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Introduction: Across the Earth and terrestrial 

planets, the chemical and physical characteristics of 
silicate melts are the primary controls on major igneous 
processes operating on and within the body. Processes 
influenced by these parameters, such as melt 
generation, transport, and eruptive style, have been 
the subject of avid investigation in the geosciences, as 
they help us understand the origin and evolution of 
igneous systems. 

Silicate melt structure is dictated by a complex 3-
dimensional network of silica tetrahedra and various 
cation contributions. The bonding in this network is 
modulated by bridging oxygens (BO), that connect 
one tetrahedra to another (most commonly silica and 
alumina), and non-bridging oxygens (NBO), which 
connect to one or more modifying cations. The 
occurrence of BO and NBO bonds in the system, 
therefore, are constrained by the abundance of network 
modifying, and network forming agents present in the 
melt. One of the more critical elements affecting these 
networks is iron (Fe), which exists in multiple valence 
states, both as a network modifier (Fe2+) (ferrous) and a 
network former (Fe3+) (ferric). The speciation and 
abundance of Fe and the other cations depends on the 
temperature, chemical composition, and oxygen 
fugacity (fO2)-controlled redox conditions of the system. 
Knowledge of the Fe3+/Fetot ratio (%Fe3+), or Fe-
oxidation state, therefore, provides constraints on the 
redox conditions, and serves as an oxybarometer for the 
melt. Similarly, knowledge of the silica (SiO2) content 
of a melt, serves as a major geochemical 
parameterization of the underlying physical properties 
of the system: mainly viscosity. 

Glasses and amorphous phases are abundant 
materials on the Earth and Mars in a variety of settings, 
and have been recognized for decades [1]. Volcanic 
silicate glasses, of the type SiO2-Ti2O-Al2O3-FeOT-
Na2O-K2O-CaO-MgO, are uniquely situated to 
constrain magmatic processes in silicate bodies, 
because their phases are non-crystalline; meaning they 
represent rapidly quenched melt fractions of the magma 
during eruption. This gives glasses the ability to 
preserve initial pre-eruptive properties of the primary 
melt, including fO2 and composition e.g., [2]. 

Recently, Raman spectroscopy has been proposed as 
an analytical technique to quantify Fe3+/Fetot and 
chemical composition in a range of materials, including 

silicate glasses, given a robust calibration methodology 
exists [3-6]. However, recent attempts ignore bulk 
compositional trends in the Raman data with changing 
redox conditions, rely heavily on narrow compositional 
ranges and alternative computing techniques that fare no 
better than standard operating procedures, and do not 
provide a cohesive approach for the dual estimation of 
oxidation state and composition in a single model. With 
the upcoming Raman investigations of the Martian 
surface by the Mars 2020 Perseverance Rover, there is 
a growing need to create such a tool if indeed silicate 
glass-bearing material is encountered in Jezero Crater.  

Methods: 79 synthetic silicate glass samples from 
basaltic to rhyolitic (sub-alkaline) were equilibrated at 
fO2 values ranging from highly oxidizing (CO2, air) to 
more reducing, including Iron Wüstite (IW)/Mo-MoO2, 
and Quartz-Fayalite-Magnetite (QFM) resulting in 
homogeneous glasses with varying Fe3+ contents 
(Figure 1). Each glass sample was subject to electron 
microprobe analysis and Mössbauer spectroscopy, to 
obtain accurate chemical compositions and Fe3+/Fetot 

values. Raman spectra of the glasses were collected at 
532nm using a confocal Raman microscope setup 
(ISOPlane SCT 320), and were formatted for use in the 
Data Exploration, Visualization, and Analysis for 

Figure 1. Total Alkali vs. Silica (TAS) diagram 
denoting 79 synthetic silicate glass compositions. 
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Spectroscopy (DEVAS) program, a spectral tool for 
preprocessing, matching, and model building, managed 
by Mount Holyoke College [7]. Spectra were treated 
with an AirPLS baseline correction with 100 
smoothness, normalized to atmospheric oxygen at 1555 
cm-1, and plotted on an X-Y: channel (p) – intensity 
plane. These preprocessing steps were the best suited 
parameters for spectral feature identification and 
accurate modeling statistics. 

Results: Due to the relationship between fO2 and 
Fe3+/Fetot, and as bulk wt.% SiO2 is the major defining 
factor for overall melt viscosity,  silicate glass-based 
predictions of %Fe3+ and silica content have been used 
for extrapolation to the liquid state.  

Raman Spectra: Effect of composition and fO2. 
Though variation exists between major compositional 
groups, the acquired Raman spectra displayed: a large 
320 cm-1 feature in the LW’s. This feature was ascribed 
to a residual artifact signal from the system, and does 
not arise from the glass. A 700-925 cm-1 feature 
centered around two broad peaks: at ~770 cm-1 and ~ 
870 cm-1. A large peak is expressed at 970 cm-1. The 
high-wavenumber area contains a broad peak at 1340 
cm-1, a narrow peak at 1600 cm-1, and another broad 
peak at ~1720 cm-1. When plotted as a function of 
Fe3+/Fetot, the spectra exhibit distinct variability in peak 
position, peak area, and normalized band intensity as 
both sample composition and fO2 change. Overall, band 
intensity increases as %Fe3+ decreases. A slight peak 
shift towards higher wavenumbers as %Fe3+ decreases 
is observed. Peak area also varies along with changes in 
wt.% SiO2. The most reduced samples along the QFM 
and IW/Mo-MoO2 buffers trend toward higher 
intensities, while the oxidized glasses along the CO2 and 
Air buffers exhibit lower intensity features. 

Predictive Models: Three multivariate regression 
modeling scenarios were tested for the prediction of 
%Fe3+ and wt.% SiO2: partial least squares (PLS), least 
absolute shrinkage and selection operator (LASSO), 
and least angle regression (LARS). LASSO yielded 
better statistics than did PLS and LARS, and was 
applied to the spectra using a cross-validated alpha (a) 
value of 0.30 with 8 folds. When plotted against 
Mössbauer %Fe3+, and microprobe wt.% SiO2, the 
model yields R2’s of 0.94 and 0.73, with root mean 
square errors (RMSE’s) of 9.1 and 4.7 respectively 
(Figure 2).  

Discussion & Ongoing Work: Fe3+/Fetot and 
compositional information in silicate glasses can be 
quantified accurately using Raman spectroscopic 
techniques, given the use of the calibration set ascribed 
in this study. Fe speciation affects the structure of 
silicate melts, and similarly, silicate glasses. This effect 

is recorded in the collected Raman spectra as variations 
in intensity, peak position, and is inherently linked to 
changes in composition as a function of peak area. By 
constructing a model that recognizes a full range of 
extrusive igneous compositions along multiple 
oxidation states, predictions are applicable to practically 
any magmatic condition. The Raman spectra acquired 
for these samples will also add to compositionally 
dependent databases for Fe-bearing silicate glasses; 
useful for identification of such phases in natural 
formations on Earth or Mars. Upcoming work for this 
study concerns efforts to improve prediction statistics, 
explore the influence of the 320 cm-1 system signal, and 
validate the model for use on natural glass samples 
through handheld Raman measurements on mingled 
magma exposures in coastal Maine.  
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Figure 2. LASSO model predictions (y-axes) of %Fe3+ 
and wt.% SiO2 plotted against actual measurements (x-

axes). Predictions statistics also provided. 
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