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Introduction:  Hydrothermal systems are common 

habitats on Earth and may potentially harbor life on 
other planets [1, 2]. Until today, only terrestrial hydro-
thermal systems related to volcanic activity and their 
associated biosignatures have been studied extensively 
[2, 3, 4], whereas studies of life-signatures from post-
impact environments are still unexplored. Previous 
works concern biology of non-hydrothermal postim-
pact environments [e.g. 5, 6], and biosignatures inves-
tigated from hydrothermal surface environments at the 
Haughton impact structure [7]. A comparative study of 
microbial morphological and chemical biosignatures 
and characterization of ecosystem from impact induced 
surface and subsurface hydrothermal settings has not 
been conduced yet. 

Impact cratering is a common and fundamental 
geologic process on all terrestrial planets and was ac-
tive throughout their history. The study of impact 
structures as potential habitats with a variety of transi-
tional environmental settings may provide new insight 
in understanding evolutionary and adaptation path-
ways of life on earth and improve our chances of find-
ing life on other planets. Suitability of crater structures 
as landing and in situ exploration sites have already 
been confirmed through the recent Mars Exploration 
Rover missions; however the craters and their potential 
hydrothermal overprints have not been explored as 
possible habitable zones yet. We propose the Ries im-
pact structure as a terrestrial analog of habitable zones 
associated with impact induced hydrothermal settings 
that harbored life in the past and preserved its signa-
tures. While the Ries crater may not be utilized as a 
direct analog to craters from the Martian surface, proc-
esses of impact melting and postimpact period of cool-
ing may involve certain similarities and offer similar 
possibilities for development of habitable zones.  

The Ries Impact Structure:  The approximately 
24 km diameter Ries impact structure (Fig. 1) is one of 
the best preserved terrestrial complex impact structures 
[8, 9], formed between 14.3 and 14.5 Ma [10, 11] in an 
approximately 470–820 m thick flat lying sequence of 
Mesozoic sedimentary rocks that overlie Hercynian 
crystalline basement. 

The Ries structure consists of a central crater cav-
ity (inner ring) that is filled by crater-fill impactites 
(rocks affected by impact metamorphism [12]). The 
impactites are overlain by an approximately 400 m 
thick series of post-impact lacustrine sedimentary 

rocks [9]. No surface exposures exist of the crater-fill 
or the so-called ‘crater suevites’. However, suevites 
have been sampled in the Noerdlingen 1973 drillhole 
that penetrated the entire suevite layer, with approxi-
mately 270 m of suevite core. Several surface expo-
sures of Bunte Breccia revealed hydrothermal weather-
ing and pipe-like structures formed by post-impact 
degassing processes [8].  

 
Figure 1:  Location map of the Ries impact structure 
(left), and topography of the crater with town of Nörd-
lingen and the studied N 73 drillhole (right). 
 

 Sampled Material and Analytical Techniques:  
Material sampled from the N73 drill core comprises 
reddish dikes and anhydrite from the crystalline base-
ment, the deepest parts of the drillhole (1152.2 – 565 
m). Low- and high-temperature suevites with calcite 
veins, voids filled by zeolite and goethite precipitates 
were sampled from the 565 - 328.9 m interval. The 
upper sequence from 328.9 – 315.1 m comprises 
graded and melt-rich suevites that were affected by a 
post-catastrophic subaqueous phase. This portion of 
the impactite fill contains traces of past hydrothermal 
activity and parts that attained the highest geothermal 
gradient. In addition, sampling was performed in ac-
cordance with changes in rock textures or structures 
that may be indicative of life presence (i.e. different 
types of layering, presence of calcite and pyrite veins, 
voids etc.). 

The preliminary study of microbial remains was 
conducted using microscopic techniques: Light mi-
croscopy and Scanning Electron Microscopy (SEM) 
with EDS (x-ray spectra) were utilized for characteri-
zation of mineral assemblages and detection of bacte-
riomorphic structures. 

Results and Discussion:  The first traces of a pos-
sible impact induced hydrothermal habitat were de-
tected in voids filled by tabular clinoptilolite 
(Ca,Na,K)2-3Al3(Al,Si)2Si13O36·12(H2O) (Fig. 1a), 
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a zeolite mineral, which was detected at 360 to 383 m 
depths in melt-rich suevites. We have observed tita-
nium-rich bacteriomorphs on the surfaces of clinopti-
lolites. The mineral surfaces were dissolved and etched 
in contact with rod-shaped morphotypes (Fig. 1a, b).  
 

 
Figure 2:  Tabular clinoptilolite (a) etched by rod-
shaped bacteriomorphs (b). Bacteriomorphic forms are 
mineralized by titanium oxide, detected by EDS.  
 

The presence of abundant clinoptilolite suggests 
weakly alkaline hydrothermal solutions which are typi-
cal for impact-induced hydrothermal systems [8]. The 
possible sources of the fluids for the Ries hydrother-
mal system were: surface (meteoric) waters from the 
overlying crater lake and groundwaters from the sur-
rounding country rocks. The zeolitization took place 
probably at temperatures above 150°C, following an 
early phase of K-metasomatism at T>200°C [8]. 

Microbial forms with metal precipitates are widely 
studied in relations to different hydrothermal settings. 
Titanium is a common component of volcanic and 
impact-induced hydrothermal fluids. It is possible that 
bacterial forms were metabolizing Ti instead of Fe 
delivered by the fluid, and some other elements con-
tained in clinoptilolite, and thus dissolved the mineral 
surface and formed molds on places where cells could 

be attached (Fig 3). The microbial metabolic pathways 
related to separation of Ti are not entirely novel and 
have been previously recorded and studied [14]. How-
ever, as we are dealing with a novel ecological system, 
it is possible to have new bacterial strains with novel 
metabolic pathways.  

Future work:  The successful application of 
chemical biosignatures (fossils) in hydrothermal bod-
ies provides corroborating evidence of their usefulness 
and wide distribution. Measurements of carbon, sulfur 
and iron stable isotopes performed on mineral and or-
ganic compounds are complicated by different poten-
tial sources and fractionations. Nonetheless, the appli-
cation of these methods can help to throw light on the 
nature of flowing fluids, and also to contribute in es-
tablishing the origin of the organic matter.  

Field studies and recovery of hydrothermal over-
prints and structures, e.g. surface exposures of Bunte 
Breccia revealed hydrothermal weathering and pipe-
like structures formed by post-impact degassing proc-
esses. Sampling and examination of surface samples is 
planned for the next phase of this investigation.  

By this research we hope to contribute to a better 
understanding of ecosystems from impact-induced 
hydrothermal systems and their relation to microbial 
life, as well as the potential of such environments for 
preservation of organic matter through geologic time. 
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Figure 3:  Dissolu-
tion of clinoptilolite 
at the places of bac-
terial attachment and 
formation of bacte-
rial molds . 
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