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Version 0:

Decision Letter:

** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors **
Dear Professor Hoover,

Your manuscript titled "The log-logistic evolution of meteorite friability and implications for asteroid regolith" has now been
seen by 2 reviewers, and we include their comments at the end of this message. They find your work of interest, but some
important points are raised. We are interested in the possibility of publishing your study in Communications Earth &
Environment, but would like to consider your responses to these concerns and assess a revised manuscript before we make
a final decision on publication.

In particular, please ensure that in the revised manuscript you demonstrate that your results are reliable and reproducible
and that the possibility of asteroid heterogeneity and sampling biases are fully accounted for.

We therefore invite you to revise and resubmit your manuscript, along with a point-by-point response that takes into account
the points raised. Please highlight all changes in the manuscript text file.

Please submit your point-by-point responses as a separate file, distinct from your cover letter where you can add responses
to the Editors’ comments that you do not want to be made available to the reviewers. Word files are preferred. We
recommend that any figures, tables or graphs that are included in the response to reviewers are also included in the main
article or Supplementary Information.

We are committed to providing a fair and constructive peer-review process. Please don't hesitate to contact us if you wish to
discuss the revision in more detail.

Please use the following link to submit your revised manuscript, point-by-point response to the referees’ comments (which
should be in a separate document to any cover letter), a tracked-changes version of the manuscript (as a PDF file) and the
completed checklist:

Link Redacted

** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first **

We hope to receive your revised paper within six weeks; please let us know if you aren’t able to submit it within this time so
that we can discuss how best to proceed. If we don’t hear from you, and the revision process takes significantly longer, we
may close your file. In this event, we will still be happy to reconsider your paper at a later date, as long as nothing similar has
been accepted for publication at Communications Earth & Environment or published elsewhere in the meantime.

Please do not hesitate to contact us if you have any questions or would like to discuss these revisions further. We look
forward to seeing the revised manuscript and thank you for the opportunity to review your work.

Best regards,

Brittany Cymes PhD
Editorial Board Member



Communications Earth & Environment
orcid.org/0000-0002-2020-3476

Joe Aslin
Deputy Editor
Communications Earth & Environment

EDITORIAL POLICIES AND FORMATTING

We ask that you ensure your manuscript complies with our editorial policies. Please ensure that the following formatting
requirements are met, and any checklist relevant to your research is completed and uploaded as a Related Manuscript file
type with the revised article.

For Manuscripts that fall into the following fields:

» Behavioural and social science

* Ecological, evolutionary & environmental sciences

« Life sciences

An updated and completed version of our Reporting Summary must be uploaded with the revised manuscript
You can download the form here:

https://www.nature.com/documents/nr-reporting-summary.pdf

Furthermore, please align your manuscript with our format requirements, which are summarized on the following checklist:
<a href="https://www.nature.com/documents/commsj-phys-style-formatting-checklist-article.pdf">Communications Earth &
Environment formatting checklist</a>

and also in our style and formatting guide <a href="https://www.nature.com/documents/commsj-phys-style-formatting-guide-
accept.pdf'>Communications Earth & Environment formatting guide</a> .

*** DATA: Communications Earth & Environment endorses the principles of the Enabling FAIR data project
(http//www.copdess.org/enabling-fair-data-project/ ). We ask authors to make the data that support their conclusions
available in permanent, publically accessible data repositories. (Please contact the editor if you are unable to make your
data available).

All Communications Earth & Environment manuscripts must include a section titled "Data Availability" at the end of the
Methods section or main text (if no Methods). More information on this policy, is available at <a
href="http:/www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf">http://www.nature.com/authors/policies/data/data-availability-statements-data-citations.pdf</a>.

In particular, the Data availability statement should include:

- Unique identifiers (such as DOIs and hyperlinks for datasets in public repositories)

- Accession codes where appropriate

- If applicable, a statement regarding data available with restrictions

- If a dataset has a Digital Object Identifier (DOI) as its unique identifier, we strongly encourage including this in the
Reference list and citing the dataset in the Data Availability Statement.

DATA SOURCES: All new data associated with the paper should be placed in a persistent repository where they can be
freely and enduringly accessed. We recommend submitting the data to discipline-specific, community-recognized
repositories, where possible and a list of recommended repositories is provided at <a
href="http://www.nature.com/sdata/policies/repositories">http://www.nature.com/sdata/policies/repositories</a>.

If a community resource is unavailable, data can be submitted to generalist repositories such as <a
href="https://figshare.com/">figshare</a> or <a href="http://datadryad.org/'>Dryad Digital Repository</a>. Please provide a
unique identifier for the data (for example a DOI or a permanent URL) in the data availability statement, if possible. If the
repository does not provide identifiers, we encourage authors to supply the search terms that will return the data. For data
that have been obtained from publically available sources, please provide a URL and the specific data product name in the
data availability statement. Data with a DOI should be further cited in the methods reference section.

