
In this file, there are responses to the Reviewer#1, Reviewer#2 and Reviewer#3. 

Responses to the Reviewer#1 

We thank the Reviewer #1 for the review and recommendation. We’ve added the observed limitations 

by the Reviewer #1 to the manuscript. 

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

Agree/Clarification/Disagree. 

 

1.  

Suggestion, Question,  

or Comment from the  

Reviewer#1 

Author’s Response Change in the Manuscript 

 

 The manuscript by Michalak et 

al. introduces a new 

computational model to predict 

fault geometry in data-sparse 

environments. I have the 

following concerns, which do 

not necessarily preclude 

acceptance of the manuscript: 

 

1.    The model is restricted to 

dip-slip faults w/out elevation 

uncertainties. 

 

 

 

 

Agree 

This is a correct general 

assessment of our work. 

 

We’ve added information to the 

Abstract that we analyze dip-

slip faults. 

 

2.  

Suggestion, Question,  

or Comment from the  

Reviewer#1 

Author’s Response Change in the Manuscript 

2.    This technique does not 

differentiate between normal 

and reverse dip-slip faults. 

 

 

Agree 

This is correct. 

 

We’ve added a sentence about 

this limitation to Discussion 

(5.2). 

 

3.  



Suggestion, Question,  

or Comment from the  

Reviewer#1 

Author’s Response Change in the Manuscript 

 

3.    There are no real-world 

case studies to validate the 

model. 

Clarification 

In this study, we are more 

interested in mathematical 

relationships between points 

and directions, and synthetic 

data provide a more suitable 

environment for this type of 

analysis.  

However, please note that we 

provided real-world data 

(GEBCO) which have some of 

the properties discussed 

(constant elevation difference). 

None. 

 

 

4.  

Suggestion, Question,  

or Comment from the  

Reviewer#1 

Author’s Response Change in the Manuscript 

 

4.    The use of Python would 

be more advantageous for the 

growing geomodeling 

community, especially since 

existing tools like GemPy have 

already established. 

              Clarification 

Please note that one advantage 

of using C++ is its speed, as 

compared to Python. This may 

be important if the output 

resulting from the combinatorial 

program is big. But we agree 

that for the community, some 

links with the existing open-

source software would be 

appreciated. 

 

None. 

 

5.  

Suggestion, Question,  

or Comment from the  

Reviewer#1 

Author’s Response Change in the Manuscript 

 

Despite these concerns, I 

believe the manuscript fits well 

with the scope of the journal, 

 

Thank you for this encouraging 

note. 

 

Not applicable. 



and I would recommend it for 

publication. 

 

  



 

We thank the Reviewer#2 for a very thorough review with many insights. We agree with 80-90% of 

the comments. Regarding the 10-20%, we either disagree, or there is a misunderstanding, or 

divergence in preference of some mathematical presentations. 

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

Agree/Clarification/Disagree. 

Responses to the Reviewer#2 

1.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 The authors propose a 

method to statistically 

characterize a fault segment 

orientation in data-sparse 

environments. The method 

relies on a direct triangulation 

of a faulted horizon, and a 

statistical analysis of the dip 

direction of the set of triangles 

that can be formed using one 

triangle edge on one of the 

fault walls and all the 

triangulation vertices on the 

other wall. In addition, the 

authors provide mathematical 

evidences showing that - under 

some restrictive hypotheses – 

their statistical analysis yields 

exact / robust predictions of 

fault dip direction. Overall, this 

manuscript seems to be an 

improvement on the work of 

Michalak et al., 2021 (see 

reference in the paper) that 

aims at explaining and solving 

some of the counterintuitive 

results found by the authors. 

 

 

Agree 

This is a correct general 

assessment of our work. 

In addition, we would like to 

observe that the use of the 

combinatorial algorithm does 

not need triangulation. 

 

Not applicable. 

 

2.  

Suggestion, Question,  

or Comment from the  

Author’s Response Change in the Manuscript 



Reviewer#2 

 

To me, the presented method 

is a useful tool to assess fault 

geometry in the absence of 

direct fault observations (it is 

entirely based on displaced 

horizon observations), and the 

mathematical details provide 

interesting insights to 

understand why the method 

works and what its potential 

caveats are. As such, I 

consider it can be of interest to 

the audience of Solid Earth 

and deserves to be published. 

However, I also  have several 

major concerns that would 

require revision of the 

manuscript.  

 

 

Agree 

We thank for the comments 

about the relevance of our 

mathematical insights.  

