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Introduction:  Bioalteration textures within basal-
tic volcanic glass have been identified in numerous 
samples from oceanic pillow basalts, hyaloclastites, 
tuffs, and ophiolite lavas [1]. These bioalteration tex-
tures are so-called due to their likely biogenic origin, 
supported by morphological, elemental, isotopic, and 
biomolecular data [2], although the microorganisms 
responsible for these textures have yet to be identified. 

Volcanic glass is also common to continental lavas, 
yet has received comparatively little attention to their 
oceanic counterparts. In particular, where volcanism 
interacts with overlying glaciers or ice, glassy litholo-
gies such as pillow basalts, hyaloclastite, and obsidian 
are extremely common. Basaltic lavas especially, share 
highly similar lithological characteristics to oceanic 
lavas. Like oceanic lavas, these lavas also undergo low 
temperature aqueous alteration, turning fresh volcanic
glass into clay-rich palagonite. As such, subglacially-
erupted lavas have the potential to record biological 
colonisation through the generation of bioalteration 
textures that are so common to oceanic lavas. Such 
terrestrial bioalteration textures have been identified in 
basaltic hyaloclastite from Iceland [3], where volcano –
ice interactions are common. However, these lavas lack 
the characteristic ‘tubule’ morphology that is common 
to oceanic lavas, and instead bioalteration consists of 
small pits and ‘elongate’ structures at the glass mar-
gins.

Here, we present the first taxonomic description of 
bioalteration textures from Antarctic continental basal-
tic hyaloclastites. Features interpreted as ‘endolithic 
microborings’ have been identified previously within 
these lavas [4], but have yet to be taxonomically identi-
fied. Unlike the previous continental bioalteration tex-
tures identified in Icelandic lavas, these textures are 
highly comparable to those identified in oceanic lavas, 
and are therefore classified using the ichnotaxa pro-
posed by [5]. 

Study Site:  54 subglacially-erupted basaltic hya-
loclastite samples were collected from James Ross Isl-
and, which lies just off the coast of the Antarctic penin-
sular. The island consists of subglacial volcanic se-
quences, named the James Ross Island Volcanic Group 
(JRIVG) – a large Neogene alkaline basaltic volcanic 
province that crops out extensively in the northern An-
tarctic Peninsula region [6]. The island was probably 
surrounded by at least seasonally sea-ice free condi-
tions during multiple interglacial periods, when sea-

water was apparently able to percolate into the lava-fed 
deltas. The sequences are also well dated by the 
40Ar/39Ar method, and range in age from <80Ka to 
6.16Ma [7]. 

Method: Hyaloclastite samples were analysed 
petrographically with a transmission light microscope 
and by scanning electron microscopy (SEM), to iden-
tify bioalteration textures that were comparable to 
those previously described from oceanic basalts. The 
occurrence and abundance of these textures was quanti-
fied, and investigated as a function of aqueous altera-
tion environment, being either marine altered, or solely 
glacially (freshwater) altered. Additionally, the data 
were also plotted against age and elevation. 

Results: We present results firstly classifying the 
bioalteration textures identified in the JRIVG hyaloc-
lastite, and secondly demonstrating the observed di-
chotomy in the prevalence of these textures between 
freshwater and marine water environmental conditions. 