Please refer to our data policies at <a
href="http://www.nature.com/authors/policies/availability.html">http://www.nature.com/authors/policies/availability.html</a>.
REVIEWER COMMENTS:

Reviewer #1 (Remarks to the Author):

The paper is innovative in that it examines the friability of meteorite samples -- a property not often measured. | am confident

the paper will be often cited in the future. It is worthy of publication, but only after a couple of questions are addressed. (1)
The authors note that two H5 chondrites show very different behaviors during the tumbling experiments. My question is one



of reproducibility. How can | be sure that different samples of these same individual H5 chondrites, taken from chunks many
centimeters apart, would show identical behavior to the measured samples? | think that before these results can be taken
seriously, reproducibility must be demonstrated. Otherwise, this paper is just a feasibility study whose broader implications
may not be reliable. (2) There are many selection effects operating between the time a sample is residing on an asteroid to
the moment it finds its way to the lab. These effects would tend to favor more-consolidated material that might not be
representative of the parent asteroid. This is not a fatal flaw in the paper, but it needs to be addressed in the discussion.

Reviewer #2 (Remarks to the Author):

An understanding of the physical properties of meteorites is critical to the understanding

of asteroid evolution by impacts causing cratering and disruption, the production and

evolution of regolith, and the deflection of asteroids on a collision course with the Earth.

However, physical properties measurements on actual samples of asteroids (the meteorites) are scarce. This paper reports
the first direct measurements on the friability of asteroidal material. The measurement procedure, which is well-established
in geological literature, is properly applied. The samples are well chosen to span the range of porosity of the most common
type of meteorite (ordinary chondrites) and to include both hydrous and anhydrous carbonaceous chondrites. This paper is
clearly written, appropriately references prior work on meteorite physical properties, and the results are new and important. It
is certainly suitable for publication.

| have a couple of concerns, which should be easily addressed by the authors. The paper asserts that cumulative, low
velocity impacts are most relevant to asteroid surface evolution (lines 53-54). However, there is general agreement in the
literature that the two major mechanisms for the production of asteroid regolith are hypervelocity impact cratering (e.g. Nolan
etal., Icarus, 153, 1-15, 2001), rather than low velocity impacts, and fragmentation due to freeze thaw cycling (e.g., Delbo et
al., Nature, 508 doi; 10.1038/nature13153) of asteroid surface material. The mean collision sped in the asteroid belt is
modeled to be ~5 km/s (e.g., Farinella and Davis, Icarus

97,111-123, 1992), in the hypervelocity range. For small asteroids much of the smallest debris from these hypervelocity
collisions is above the escape speed, but even on small asteroids this is a major cause of boulder fragmentation with the
retention of fragments larger than dust.

Although freeze thaw fragmentation only operates over a shallow depth, it is also modeled to be an important contributor to
regolith production, and this material is produced with low speed relative to the asteroid, so it is fully retained on the surface.
The extent to which the experiments described in this paper are directly relevant to these two mechanisms is not clearly
established in this paper, and both mechanisms should be discussed. There is no mention at all of thermal fragmentation in
the paper. The authors should note this important mechanism and present any available evidence that the friability results
are applicable to this thermal fragmentation.

The paper indicates on line 34 that friability is different from impact strength and is inversely correlated. If | am reading this
correctly, the authors suggest that the friability they measure in inversely correlated with the disruption energy (the energy
per unit target mass required for the largest fragment of a disruptive collision to be one-half the iinitial target mass). If so,
there is experimental data on meteorites supporting this assertion. Flynn et al. (MetSoc 2025,
http:/www.hou.usra.edu/meetings/metsoc2025/pdf/5236.pdf ) reported the energy per unit target mass required for the onset
of catastrophic disruption for two of the meteorites they measured (Allende and Aguas Zarcas). They report that Allende is
more friable than Aguas Zarcas, and Flynn et al. report the energy to disrupt Allende is greater than that for Aquas Zarcas.
This suggests their new results on friability may be directly applicable to hypervelocity collisions.

** Visit Nature Portfolio's author and referees' website at <a
href="http:/www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits**

Communications Earth & Environment is committed to improving transparency in authorship. As part of our efforts in this
direction, we are now requesting that all authors identified as ‘corresponding author’ create and link their Open Researcher
and Contributor Identifier (ORCID) with their account on the Manuscript Tracking System prior to acceptance. ORCID helps
the scientific community achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID
from the home page of the Manuscript Tracking System by clicking on ‘Modify my Springer Nature account’ and following the
instructions in the link below. Please also inform all co-authors that they can add their ORCIDs to their accounts and that
they must do so prior to acceptance.

https://www.springernature.com/gp/researchers/orcid/orcid-for-nature-research

For more information please visit http://www.springernature.com/orcid

If you experience problems in linking your ORCID, please contact the <a href="http://platformsupport.nature.com/">Platform
Support Helpdesk</a>.

Version 1:



Decision Letter:
** Please ensure you delete the link to your author home page in this e-mail if you wish to forward it to your coauthors **
Dear Professor Hoover,

Your manuscript titled "The log-logistic evolution of meteorite friability and implications for asteroid regolith" has now been
seen by our reviewers, whose comments appear below. In light of their advice we are delighted to say that we are happy, in
principle, to publish a suitably revised version in Communications Earth & Environment.