 

Not applicable.  

See the later comments and 

our responses. 

 

3.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Note: despite the concerns 

listed below, I would like to 

acknowledge the effort made 

by the authors to provide all 

the necessary details and 

information necessary to 

understand their work and 

reproduce it.  

 

Agree 

We thank you for this 

assessment about 

reproducibility. 

 

Not applicable. 

 

4.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 
  



General concerns 

Most of my concerns come 

from the fact that the presented 

method and the related 

mathematical "proofs" rely on 

two extremely restrictive 

assumptions: 

● a globally horizontal 
horizon (i.e., only local 
variations/noise around 

a constant mean 
depth) 

  

 

Agree/Clarification 

Indeed, we acknowledge that 

we used restrictive 

assumptions. However, we are 

not certain whether they should 

be considered extreme. For 

example, a standard 

geostatistical method such as 

simple kriging also uses a 

known and constant expected 

value at any point of the domain 

(see the attached Screenshot 

from Wackernagel, 1995). We 

started with a simplified 

scenario and we believe that 

future work can relax these 

assumptions. 

We’ve added some information 

about similarities with simple 

kriging assumption to 

Discussion.  

 

 

Reference:  

Wackernagel, H., (1995)  Multivariate Geostatistics: An Introduction with Applications, Springer, p. 

18. 

5.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 
  



● a vertical fault with one 
single segment (i.e., 

whatever the subset of 
the fault surface you 

consider, it will 
systematically have the 

same orientation) 
  

 

Clarification 

We are not sure if we 

understand this sentence 

correctly. Therefore, we provide 

two, potentially relevant, replies: 

1. We agree that the 

assumption of a single, 

vertically oriented fault 

segment is restrictive. 

However, for faults with 

complex geometry, the 

task of assigning a 

single, consistent 

orientation to the entire 

surface becomes ill-

posed. Our current 

approach focuses on a 

simplified scenario to 

isolate and validate the 

core methodology, with 

the intent to generalize 

to more complex fault 

geometries in future 

work. 

2. In the manuscript, we 

didn’t conduct an 

experiment with many 

fault segments. 

Therefore, we cannot 

judge about the 

statistical distribution of 

orientations for the 

case study with many 

fault segments. 

However, using the 

proven computational 

geometry principle, we 

would expect at least 

one significant 

difference with the case 

study with many fault 

segments. For 

example, for the case 

study with one segment 

the edge “e” in the 

below figure has no 

points to the right. But 

with two segments (see 

the below figure), we 

should expect two 

directions because 

there are points to the 

right. Therefore, the 

statistical distribution of 

 



directions will be 

different. 

 

 

6.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Main concerns: 

● I would talk about 
"mathematical 

evidences" rather than 
formal "mathematical 
proofs" throughout the 
manuscript (starting 

with the abstract), and 
only keep the term 

"Proof" in the 
appendices where it 

effectively corresponds 
to the proofs of 
mathematical 
propositions 

  

 

 

Disagree/Clarification 

We note that "evidences" is 

uncommon in the English 

language, as "evidence" is 

generally treated as an 

uncountable noun 

(https://www.ldoceonline.com/di

ctionary/evidence) .  

We acknowledge that the use of 

“historical evidence” is justified 

but the phrase "mathematical 

evidence" could be considered 

vague and lead to 

misunderstandings. 

That said, in most parts of the 

manuscript, our intention was to 

refer to formal logical 

arguments derived within a 

mathematical framework—thus, 

the term "proofs" seems more 

appropriate in those specific 

cases. In a more general 

context, we could speak about 

“mathematical reasoning” as 

 

We have revised the 

manuscript to use "formal 

mathematical reasoning" in 

more general contexts, such 

as in the abstract. 

 

https://www.ldoceonline.com/dictionary/evidence
https://www.ldoceonline.com/dictionary/evidence


the process conducted in the 

proofs. 

 

7.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

● Although the authors 
defend this choice of 
such ideal conditions 

for the sake of 
mathematical 

investigations, I would 
appreciate it if they 

discussed the 
expected results of the 

method in "not so 
ideal" conditions (e.g., 

dipping/folded 
horizons, 

normal/reverse faults, 
non-planar fault 

surfaces, ...). This 
would help to develop 
the discussion which is 

otherwise short. 
  

