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The manuscript of Marta Adamuszek and coauthors "Rheological stratification in impure
rock salt during long-term creep: morphology, microstructure and numerical models of
multilayer folds in the Ocnele Mari salt mine, Romania" describes the fold patterns and
microstructures in an underground salt mine in Romania. The study also presents original
numerical models of multilayer folding, which aim to reproduce the folding patterns
identified on the walls of the mine. 

The manuscript addresses an important process, which is relevant for the general
structural geology audience as multilayer folding is not relevant only to salt successions.
The authors use state-of-art methods (photogrammetry-based reconstruction of the fold
patterns on the walls of the mine, G-irradiation of salt, numerical modeling). My general
impression is that there are two themes in the manuscript that are not well linked - the
microstructural analysis of the salt rocks and the numerical modeling of the multilayer
folding.

The introduction to the microstructures and rheology of rocksalt is long and presents the
general overview of the present knowledge about the rheology of rocksalt and methods
that allow estimation of rocksalt's long-term flow properties. This introduction also
mentions the viscosity differences in evaporitic sequences, in terms of enclosed layers of
different compositions (e.g. low-viscosity, potassium salts, or anhydrite). However, the
introduction neglects the rheological effect of solid second phases (impurities) in halite-
dominated rock salt. This topic was studied for example by Závada et al. (2015). This
latter study is particularly mentioned, because Závada et al., (2015) came to completely
different conclusions than the authors of the present study. Závada et al., (2015)
explained that rocksalt, which is rich in dispersed solid second phase particles, can
become weaker (in terms of viscosity) than the pure salts because the pressure solution-
precipitation creep rates are much faster on boundaries of the solid phases (impurities)
with halite crystals than on halite-halite boundaries. Therefore, in this perspective, how is
it possible that the fine-grained material of the darker layers in the folded sequence of the
Ocnele Mari salt mine is stronger in deformation than the white (more pure) layers? 



Altogether, the microstructural part of the manuscript fails to deliver the relevant
information from the detailed description and quantification of the microstructures. In the
results part and in the discussion, the outcomes shrink to a couple of weakly based
statements that aim to bridge the microstructural part to the numerical modeling of the
multilayer folding: 

1) the dominant deformation mechanism is grain size-sensitive solution-precipitation
creep (which justifies for the Newtonian viscous num. model), 
2) the solid-inclusion rich layers (dark layers) are more susceptible to the grain size-
sensitive flow,
3) the deviatoric stresses were very low.

First, you clearly see that both dislocation creep and solution-precipitation (SP) creep were
active at the same time (see Fig. 11d, where white parts of grains are full of subgrains
and locally mark the "necked" domains of the long grains) - so how clearly dominant was
the SP creep? Can we estimate the relative contribution of dislocation creep and SP
creep? 
Second, small grain size and small differential stress supporting the SP creep should be
linked to lower viscosity in contrast to the coarser-grained (white salt) equivalent. So -
why is the dark salt layers more viscous than the white layers??? 
Third - the deviatoric stress estimates span from 0.4MPa to 4Mpa in the same thin section
- so the low deviatoric stresses (below 1MPa) are simply unfounded and the high-stress
estimates can not be discarded simply by attributing it to the older (detachment shear)
deformation event.

There are other problems with the structural and microstructural description;

1) The text explains how grey, dark, white, and yellow-brown layers are folded together,
however, only white and dark layers are visible in the black and white images of the fold
patterns (Figs. 4 and 5). 

2) The total amount of insoluble second solid phases is not indicated anywhere in the
manuscript (only the relative contents of phases in the residuum and in the Conclusions
that is somewhat below 10 wt.%).

3) Since two phases of deformation are recorded in the folded sequence, it is difficult to
judge on the meaning of the subgrain size piezometry. Nevertheless, since the results of
the piezometry is not used for implementation of the boundary conditions of the numerical
model, it could be simply removed.



The microstructural part should try to address and discuss the microscale effects of solid
second phases in the developing folds and rates of material exchange between the white
and dark layers. For example - I see that in Fig. 11e, a single crystal of halite is able to
distort a thin layer of dark salt (formed by flakes of clay and halite) - therefore, locally, it
is clear that halite is mechanically stronger than the dark particle bearing salt. This is to
say that the microscale effects need to be properly discussed, even though it seems (from
macroscopic fold geometry) that the dark layers are stronger. 

The numerical modeling part is presented in a somewhat more coherent way and requires
another lengthy introduction (section 4 - presented after "geological setting"), which can
be reduced in places (see the annotated pdf for suggestions). It seems that the results of
the numerical modeling are supported by the validity of the thin single layer fold estimates
using FGT toolbox (Figure 9) and the complex multilayer modeling. By presenting viscosity
estimates by analysis of fold geometry of the two different models (Fletcher and Sherwin
(1978) and Schalholz and Podladchikov (2001)), one should also explain, how are they
defined.

Could the numerical modeling part try to provide clues for how would the microscale
material transfers (local velocities of solution-precipitation controlled by grain size and
solid inclusions) affect the geometry of folds and the viscosities? 

Since the viscosity contrast of 10-15 is quite high, would it be possible to estimate the
bulk viscosity of the multilayer in contrast to pure salt on the basis of the modeling? This
would be potentially interesting for the salt tectonics community, where people are
modeling the development of salt structures (e.g. by numerical or analog modeling).

I suggest for the reorganization of the manuscript, sections 1 and 4 can be merged and
shortened, the microstructural part needs to be complemented and related discussion
improved. I provide a list of comments and suggestions in the annotated pdf that I hope
will help the authors to improve the manuscript.

Prokop Závada
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Please also note the supplement to this comment: 
https://se.copernicus.org/preprints/se-2021-57/se-2021-57-RC2-supplement.pdf
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