Dear Editor,
We kindly thank the three reviewers for their comments on our manuscript.

One common thread in their different discussions of the text is that we were a bit too quick in the
step regarding our method and the description of figures. The primary changes in the manuscript
focused on addressing these aspects and the issues with clarity that they brought.

Beyond this, Referee 2 noted some additional limitations to the interpretations we make and we
now include those in the discussion. Additionally, Referee 3 drew our attention to a comparison to
magnesite (the Mg end member of the carbonate system we investigate) and we have now also
incorporated data from relevant experiments and discuss them. In both case, we thank the
reviewers for drawing attention to literature we missed.

Lastly, during the review of the initial submission, Mario Ebel noted that figure 11, now figure 12,
was problematic for readers with colour vision deficiencies. We have changed this figure to now
label the lines with the model grain sizes. This should now cover all of the colour vision
deficiencies, including Monochromacy/Achromatopsia.

We hope that the changes to the manuscript increase its clarity and scope.

Best,

James Gilgannon

In the follow rebuttal we have addressed each reviewer in turn. First we address the general
points they raised and then the specific comments below that. We only included the relevant

sections of the referee’s comments and have coloured them in a light grey to make it easier to
read our replies.



Referee 1
General comments

You are right the text is too short. We have changed the text accordingly. For the purpose of
replying to your questions we have also briefly responded here as well.

The choice of exponents was as follows:

1. Grain size sensitivity was fixed at 3 in line with the microphysical model for grain boundary
diffusion.

2. XMgCOS sensitivity was varied freely on both axes systematically. There was no statistical or
mathematical basis for this iteration and convergence: it was user defined.

3. Stress sensitivity was a result of the normalisation in strain rate vs. stress space.

We did test different values as part of the user guided iteration toward data convergence on one
‘master line’. A more sophisticated method would have been to automatically iterate through
exponent values and find the best fit via a regression but we did not do this.

We do not have any estimated errors for the parameters, mostly because we cannot calculate
through anything meaningful from the various data sources. If one was to run new experiments,
then one might try and use uncertainties in the chemical measurements. One might also try and
understand if the magnesium sensitivity is bundled, as we assume in our work, out of the
frequency factor or if it is the mechanism represented in the activation energy that is sensitive.
This would require propagation of error across the various sensors on the apparatus and the
measurements of chemistry. Again, if we had used a more sophisticated exponent iteration that
looked for a minimum in residuals then we could maybe give an empirical fitting uncertainty, but
as we did not do this, the values must stand with out an error.

Specific comments

We have changed the caption accordingly.

We have changed the caption accordingly.

You are right, the caption only gives a very curt description. We have changed it to better explain
what the reader is seeing.

We have changed the colour bar to show ticks for the discrete values of the curves for clarity.

We have changed the caption to better guide a reader but we do point out that the relationship
between the three dimensions of strain rate, stress and grain size are made explicitly clear
through the constitutive relationship of the rheological relationship.



We do not think that this add to the figure. We prefer to retain the convention of the solvus plot
shown in the inset.

We have changed the caption accordingly.

We have changed the caption to better explain what we refer to.

We choose to retain our formulation.

We have looked through the figures and find them to be legible. With out more specific direction
we retain their grey colour as we feel that it keeps the various figures' emphasis balanced.

We feel the that the formatting is correct and will take direction of the editing team as we go
further towards publication.

The text has been changed accordingly.

We have changed the text to:
“Rheology of samples with different grain size controlling mechanisms”

We have changed the text to:
“Most notably, for faster strain rates (1E-10 and 1E-12) at lower greenschist facies conditions the
strength of carbonates flattens out with depth.”

The text has been changed accordingly.



Referee 2 - Brian Evans
General comments

This is a fair point and we have noted in the summary this limitation.

We have formulated this more carefully in the text now.

Specific comments

We have changed the text to try and reflect the referee’s comments. While we agree, and discuss
where the hardening effect may exist in the paper, we think that for an abstract we wish simply to
state the fact that our results draw an opposite conclusion to previous work which analysed
similar temperatures and rates.

