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Re: Review of se-2022-11

Hi Virginia,

Please find below my review of the manuscript by Lahiri et al entitled “Mechanical
compaction mechanisms in the input sediments of the Sumatra Subduction Complex-
insights from microstructural analysis of cores from IODP Expedition- 362”. This is a well
written manuscript on a relevant and interesting topic for the journal. It does need some
fairly major revisions to bring it up to publication standard, but nothing that should not be
relatively easy for the authors to address. I have one main concern which I feel should be
addressed in detail and then I’ll go through some questions and comments I have
regarding the rest of the manuscript in the order I found them. I have also supplied a
marked-up copy of the manuscript for edits, typos and referencing issues which is a bit
messy, so I apologise for that.

My main concern with this manuscript is that the description of the clay mineralogy of
the sediments is somewhat confusing and this requires significant clarification by the
authors. The paragraph on page 4, line 113-121 notes a clay mineral assemblage of
“illite with minor smectite and chlorite”, noting 33% smectite in unit 1 and 73% in unit
III (Table 1), numbers which are not really minor (and are averages really useful in
such thick units?). The illite percentages are then given followed by a discussion of illite-
smectite (I-S) expandability. However, I-S is not documented at all in table 1, just
presumably pure illite and smectite. How much mixed-layer clay is present, and is it
being properly differentiated from the pure end members? What is the I-S composition?
This is actually important for the whole manuscript since porosity corrections are
required for smectite-rich sediments and this may impact significantly on results,
especially as there seems to be 15-20% “missing porosity” as noted in the discussion
between MAD and SEM porosity (although there are other possibilities for this). This



lack of clarity over clay mineralogy also comes back in the discussion (p12, L385-388),
where the numbers quoted in the text are not consistent with table 1. For me, I feel it
would be really informative to have the clay compositions plotted up against depth and
added to figure 2 for comparison. I’m sure IODP have the data and although the
measurements wouldn’t be from exactly the same points as measured here, they would
still provide clear trend information.
P2, L52-54, depositional environment is also a strong control on porosity evolution,
compaction and diagenesis in mudrocks (e.g. Baruch et al., 2015, AAPG; Delle Piane et
al 2015 MPG) as the initial clay and rigid grain compositions significantly affect both
compaction (as this manuscript shows) and subsequent diagenetic alteration due to
variations in composition.
Somewhere in the geological background and drilling section, there should probably be
a mention of whether these sediments have been uplifted at all or are currently at
maximum burial depth. I would assume the latter just from how things have been
written but probably best to have a clear statement.
L137-147, somewhere in this paragraph there needs to be a description of how the
samples were freeze dried as this is absolutely critical in very soft clay bearing
sediments when trying to get quantitative data from pore characterisation techniques,
whether that be via SEM or gas/mercury porosimetry. Need to know things like the
method employed, temperatures achieved, how long they were frozen for before
drying, how long the drying took etc etc. This goes to understanding the quality of
results and I’m a little surprised there is no discussion of this. There was work done on
this going back to the early 1980s looking at fabrics and microstructure of soft clays
and the impact drying can have on porosity measurements and particle preferred
orientation. There should be some consideration of this work and later work for
Example in the Microstructure of Fine-Grained Sediments compilation quoted in the
Bennett et al reference in the manuscript. Given the “missing porosity” between MAD
and SEM quoted later in the paper, could the drying methods account for that? This is a
really important topic where the authors need to convince the reader that the data
quality is good. A few of the early references may prove helpful and these (plus
younger ones that could be found through citations) could help formulate the discussion
further. I’ll come back to this point below.
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P5, L169, The PPR and REA section needs some discussions around the assumptions,
errors and limitations of determining porosity and pore sizes from 2D images. Pores are
non-spherical 3D objects that are cut through in random orientations and at random
points in a 2D thin section, so measurements taken on the images have associated
assumptions and errors.
P6, L195, introduced the shipboard MAD measurements in the results section. Again,
even though done elsewhere, a brief description of the methodology is warranted in the
section above as to how this was performed and then point the reader to the
appropriate reference for further details. These data are absolutely critical to the
manuscript, so the details are sorely needed. In addition, Figure 2 shows some data in
yellow points as measured at Aachen and BEG; were these done by the same method
as shipboard or different? Again, a description is warranted.
L238-239, the correlation coefficient between the two porosity measurements should
be shown either in the text or on Figure 3b.
P11, L341, in these plots it should be stated which points are used to calculate the D
values. Is it all points or just the points that avoid the artificial tail offs from sampling
bias/resolution issues at either end of the lines? Probably should be the latter but some
of the trend lines do not lie through the straight-line section of the points.
For me, the whole discussion is a bit weak and lacking in detail. There are some
interesting points made and comparisons, but they are not really built on very much
and tend to be almost standalone points based on a couple of sentences. There also
seems to be potential background discussion items that probably should be in there but
are currently not referred to. For example, the soil mechanics community has done a
lot of work around natural clays and remoulded clays (similar to the Mondol/Fawad type
work) but this is not even discussed although thoroughly relevant to the behaviour
noted here (e.g. classic papers by Burland, 1990, Geotechnique; I think also Lupini et
al 1991, Geotechnique, which is currently quoted in the reference section but isn’t in
the text). The references I note above in point 4, although old, also discuss topics
alluded to here in terms of pore collapse with compaction, the very topic of the paper.
Perhaps a bit more background in the introductory sections would provide a good lead
into the discussion of the results obtained. Supplement 15 should also be in the
discussion as it provides some details that are sorely missing at the moment.
P12, L400-405, it would be better to show the supplementary data 14 in the text rather
than outside the manuscript. This is actually a pretty important result and consistent
with the topic of the paper.
P13, L415-417, this is a good point here about the smectite content potentially
resulting in over-estimated MAD porosity and one of the things I was getting at above
in point 1. However, until there is some better clarity about the clay mineral
composition, it is a moot point. I suspect this is a contributor for sure but again this
needs a more detailed discussion as to why this is the case and appropriate supporting
references quoted.
P15, L506, the authors discuss “intra-crystalline” slip as a mechanism for particle re-
arrangements during compaction. This term has a very specific meaning, usually
around things like dislocations and the like within crystals, calcite being a classic
example at relatively low temperatures and pressures. One thing the authors haven’t
really discussed is the flocculation and aggregation of clay minerals (although
flocculation first makes an appearance in the conclusions section on P17, L545 and
aggregate in the discussion). The results of these processes can be clearly seen in the
SEM images the authors show, often with multiple clay platelets stuck together in
aggregations, but this is not described in the images clearly. The intra-crystalline slip



