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Reply to Grosch and McLoughlin: Glass
bioalteration trace fossils can be preserved by
titanite in Paleoarchean greenstones
Before debating the criticism that Grosch and
McLoughlin (1) extend toward our paper (2),
we point out that we agree on important
issues, such as the difficulty of interpreting
titanite textures in greenstones with complex
metamorphic histories. We further agree with
them that their images are too ambiguous to
be certain of the presence of any biotextures.
We welcome Grosch and McLoughlin’s (1)

clarification of their textural continuum of
titanite textures in figure 1 of ref. 1, even
though we are missing a genetic interpre-
tation. We distinguish two types of titanite
textures: (i) well-crystallized blade-like titanite
crystals that have no resemblance to Ceno-
zoic glass bioalteration and (ii) some “fila-
mentous” textures that indeed closely re-
semble candidate biotextures. Lumping two
visually distinct texture types into one group
does not automatically give license to infer
one process for their formation. Furthermore,
we suggest here that none of the images con-
jure any simple metamorphic or biotic in-
terpretations. In particular the candidate
biotextures lack any obvious connections to
glass surfaces or cracks in the glass, prohib-
iting a direct morphological comparison with
Cenozoic biotextures.
Grosch and McLoughlin (1) defend most

of their key views (3) in unsubstantiated state-
ments while ignoring arguments we made
in our paper (2), including, for example, the
following.
Grosch and McLoughlin (1) make a plea

against titanite as a replacement mineral
without taking note of the arguments we pro-
vide in explanation of the process. Instead,
they refer to the lack of evidence from mi-

crobial experiments and geological obser-
vations. We did provide geological evidence,
and note that their concern about missing
evidence from microbial experiments is
not surprising as biotextures are formed
on time scales that are not reproducible
in the laboratory (4). The latter is relevant
to biotextures of all ages, even the Cenozoic
ones that they accept (3).
Grosch and McLoughlin (1) ignore the fact

that the presence of biomarkers in biotexture
cavities proves only occupation of a cavity
unless a causal relationship can be established.
Grosch and McLoughlin (1) try to diffuse

our texture size argument by affirming the
quality of their texture measurements (that
we never questioned) while ignoring the
fact that their perceived size data discrep-
ancy is rooted in their misrepresentation
of the literature data.
Grosch and McLoughlin (1) ignore the

similarity between images of their assumed
purely abiotic titanite textures (3) with an
example of biotextures interacting with vari-
oles in Cenozoic glass bioalteration (2). This
convincing comparison remains unrefuted.
Grosch and McLoughlin (1) do not give

any consideration to our finding that their
samples were likely reheated above the clo-
sure temperature, whereas Fliegel et al.’s
(5) samples are too far away from the dike
to be sufficiently reheated. Not considering
this possibility has been a shortcoming in
Grosch and McLoughlin’s paper (3) and ig-
noring this in their comment (1) does not
bring us any further.
Although we appreciate the opportunity

to further clarify our points of view, the

comment by Grosch and McLoughlin (1)
lacks the rigor and conviction that should
be expected in this discussion and, conse-
quently, does little to refute the issues raised
in our paper (2).
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