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Introduction: Basalt has been identified through-

out the solar system on terrestrial bodies. The martian 

crust is composed of igneous rocks of predominantly 

basaltic composition [1-4] leading to exposures of 

fresh, unaltered volcanic material on the surface of the 

planet. Additionally, analyses of returned samples of 

lunar mare basalts show unaltered material with a vari-

ety of TiO2, Al2O3, and K contents [5, 6].  

Cooling of the outer surface of basalt occurs more 

rapidly in the presence of environmental water [7, 8]. 

Water can have many effects on basalt ranging from 

minimal (no apparent change) to moderate (increase in 

glass content, decrease in crystal size) to extreme 

(glass dominated, highly altered). If the interaction 

with water is brief, seasonal, or if the ratio of lava to 

water is too low, visual and mineralogical changes 

such as grain size changes and variation in glass con-

tent in the lava may not be observed [9-12]. Because of 

this, it is possible that the extent of perennial water 

could have been more extensive than initially hypothe-

sized on many terrestrial bodies including Mars and 

the Moon. Using remote sensing techniques such as 

visible/near-infrared (VNIR) spectroscopy, differences 

in formation environments can be determined [11].  

Here, we investigate the relationship between 

VNIR spectra and crystallinity based on scanning elec-

tron microscope (SEM) analysis of fresh, unaltered 

glassy basalts to identify mineral assemblages and pos-

sibly quantify percentages. While our overarching goal 

is focused on differentiating air-quenched versus wa-

ter-quenched effusive basalts, this study primarily fo-

cuses on the air-quenched subset.  

Methods:  Below we discuss both the field meth-

odology and the analytical approach to our work.  

Field Methodology.  Samples of fresh glassy basalt 

were collected from recent (<10,000 years) lava flows 

throughout the inland northwest. Study sites include 

Hells Half Acre lava field and Craters of the Moon 

National Monument and Preserve (Blue Dragon and 

Broken Top Flows) in Idaho as well as Diamond Cra-

ters, Four Craters, and Devils Garden in Oregon. Mul-

tiple surface morphologies including spatter, scoria, 

a’a, pahoehoe, and coatings were targeted to ensure 

that the documented changes in crystallinity are due to 

the quench environment, as opposed to crystallization 

in the magma chamber or from slow cooling during 

emplacement. In-situ field measurements involved 

three handheld spectrometers: VNIR, X-Ray Fluores-

cence (XRF) Spectroscopy, and Laser Induced Break-

down Spectroscopy (LIBS), each requiring a different 

number of analyses to accurately characterize the bulk 

chemistry. All spectrometers took data from the natural 

(uncut and not powdered) surface. While data from the 

XRF and LIBS machines will be incorporated into this 

work to help control for whole-rock geochemical ef-

fects, currently we are only using data from the VNIR 

machine. Field notes including the relative location, 

GPS coordinates, photos taken, surface morphology, 

glaze thickness, surface roughness, and distance from 

the edge of the flow were also assembled.   

Analytical Methodology.  All collected samples 

were prepared by mounting the surface of the natural 

rock perpendicular to the glass for petrographic analy-

sis. This mounting procedure ensures that the thin sec-

tion is made up of the same surface that the VNIR 

spectrometer measured. Modal abundances of pheno- 

and micro-crystals in all samples will be determined by 

high-resolution SEM analysis. The digital Back Scat-

tered Electron (BSE) images are used to calculate the 

modal abundance via pixel counting of the specific 

grey scales corresponding to the present phases in the 

sample (e.g., olivine, pyroxene, feldspar, oxides, and 

glass) by Adobe Photoshop [13, 14]. 

Spectral absorption bands are present at a combina-

tion of wavelengths that are indicative of primary min-

erals and phases (olivine, pyroxene, feldspar, glass), as 

well as minerals produced by chemical and physical 

weathering. VNIR absorption bands were first identi-

fied and grouped into like categories and then matched 

to spectral library samples to identify the most domi-

nant spectral phase.  

With the modal percentages from BSE SEM imag-

es calculated and the VNIR phases identified, we can 

start to compare the outcomes of the two methods to 

determine if it is possible to use only absorptions bands 

to identity the percentage of crystals within a sample. 

For instance, is the spectrally dominant phase also the 

phase with the most amount of crystals?  

Preliminary Results:  Preliminary analysis of the 

VNIR data has shown three spectrally distinct groups.  

Alteration-rich.  Despite targeting and sampling the 

freshest and glassiest-looking flow tops, some samples 

show spectral signs of alteration. This group has a 
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Figure 1. Visually unaltered flows exhibiting a range of spec-
tral features. 

strong red slope from ~500-700 nm. Hydration bands 

at ~1400 and 1900 nm are also observed in all samples. 

The samples also exhibit variable absorptions between 

2100 and 2300 nm, consistent with hydration/hydroxyl 

absorptions and (Fe,Mg)-OH stretches, respectively. 

The combination of the ~1900, 2100, and 2300 nm 

bands suggests a mixture of evaporitic salts. 

The alteration-rich subset of glassy basalts include 

samples collected from every sampled locations except 

for the Broken Top flow. It is important to note that the 

surface morphology is not consistent throughout the 

group, suggesting that the alteration is a secondary 

post-emplacement signature. Despite the desert envi-

ronment, the instability of volcanic glass is such that 

some alteration can occur from rain and snow storms. 

Fe oxide-rich.  This grouping has absorption bands 

at ~550 and 900 nm indicative of ferric minerals with 

little to no additional bands in the longer wavelengths. 

This combination of bands is indicative of Fe oxide 

minerals, specifically hematite.  

The surface morphology consists of a red 

glaze/coating on the majority of the samples in this 

subset. Primary volcanic coatings can be caused by 

crystalline CaO and MgO partially coating the surface 

of the glass [15]. Secondary coatings can be caused by 

leaching of the glass under oxidizing conditions [16, 

17]. It is currently unclear whether the coatings in this 

spectral class are primary or secondary.  

Glass/Plagioclase-rich.  The majority of the sam-

ple suite falls into this spectral category. Absorption 

bands are present at ~550, 1250, and sometimes ~2000 

nm. We hypothesize that this combination of bands is 

due to the presence/mixture of Fe oxides, plagioclase, 

glass, and pyroxene [18]. These mineral groups are 

primary components of basalt and thus their presence 

is expected.  

The sizes and relative proportions of these crystals 

vary greatly depending on the starting crystal content 

of the magma and the amount of crystal nucleation and 

growth that occurred after the lava erupted [19]. The 

latter is greatly affected by the cooling rate and thus 

the environment into which it was erupted [20].  
Discussion: Our preliminary results show that 

young, fresh basalts erupted into dry desert environ-

ments can show spectral signs of alteration (~18% of 

collected samples). Spectra that could possibly be 

identified as “spectrally altered” can be found in unal-

tered flows (Figure 1). Additionally, ~7% of collected 

samples have spectral signs of Fe-oxidation.  

To use the degree of glassiness from samples as a 

proxy for water-lava interaction, we need to know the 

variability in natural lava flow surfaces and identify 

what those features look like spectrally. 

Summary and Future Work:  Preliminary classi-

fications using VNIR data have subdivided samples 

into spectrally dominant groups. The next steps for-

ward are to evaluate the SEM images to calculate the 

percentage of crystals within the sample and confirm 

or contradict the interpretations made by VNIR. Data 

derived from the SEM images will also help to classify 

the range of textures and spectra seen in Earth-dry en-

vironments. An additional field season in 2020 will 

consist of the same study on water-quenched, young 

natural basalts that also appear unaltered to evaluate if 

glass contents or signs of alteration increase. 
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