quoted here appears to be more like intra-aggregate slip of particles or inter-platelet
slip and these would be better ways to describe these phenomena. Again, there is a lot
of background work done on clay fabrics in compacting clays with well established
terminology which isn’t referenced here, I think some in the references I have noted
above for the early work and plenty in the Microstructure of Fine-Grained Sediments
compilation as starting points. The manuscript would really benefit from a brief
introduction to typical microstructural fabrics of clays which then naturally leads into
the discussion.
As an overall comment, there is a lot of good data in the supplementary data that
would really back up the observations made in the text. I have already mentioned 14
above, but 11 and 12 to me are also no brainers for supporting the hypothesis put
forward by the authors. To be honest, I don’t think tables 2 and 3 bring anything to the
paper, they are not things that can be quantified, and these for sure should be
supplementary data as figure 8 covers their input adequately. If one was going to
include a table of useful data in the paper, I would pick supplement 7, perhaps a
slimmed down version with some columns removed and the full table still provided as a
supplement. This would provide much more useful and quantifiable data to the reader.
Following on with the discussion on supplementary data, the large pore outlined in the
image of the deepest sample in supplement 10 looks like a plucked grain to me. One
can see the compacted clays around the edge of the hole outline and within the hole. I
would use a better image than this if you have one. The other two images in this
supplement for the shallower samples are clearly geologically realistic and relate to the
interactions between rigid grains.
For figure 1b, the abbreviation HANP needs spelling out or removing if not relevant to
the study.
In figure 2, b and c are the wrong way round. This plot would benefit from clay
mineralogy data (e.g. illite vs depth, smectite vs depth, clay content vs depth, I-S vs
depth etc) on a single plot (or added to the porosity plots).
Figure 3 would benefit from having a 1:1 line for easy reference for the reader. Also,
the Boom Clay symbol colour on the graph doesn’t match the legend.
The references are a real mess, many not in the text (all the ones with red ticks on the
marked manuscript were ones I could find, including in all the supplementary data),
many dates are inconsistent between text and reference list (marked in manuscript)
and many in the text but not in the reference list. To be honest, this is much more than
a reviewer should have to deal with and tidy up!
There are a bunch of typos and suggested edits also in the marked-up manuscript
supplied.

This is a really interesting manuscript with some fabulous SEM images of compacting clays
and great insights into processes occurring during early mechanical compaction. At the
moment, there are a few things around experimental techniques, clarity of results,
especially clay mineralogy, as well as more background information which would
significantly improve the manuscript and strengthen the discussion. I would be happy to
review this again should that be required, especially if the references require less work
next time ð���.

Best wishes

Dave Dewhurst



 

CSIRO Energy

Perth

Australia

Please also note the supplement to this comment: 
https://se.copernicus.org/preprints/se-2022-11/se-2022-11-RC1-supplement.pdf
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