 

 

Clarification 

Please note that some of the 

requested topics 

(normal/reverse faults, dipping 

horizons and faults striking 

perpendicular to them) are 

already discussed in Michalak 

et al. 2021 (see a Screenshot 

with References below). To 

avoid redundancy, we prefer 

not to repeat those results here 

(see attached 

reference/screenshot). 

Alternatively, we would like to 

focus and possibly expand on 

methodological challenges that 

we addressed since 2021 

(Michalak et al. 2021):  

1. a deeper understanding of 

the method - justification why it 

performs well by giving a 

statistical preference to edges 

parallel to the fault strike 

 2. relevance for a popular 

geoscientific data set (GEBCO). 

Please note that the provided 

data set is already less ideal 

than that presented in Michalak 

et al. 2021 (we’ve added errors 

to elevations). Future work 

should bring extensions to even 

less ideal data sets. 

 

 

We’ve added a sentence 

confirming that the current 

manuscript addresses a key 

limitation discussed in 

Michalak et al. (2021)—

specifically, the issue of spatial 

distribution of points in relation 

to the boundary of the study 

area and the fault strike. 

 



 

References: 

Michalak, M. P., Kuzak, R., Gładki, P., Kulawik, A., & Ge, Y. (2021). Constraining uncertainty of fault 

orientation using a combinatorial algorithm. Computers & Geosciences, 154, 104777. 

 

8.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

● I would love to see an 
example of the 

application of the 
method on a real 

dataset. It could be 
applied on bathymetric 

data, as the authors 
already present it as 

one of the most direct 
use cases and discuss 
the pitfalls associated 

with such data 
  

 

 

Clarification 

We would like to clarify the 

intended purpose of the 

bathymetric (GEBCO) data 

used in this study. These data 

were not used to test the 

combinatorial algorithm for the 

analysis of fault orientation, as 

we currently lack evidence of 

any known fault structures in 

the seafloor region covered by 

the dataset. Therefore, applying 

our algorithm directly to such 

data would not be meaningful. 

Instead, we used GEBCO data 

to highlight potential limitations 

in directional analyses (e.g., 

azimuth maps or circular 

histograms) when applied to 

 

None. 



triangulated bathymetric 

surfaces. For example, datasets 

with integer elevation values 

and a quasi-regular grid may 

produce identical azimuth 

values for multiple triangle 

edges. This broadens the 

relevance of our study beyond 

structural geology and 

tectonics, making it valuable to 

a wider geoscientific community 

interested in terrain or seafloor 

surface analysis. 

 

 

 

9.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

● A more detailed point: 
all the hypotheses are 

clearly stated in the 
proofs (in the 

appendices), but it is 
not so clear in the main 

body of the 
manuscript. Typically, I 

did not find the 
information that we 
assume a horizontal 
(constant Z) horizon. 

Please add a 
paragraph before 

stating the 
propositions, to clearly 

state all the 
hypotheses, as we can 
find in the appendices 

  

 

 

Clarification 

The assumption of constant 

elevation was indeed present in 

the caption of Fig. 3: “The 

points on the surfaces of the 

hanging wall and footwall have 

constant elevation.” 

Additionally, this assumption 

was stated in Proposition 1: 

“When the difference between 

the hanging wall and the 

footwall is constant, then the 

following facts hold.” 

Given the direct link between 

the propositions and the panels 

in Fig. 3, we aimed to avoid 

redundancy.  

However, we acknowledge that 

this information could be 

inserted in section 4.1, in the 

“short summary” of  Proposition 

1. 

 

 

We’ve added the assumption 

in the short summary of 

Proposition 1 (section 4.1). 

 

10.  



Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

Minor concerns 

● One point is still 
unclear to me after 

reading the 
manuscript: I feel like it 
is somehow mandatory 
to know in advance the 

position of the fault 
relatively to the data 
points to apply the 

method as presented 
here. This does not 
sound like a very 

realistic use case, and 
it seems quite 

straightforward to think 
about applying the 

method to try to 
identify unknown faults 

from horizon data. I 
would like the authors 

to clarify this point. 
 

  

 

 

Clarification 

Indeed, the fault must be within 

the set of points used as input 

in the combinatorial algorithm. 

We agree that in many real-

world cases, the location of 

faults may not be known in 

advance. In such situations, we 

suggest that a supervised fault 

detection method (e.g., 

Michalak et al., 2025, see 

reference below) be used first 

to identify potential fault 

locations based on horizon 

data. Once a candidate fault 

region is identified, the method 

proposed in this manuscript can 

be applied to infer its 

orientation. 

