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Introduction:  Surface lacustrine or fluvial 

sediments are often targeted for detection of potential 
martian biosignatures, but subsurface areas are also 
likely locations for habitable environments and 
preservation of biosignatures. Subsurface 
environments, such as lava tubes, can provide more 
stable conditions than surface environments (e.g., 
smaller variations in temperature and humidity) and 
lessen radiation exposure. Lava tubes are expected in 
the ubiquitous martian basalt flows and observed using 
images from orbit [e.g., 1,2,3]. A fuller understanding 
of lava tube habitability and microbiological 
metabolisms may inform our interpretation of 
biosignatures, such as microbially-mediated mineral 
deposits and/or the products of respiration.  Also, 
astronauts may one day use lava tubes as a resource, 
making it useful to evaluate their biological potential or 
other properties that could affect human exploration. 

Microbial populations have been found in terrestrial 
lava caves, in both sunlit and dark areas, but there have 
been few detailed studies of these populations.  
Secondary minerals, including sulfates, other salts and 
silicates, are also found in lava caves [e.g., 4]. We 
expect that microbial activity, and resultant 
biosignatures, are associated with at least some of these 
minerals.  The minerals found can provide insights into 
the environment inhabited by the microbes or which 
preserved biosignatures through time (because those 
minerals can provide constraints on the chemical and 
physical conditions of the fluids involved in their 
formation, e.g., pH, temperature, salinity).  

Description of field site:  The field site included 
two segments of a lava tube on the north flank of Mauna 
Loa, Hawaiʻi.  Our work at this site is a collaboration 
between the Hawaiʻi Space Exploration Analog and 
Simulation (HI-SEAS [5]) team (the HI-SEAS station is 
located near the lava tube) and two GSFC groups, 
Goddard Instrument Field Team (GIFT) and 
Fundamental Laboratory Research (FLaRe)).   

These basalts and lava tubes are very young 
geologically (~200 years old). Aqueous alteration 
processes generally happen more rapidly on Earth than 
Mars. As a result, even though martian basalts are much 
older, their general “alteration state” can be best 
approximated by young terrestrial basalts.  The young 
lava flow age and high, ~8,000 foot, elevation also result 

in only very sparse vegetation, reducing the chance of 
plant derived organics playing a major role in cave 
fluids.  The location of these tubes leads to intermittent 
exposure to acid aerosols from Kïlauea and from 
periodic (1880-1940) Mauna Loa lava flow 
emplacement adjacent to the lava tubes (<1 km away 
both east and west).  Interactions with volcanic acidic 
aerosols are a commonly discussed mechanism for 
widespread acidic alteration during some parts of 
martian history [e.g., 6,7].  This young age and ongoing 
intermittent acidity make the alteration history and 
microbial populations of these particular tubes stand out 
in comparison to other studied terrestrial basaltic lava 
tubes.  In addition, the high elevation of these caves 
away from direct input from ocean aerosols implies that 
secondary salt cations and anions are likely from the 
basalt or volcanic aerosols instead of a, less Mars-like, 
oceanic source. 

Methods:  We are carrying out a detailed 
geochemical, mineralogical, and microbiological study 
of rocks, coatings, films, and other alteration features in 
the Mauna Loa lava tube segments.  In the field, features 
of interest were interrogated with several field portable 
instruments to assess in place mineralogy and 
chemistry.  These included handheld X-ray fluorescence 
(XRF), handheld Laser Induced Breakdown 
Spectroscopy (LIBS), and portable Raman 
spectroscopy.  These instruments bear similarities to 
those used on current, or proposed for future, missions 
(including possible future crewed missions) facilitating 
application of our results to current and future mission 
data interpretation.  In addition, samples were collected 
for several laboratory analyses.  This included samples 
collected for lab X-ray diffraction (XRD) to obtain 
quantitative bulk mineralogy, samples collected using 
organically clean protocols for evolved gas analysis 
mass spectrometry (EGA-MS, in which samples are 
heated and volatiles evolved are measured by a mass 
spectrometer [e.g., 8]) and gas chromatography mass 
spectrometry (GCMS), and finally samples collected 
with sterile methods for metagenomic and 
metatransciptomic sequencing.  The light level at each 
location was noted (full sunlight, dim sunlight, or 
complete darkness) since this may affect sample 
microbial populations. The locations of analyses and 
sampling in the tube were recorded by taking GPS 

