In this file, there are responses to the Reviewer#3.

Responses to the Reviewer#3

We thank the Reviewer#4 for analysis of the manuscript and the Reviewer #3 for constructive

comments.

To better observe communicating our response, we divided our responses into three categories:

/ /Disagree.

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

This paper presents a method
using support vector machines
to identify faults cutting
stratigraphic horizons when
those horizons are represented
by a triangular mesh created
from scattered borehole data.
The method is demonstrated
on a case study and is
compared to a clustering-
based method developed in a
previous paper by the same
first author. The paper has
undergone a previous round of
review, in which unclear
language emerged as a major
issue, which the present
revision seeks to address.
The method is novel to the
best of my knowledge and is
likely to be of interest to the
geoscientific modelling
community. The previous
revisions have improved the
clarity of the manuscript, in
particular in regard to the
usage of the word “terrains.”
However, | think that the paper
still requires major revisions
before it is ready for
publication. Most of my
comments regard the clarity of
the text and figures, but | also
have some questions about the
use of seemingly redundant
features in the classification.
My detailed comments are
below.

We believe that the reviewer
understood our idea and the
progress with the iterations of
the manuscript very well.

None, because detailed
comments are written later.




Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Title
The choice of “slopes” to
replace “terrains” here and in
the text is an improvement, but
it still sounds odd to me. | am
more likely to think of a slope
as a topographic feature. |
think a word such as
“interfaces,” “contacts,” or
“horizons” would sound better.
| see that all three of these
words are already used in
some places in the text. (The
example seems to be with a
stratigraphic horizon, although
| can see that the method
could be applied to any planar
interface.) If it is necessary to
convey the “preferred
orientation” part, perhaps this
could be done by including a
word such as “planar,”
‘homoclinal,” or “dipping.” (For
instance, one could say
“homocilinal interfaces”.)

We prefer the following version:
,homoclinal interfaces”.

The title of the manuscript has
been changed.

We added more occurrences
of interfaces, including
,homoclinal interface” to our
GitHub README file.

We’'ve also changed the title in
the Zenodo repository by
replacing ,slopes” with
s-homoclinal interfaces”.

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

1 Introduction
To help show the value of the
study, | suggest including a
sentence about the kinds of
practical applications that this
kind of fault identification would
be useful for.

We’ve added the following
sentence: ,For example, the
preferred orientation of
geological horizons can
significantly influence
groundwater flow directions in
the Krakéw-Silesian homocline
(Razowska et al., 1997). Faults
that shape the geometry of
the homocline are also
believed to act as barriers or
preferential pathways for
groundwater (Razowska et al.,
1997; Razowska, 2001).”

References:




Razowska, L.: Changes of groundwater chemistry caused by the flooding of iron mines (Czestochowa region,
southern Poland), J. Hydrol., 244, 17-32, https://doi.org/10.1016/S0022-1694(00)00420-0, 2001.

Razowska, L., Pacholewski, A., and Zembal, M.: Badania procesé6w hydrogeochemicznych w obszarach

wypelniania si¢ kopalnianych lejow depresyjnych, Sosnowiec, 1997.

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

This section would benefit
from a clearer statement of the
problem. | think it could be
something like this: Geological
models are often created by
interpolation of scattered
borehole data. Because of the
localized nature of boreholes,
faults not intersected by them
will be missed, and
interpolation will create
horizons that appear
continuous across the faults.
This paper proposes a way to
identify the presence of faults
in this situation.

We believe that this is a useful
addition. We have only slightly
modified the paragraph.

We added the following
sentences to the Introduction:

,Geological models are
typically constructed by
interpolating sparse
(scattered) borehole data (de
la Varga et al., 2018).
However, due to the localized
nature of boreholes, faults not
directly intersected by them
are often overlooked. As a
result, interpolation may
produce horizons that appear
continuous across these faults.
This paper introduces a
method to detect the
presence of faults under such
circumstances.”

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Line 29: The comparison to
seismic data is good, but |
don’t think it is clear what
“subsurface topographic data
such as subsurface slopes”
means. | think the key
difference is that this method
works with scattered data, so |
suggest phrasing this as a
comparison of scattered data
VS. seismic images.

The sentence has been
modified as follows: ,However,
current classification methods
are typically tailored for
seismic data rather than
sparse (scattered) data related
to subsurface interfaces”




o

Figure 2: The meaning of the
line labeled “fault” and referred
to as a “fault line” is unclear.
This appears to be a 3D
model, and a fault is a plane
(or surface) in three
dimensions. If this is meant to
show the fault, it should be
shown as a plane. If this is
meant to show the line of
intersection between the fault
and the “slope,” then it should
be labeled and described as
such.

Agree/ Clarification

We agree with this comment.

The line was not fault itself but it
was fault strike.

We replaced the ,fault” label
with ,fault strike”.

™~

2 Background
Since the paper involves
significant comparisons to
Michalak et al. (2022) and uses
the same example as them, |
think it would be helpful to
divide this section into two
paragraphs: One discussing
other machine learning
applications more generally,
and the other specifically
presenting Michalak et al.
(2022) as a preceding work
that this paper will build on.