As of 8 May 2025, the 

manuscript on fault 

identification has been 

“accepted with corrections” in 

Geoscientific Model 

Development. 

 

None. 

References: 

Michalak, M., Gerhards, C., Menzel P., (2025) SubsurfaceBreaks v. 1.0: A supervised detection of 

fault-related structures on triangulated models of subsurface homoclinal interfaces, accepted with 

corrections in Geoscientific Model Development. 

11.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

● An important part of 
the "mathematical 

evidences" proposed 
by the authors relies 

on statistics ("the 
expectations of the 

Clarification 

This is an interesting and 

valuable comment. The use of 

statistical expectations in our 

method can indeed be better 

justified through analogy. 

 

None. 



coordinates", ...) 
whereas the method is 

presented for data-
sparse studies. I agree 

that using the 
combinatorial strategy 

proposed by the 
authors provides more 
samples for computing 

statistics, but to me 
there remains a bias 

due to the limited 
number of “genetic 
triangles” edges. 

Again, it would be nice 
to have some 

additional discussion 
on this point 

  

 

Consider the classic coin 

tossing experiment: tossing a 

coin 10 times does not 

guarantee exactly 5 heads and 

5 tails. However, as the number 

of tosses increases, the 

observed ratio tends to 

converge toward the expected 

50/50 distribution. 

Similarly, in our context, each 

experimental setup—e.g., 

drilling boreholes near a fault—

can be viewed as a single 

realization. Although the 

geometry of the fault remains 

fixed, the spatial configuration 

of sampling points may vary. 

When this process is repeated 

many times (conceptually or 

through simulation), the 

statistical expectation of the 

reconstructed parameters 

converges toward the values 

derived in the deterministic 

framework, as shown in 

Appendix C. 

This is analogous to the 

expected number of heads in a 

10-coin toss experiment: while 

the actual outcome may be 4, 5, 

or 6, the expectation remains 5, 

which is the most rational 

estimate in the absence of 

further information. Likewise, 

the expected normal vector in 

our case represents the most 

consistent orientation expected 

across many realizations. In 

practice, a geologist may obtain 

a specific average (e.g., 4, 5, or 

6 heads) from a single 

experiment, and this observed 

average — although not exactly 

the expected value — should 

be accepted as the best 

available estimate under the 

constraints of the data. It 

reflects the statistical 

expectation derived from 

repeated trials or simulations. 

Importantly, the sample 

average is an unbiased 

estimator of the expected 

value — it does not 



systematically overestimate or 

underestimate it. 

 

Comments from the annotated PDF. 

12.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Title: „strategy/approach?” 

Agree 

 

We’ve replaced “algorithm” 

with “approach” in the title. 

 

 

13.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 24:  

Not necessary? 

 

Agree 

 

We’ve deleted the last 

sentence from the abstract. 

 

14. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 40: 

After reading the manuscript, I 

understand the meaning, but 

when reading the first time I 

assumed it was about "reverse 

fault" or "inversion of the fault 

throw" 

 

Agree 

 

We’ve replaced “reversed” with 

“counterintuitive”. 

 



 

15.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 41 (regarding Fig. 4b): 

 

In Michalak et al, 2021 ? 

 

Clarification 

No, we mean Fig. 4b in this 

manuscript (the turquoise 

arrow). 

 

None. 

 

16.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 66: 

References for cokriging-based 

modelling: Lajaunie et al., 1997 

(https://doi.org/10.1007/BF027

75087); Calcagno et al, 2008 

(https://doi.org/10.1016/j.pepi.2

008.06.013) 

 

Agree The references have been 

inserted in the manuscript. 

 

17.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 77:  

Rather use "the algorithm 

described by Lipsky to 

generate all possible 

combinations of k elements 

among n". I do not think this is 

an officially named algorithm, 

Agree We’ve replaced “Lipski 

algorithm” with “combinatorial 

algorithm described by Lipski”. 



as "the Metropolis-Hastings 

algorithm" can be 

 

 

18. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 83: 

Please state here all the 

definitions of Michalak et al., 

2021 you use (genetically 

related, ...), rather than in the 

appendices. It will help a lot the 

reader to understand, as the 

terminology is not standard at 

all 

 

 

Agree/Clarification 

We acknowledge that some of 

the definitions were already 

presented in the caption of Fig. 

1. 

