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Introduction: Maximizing the probability of cap-

turing evidence for past life on Mars will eventually in-
volve sampling a landscape with geomorphological het-
erogeneity due to substrate lithology, depositional envi-
ronment, and surface exposure to radiation and wind [1] 
[2]. Optimization of the detection of life requires an un-
derstanding of how these small-scale features affect mi-
crobial communities. We chose several Mars analog 
sites in Iceland to investigate what parameters are most 
important and should be considered for future sampling 
missions to Mars. 

Recent basaltic eruption sites in Iceland are consid-
ered Mars analogs for surface composition, constrained 
bioavailable chemistry, very low biomass, and (in some 
cases) water/ice activity. For this study, we targeted re-
gions which had meter-scale gradients that would not 
necessarily be visible until lander imagery could be col-
lected [3] [4]. Correlating remote imagery, surface min-
eralogy, and biomarker assay results across such gradi-
ents will help optimize Mars sample site selection for 
likely biomarker distribution and preservation [5]. 

Methodology: The Field Exploration and Life De-
tection Sampling for Planetary and Astrobiology Re-
search (FELDSPAR) team completed physicochemical 
measurements and biomarker assays along transects in-
cluding layered deposits (Fig. 1), temperature, oxidation 
(Fig. 2), wind and solar exposure on two scales (Fig. 3 
and 4), elevation (Fig. 5), and grain size. Sites were lo-
cated within the 2014 Holuhraun eruption site and the 
wind-swept outwash plane, Dyngjusandur.  

 
Figure 2. Differing colors of oxidation within 3 meters of ac-
tive and inactive fumaroles included (from left to right) red, 
white, orange, and unoxidized. The  least oxidized samples 
with the lowest temperature had the highest ATP (red box). 

 
  Figure 3. Grainsize and compositional gradients were found 
surrounding larger rocks as wind would scour the front and 
deposit grains on the back. The highest levels of ATP were in 
the protected area behind the rock (in red). 

Figure 1. Com-
positional gradi-
ent with older 
basalt rubble 
overlain by a 
layered ash and 
pumice deposit 
from the Plinian 
eruption of 
Askja volcano in 
1875. Sampling 
tubes are ~10 
cm long. The 
amount of ATP 
is lowest in the 
bottom samples, 
highest in the 
top (red). 

Figure 4. Radial 
transects (white 
lines) around the 
elongated crater 
provided samples 
with different orien-
tations relative to the 
sun and predominant 
wind directions (blue 
arrow) as well as 
angle of slope. Over-
all, ATP was higher 
along the most pro-
tected NW slopes 
(circled in red) sug-
gesting landscape-
scale features and 
meter-scale features 
affect bio-signatures. 
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Figure 5. Samples collected every 1-2 meters along an even 
slope consistently showed the highest concentrations of ATP 
at the base (outlined in red) where grainsize was smaller. 

Visible-near infra-red (VNIR) reflectance and X-ray 
fluorescence (XRF) spectra were taken for mineralogi-
cal classification, along with temperature measurements 
and other field observations. Sterile collection of ~100 
grams of sample allowed for ATP quantification per-
formed at a field lab within 24 hours of collection, while 
other analyses required further processing. Biomarker 
assays included ATP quantification, qPCR, and some 
DNA sequencing. These targets were chosen as proxies 
for different classes of potential Mars biomarker types 
(biomass, bioavailable energy, etc.). Grain-size anal-
yses were conducted only on the residual material after 
biological analyses were completed. They were com-
pared with images taken of each sample location before 
disruption, however, and seem to be representative of 
the size of the grains in the matrix. 

Slope was measured from Digital Elevation Model 
(DEM) imagery created from multiple unmanned aerial 
vehicle (UAV) flights over the sites. Temperature was 
measured using an infrared temperature gun with an ac-
curacy of ± 2oC, and were collected (1) at the surface 
without contact or disturbance, and (2) at the surface 
during sampling. These results were also collected in 
dry and cloudy conditions with little wind to avoid en-
vironmental effects. Environmental monitoring devices 
were installed at a subset of the 2018 sample sites to ob-
tain additional information on diurnal and seasonal ex-
posure. 

Results: The performance of the ATP assay in the 
differing geochemical types sampled was validated us-
ing standard addition. Results indicate that the assay 
yielded usable results in all types of samples tested, alt-
hough many highly oxidized or hot sample sites indi-
cated a level below the lowest detectable limit. DNA 
was extracted from all samples. A complete set of re-
flectance and XRF spectra were obtained at the sites at 
Holuhraun and Dyngjusandur and used to derive sum-
mary parameters analogous to the CRISM instrument.  

Biomarkers tended to increase with increasing 
grainsize, SiO2 wt. %, moisture content and with de-
creasing FeO wt. %, oxidation, and temperature anom-
aly. These factors tended to be found on the leeward side 
of bigger rocks, lower flanks of steep slopes, siliceous 
pumice-rich volcanic deposits, and non-fumarolic re-
gions. We would recommend sampling missions target 
these criteria when looking for areas that may have ac-
cumulated higher biomass.   
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