
Peer Review Report

Review Report on The importance of physiochemical processes
in decarbonisation technology applications utilizing the
subsurface: A review
Review, Earth Sci. Syst. Soc.

Reviewer: Stephen Laubach
Submitted on: 14 Jul 2021
Article DOI: 10.3389/esss.2022.10043

EVALUATION

Please summarize the main theme of the review.

The MS concerns the geological and mechanical effects that may influence the success of geothermal
operations and deep storage. Key issues addressed include fluid circulation, small scale structures, and the
attributes and persistence of open fractures and faults. Geothermal energy and CO2 storage happen in the
deep subsurface, so as the abstract states “geoscience will play a central role”.

Please highlight the limitations and strengths.

The topic should be of widespread interest. But the MS tries to cover a lot of ground, and in many instances
the summaries of the current state of play in the areas under review are superficial to the point of being
misleading. There are a number of relevant recent review papers that are missing that could have supported
the argument of the MS and helped refine the arguments. These papers should be consulted and referenced.
Overall, the MS weaknesses are of being too vague, not spelling out what the geosciences challenges are in
sufficient detail, and thus not providing action items at the end that are clear and concise. I believe that these
deficiencies could be addressed by revision.

Does the review include a balanced, comprehensive and critical view of the research area?

There are several places in the MS where more complete and critical review of the research area can be
achieved. See the detailed comments below. The most important gap is on the issue of fractures, which play a
central role in all of the applications discussed in the MS. The MS would be made stronger by considering and
referencing the recent review of fractures in: Laubach, S.E., Lander, R.H., Criscenti, L.J., et al., 2019. The role of
chemistry in fracture pattern development and opportunities to advance interpretations of geological
materials. Reviews of Geophysics, 57 (3), 1065-1111. doi:10.1029/2019RG000671 This review reaches some
similar conclusions to those in the present MS, and also points to areas in the present MS where more specifics
can be added.

Check List

Is the English language of sufficient quality?
Yes.

Is the quality of the figures and/or tables satisfactory?
Yes.

Does this manuscript refer predominantly to published research? (unpublished or original research is non-
standard for a review article, and should be properly contextualised by the author)

Yes.

Does the manuscript cover the topic in an objective and analytical manner
Yes.
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Q 4



Does the reference list cover the relevant literature adequately and in an unbiased manner?
No.

Does the manuscript include recent developments?
No.

Does the review add new insights to the scholarly literature with respect to previously published reviews?
Yes.

Please provide your detailed review report to the editor and authors (including any
comments on the Q4 Check List):

The MS concerns the geological and mechanical effects that may influence the success of geothermal
operations and deep storage. Key issues addressed include fluid circulation, small scale structures, and the
attributes and persistence of open fractures and faults. Geothermal energy and CO2 storage happen in the
deep subsurface, so as the abstract states “geoscience will play a central role”.

The topic should be of widespread interest. But the MS tries to cover a lot of ground, and in many instances
the summaries of the current state of play in the areas under review are superficial to the point of being
misleading. There are a number of relevant recent review papers that are missing that could have supported
the argument of the MS and helped refine the arguments. These papers should be consulted and referenced.

The Abstract needs to be made more user-friendly for the general public. Right now there is too much run-on
jargon.

Open and sealed fractures are featured prominently in several of the figures and the chemical modification of
these structures is a key part of the story of this MS. The MS ought to add a reference to a recent review of the
role of chemistry in fracture: Laubach, S.E., Lander, R.H., Criscenti, L.J., et al., 2019. The role of chemistry in
fracture pattern development and opportunities to advance interpretations of geological materials. Reviews of
Geophysics, 57 (3), 1065-1111. doi:10.1029/2019RG000671

19 There is a gap here in your rationale. All these important engineering activities happen in the subsurface,
but unless there are subsurface characterization and prediction challenges that can be identified and met by
geoscience research, the ‘key role” for geoscience is questionable. Maybe the justification sentence that is now
at 21-23 should move up?

157 Maybe more condensed section heads?

166 (section) So geothermal systems involve hydraulically stimulating preexisting fractures to make permeable
pathways. It seems like you are missing a big geoscience opportunity in this section: it is a challenge of
geoscience to be able to predict and characterize/diagnose the preexisting fracture patterns, so that the
optimal stimulation design can be used. But being able to predict or characterize these networks and how they
evolve is difficult (Laubach et al. 2019, Reviews of Geophysics). We know that subsurface fracture networks can
have a range of attributes (including being absent, or being highly spatially clustered) that could have a big
influence on post-stimulation permeably or heat exchange capacity. Maybe should note.

171-2 Where you use terms like ‘higher temperature’ you should mention a temperature range, at least
parenthetically. Otherwise the text is vague.

175 ‘defects’? and fractures… What do you mean by defects? This seems quite vague usage for a geological
description. It doesn’t really explain how enhanced geothermal works either. It’s been known since the 1980s
that preexisting natural fractures cause induced hydraulic fractures to have multistrands (see SPE papers by
Warpinski) and recent core-through experiments show that even in the absence of pre-existing open fractures,
stimulation fractures can develop quite complicated patterns, for example, by bifurcations at bed interfaces

Q 5



(Gale et al.) Is this what you mean? Gale, J. F., Elliott, S. J., & Laubach, S. E. (2018, September). Hydraulic
fractures in core from stimulated reservoirs: core fracture description of HFTS slant core, Midland Basin, West
Texas. In Unconventional Resources Technology Conference, Houston, Texas, 23-25 July 2018 (pp.
1340-1357). Society of Exploration Geophysicists, American Association of Petroleum Geologists, Society of
Petroleum Engineers.