However, we now realize that 

certain definitions from 

Michalak et al. (2021) are no 

longer fully applicable in the 

current study. For example, 

"triangles genetically related to 

the fault" were previously 

defined as non-horizontal 

triangles. In this study, 

however, due to the introduction 

of elevation uncertainties, some 

non-horizontal triangles may no 

longer share the same 

geometric or genetic 

relationship with the fault—as 

all three vertices may lie on the 

same side. 

We have revised and updated 

the relevant definitions, and 

moved them from the 

Appendix into the main body of 

the manuscript for clarity. We 

have also modified the caption 

to Fig. 1 accordingly. 

 

 

19.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Lines 95-98: 

As you do not use it in the 

following, keep it concise and 

replace the paragraph by a 

 

Clarification 

The purpose of this paragraph 

is not to claim that vector 

coordinates cannot be 

 

We’ve modified a sentence in 

section 3.3 for clarity (the red 

phrase is new) 



single sentence stating that 

you cannot directly average 

vector coordinates  

 

averaged, but to emphasize 

that averaging only selected 

components of 3D vectors (e.g., 

X and Y) can lead to biased 

results. Omitting the Z 

component affects the relative 

contribution (or weight) of each 

vector in the resulting average. 

If the goal is to analyze 

azimuths of 3D vectors, a better 

approach is to project the 

vectors onto the XY plane and 

normalize them. This removes 

the influence of dip on the mean 

azimuth. 

 

“Therefore, the directional (𝑋 

and 𝑌) contribution of sub-

horizontal triangles to the 

resultant vector will be 

relatively small compared to 

more inclined triangles (Fig. 

2).” 

 

20.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Lines 125-128: 

I would remove this figure, this 

seems trivial enough to not 

need a graphical illustration  

 

 

Clarification/Disagree 

We would like to have this 

figure because it can be helpful 

in the following: 

-the impression of “triviality” 

may be from a 

misunderstanding, as detailed 

in our response to comment 

#19 

-the dimensionality reduction 

can also be relevant in terms of 

explaining apparent redundancy 

of orthogonality test (see our 

response to comment #44) 

-immediate understanding of 

pitfalls regarding directional 

analysis of 3D and 2D data 

 

None. 

 

21.  

Suggestion, Question,  

or Comment from the  

Author’s Response Change in the Manuscript 



Reviewer#2 

Line 130: 

Propositions? 

  

 

Agree We’ve replaced “formal results” 

with “propositions”. 

 

22.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 131: 

As I said in the general 

comments, please add here a 

section to clearly state all the 

assumptions your 

mathematical proofs rely one 

 

 

Agree 

See our responses to comments 

#9 and #18. 

Done. 

 

23. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 162: 

Again, propositions? 

Agree We’ve replaced “formal results” 

with “propositions”. 

 

24.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 181: 

Agree Done. 



cyan, not pink 

 

 

25.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 205: 

  

I agree with Proposition 2 from 

a general point of view, but I 

see two difficulties: 

- from a formal / mathematical 

point of view: the dip direction 

of an horizontal plane is ill-

defined (I assume...) 

- from a practical / 

implementation point of view: if 

your code considers that "an 

horizontal plane has a North-0 

dip direction, then integrating 

the horizontal triangles in the 

statistical analysis will 

completely bias your result 

 

 

 

Clarification 

We acknowledge that the dip 

direction of a horizontal plane is 

formally undefined, since the 

normal vector is vertical, i.e., [0, 

0, 1], and this would indeed 

lead to division by zero in the 

atan2() function. 

However, we would like to 

clarify that adding the [0, 0, 1] 

vector to the vector sum in our 

statistical analysis does not 

affect the computed dip 

direction. For example, if the 

sum of normal vectors is [6, 7, 

9], then adding [0, 0, 1] results 

in [6, 7, 10]. The dip direction 

remains unchanged, as it 

depends only on the x and y 

components of the resulting 

vector. 

Regarding the implementation 

issue: our GitHub repository 

includes three pieces of 

software, and in none of them 

do we assign any specific dip 

direction (e.g., North-0) to a 

horizontal plane or to the [0, 0, 

1] vector. Nevertheless, if such 

a line was found, we kindly ask 

the Reviewer to specify the file 

and line number.  

As an alternative 

implementation strategy for 2D 

directional analysis, zero 

vectors ([0,0]) could be 

excluded, since they lack a 

defined direction and do not 

 

None. 



influence the statistical 

distribution of orientations. 

