maps of volcanic or im-
pact material [similar to 4]. 

Using TIR to determine the thermal history of 
glasses:  Background. Literature data [review in 5] and 
our preliminary data, point to some potential develop-
ments in using TIR spectra as a thermometer for 
glasses. Glasses that are cooled rapidly commonly re-
tain a structural configuration representative of the 
glass transition temperature (Tg). Alternately, if they 
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are annealed at temperatures below Tg long enough to 
rearrange the glass structure, and then the glass struc-
ture reflects a lower temperature, known as the fictive 
temperature, Tf [e.g., 13]. Also, Tg=Tf in some cases. 

Methods. Six glasses, spanning ~51-71 wt. % SiO2, 
were quenched in air from high temperature 
(>1400 °C) and their TIR spectra were collected; these 
will be referred to as "quenched glasses". The glasses 
were then heated to ~1100 °C for 4 hours and 
quenched in air; referred to as "annealed glasses". 

Results. For SiO2-rich glasses (~69-71 wt. % SiO2), 
the band position did not change or decreased slightly 
from the quenched to annealed samples (squares in 
Fig. 3). For these SiO2-rich glasses, the calculated 
melting point (from ternary diagrams [14]) was similar 
to the annealing temperature. For low-moderate SiO2 
glasses (~51-67wt. % SiO2), the band position increas-
es substantially (<85 cm-1) from the quenched to an-
nealed samples (circles in Fig. 3). Relative to the cal-
culated melting point, the low-moderate SiO2 glasses 
were quenched at higher temperatures and annealed at 
lower temperatures. 

Discussion. Our results show that high SiO2 glasses 
show little shift in µR-FTIR band positions when the 
glass is annealed at a lower temperature. In contrast, 
low-moderate SiO2 show a significant shift to higher 
wavenumbers. Industrial glasses show similar behavior 
[see 15] and this has been interpreted to indicate that 
the low-moderate SiO2 glasses have structures that are 
readily rearranged. We are carrying out studies on lu-
nar glass compositions to calibrate the TIR major band 
relative to a range of imposed Tf values. If we can 
create a calibration curve, then we could use TIR spec-
tra to probe the thermal history of Apollo lunar glasses. 

Conclusions. The µR-FTIR band position may be 
used to obtain approximate glass SiO2 content, espe-
cially if the alkali content is known. For a given com-
position, it should be possible to probe the thermal 
history of glasses; creating an opportunity to better 
understand lunar volcanic processes. Because natural 
glasses may exhibit compositional variation and differ-
ent thermal histories, they are likely to contribute sig-
nificant challenges to TIR spectral deconvolution me-
thods and TIR maps of volcanic or impact material. 
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Figure 1. µR-FTIR reflec-
tance versus wavenumber 
for representative glasses: 
rhyolite (green), andesite 
(purple), basalt (cyan) and 
lunar "orange" glass (red). 
The SiO2 contents are 
given in wt. %. 

 
Figure 2. µR-FTIR major band position versus SiO2 content 
for the glasses analyzed in this study (black symbols), qua-
rtzofeldspathic glasses [9], and basaltic glasses [8]. 

 
Figure 3: µR-FTIR major band position versus temperature. 
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