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Introduction: Impact cratering is a ubiquitous 

geological process on solid planetary bodies. Any hy-
pervelocity impact into a H2O-rich target has the po-
tential to generate hydrothermal systems [1]. Recent 
research has suggested that such impact-induced envi-
ronments may be conducive to microbial colonization 
[e.g., 2]. In volcanic environments, bioalteration of 
basaltic glasses produces characteristic tubular and 
granular aggregate textures [e.g. 3]. Such bioalteration 
textures preserved in Archean greenstone belts consti-
tute one of the oldest records of life on Earth [4]. Our 
examination of glasses from the Ries impact structure, 
Germany, has revealed tubular textures with remarka-
bly similar morphologies to textures observed in vol-
canic glasses (Fig. 1).  
 Here we present preliminary data characterizing 
the putative bioalteration structures hosted within the 
Ries impact glasses. Establishing the biogenecity of 
the alteration structures observed in impact glasses has 
significant astrobiological implications, as impact 
cratering is a ubiquitous geological process throughout 
the solar system [e.g., 5,6]. 

Impact glasses: Impact glasses share many simi-
larities with volcanic glasses; however, fundamental 
differences make impact glasses unique geochemical 
systems [7]. The bulk compositions of impact melts are 
diverse, reflecting heterogeneities in the target litholo-
gies. Furthermore, impact melts often display hetero-
geneity on multiple scales. Given the probable ubiquity 
of impact glasses in hydrothermal settings throughout 
the Solar System, a better understanding of the habita-
bility potential for hydrothermally altered impact 
glasses may provide insight into the possibility of simi-
lar microbial niches on other terrestrial planets, includ-
ing Mars [6, 8]. 

The Ries impact structure: The 14.3 + 0.2 Ma 
[9] Ries impact structure, southern Germany, was 
formed in a two-layer target comprised of Mesozoic 
flat lying siliciclastic and carbonate sedimentary rocks 
that unconformably overlie crystalline Hercynian 
basement [10]. Ries is a complex crater with a total 
diameter of ~24 km [10]. Impactite and ejecta deposits 
are well preserved: surficial “suevite” comprises one of 
four main proximal ejecta deposits [11].  

The surficial “suevites” (impact melt-bearing 
breccias) are divided into two distinct lithological 
units: 1) the dominant main suevite that represents a 
clast-rich particulate impact melt rock or impact melt-
bearing breccia [11, 12]; 2) subordinate basal suevite 
[13]. Four main glass types occur within the main 
suevite both as groundmass phases and as discrete 

glass clasts [7]. Glass clasts are typically vesiculated, 
schlieren-rich mixtures containing abundant mineral 
and lithic fragments [11]. The glass clasts hosted 
within the suevite have been classified based on com-
position and microtextures [7]. Type I glasses are the 
most abundant in the Ries suevites, contain Al-rich 
pyroxene quench crystallites and have SiO2 contents 
~63%. Type II glasses have a similar SiO2 content as 
type I; however, they contain only plagioclase crystal-
lites as well as a generation of dense, micron-scale 
vesicles. Type III glasses have low SiO2 contents, are 
hydrated relative to the other glasses, and contain rela-
tively little FeO, MgO, and K2O, while having high 
Al2O3, CaO, and Na2O contents. Type IV glasses have 
very high SiO2 contents commonly >90%. Type I 
glasses have the highest concentrations of FeO and 
MgO of all 4 glass types [7].  

Glass alteration: Evidence of a post-impact hy-
drothermal system at Ries has been documented [e.g., 
14], but it has been suggested that this system was re-
stricted to the crater-fill units [15]. Our recent exami-
nation of alteration of suevitic glasses suggests that 
alteration of glass clasts within the surficial suevite 
preserve evidence for alteration at variable tempera-
tures as evidenced by varying mineral assemblages 
(see below) [16]. Alteration textures are spatially re-
stricted and include colliform/rhythmic banding, 
amygdaloidal infilling, pervasive alteration/complete 
replacement of glass clasts by clay and the occurrence 
of course-grained, platy clays. Higher temperature 
autometamorphism and lower temperature weathering 
are more common, which is consistent with a limited 
hydrothermal system within the surficial suevites.  