 

 

 

26.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Lines 210: 

 Would it change anything to 

the result if the error is spatially 

correlated? It would be a more 

realistic case. Maybe for the 

discussion? 

 

 

Clarification 

This is an interesting question. 

We agree that spatial 

correlation of errors could 

represent a more realistic 

scenario in certain contexts. 

However, since we did not 

perform simulations under this 

assumption, we are currently 

unable to assess its impact. 

 

We’ve added a sentence about 

this limitation and possible 

development. 

“Since our model assumes 

independence of errors across 

boreholes, another possible 

development would be to consider 

spatial correlation of errors. “ 

 

27. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

Line 214: 

See general comments: relying 

on expectated values assumes 

to have a sufficient amont of 

data. I agree that "in data 

sparse contexts" it is still an 

interesting strategy to try to 

extract as much information as 

possible, but expected and 

values are not exactly the 

same 

  

 

 

Clarification 

See our response to comment 

#11. 

 

None. 

 

28.  



Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 221: 

Are we not supposed to work 

with directional statistics, rather 

than direct averaging of 

coordinates? 

 

Clarification 

Indeed, in directional statistics, 

there are several established 

approaches to computing the 

mean direction (see, e.g., 

Mardia & Jupp, Directional 

Statistics, Section 2.2). One of 

the standard methods assumes 

unit vectors and defines the 

mean direction as the direction 

of the resultant vector sum — 

which corresponds to computing 

the arithmetic mean of the 

Cartesian coordinates. 

You can also have a look at the 

portion of Allmendinger et al. 

where direction cosines of 

orientation pairs (dip&dip 

direction) are regarded as 

Cartesian coordinates and 

summed to infer the mean 

orientation. 

 

 

None. 

 

 

 



 

References: Mardia K., Jupp, P., Directional statistics, Wiley. 

 



 

 
‘ 

References: Allmendinger, R. W., Cardozo, N., & Fisher, D. M. (2011). Structural geology algorithms: 

Vectors and tensors. Cambridge University Press. 
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Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 



 

Line 222: 

When looking at the results on 

a stereonet: ok as you can 

distinguish the dip directions 

you are interested in "thanks to 

their dip" (about 90 degrees, 

when horizontal triangles are 

about 0). However, 

mathematically speaking the 

orientations of the horizntal 

triangles do not "simply cancel 

each other". Depending on the 

number of triagles on the 

footwall, it can completely 

change your overall distribution 

of dip directions, and 

drastically reduction the 

"signal-to-noise" ratio of the 

analysis 

  

 

 

Clarification 

We would like to clarify that in 

the original sentence (Line 

222), we did not refer to the 

stereonet visualization, but to 

the effect of certain triangles on 

the mean dip direction, which 

is more evident in the tabulated 

results than in the stereonet 

itself. 

Under the assumptions of 

Proposition 4, the X and Y 

components of the normal 

vectors associated with these 

triangles have zero expected 

value. Consequently, their 

contributions cancel out 

statistically in the mean, and do 

not affect the resulting average 

dip direction. 

The situation is analogous to a 

coin toss experiment: although 

each realization may vary, the 

expected number of tails in 10 

tosses remains 5. Similarly, 

even if individual normal vectors 

vary due to elevation 

uncertainty, the expected vector 

sum remains centered in the Z 

direction, [0, 0, 1], and does not 

bias the dip direction estimate. 

 

None. 

 

30. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Lines 249-252: 

It would be interesting to 

compare the results with 

Michalak et al, 2021 to see the 

improvement 

 

 

Clarification 

The primary aim of our study 

was not to improve the results 

of Michalak et al. (2021), but 

rather to investigate how 

statistical estimates behave 

when elevation uncertainties 

are introduced. The purpose 

was to test the robustness of 

the method under such 

None. 

 



uncertainty, not to optimize or 

outperform existing 

approaches. 

 

 

31.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Lines 262-263: 

I did not get what orientations 

we are looking at in this figure 

 

 

Agree/Clarification 

Indeed, it was not clear. We 

meant that they were the 

orientations of triangles as 

three-element subsets of the 

set of points. 

 

We’ve extended the 

description about the data. 

 

32.  

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 268: 

In (c), it "looks" like there are 

only punctual data, but if I well 

understood multiple points on 

the stereonet are colocalized. 

Comparing to (d): it becomes 

clear that these are actually 

clusters. 

Could it help adding density 

maps to the stereonet ? 

 

 

Clarification 

Regarding the apparent 

colocalization of points: if the 

triangles share the same dip 

direction, their poles will indeed 

align along a single meridian in 

the polar projection. 