179-200 This paragraph seems run on.

186 Again: ‘shallow’ is vague. Give some numbers.

194 ‘clog up through porosity closure’ seems to imply a mixture of processes. Do you mean clog up in the
sense of mineral precipitates? Or closure in the sense of compliant fractures or proppant destruction?

412 Some example values for the various parameters would make this section more convincing. Modifiers like
‘big’ are vague.

427 Do you mean ‘faults’?

442 I think you need to be more careful with your use of terms like ‘risk’ in this section; after all, a paper like
this is liable to be read by the general public. An operation might cause seismicity, but the seismicity might
not constitute a ‘risk’ in the sense that the general public understands it, as in some form of catastrophic
earthquake. Explain your specialist terms.

456 What do you mean by ‘detailed distribution’; detailed, to start with, is quite vague—state a scale; perhaps
what you mean is ‘map resolution of (some value) of fault patterns is needed…’. Also, you seem to be missing
the opportunity of discussing what the current geoscience limits are here. Are faults that are largely below
seismic resolution a concern? What if the level of ‘detail’ you need cannot be achieve with current approaches?
Or if the proprietary seismic that does show the faults won’t be released? (Is every operator going to need to
shoot seismic at the requisite resolution? How will that affect economics of the operation?)

612 The text in this table can be edited to be more concise.

615 This section on sandstone is a bit too casual and incomplete; readers might not realize that there are
plenty of sandstones that are ‘tight’ and that the geologic processes that governs how porous a sandstone is
can be predicted with some degree of accuracy. These points ought to be made, along with reference to
papers by R. H. Lander and the review paper by Thomas et al, 2010.

616 This seems like a pretty abbreviated description of ‘sandstone’

621 This seems like a rather sweeping statement about sandstones; for example, there are many sandstones
currently at shallow depths in cool areas that have little or no porosity, since the accumulation of cements
such as quartz commonly reflect the cumulative effects of accumulation with time/temperature. See the review
of tight gas sandstones in the US by Dutton et al. 1993 for example.

786 This description of granites is misleading. And ‘closed joints and fractures’ is mixed a vague terminology.
Granites can contain a wide range of structures, including faults, mineral filled fractures, and open, mineral-
bridged fractures (see recent papers by Holdsworth). I don’t believe that there are such things as ‘closed
joints’, apart for nineteenth century speculation (see Pollard and Aydin 1988 review; also the microfracture
review by Anders et al. 2014, J. Struct. Geol.).

910 Gale et al. 2014, AAPG Bulletin provides a review of fractures in shales.

913 There are quite a few papers that have studied the strength of the fracture/cement bond in shale and in
other rock types. Lee et al. for example, found some different strength patterns.

1274 This summary of the role of fractures is overly simplified



1124 Since yours is a review paper, noting a standard review of fractures is coal is worth including: Laubach, S.
E., Marrett, R., Olson, J., and Scott, A. R., 1998, Characteristics and origins of coal cleat: a review: International
Journal of Coal Geology, 35, 175-207.

1132 (Figure 7) ‘precipitation’ is a process. Here you are showing mineral precipitates, or better yet, mineral
deposits.

1327-1334 This is a statement of ‘research gaps’ that leave something to be desired. It’s overly jargon filled,
but says very little specifically about what the gaps are.

1384 No knowledge gaps for sandstones?

1387-1389 See the Reviews of Geophysics paper. And Pyrak-Nolte and Depaulo 2014 (cited in the Reviews of
Geophysics paper). There are real, important gaps here that have been described; your treatment is too vague
and doesn’t direct readers to the papers that discuss these issue in more depth. Easily fixed by adding some
references and clarifying (making more specific) your text.

1390 This statement seems hanging out there with no support. Ukar et al. (Journal of the Geological Society,
177,

1074-1091. doi:10.1144/jgs2019-156) for example describe 29 m cavities along faults at depths of +6 km
and sealed fractures elsewhere in those carbonates; and the Reviews of Geophysics paper describes current
work on sealing/dissolution in fractures over a range of rock types.

1396 This statement, supported by a personal communication, is inadequate. Much has been published on
fractures in granitic rocks, in outcrop, at depth, etc. including quite a few recent papers describing
observations from deep cores (see recent issues of Journal of Structural Geology) and spatial arrangement
(Wang et al. 2019, Petroleum Geoscience). Perhaps more needs to be learned, particularly about specific
attributes like length distribution, spatial arrangement, and porosity structure, but it is incorrect to say that
data is ‘scarce’.

1405 Some of this is covered in the Gale et al. fractures in shale review, AAPG Bulletin.

1522 I presume here that you mean ‘under conditions associated with operation of subsurface engineering
operations’; it would be worth noting that there is evidence of how long fracture remain open under natural
burial conditions; see the reference in the Reviews of Geophysics paper.

1524 Even reservoirs that do contain natural fractures commonly need to be hydraulically fracture stimulated.
So this line could use more nuance.

1543-1548 These conclusions closely parallel some of the conclusion in the 2019 Reviews of Geophysics
paper noted above. This convergence should be noted in the earlier text.

1550 This is close to the end of the paper and where presumably you drive home the point of your paper. But
this line seems cryptic: “… fruitless for the Geoenergy transition, if opportunities recognised by the
geoscientists cannot be realized…” I think this conclusion needs to be reworded into something where the
message is more immediately obvious.

QUALITY ASSESSMENT

Quality of generalization and summaryQ 6

Significance to the fieldQ 7



REVISION LEVEL

What is the level of revision required based on your comments:

Substantial revisions.

Interest to a general audienceQ 8

Quality of the writingQ 9

Q 10