We have changed the table 2 to make the abbreviations for experiments more prominent and
added references in figure captions.

This is something that Referee 1 also picked up on. We have added much more text and an
example figure to more explicitly state what was done. Please refer to our answer to Referee 1.

There is nothing to apologise for, it is not an ill-informed question but a question that probes at
one of our biggest limitations. We have added to the text to clarify this limitation more. Also
please see our answer to Referee 1 on this matter as they raised it too.



Referee 3 - Andreas Kronenberg

General comments

The text has been changed accordingly and direction to the details of this change can be found in
our replies to the referee’s specific comments below.

We appreciate the referee pointing us to the work by Holyoke et al. (2014) on magnesite as we
had some how missed it in our review the literature. We have added the magnesite data and
expanded on the discussion where relevant. The details of where this was added are noted below
in the responses to specific comments.

Specific comments

We have expanded this section of the methods now and include a table to more explicitly
highlight what was done and which data was used.

We have added a brittle envelope for the thrust and normal fault setting alongside the Byerlee
strength we had previously included in figure 11. Figure 12 has the strain rates included in the
figure but we now refer to them in the caption more clearly.



We have changed sections 5.2 and 5.3 accordingly. We now include magnesite data and discuss
the effects that the reviewer raises.

The text has been changed accordingly

The text has been changed accordingly to specify and clarify the data used.

The text has been changed accordingly

The text has been changed accordingly

The text was meant to read “on to one curve”, thank you for drawing our attention to it: it has
been changed accordingly

We have changed the text to:
“...regimes that we think contribute to deformation and then invert the normalisation for flow law
parameters. In our data there are two ...”

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly



The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

We have changed the text to:

“...the observation of the same or broadly similar activation energies across Mg-carbonates
(Herwegh et al., 2003), and more broadly across the whole Mg-Ca carbonate series (Holyoke et

al., 2014). These observation suggests that mechanisms activated are thermodynamically
equivalent, possibly the exact same mechanism for all chemistries.”

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

We have changed the text to:
“Indeed, our results suggest that this compositional effect on creep extends beyond synthetic
Mg-carbonates to natural calcite samples.”

The text has been changed accordingly

We have changed the text to:
“This second possibility may be unlikely if chemical diffusion is substantial, as discussed
earlier...”

We have changed the text to:
“Reinforcing the framing of our discussion into fine and coarse grained samples, the rheology of
the coarser grained starting material cannot...”

The text has been changed accordingly



The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

We have changed the text to:

“Despite this, when compared to other coarse grained calcite experiments the data fit the model
relatively well (fig. 9a-c) , but could not account for experiments run on dolomite or magnesite (fig.
9d).

The text has been changed accordingly

The text has been changed accordingly

We choose to retain our formulation.

The text has been changed accordingly

We choose to retain our formulation.

We have changed the text to:
“Figure 10 shows data from fine and coarse grained samples, that are both synthetic and natural,
with XMgCO3 values that are close together.”

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly



The text has been changed accordingly

We choose to retain our formulation.

The text has been changed accordingly

The text has been changed accordingly

We choose to retain our formulation.

We choose to retain our formulation.

We choose to retain our formulation.

We choose to retain our formulation.

The text has been changed accordingly

We choose to retain our formulation.

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

We have removed this section of text as it was not needed.

We have changed the text to:



“Using temperature and grain size measurements from natural carbonate shear zone mylonites we
can account...”

We have changed the text to:

Figure 12 shows data from mylonites deformed at greenschist to amphibolite facies conditions
from several thrusts of the Helvetic Nappes (Ebert et al., 2008) and from Naxos (Herwegh et al.,
2011).

The text has been changed accordingly

The text has been changed accordingly

The text has been changed accordingly

We have changed the text to:

“Furthermore for a given molar fraction of magnesium, our review of the data show that at high
stresses, at which dislocation mediated deformation will occur, finer grain sizes produce higher
strain rates (fig. 10).”

The text has been changed accordingly

The text has been changed accordingly to the referees more measured phrasing, but we note for
purposes of this review that questionable predictions lack usefulness.

The text has been changed accordingly