We chose not to apply density 

shading to the stereonets, as it 

could obscure this radial 

alignment pattern, which is 

important for interpreting dip 

direction consistency across 

realizations. 

 

None. 

 

33. 

Suggestion, Question,  Author’s Response Change in the Manuscript 



or Comment from the  

Reviewer#2 

 

 Line 276: 

Please remind here the ground 

truth values to help analyse  

the results 

 

 

Agree 
Done. 

 

34. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 316: 

 

No need to give example, or 

please cite an open-source 

alternative (e.g., QGIS) rather 

than a commercial software 

  

 

 

Agree 

 

We’ve deleted the example. 

 

35. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 347: 

This still remains a very 

idealized case, given the other 

assumptions 

 

 

 

Clarification 

We note that in this context 

„idealized” can be equivalent to 

„rounded”: we demonstrated an 

example GEBCO data set which 

has rounded (integer) values 

which locally looks as the data 

points from Fig. 5A. 

 

None. 



 

36. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 351: 

To generic, data-based 

triangulation instead? You can 

do TIN-based modelling 

without using your data as a 

direct support. See e.g., 

Caumon et al, 2009 

(https://doi.org/10.1007/s11004

-009-9244-2) among many 

others 

 

 

Clarification 

We meant that directional 

analyses of TIN data should 

take into account the 

propositions obtained in this 

study to better understand the 

directional distribution. 

 

We’ve modified the bullet 

point. 

 

37. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 394: 

Remove the double negation 

for clarity 

 

 

Clarification 

Please note that due to update 

of the definitions, this definition 

no longer exists.  

 

We’ve moved the definitions 

from the Appendix to section 

3.2. 

See also our response to 

comment #18. 

 

 

38. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 407: 

 

Agree 

 

Done. 



Though obvious, introduce 

notations: given 3 vertices s = 

(s1, s2), ... 

 

39. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 409: 

The oriented vector tu.  

 

Agree 
Done. 

 

 

40. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 414: 

Already said, but I did not find 

this important assumption 

sooner in the text 

 

Clarification 

See our response to comment 

#9. 

See our response to comment 

#9. 

 

 

41. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 418: 

For all equations: check SE 

guidelines for writing 

equations. I am not familiar 

with them, but I assume most 

of bold characters should be 

replaced by "normal" ones. 

Agree/Clarification 

The SE guidelines say: 

“Matrices are printed in 

boldface, and vectors in 

boldface italics.” 

However, I am not sure if all 

papers adopt this visualization. 

For example, the Sanan et al. 

 

We’ve removed the bold style 

from scalar elements in vectors 

and matrices. 



Bold is usually for vectors / 

matrices, not for scalar values 

 

 

paper  

(https://doi.org/10.5194/se-11-

2031-2020 ) doesn’t print 

matrices in bold. 

Nevertheless, you are probably 

right that matrix elements 

shouldn’t be printed in bold. 

 

42. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

 Line 422: 

 

To keep the manuscript 

concise, directly state "using 

the cross product, we compute 

the normal vectr..." and put the 

results of equations 13-15, 

without the intermediate steps. 

The computations are simple 

enough for the reader to be 

able to reproduce them on its 

own 

 

 

 

Clarification 

We agree that the computations 

are simple. 

However, we would prefer to 

have the intermediate steps 

because it is more clear that we 

calculate the cross product for 

3D vectors rather than 2D 

vectors (see also our response 

to comment #44). 

 

 

None. 

 

43. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 450: 

Remove this sentence  

 

 

Agree 

Done. 

 

 

44. 

https://doi.org/10.5194/se-11-2031-2020
https://doi.org/10.5194/se-11-2031-2020


Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 455: 

 

No need, this is the definition 

of the cross-product! 

Its result is orthogonal to the 

"input" vectors  

 

 

Clarification 

Please note that the cross-

product was done for 3D 

vectors, while the 

“orthogonality/perpendicularity” 

test was conducted using dot 

product for 2D vectors.  

 

None. 

 

45. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 455: 

 

orthogonal 

 

Agree 

We think that both versions are 

good in this context, but we’ve 

replaced “perpendicular” with 

“orthogonal” 

 

Done. 

 

46. 

Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 491: 

 

Again, to keep it concise, 

directly state the result of 

equations 24-26 

 

Clarification 

See our response to the 

comment #42. 

 

None. 

 

47. 



