REPLY TO Reviewer comments #2

The manuscript by Hufford et al. presents a set of load-stepping experiments done to construct
rheological flow laws of the sodic-rich amphibole, glaucophane. Relying on mechanical and
microstructural analysis, the authors construct deformation mechanism maps for glaucophane and use
the empirical law to extrapolate to natural conditions and compare glaucophane viscosity with other
related subduction zones rocks such as eclogites and metasediments.

Glaucophane is an important mineral in the blueschist's facies of a subducting slab, with numerous field
observations linking glaucophane rheology to the medium dynamic properties. It is, therefore, evident
that providing the rheological constraints to develop a flow law for glaucophane will have great
importance to the community.

However, as detailed below, | find the experimental and microstructure analyses insufficient to decipher
the deformation mechanism and subsequently to construct the flow laws.

Load-stepping experiments — Usually, in these types of experiments, the sample is stressed in a (quasi-
Jelastic stage until the sample yields. Afterwards, there are 3-4 additional strain-rate steps. This way, the
elastic part is an initial stage separated from the post-yield stage, where the strain rates steps are
performed. In the manuscript, it is mentioned that they tried to avoid brittle-cataclastic behavior at peak
stresses (lines 79-81). However, | wonder if some of the strain-rate steps do not contain a contribution
from the elastic stage.

Unfortunately, the reviewer appears not to have been provided the correct version of our revised
companion manuscript when reviewing this manuscript. What you are describing is a strain rate stepping
experiment where the rate of deformation is set and stress is measured (this is what we presented in our
companion manuscript)— in this current manuscript we are presenting complementary load stepping
experiments where the stress/load is held constant and the displacement is measured. In our
companion manuscript we show that when the glaucophane aggregates deformed at a constant rate,
this leads to high peak stresses and grain size reduction via brittle/cataclastic processes. By conducting
load-stepping experiments, the aim was to suppress this high stress brittle grain size reduction process
and simplify the sequence of deformation processes to quantify the viscous rheology of the sample,
hopefully at dislocation-related deformation conditions.

In addition, having 9 different strain-rate steps in a single run without repeating strain rates ignores the
likely effect of hardening (strength dependence on total strain) often seen in semi-brittle and low-
temperature plasticity mechanisms. Without having more constraints over the possible effect of strain on
sample strength (e.g., single-load or strain rate experiment), it will be difficult to evaluate the current
data.

We do not have strain rate steps but rather stress steps. We are holding stress/load constant and
measuring the strain rate. Also, the lower stress data are interpreted to represent dislocation creep and
are not interpreted to harden with increasing strain.

In regard to repeating a deformation step, most studies on low-temperature plasticity (LTP) flow laws do
not repeat the same deformation steps (Mei et al. 2010; Renner et al. 2002; Raterron et al. 2004;
Kronenberg et al. 1990; Mares & Kronenberg 1993; Burdette and Hirth 2022). We do not feel it is
necessary to justify the activation of low temperature plasticity in our samples by rerunning an
experiment with repeated deformation steps. As also noted to reviewer 1, these experiments take 2-12
weeks each to conduct.

We completely agree with the reviewer that experiments using constant strain rates to varying strain is
important, and this is why we presented this suite of experiments and associated microstructural
analysis in our companion manuscript that the reviewer unfortunately did not have access to.



Microstructural analysis. Actually, little difference is observed between hydrostatic pressed samples (i.e.,
sample initial state) and the deformed samples. The main difference highlighted by the authors is the
grain boundary morphology of the small grains. However, with the analysis shown, it was not clear to me
that there is indeed such a difference. Actually, with the existing resolution images from the optical
microscope and EBSD maps, | could not see much of the boundaries between small grains (EBSD scans
include small unindexed areas just around small grains, Fig. 3).

We agree the microstructural analysis can be improved. As mentioned above we are conducting a single
deformation experiment in the creep field and will include deformation microstructures here as well.

EBSD analysis on fine-grained amphiboles is incredibly challenging due to issues with sample indexing.
We often have to dwell at each point/position 2-5x longer than more commonly analyzed minerals such
as quartz, olivine, calcite, etc to see indexation. This often leads to map collection times of 80+ hours
and a high cost. This is why we initially focused on a single map of this dimension. We are currently
testing a few more solutions to improve polishing and sample analysis through EBSD with the hope of
improving the hydrostatic EBSD map. We will also conduct an EBSD map from the dislocation creep
experiment. We feel the EBSD map from the LTP sample accurately reflects the deformation
mechanism, where the increased misorientation (yellow regions) within the fine-grained yellow regions
reflects a higher dislocation density, which is to be expected for a sample deformed by LTP. Based on
continued work, we also hope to include SPO and grain size analysis.

Figure 8 in this manuscript and Figure 12 in the companion manuscript are almost identical, except for
the different line labelled “this study dislocation creep in glaucophane”. | am confused about why the
same authors suggest two different dislocation creep flow laws for glaucophane in two companion
papers (without even including their own other law?!).

The existence and possible effects of fracturing on the rheological interpretations are important, which
was nicely done in Fig. 6 of the companion paper, relating to dislocations and fractures.

As noted above, the reviewer was not provided with a revised version of the companion manuscript by
the editors even though we submitted both together and requested that all reviewers have access to
both— apologies for this inconvenience.

In the revised version of our companion manuscript, we show that the steady state rheology is controlled
by a combination of dislocation and diffusion creep. By measuring and estimating the contribution from
each deformation mechanism, we used the dislocation creep flow law from this current manuscript and
the diffusion creep flow law from Tokle et al. 2023 JGR-SE
(https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JB026848) in a rheological mixing model,
where we were able to estimate both the bulk strength of the samples. Therefore, the samples in both
papers are not controlled solely by dislocation creep.
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