2521.pdf51st Lunar and Planetary Science Conference (2020)



locations near skylights and entrances and then using a 
combination of laser range finding and tape measures 
from those GPS anchor points. Each site was also 
photographed with wide shots and close up shots.  These 
data will enable sampling locations to be tagged onto 
LiDAR morphology maps of the tube interiors [9].      

A Teledyne SO2 sensor and data logger have been 
located near the HI-SEAS site for several years and 
during the 2019 field expedition SO2 sensors were put 
near each other outside and inside the tube to enable 
comparisons of SO2 aerosol levels at the surface and 
inside the tube at the same location.  This dataset 
enables a key dimension to the studies of tube materials.  
Alteration is best studied with as many constraints on 
alteration reactions as possible. Our work is 
characterizing the solid products of acid aerosol 
interactions (and related microbiology) with material 
reactants in the cave.  Measured SO2 fluxes will enable 
constraints on gaseous/aerosol reactants as well.            

Preliminary results: Raman, XRD and EGA-MS 
data, together with chemical data from XRF and LIBS, 
have indicated a variety of minerals in samples analyzed 
to date.  These included several Na and Ca sulfates, Mg 
sulfates, carbonates, basaltic minerals such as 
plagioclase and pyroxenes, and amorphous material that 
is still being characterized. Carbonates included 
monohydrocalcite, a metastable phase that forms from a 
Mg-bearing amorphous Ca carbonate precursor 
precipitated from Mg-rich fluids [10].  Raman data (Fig. 
1), and some initial EGA-MS data (Fig. 2), have 

indicated organic compounds associated with some 
sulfates and carbonates. These organics include 
microbial pigments, amino acids, and fatty acids. 
Additional work is ongoing to further constrain sample 
organic chemistry as well as the nature of any 
connections between sample minerals, organic 
molecules, and microbes.  Preliminary assessment of 
bacterial diversity with 16S sequencing completed in 
collaboration with Georgetown’s Shared Genomic and 
Epigenomic Sequencing Center has indicated that 
Proteobacteria and Actinobacteria are significant but 
there are also unclassified bacteria, candidate divisions 

and Deltaproteobacteria present. Follow on 
metagenomic and metatranscriptomic sequencing, 
currently underway, will further specify the types of 
microorganisms as well as their metabolic activity.       

Overall, this work aims to inform the alteration 
mechanisms, microbe-mineral associations and 
microbial metabolisms associated with unique Mars 
analog basaltic subsurface environments.  The results 
will be timely given current interests in potential 
subsurface martian habitats [e.g., 11], have implications 
for habitability, astrobiology, and life detection 
approaches on Mars, and shed light on the conditions for 
sustaining life in young subsurface basaltic terrains.  In 
addition, this study can provide information relevant to 
human exploration or use of lava caves on Mars.  For 
example, we have started collaborating with HI-SEAS 
to combine monitoring and sample collection related to 
our project with HI-SEAS mission crew tasks.  This can 
help inform on how to best combine science goals with 
human exploration goals during future human missions 
which may utilize lava tubes as a resource. 
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Figure 1. Raman spectrum collected in the field of white 
coating on stalactites identifies gypsum as the 
predominant mineral phase with a mix of organic acids.  
 

Figure 2.  Signal vs. temperature traces from EGA-MS of 
white/yellow coatings (inset: picture of coating).  Evolved 
SO2 and H2O are consistent with gypsum, evolved CO2 is 
consistent with calcite, and green lines indicate evolved 
organic compounds and/or their fragments.  Coincidence 
between evolved organics and SO2 and H2O suggests an 
association between gypsum and organic compounds.   
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