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Introduction: Glass is commonly found in volcanic 
deposits, especially explosive ones (i.e., tephra) that are 
rapidly quenched. Tephra deposits contain a heteroge-
neous mix of mineral fragments, glass (quenched melt), 
and debris from previous eruptions. They are associated 
with all types of terrestrial eruptive environments and 
span a range of igneous compositions from basaltic to 
rhyolitic [1–3]. Phase assemblage and bulk composition 
can be variable throughout a single deposit making 
characterization difficult [4, 5]. Potential evidence for 
explosive eruptions on other bodies has been observed 
on Mars [6], the Moon [7, 8], and Mercury [9].  

Although geomorphic analysis of glass-bearing de-
posits can provide insights into their origin, spectro-
scopic identification via remote sensing is the primary 
means used to remotely characterize the surface compo-
sitions. However, glass is difficult to characterize spec-
trally due to its amorphous structure and variable com-
position [10]. Thus glass contents are likely indicated in 
the spectra by subtle variations across the visible and 
mid-infrared wavelength ranges [10–12]. Multivariate 
analysis (MVA) is well-suited to such spectroscopic 
challenges [13]. Here we use partial least squares (PLS) 
analysis [14] to both quantify and characterize the glass 
present in a tephra deposit without relying on specific 
band parameters.  

Samples and Methods: Tephra from multiple ter-
restrial sources (Table 1 of [15]) were selected for this 
study covering a wide range of compositions. VNIR 
(visible to near-infrared, 0.35–2.5 µm) spectra were col-
lected using an ASD Fieldspec4, and bulk MIR (mid-
infrared, 400–2500 cm-1, or 4–25 µm) spectra were ob-
tained with a Nicolet 6700 FTIR spectrometer as de-
scribed in [15] along with elemental analysis.  

MIR spectra are known to deconvolve linearly [16], 
though the effects of glass on MIR spectra are not well 
understood [17]. VNIR spectra do not add linearly [14, 
18], and thus bands cannot be directly attributed to 
quantification of a compositional parameter in multi-
phase mixtures. This fundamentally limits how well 
glass abundances can be estimated using single param-
eters, as is done elsewhere to determine glass abun-
dances [12]. Instead, this project uses MVA, which can 
leverage subtle information across the entire spectral re-
gion. The resultant regression models are here used to 
predict compositional parameters.  

PLS models were built to determine the modal (vol-
umetric) percentage of glass present in each sample as 
well as the SiO2 content of the glass and bulk composi-
tion. Models were created for both MIR and VNIR spec-
tra using the Mount Holyoke in-house laboratory web-
site [19]. Spectra were baseline-corrected using several 
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methods then normalized to optimize the root mean 
square error with leave-one-out cross validation 
(RMSE-CV) of each regression model. The combina-
tion of baseline removal and normalization routine that 
yielded lowest RMSE-CV was chosen to create the PLS 
model.  

Results: The optimal baseline correction and nor-
malization routines varied for each compositional ele-
ment predicted, as did the number of components in the 
model (Table 1). Figure 1 shows the effect of baseline 
removal and normalization on the fit of the PLS model, 
in both the MIR (Fig. 1a–d) and the VNIR (Fig. 1e–h). 
While all fits in Fig. 1 have an r2 over 0.5, adding the 
baseline correction in combination with a normalization 
routine (Fig. 1d,h) drastically improves the fit and re-
duces the error in the fit.  

The best PLS model parameters are listed in Table 
1. The MIR models have consistently better r2 values 
than the VNIR models. Both wavelength regions can be 
used to predict glass presence and SiO2 of the glass and 
the bulk sample, but the RMSE values indicate that MIR 
data give slightly better accuracy than VNIR (i.e., glass 
wt% SiO2 to ±3.8 vs. 5.0, respectively).  

Discussion: The VNIR and MIR PLS models can be 
used to infer compositional information of the deposits. 
The MIR region has specific features, such as the 
reststrahlen band at 8.5–12 μm (800–1300 cm-1, Fig. 2 
[12, 13, 20, 21]), that record silica-stretching bonds and 
are responsive to the degree silica polymerization [22, 
23]. Within the VNIR region, the main effect of silica 
content or bulk composition is on albedo. Because more 
mafic deposits contain a higher abundance of darker 
minerals, the spectrum will have a lower overall reflec-
tance, but will not exhibit any spectral differences. Ap-
plying a normalization routine and baseline correction 

allows for subtleties in the spectra to be drawn out and 
minimizes the effect of albedo. MIR spectra are simi-
larly affected by normalization and baseline removal 
routines (Fig. 2), which remove uninformative counts 
and emphasize minute differences in the spectra.  

PLS coefficients can be used to identify wavelengths 
that serve as predominant indicators for glass composi-
tion and concentration. VNIR glass and bulk SiO2 wt% 
predictions emphasize the 1.9 µm absorption band, as 
well as the 0.35 to ~0.70 µm portion of the spectra, sug-
gesting that glass presence is indicated by the 0.35 to 
~1.5 µm portion of the spectrum. This agrees well with 
previous work [e.g., 12] suggesting that an Fe absorp-
tion band in this area (0.9 µm) can be used to predict 
glass presence. Additionally, the 0.9 µm feature might 
correlate with melt SiO2 concentration because of the 
inverse relationship between melt SiO2 and Fe concen-
trations. The MIR PLS models predicting glass phase 
wt% and SiO2 content likewise agree with previous 
work [10, 23], which suggest that the Christiansen fea-
ture and reststrahlen band positioning should contain in-
formation about the Si-bearing phases in the deposits.  
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Table 1. Model Results  

Predicted Variables Baseline Removal Method Normalization Folds Components R2 RMSE-CV 

M
IR

 Glass Phase % Median Filter  Max 9 9 0.99 0.09 
Glass SiO2 wt% None Cumulative 9 8 0.99 3.80 
Bulk SiO2 wt% ALS Cumulative 9 10 1.00 2.84 

V
IS

-
N

IR
 Glass Phase %  Wavelet Min 9 3 0.63 0.11 

Glass SiO2 wt% Polyfit Max 9 10 0.96 5.00 
Bulk SiO2 wt% ALS Max 9 8 0.96 4.30 

Figure 2. Effect of applying 
cumulative normalization to the 
MIR spectra, colored by the glass 
SiO2 wt %. Figure a shows MIR 
spectra before normalization, b 
afterward. Normalization draws 
out differences in the spectra as 
shown in figure b, where the 
Christensen feature at ~1600 cm-1 
and the restrehralen band at 
~800-1300 cm-1 have been 
emphasized, and differences in the 
peak and bands are easier to see. 
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