Focus is given to type I glasses as they comprise 
>90% of the glass clasts hosted within the Ries surfi-
cial suevite [7]. Suevites in general are defined based 
on the presence of type I glass clasts hosted within a 
cataclastic matrix. The fresh type I glass from Ries 
hosting the enigmatic tubular textures varies in colour 
from colourless to brown, yellow, pink or green; yel-
low-brown being dominant. The glass typically has a 
cloudy appearance, which increases with tubule den-
sity. High tubule density also optically darkens the 
glass. Increasing alteration and hydration also darkens 
the glass; highly altered glass clasts may appear dark 
brown to black through plane polarized light. The glass 
clasts are heterogeneous within samples and between 
samples. There is also variation within individual glass 
clasts. Mineral assemblages were interpreted by µXRD 
analysis and include: quartz, potassium feldspar, pla-
gioclase, zeolites, calcic amphibole, phylosilicates (bi-
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otite, chlorite, illite and montmorillonite), carbonates 
(dolomitic), and sulphides (chalcopyrite).  

The stability and corresponding cation release 
rates (metal availability) of natural glasses has implica-
tions for potential microbial colonization [e.g., 17]. It 
has been noted that bioalteration textures are more 
abundant in basaltic (Si-poor) glasses relative to rhy-
olitic (Si-rich) glass [e.g., 18]. The preferential micro-
bial colonization of basaltic glass has been hypothe-
sized to result from greater availability of bio-essential 
cations as well as easier dissolution of the glass.  

Enigmatic tubular textures: Tubular textures 
have only been observed in type I and II Ries glasses 
and can be organized into 3 classes based on morphol-
ogy and distribution. Class A tubules are commonly 
observed in both type I and II glasses, are either ran-
domly distributed or concentrated around glass rims or 
vesicles, and have a relatively simple morphology with 
few complex curves. Class B tubules are observed only 
in type I glass, are concentrated along fractures or clast 
margins, form radiating aggregates, and have complex 
morphologies including spirals, and other complex 
curvatures. Class C tubules are observed only in one 
sample of type I glass. Class C tubules have signifi-
cantly larger length to width ratios than other tubule 
classes and form straight, linear features in the glass.  

 
Figure 1: Tubular textures hosted in glass. A; Titanite 
mineralized segmented tubules in hyaloclastite from 
~3.35Ga pillow basalt, Pilbara Craton, Western Aus-
tralia [4]; B: Segmented tubular bioalteration in mod-

ern basaltic glass, Ontong Java Plateau [3]; C, D E: 
Enigmatic tubular textures hosted in type I glass from 
surficial suevites of the Ries impact structure, Ger-
many. C: Variation in morphology of class B tubules. 
Both segmented (S) and non-segmented (N) tubules 
are visible; D: Class B tubules; E: Class C tubules in-
dicated by white arrow.  
 
Class B tubules display various complex morphologies 
(Fig. 1). Approximately two-thirds do not display dis-
tinct segmentation. These smooth-walled tubules typi-
cally display complex curvatures forming a morpho-
logical continuum between loose undulating curves 
and spirochete morphology. Curvature appears ran-
dom, non-oriented and specific to individual tubules. 
Non-segmented tubules have diameters ~1um and 
commonly have length to width ratios >5.  Approxi-
mately a third of class B tubules are clearly segmented. 
Segmented tubules typically display less curvature 
than non-segmented tubules. Individual segments have 
length to width ratios approximately 1:2. Segmented 
tubules vary in diameter from ~1um to approaching 
3um. Rare segmented tubules with large (~3um) di-
ameters have segments with length to width ratios ap-
proaching 1:6. Additional metrics describing tubule 
morphology may allow for specific subclassification of 
class B tubules.  

Class A tubules are likely the optical expression 
of vesicle generation within the type I and II glass 
clasts comprising the ‘hair-like’ structures described 
by [5]. Type C tubules may represent quench crystal-
lites. The complex morphologies of type B tubules, 
however, lack a parsimonious abiotic or mineralogical 
explanation and are reminiscent of microbial alteration 
textures observed in submarine basaltic glasses [3]. 
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