We therefore invite you to edit your manuscript to comply with our format requirements and to maximise the accessibility and
therefore the impact of your work.

EDITORIAL REQUESTS:

Please review our specific editorial comments and requests regarding your manuscript in the attached "Editorial Requests
Table".

*****Please take care to match our formatting and policy requirements. We will check revised manuscript and return
manuscripts that do not comply. Such requests will lead to delays. *****

Please outline your response to each request in the right hand column. Please upload the completed table with your
manuscript files as a Related Manuscript file.

If you have any questions or concerns about any of our requests, please do not hesitate to contact me.
SUBMISSION INFORMATION:

In order to accept your paper, we require the files listed at the end of the Editorial Requests Table; the list of required files is
also available at https://www.nature.com/documents/commsj-file-checklist.pdf .

OPEN ACCESS:

Communications Earth & Environment is a fully open access journal. Articles are made freely accessible on publication. For
further information about article processing charges, open access funding, and advice and support from Nature Portfolio,
please visit https://www.nature.com/commsenv/open-access

At acceptance, you will be provided with instructions for completing the open access licence agreement on behalf of all
authors. This grants us the necessary permissions to publish your paper. Additionally, you will be asked to declare that all
required third party permissions have been obtained, and to provide billing information in order to pay the article-processing
charge (APC).

Please use the following link to submit the above items:

Link Redacted

** This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage first **

We hope to hear from you within two weeks; please let us know if you need more time.

Best regards,

Brittany Cymes
Editorial Board Member
Communications Earth & Environment

Joe Aslin

Deputy Editor,

Communications Earth & Environment
Consulting Editor,

Communications Sustainability

https//www.nature.com/commsenv/
Twitter: @CommsEarth

REVIEWERS' COMMENTS:



Reviewer #1 (Remarks to the Author):

As | commented in my initial review, this paper is innovative and worthy of publication. | have looked at the revisions the
authors have made and | am satisfied with them. Of course, a future study should analyze more meteorites and several
samples of the same meteorite taken centimeters (or more) apart. Nonetheless, this paper serves as the foundation of such
future studies. | hope that the authors pursue them.

Reviewer #2 (Remarks to the Author):

A detailed understanding of the physical properties of asteroids, and particularly the range of values of these properties, is
essential to the uinderstanding of the evolution of the asteroid belt over time, the production and retention of asteroid
regolith, and the conditions required for successful deflection of destruction of an asteroid on a colliosion course with the
Earth. Since meteorites provide samples of their asteroid parent bodies, laboratory measurements of the physical properties
of meteorites priovide an indication of the properties of their parent bodies. This paper reports the dirrect measurement of
thefriability of seven different meteorites sampling a range of meteorite mineralogies and porosities. The technique
employed is well-established for the charactyerization of terrestrial samples, but (to y knowledge) this is the first time this
technique has been applied to meteorite samples. As such itis an important contribution to the understanding of asteroid
properties. This revised version of the manuscript addresses all the concerns | had about the earlier version of the
manuscript. It clearly indicates how friability differs from other physical properties (e.g., compressive strength). The revised
manuscript is clearly suitable for publication.

** Visit Nature Portfolio's author and referees' website at <a
href="http:/www.nature.com/authors">www.nature.com/authors</a> for information about policies, services and author
benefits**

Open Access This Peer Review File is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were
made.

In cases where reviewers are anonymous, credit should be given to 'Anonymous Referee' and the source.

The images or other third party material in this Peer Review File are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



Reviewer #1 (Remarks to the Author):

As I commented in my initial review, this paper is innovative and worthy of publication. I have
looked at the revisions the authors have made, and I am satisfied with them. Of course, a future
study should analyze more meteorites and several samples of the same meteorite taken
centimeters (or more) apart. Nonetheless, this paper serves as the foundation of such future
studies. I hope that the authors pursue them.

Response to Reviewer #1

The authors thank Reviewer #1 for the positive assessment and for supporting publication of the
revised manuscript.

Reviewer #2 (Remarks to the Author):

A detailed understanding of the physical properties of asteroids, and particularly the range of
values of these properties, is essential to the understanding of the evolution of the asteroid belt
over time, the production and retention of asteroid regolith, and the conditions required for
successful deflection or destruction of an asteroid on a collision course with the Earth. Since
meteorites provide samples of their asteroid parent bodies, laboratory measurements of the
physical properties of meteorites provide an indication of the properties of their parent bodies.
This paper reports the direct measurement of the friability of seven different meteorites,
sampling a range of meteorite mineralogies and porosities. The technique employed is
well-established for the characterization of terrestrial samples, but (to my knowledge) this is the
first time this technique has been applied to meteorite samples. As such, it is an important
contribution to the understanding of asteroid properties. This revised version of the manuscript
addresses all the concerns I had about the earlier version of the manuscript. It clearly indicates
how friability differs from other physical properties (e.g., compressive strength). The revised
manuscript is clearly suitable for publication.

Response to Reviewer #2

The authors thank Reviewer #2 for the careful evaluation and for confirming that the revised
manuscript addresses the earlier concerns and is suitable for publication.
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