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Introduction: Understanding the impact of radia-

tion damage on characteristic microtextures developed 

during the natural abiotic corrosion (palagonitization) 

of basaltic glass by seawater is critical to interpreting 

alteration microtextures in glasses on both Earth and 

Mars. Microscopic microbial trace fossils (biogenic 

etch features) are reported to be widespread in partially 

palagonitized submarine volcanic glasses on Earth [1]. 

However, alternative abiotic explanations for such con-

spicuously ‘biogenic looking’ microtextures in volcan-

ic glass (i.e. grooves, tubular and granular textures) 

have recently been proposed [2]. It has been suggested 

that the presence of such microtextures in Martian ba-

saltic glasses, should they be found, would constitute 

evidence for past microbial life on that planet [3], an 

hypothesis that should be critically reexamined. 

Basaltic glass and palagonite are thought to be 

widespread on Mars [4], and there is abundant evi-

dence for past action of liquid water on its surface [5]. 

In preparation for future Sample Return missions from 

Mars, it is imperative that we understand what consti-

tutes a true microscopic morphological biomarker in 

terrestrial volcanic glass, and what alteration microtex-

tures are abiotic in origin and simply ‘look’ biogenic to 

our eyes. 

In the present study we highlight a rich diversity of 

microtextural corrosion features that occur in partially 

altered (palagonitized) basaltic glass pillow margins 

from Deep Sea Drilling Project (DSDP) Hole 418A, 

North Atlantic Ocean (Figs. 1-3). Although these vari-

ous alteration microtextures look conspicuously like 

microbial trace fossils (e.g. microbial borings), we 

propose that they are all abiotic in origin, the result of 

preferential corrosion of radiation damage (alpha-recoil 

tracks and fission tracks) caused by radioactive decay 

of U and Th in the glass. Pressure solution fingering 

also seems to be an important compounding process in 

forming these complex networks of microscopic etch-

tunnels at the glass-palagonite interface, caused by 

incremental increase of hydrostatic pressure (29 to 63 

MPa) as the oceanic crust subsides under a deepening 

ocean with age. Features resulting from the abiotic (U-

Th-Pb) radiogenic corrosion of basaltic glass by sea-

water appear to explain these and other putative ‘tubu-

lar’ and ‘granular’ microbial trace fossil microtextures, 

reported from a variety of environments including ba-

saltic glass in the in situ oceanic crust, ophiolites, and 

greenstone belts dating back to ~3.5 Ga [1]. 

 
U-Th-Pb Radiogenic Corrosion Microtextures: 

A comprehensive multidisciplinary study of two glassy 

pillow margins from DSDP 418A reveals the presence 
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of several distinctive abiotic corrosion microtextures at 

the glass-palagonite interface, including granular 

palagonite alpha-recoil track (“ART”) alteration (Figs. 

1A-B), ART etch-tunnels (Fig. 1C), and a diversity of 

wider etch-tunnel types formed by prolonged over-

etching of incipient alpha-recoil track etch-tunnels, 

including elongate wide tunnels and string-of-pearls 

texture (Fig. 1E). Numerical modeling of alpha-recoil 

track damage in DSDP 418A basaltic glass based on U 

and Th concentrations in fresh glass measured by ICP-

MS, indicates that the 108 million year old glass is 

riddled with radiation damage in the form of ~120 nm 

wide alpha-recoil tracks (Fig. 1D), which suggest a 

genetic relationship with nanoscopic ‘tubular’ etch-

tunnels and ‘granular’ palagonite at the glass-

palagonite interface (Fig. 1). These observations call 

into question the biogenicity of so-called ‘tubular’ 

etch-tunnels and ‘granular’ palagonite observed in 

worldwide samples of basaltic glass [1, 6]. 

 
Rare, larger (1-2 m wide by ~8 m long), peanut-

shaped etch-chambers are also observed (Fig. 2) along 

with the smaller and more abundant nanoscopic tunnel 

variety (e.g. ARTETs in Figs. 1C, 2) at the glass-

palagonite interface, and these larger etch-chambers 

are identified as naturally etched fission tracks (Fig. 2). 

These features might also be confused with microbial 

borings. 

Naturally formed fission track etch-tunnels are al-

ways partially infilled with authigenic platy smectite 

showing dissolution/co-precipitation textures with glass 

(Fig. 2). The smaller, more abundant variety of nano-

tunnels (alpha-recoil track etch-tunnels) are typically 

empty (Fig. 1C), although many contain authigenic 

imogolite (OH)3Al2O3SiOH, which forms flexible 20 Å 

wide nanofilaments observable with high resolution 

scanning electron microscopy (Fig. 3) [7]. Imogolite 

filaments are identified as such by direct comparison 

with the known dimensions and morphology of typical 

imogolite filaments (superimposed blue/pink lines in 

Fig. 3), and considerations of the geological setting 

(imogolite is typically described as the initial weather-

ing product of glassy volcanic ash [8]). It is important 

to note that these imogolite filaments (Fig. 3) might 

potentially be confused with the elongate filaments that 

can occur in desiccated exopolysaccharide mucus pro-

duced by bacteria in rocks [9], and they are also identi-

cal in size and form to filamentous strands of DNA 

imaged by atomic force microscopy [10] - biofilaments 

that coincidentally, are also exactly 20 Å wide. 

Consequently, when evaluating corrosion microtex-

tures in returned samples of Martian glass, nanofila-

ments within etch-tunnels should also be viewed as 

abiotic unless compelling evidence of biogenicity is 

presented. 
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