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Introduction:  Post-impact hydrothermal systems 

are one of the most favourable environments in which 
to search for evidence of life beyond Earth. Consider-
ing the ubiquity of impact events in the Solar System, 
investigating the potential of such environments to 
preserve evidence of life has significant implications 
for habitability on other terrestrial planets such as 
Mars. Here we report preliminary data from a interdis-
ciplinary study assessing the potential of impact gener-
ated lithologies to both host and preserve evidence of 
microbial life.  

Biological Benefits of Impact Events:  The cata-
strophic biological effects of meteorite impact events 
are well established. However, meteorite impact events 
also create unique microbial niches1 that may have 
been significant habitats on early Earth2 and are im-
portant astrobiological targets on other rocky bodies 
such as Mars3. Impact generated lithologies represent 
understudied microbial substrates both for microbial 
colonization as well for the potential to preserve evi-
dence of biological activity.   

 Following an impact event is a phase of thermal 
biology, characterized by extensive hydrothermal ac-
tivity capable of hosting microbial communities with 
diverse metabolisms4,5. Transition metals, such as Fe, 
play a significant role in microbial metabolism. Auto-
trophic microorganism exploit redox disequilibrium 
gaining energy required for growth through cascades 
of oxidation-reduction reactions6,7. Post-impact hydro-
thermal systems and associated mineral deposits are 
characterized by extensive redox disequilibria making 
them attractive systems for microbial colonization4,5. 
Iron- and sulfur-based metabolisms are of particular 
interest as they have been proposed as one of the earli-
est metabolic pathways on Earth8, and conspicuous 
patterns of iron oxidation states constitute an important 
biosignature both on early Earth and potentially on 
Mars considering the importance of Fe in microbial 
metabolism and the abundance of Fe on Earth and in 
the Solar System.  

Gale Crater, Mars: The Curiosity rover is current-
ly investigating the potential habitability of Gale 
crater, a 154 km diameter Noachian impact crater on 
Mars9. The sediments within the crater have been in-
terpreted to have been deposited in a lacustrine envi-
ronment10 It is plausible that Gale crater hosted an ear-

ly impact-induced hydrothermal system and crater 
lake11,12. The lowest exposed stratigraphic unit studied 
to date, the Sheepbed mudstone, contains a out of equi-
librium mineral assemblages including both sulfide 
and sulfate minerals and both ferric and ferrous iron 
minerals in addition to mixed-valence iron minerals in 
addition to an amorphous component10,13,14. Although 
many interpretations exist for the complex geological 
context and deposition of the Sheepbed mudstone, its 
chemical and mineralogical make-up including the 
amorphous material are consistent with reworked im-
pact materials including impact glass. Grotzinger et 
al.10 have interpreted Gale crater as a potentially habit-
able environment able to support chemoautotrophic 
metabolism such as microbial iron reduction. 

Biosignatures in impact glass:  Recently, micro-
tubules interpreted as microbial trace fossils, were de-
scribed in meteorite impact glass from the Ries impact 
structure, Germany15. Using synchrotron based X-ray 
spectromicroscopy, distinct patterns of reduced iron 
surrounding the tubule features in the Ries glasses 
were spatially correlated with the presence of organic 
carbon16. These tubule features have been interpreted 
to form similarly to microbial etching of submarine 
basaltic glass through local dissolution as microorgan-
isms extract bio-essential elements from the glass17. 
This produces distinct patterns of reduced and oxidized 
Fe around the tubular features consistent with biologi-
cal processing. We suggest the Fe speciation patterns 
surrounding the tubules represent the preservation of 
these metabolic reactions in the rock record. 

Our work aims to empirically tie a specific biologi-
cal process to an observed trace fossil by performing a 
series of in vivo and ex vivo experiments forcing mi-
crobial iron reduction on impact-generated substrates 
in order to reproduce the patterns observed in the Ries 
glasses. Characterizing experimentally microbially 
induced chemical changes to impact substrates will 
provide a biological standard with which to compare 
putative biological patterns of Fe and S reduction. Es-
tablishing Fe and S speciation biosignatures in impac-
tite generated substrates has implications for studying 
the extent of early life on Earth as well as for the 
recognition of biological processes beyond Earth. 

Experimental Summary:  To assess impact li-
thologies as viable substrates for lithoautotrophic 
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growth, thermophillic iron (Carboxydothermus ferrire-
ducens) and sulfate (Thermodesulfobacterium com-
mune) reducers isolated from hydrothermal systems 
will be anaerobically cultured in minimal media on 
various impact substrates. Substrates will be chosen to 
compare impact-shocked substrates with unshocked 
equivalents to test the hypothesis that the impact pro-
cess creates substrates with an increased potential to 
host lithoautotrophs due to increased bioavailability of 
essential elements. Impact glass from the Ries impact 
structure, representative of the substrates hosting the 
tubular trace fossils, will be compared with crystalline 
granite from the inner ring of the structure. Variably 
shocked basalts (low, medium, and high shock) from 
Lonar crater, India, are selected as Mars analog sub-
strates and will be compared with Cretaceous basaltic 
glass from the Troodos Ophiolite, Cyprus, and un-
shocked Lonar basalt. 

An innovative, interdisciplinary approach has been 
established to characterize the geochemical changes 
induced by active microbial metabolism and to assess 
the potential for microbial Fe and S reduction to be 
recorded in impact materials. Detailed scanning elec-
tron microscopy will assess microbial attachment and 
colonization of impactite surfaces. Energy dispersive 
X-ray spectroscopy mapping will allow for correlation 
between colonization and chemistry. Synchrotron near 
edge x-ray absorption fine structure (NEXAFS) spec-
troscopy combined with scanning transmission X-ray 
microscopy (STXM) is a powerful tool to asses bio-
genicity. Using the methodology established to charac-
terize Fe speciation patterns in the Ries impact glasses, 
we will use NEXAFS spectroscopy to investigate ex-
perimentally controlled microbially induced geochem-
ical changes in impactite substrates. The high spectral 
resolution of NEXAFS spectroscopy combined with 
the high spatial resolution of STXM can be used to 
speciate transition metals providing a spatially corre-
lated map of oxido-reduction patterns and organically 
bonded carbon on a sub-micrometer scale.  

Biosignatures:  Interpreting in situ enigmatic fea-
tures such as body or trace fossils, isotopic or molecu-
lar signatures, chemical disequilibria, or conspicuous 
mineralization as indicators of biological activity is a 
notoriously difficult task. Several studies have at-
tempted to summarize biogenicity criteria to produce a 
systematic framework in which to assess enigmatic 
features, or to propose classification schemes for the 
organization of biologically ambiguous features. How-
ever, many of these features remain a source of conten-
tion in the literature. The goal of characterizing biosig-
natures is not only to identify attributes as uniquely 
produced by biological processes, but also to recognize 
these attributes as unambiguous indicators of life. Un-

derstanding and recognizing the biogeochemical pro-
cesses that result in biosignatures in terrestrial analogs 
of potentially habitable environments on Mars will 
provide valuable information for future life detection 
missions 
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