Agree

We have divided Background
into two paragraphs.

©

3 Methods
Figure 4: | find the subfigures
on the left of this figure
confusing. | assume they
correspond to the steps of the
flow chart on the right, but it
would help to state that
explicitly in the caption and
perhaps connect them within
the figure. Also, it would help to
give them letters and refer to
those letters in the caption.

Agree/ Clarification

Yes, we confirm that the
subfigures correspond to the
steps.

We connected the subfigures
with steps.

We've added letters on the
figure and in the caption.

©



Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Also in Figure 4: Would training
the model also be a step in the
workflow? Or is that meant to
be included in the “evaluation
for synthetic data” step? If the
latter, perhaps it could be
“training and evaluation with
synthetic data.”

Yes, training the model is also
the step in the workflow. We
agree with the proposition of the
new description.

We've modified the description
of the step.

10.

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Lines 151-152: The use of
normal and dip vectors seems
redundant. Either one can be

used alone to define the
orientation of the plane, and
either one can be derived from
the other. Please either explain
why both are needed or try
doing the analysis using just
one of them.

While using both
representations (normal and
dip) may seem redundant, we
note that in our previous
research (Michalak et al. 2022),
we obtained different partitions
for both representations
(cylindrical and conical). See the
previous public discussion with
the reviewer Professor Thomas
Blenkinsop on this matter who
raised a similar argument. We
replied that Euclidean distances

between observations
represented by normal and dip
vectors are different, and

therefore we cannot guarantee
that clustering results will be
equal for these two
representations. Building on this
experience, we are using both
representations and  future
studies (such as feature
importance analysis) could bring
the answer to which extent the
variables are redundant.

None.

References: Michalak, M., Teper, L., Wellmann, F., Zaba, J., Gaidzik, K., Kostur, M., Maystrenko, Y. P.,
and Leonowicz, P.: Clustering has a meaning: optimization of angular similarity to detect 3D
geometric anomalies in geological terrains, Solid Earth, 13, 1697-1720, https://doi.org/10.5194/se-

13-1697-2022, 2022.

11.




Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Lines 151-159: The different
distance types also seem
somewhat redundant. While
they will give different
numbers, they are all closely
related. For instance, the
square of the Euclidean
distance is proportional to the
cosine distance as discussed
by Michalak et al. (2022).
Please explain why three
different distance measures
are used, rather than just one
as in Michalak et al. (2022).

In Michalak et al. (2022), there
was used only one distance
measure—squared Euclidean
distance—because it is the
default configuration of the k-
means algorithm, and the
features were the coordinates of
normal and dip vectors. The
combination of the squared
Euclidean distance and the
feature set (coordinates of a unit
vector) effectively measured
geometric dissimilarity in that
context.

We acknowledge that the
squared Euclidean distance is
proportional to cosine distance.
However, in this study, we use
the Euclidean distance (without
squaring), for  which this
relationship is no longer valid.

Additionally, the approach in this

study is supervised and
fundamentally different from the
unsupervised method in

Michalak et al. (2022). In the
supervised approach, calculated
distances between vectors are
explicitly used as features, as
we cannot rely on SVM to
implicitly compute such
relationships the way k-means
does. In supervised learning, it is
less evident which features
should be used, making it the
responsibility of the user or
developer to define appropriate
variables. By including multiple
distance measures, we believe
to provide diverse
representations of dissimilarity,
which may improve model
performance

None.

References: Michalak, M., Teper, L., Wellmann, F., Zaba, J., Gaidzik, K., Kostur, M., Maystrenko, Y. P.,

and Leonowicz, P.: Clustering has a meaning: optimization of angular similarity to detect 3D

geometric anomalies in geological terrains, Solid Earth, 13, 1697-1720, https://doi.org/10.5194/se-

13-1697-2022, 2022.

12.




Line 153: It would be helpful to
give the variable names after
the distance types: “angular

distance (da), Euclidean
distance (de), and cosine
distance (dc).

Agree Done.

13.

Line 161: Instead of “middle )
part of Fig. 47, | think it would Agree We gave the subfigure a letter

be clearer to give this subfigure LS

a letter (such as Fig. 4b) and
refer to that.

14.

Line 167-172: This is, indeed,

a good reason to use vector Agree
representations of orientations, We moved this paragraph,
rather than dip and dip where we first talk about
direction. However, this vectors (beginning of the
discussion doesn’t seem to fit section 3.2).

with the preceding part of the
paragraph. | would suggest
either making it a separate
paragraph or moving it to
where you first talk about using
vectors.

15.

Tables 2 and 3: Dip angle and
dip direction in these tables
appear to be in degrees, so Done.
they should have the degree

symbol (°).

Agree

16.



Figure 5: What is the meaning
of the green box and letter € in
part c? Also, in the caption for
part f, | think that “fault line”
should be “fault plane” (see
also my comment on Figure 2).

Clarification/ Agree

The green box with the letter €
represent adding noise to data.