Ichnotaxa: Based on the observed bioalteration tex-
tures in the James Ross Island lavas, four ichnospecies 
can be identified: three from the ichnogenera Tubulo-
hyalichnus, and one from the ichnogenera Granulo-
hyalichnus. Of these, Tubulohyalichnus significantly 
dominates within these lavas, representing ~95% of all 
bioalteration textures observed. All three ichnospecies 
belonging to the genera Tubulohyalichnus were identi-
fied. The first, Tubulohyalichnus simplus, is by far the 
most common, and is characterised by simple tubular 
structures that extend into the glass away from frac-
tures, vesicle walls and the margins of the glass clasts. 
These tubules nearly always occur in dense clusters, 
and form pathways that range from gently curvilinear 
to highly irregular (Figures 1a and 1c respectively). 
Typically, these tubules range in size from 50 – 400µm 
in length, and maintain a constant width of 2 – 5µm. 
These ichnofossils are highly comparable to those seen 
in oceanic lavas, and it is also noted Tubulohyalichnus 
simplus is also the most abundant species within this 
ichnogenera from previously described lavas [5]. Sec-
ondly identified is the ichnofossil Tubulohyalichnus 
annularis. This ichnofossil species is not seen in all the 
Antarctic lava samples, but it is by no means identified 
as an isolated case. These tubular structures are similar 
to Tubulohyalichnus simplus in terms of basic mor-
phology and distribution, but they have the addition of 
clear segmented structures along the length of the tu-
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bule (Figure 1b). The final ichnospecies within the 
Tubulohyalichnus genera is Tubulohyalichnus stipes
(Figures 1c and 1d). This ichnospecies is defined by 
the branching structure of the tubules, where the branch 
diameters are the same as the tubule they are originat-
ing from. Their overall morphology and mineralogical 
relationship to the glass/palagonite is identical to that 
of Tubulohyalichnus simplus, although as with Tubu-
lohyalichnus stipes, this ichnospecies is much less 
abundant. Lastly, Granulohyalichnus vulgaris was 
identified in only a few lavas, and was the least abun-
dant of all the ichnospecies. In oceanic lavas this 
ichnofossil is especially common, much more so than 
any ichnofossils from the Tubulohyalichnus genera, but 
this does not appear to be the case in any of the JRIVG
lavas. Where Granulohyalichnus vulgaris does appear, 
it is poorly developed and occurs only in very sporadic 
and isolated patches along fractures within glass clasts. 
Individual pits here however are fairly regular, with the 
majority being 0.5 - 1µm in size. This size range is 
consistent with the size range attributed to this particu-
lar ichnofossil species, and furthermore is comparable 
to their oceanic counterparts where the most common 
pit size is ~0.5µm [5]. 

Figure 1. Transmission light microscope images show-
ing the ichnofossil taxonomic classifications identified 
in JRIVG subglacial hyaloclastites. a) Tubulohyalich-
nus simplus; b) Tubulohyalichnus annularis, arrows 
show segmentation within tubules; c) Tubulohyalich-
nus stipes for its branching structure, and the individual 
branches as Tubulohyalichnus annularis, where arrows 
show annulations along the length of the tubule. Also 
noted is an example of Tubulohyalichnus simplus with 
loop structure; d) Branching Tubulohyalichnus stipes.

Freshwater – Marine Dichotomy: When plotted 
against age, elevation, and alteration environment (ma-
rine or glacial), the main controlling factor appears to 
be alteration environment, whereby the bioalteration 
textures within these lavas are significantly more abun-
dant within those that have undergone marine altera-
tion, whilst the lavas that remained altered only by gla-
cial meltwater mostly lack such evidence of biological 
activity [4], and those that do often lie very close to the 
Marine – Freshwater transition zone. This finding is in 
agreement with the observed trend seen when bioalte-
ration values are plotted against elevation. Here, those 
lavas that exist at lower elevations typically contain 
more bioalteration than those at higher elevations. 
Within this particular volcanic sequence, it is the lower 
elevation lavas that have been affected by percolating 
marine water [6]. Lastly, when bioalteration values are 
assessed as a function of age, we find there is no trend, 
and bioalteration values are distributed evenly across 
all ages ranging from <80 Ka to 6.16 Ma.

Figure 2. K-Means cluster analysis of bioalteration 
values within the JRIVG hyaloclastite. 

Conclusion: The preference for marine over fresh 
water conditions has relevance in understanding the 
conditions necessary for the formation of potential bio-
signatures in basaltic lavas on Mars, and in particular 
demonstrates that such textures do not necessarily form 
wherever basaltic – water interactions occur. 
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