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Introduction:  Meteorite impact events are a 
ubiquitous geological process in the Solar System and 
have had a profound effect on the evolution, and 
perhaps the origin, of life on Earth e.g., [1,2]. While 
the catastrophic consequences of impact events are 
well established, the impact process also has beneficial 
effects, especially for microbial life [3], where novel 
impact-generated products such as impact glass and 
shocked crystalline rock can become a refuge for 
endolithic organisms [4,5,6]. Any impact into a water-
bearing target, such as on Earth or Mars, will generate 
post-impact hydrothermal activity, which over time, 
will cool to temperatures capable of supporting 
thermophilic life, persisting anywhere from thousands 
to millions of years on Earth and Mars (see [7] and 
references therein). 

Impact-generated hydrothermal systems (IHS): The 
development and succession of a hydrothermal regime 
due to an impact event can be divided into three main 
stages [8]: Early (vapour dominated), Main (vapour 
and liquid) and Late stage (liquid). Following an 
impact event, water moves in laterally and vertically to 
replace that which was displaced and/or vapourized 
during crater formation. Depending on the target (i.e., 
land versus marine) these waters are typically meteoric 
or seawater. The impact melt-bearing rocks, which 
represent the main source of heat for the generation of 
hydrothermal systems within impact craters, cool fairly 
quickly below the liquidus, down to temperatures 
between 200°C and 600°C [9]. Though these values 
would differ for each impact crater, depending on the 
size of the impact and the rate of cooling of the 
substrate and the permeability of the target rock [10], it 
is at the end of the Main stage and into the Late Stage 
of an IHS that temperatures become low enough to 
potentially be able to support life.  
 IHS and Life: Impact-generated hydrothermal 
systems are potentially an ideal setting for the 
evolution and origin of life [7]. Water interacting with 
the fractured, shocked target will result in dissolution 
of the substrate and the generation of primary minerals 
such as quartz, amphibole-group minerals, carbonates, 
sulfides, sulfates, oxides and halides [7]. Secondary, or 
weathered, mineral assemblages can also occur in the 
form of Fe-sulfates, and oxyhydroxides such as 
goethite [11].  In the event that an impact occurs into a 
mafic target such as basalt, serpentinization will occur, 
resulting in the release of methane and hydrogen gas 

[12]. Finally, water interacting with impact melt 
breccias also promotes the dissolution of glasses and 
the formation of phyllosilicates and zeolites, which are 
capable of holding onto organic compounds, and may 
have acted as a template for the origins of life [13].  

On Mars, there is evidence for the presence of 
crater-related hydrothermal deposits, i.e., Toro Crater 
[7,14], as well as associated clays [15,16], which are 
currently thought to be the most ideal substrate for 
yielding evidence of past life on Mars (e.g., [17]). 
Currently, no work has been done investigating the 
interactions of impact-metamorphosed lithologies with 
hydrothermal fluids and the effect this may have on 
associated biology. As no post-impact hydrothermal 
system currently exists on Earth, it is difficult to assess 
the potential reactions and level of habitability of such 
an environment. 

Finding an IHS Analogue: To date, no direct 
microbial evidence has been found that can be shown 
to be the result of an impact-generated hydrothermal 
system on Earth; however, given that the hydrothermal 
phase of large impact structures would likely be quite 
extensive, it is conceivable that microbial communities 
could develop. Indeed, within the Haughton impact 
structure, Parnell et al. [18] showed that significant 
sulfur isotope fractionation of the hydrothermal sulfide 
provides a strong case for the presence of thermophilic 
sulfate-reducing bacteria during the formation of these 
deposits. Work by Sapers et al. [6], showed the 
formation of putative biologically formed tubules in 
impact glass associated with hydrothermal alteration 
from the Ries crater in Germany. 

Given that identifying unambiguous biosignatures 
is typically a difficult process and that hyrothermal 
deposits from impact craters contain a paucity of 
biogenic signals, significant work on these deposits, 
especially in reference to basaltic enivronments, must 
be completed. This is especially true given the ongoing 
mission within Gale Crater and the planned ExoMars 
2018 and Mars 2020 missions.  

Current Work: Our work focuses on identifying 
terrestrial analogues for past (i.e., active) Martian IHS 
situated within basaltic targets. As no current IH 
systems are active on Earth, hydrothermal systems in 
Iceland were chosen due to the extensive variety of 
such environments within a basaltic substrate. For an 
active system, we are interested in determining how 
impact-generated hydrothermal lithologies interact 

1399.pdfEighth International Conference on Mars (2014)



 
Figure 1. (Top) Mars-like view of  Seltun at Krýsuvik. (Bot-
tom-left) Hydrothermal pool at Krýsuvik with extensive 
formation of iron sulfides. (Bottom-right) SE2 micrographs 
showing jarosite deposition and fungal hyphae on a sample 
from Krýsuvik (top), scale bar is 2 µm, and colonization by 
an unknown microorganism on a sample from Geysir (bot-
tom); scale bar is 1 µm. 
 
with hydrothermal fluids and if increased dissolution 
rates promote bacterial growth within these samples. 
To addresss this, sites at Krýsuvik (63°53.73N, 
22°3.40W) and Geysir (64°18.65N, 20°18.22W) were 
selected in an intial survey of the island for in situ 
experiments. Samples of shocked gneiss from the 
Haughton impact structure were placed in both springs, 
which represented very different regimes; where 
Krýsuvik samples were exposed to a pH of 2.2 and 
temperatures of 41°C and samples in Geysir to a pH of 
8.3 and a temperature of 94°C. Samples were 
incubated for a week and then studied for evidence of 
colonization and changes to the substrate. In both 
systems, colonization occurred within shocked 
substrates and not on the unshocked “control” samples 
(Fig. 1). Extensive mineralization occurred in both 
systems, with Krýsuvik samples being coated entirely 
in jarosite and Geysir samples infilled with calcite. 
Currently the experiment is being repeated using 
samples of shocked basalt.  

Of specific importance with regards to examining 
colonization within these samples, is the study and 
understanding of the formation of biosignatures and 
their relation to a specific metabolic process. Work by 
Cousins et al. [19] in Kverkfjöll hydrothermal field has 
not revealed the formation of biotubules in subglacial 
basaltic glass associated with the hydrothermal 
systems. This is opposite to findings in submarine 
basalt which show extensive colonization by 

microorganisms [20]. This raises the possibility that 
the lack of a marine system may significantly affect the 
colonization of basalts, making life-detection in these 
susbtrates a difficult challenge. 

Conclusion: This work represents the first 
investigation of the response of shocked crystalline 
rocks to hydrothermal environments and the 
identification of a post-impact hydrothermal 
environment. The identification and characterization of 
analogue environments provides constraints on the 
search for life and putative habitability beyond Earth. 
Field work this year will explore The biological 
significance of impact events emphasizes the 
importance of impact structures as high priority targets 
for current and future astrobiology exploration 
programs such as the upcoming ExoMars 2018 and 
Mars 2020 missions. A better understanding of 
potential habitable substrates will inform the 
development of more effective and efficient life 
detection instrumentation. 
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