Agree about the ,fault plane”.

We modified the caption to
connect noise with the letter ¢.

We modified the caption with
respect to the ,fault plane”.

4 Geological Setting
| don'’t think it is necessary to
divide this section into two
subsections when they are
only one paragraph each.

Clarification/ Disagree

Please note that after adding
new information about
quantification of ,low angles”
and moving information from
,9.2 Real data” subsection, this
section is longer now. Moreover,
the subsection 4.2 contains also
a figure with a long caption.
Therefore, we would propose to
have two subsections.

None.

Lines 232-233: Saying the
KSH is a “geological unit”
sounds to me like it is a
specific rock unit within the
stratigraphy. But given that it is
a homocline, | assume it is a
structure. If that is correct, |
suggest changing this to “a
geological structure.” Also, if
the homocline forms one side
of the synclinorium, | would
suggest changing “a slope” to
“a limb” in Line 232.

Agree

We agree with the new terms
Lstructure” and ,limb”.

We’ve replaced ,unit” and
,Slope” with ,structure” and
Llimb”; respectively.




Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Line 234: It would be helpful to
give a range of values to
quantify “low angles.”

We’ve provided several
attempts regarding the
calculation of the sub-
horizontal dip to NE:
,From a geometric
perspective, KSH dips at low
angles to NE (Matyszkiewicz et
al., 2015). Several attempts
have been made to quantify
this orientation:

e Dip angle <2° with NE

dip direction (Znosko,
1960; Marynowski et
al., 2007)

e 2°-5° with NE dip
direction (Bardzinski et
al., 1986)

e 0.98-1.35° as lower
and upper bounds for
dip angle with 53.47-
54.86 as left and right
bounds for dip
direction; these values
were calculated as
mean orientation
corresponding to the
cluster associated with
regional trend using
two variants of
hierarchical clustering

(Michalak et al., 2019)"

20.




5 Results

Lines 272-276: For the grid
search optimization, it would
be helpful to state the range of
values tested and the grid
spacing for each parameter.

Agree

We've added the following
sentence:

»The grid is defined by the
following values of
parameters: 0.1, 1, 10, 100,
1000 (for C), 1, 0.1, 0.01,
0.001, 0.0001 (for gamma),
and ‘rbf’ with ‘linear’ (for
kernel). These values were
selected to cover a wide range
of potential hyperparameter
settings during grid search
optimization.”

21.

Lines 291-293: | suggest
moving the information about
the specific horizon to Section

4 to go with the rest of the
discussion about the case
study.

Agree

Done, as requested.

22.

6 Discussion
Line 329: Is the “unsupervised
method” the one from Michalak
et al. (2022)? It would be
clearer if that were stated
explicitly, such as by saying
“the unsupervised method of
Michalak et al. (2022)...”

Agree

Yes, we agree about adding the
reference.

We’'ve added the reference.

23.




Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Section 6.4: It appears to me
that one assumption of the
method is that the stratigraphy
is homoclinal. That is a major
modelling assumption that
should be discussed.

We’ve added the following
paragraph in Sectioon 6.4
(Modelling assumptions): ,The
main assumption for
generating the triangulated
models of surface data
(section 3.3) is that the
interfaces are homoclinal
(Singleton and Gans, 2008),
which can correspond to limbs
of folded stratigraphy.
Therefore, the proposed tool
should be used with caution in
areas near fold hinges or limbs
with opposing dip directions. It
appears that the orientation of
normal or dip vectors allows
constraining the orientation of
only one limb, posing a risk
that non-faulted limbs could
be misidentified as faulted.
We hypothesize that the
neighborhood component of
the analysis, which is not
sensitive to rotation, could
potentially extend the
applicability of the method.
However, confirming or
rejecting this hypothesis
would require additional data,
particularly from regions
containing small-scale folds.

”

We've also added the following
paragraph in Sectioon 6.2:
,Therefore, the solution of the
binary classification task
obtained in this study could
also have implications for
previous research regarding
the calculation of the regional
trend (Michalak et al., 2019).
In that study, the regional
trend was calculated by
averaging the orientation of
triangles classified within the




most numerous cluster.
However, this cluster also
included triangles with dip
angles steeper than those
characteristic of the
homocline, which could have
influenced the accuracy of the
calculated regional trend.”

24,

Suggestion, Question,
or Comment from the
Reviewer#3

Author’s Response

Change in the Manuscript

Line 373: If it is “not clear” how
the model would classify the
structure in Figure 8, couldn’t

the model be tested on the
example in Figure 8 to find
out?

Yes, we agree that the answer
to this question would require
additional experiments.

We’ve slightly modified the
sentence as follows: ,Whether
the “internal fault-related
triangles” can be successfully
classified is an open
question...”

We’ve also added the
following sentence: , A
comprehensive answer to this
guestion would require
additional experiments or
substantial modifications of
modelling assumptions
(introducing non-vertical faults
in the training) which lies
beyond the scope of our
research.

Other changes:

We replaced ,fault line” with ,,fault strike” in Figure 8.