Suggestion, Question,  

or Comment from the  

Reviewer#2 

Author’s Response Change in the Manuscript 

 

Line 551: 

 

Again 

Clarification 

See our response to the 

comment #42. 

 

None. 

 

  



We thank the Reviewer#3 for additional efforts and comments leading to improvement of figures. 

 

Responses to the Reviewer#3 (Community comment, Giacomo Medici) 

 

1. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

General comments 

Very good geo-modelling 

research with a focus on 

representation of fault 

geometries. Please, follow my 

specific comments to improve 

the manuscript. 

 

Thank you for your assessment. 

 

Not applicable. 

 

2. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

Specific comments 

Line 16. “Geometrical” better 

than “directional” for an 

abstract. 

 

Agree 

 

Done. 

 

3. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

Line 32. Add other applications 

in the growning fields of geo-

sciences of CO2 storage and 

geothermal energy. Please, 

insert the following references 

for the importance of faults in 

these two geo-energy fields: 

Agree/Clarification 

We believe that the paper (doi: 

10.3389/feart.2023.1328397) is 

relevant because, as a review 

article, it summarizes 

experimental techniques to 

characterize geometrical 

 

We’ve added new citations in 

relation to geothermal energy 

and CO2 storage. 



Geothermal energy: Medici, G., 

Ling, F., Shang, J. 2023. 

Review of discrete fracture 

network characterization for 

geothermal energy 

extraction. Frontiers in Earth 

Science, 11, 1328397. 

CO2 storage: Nicol, A., 

Seebeck, H., Field, B., 

McNamara, D., Childs, C., 

Craig, J., Rolland, A. 2017. 

Fault permeability and CO2 

storage. Energy Procedia, 114, 

3229-3236. 

 

properties of subsurface 

aquifers which is relevant for 

geothermal applications. 

However, we would also need 

to cite at least one original 

article 

(https://doi.org/10.1016/j.geoth

ermics.2022.102523). 

Regarding the second paper 

(doi: 

10.1016/j.egypro.2017.03.1454)

, we believe that it is a 

conference paper or an 

extended abstract. Therefore, 

we decided to cite a full original 

paper instead 

(https://doi.org/10.1016/j.ijggc.

2019.06.013). 

 

4. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Line 50. Clearly state the 3 to 4 

specific objectives of your geo-

modelling research by using 

numbers (e.g., i, ii, and iii).  

Agree/Clarification 

Honestly, we have rather two 

main objectives: analyzing case 

studies for data with and 

without uncertainties. Of 

course, we could add a third 

bullet point with the analysis of 

GEBCO data, but this is rather 

a discussion of implications of 

the previous analyses. 

 

 

We’ve highlighted two bullet 

points. 

 

  

https://doi.org/10.1016/j.geothermics.2022.102523
https://doi.org/10.1016/j.geothermics.2022.102523
https://doi.org/10.1016/j.ijggc.2019.06.013
https://doi.org/10.1016/j.ijggc.2019.06.013


5. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Page 6. I can see several 

equations without numbers 

associated with. 

Clarification 

Some minor formulas don’t 

have numbers. If the Editor will 

require additional numbers, we 

will introduce them. 

 

 

None, as of now, but can be 

added upon the Editor’s 

request.. 

 

6. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Lines 281-294. This part of the 

discussion shows paucity of 

literature. I suggest to back-up 

your statements with 

supporting literature. 

 

Agree 

 

 

We’ve added three references 

to the section 5.1: two 

textbooks as a support for 

general definitions and one 

historical paper. 

 

7. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Line 362. Add a “take home 

message” for the researchers 

working in the field. 

Clarification 

We are not sure which field is 

the Reviewer referring to 

(structural geologists, 

bathymetric geomorphologists). 

The conclusions can be mostly 

useful for researchers working 

explicitly with triangulated 

surfaces or implicitly: in the 

form of performing directional 

analyses of surfaces (azimuth, 

We’ve added a general 

statement before the bullet 

points. 

We’ve improved the first bullet 

point of the Conclusion 

because it was not very clear. 

 



maps) that use triangulations 

under the hood. 

 

8. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Figures and tables 

Figure 3. You can make the 

four diagrams closer, gain 

space and enlarge the overall 

image. The four blocks are 

difficult to analyse. 

 

Agree 

 

 

We’ve reduced the space 

between four diagrams and 

enlarged the image. 

Moreover, we’ve made the 

background less dark 

according to the request of the 

Editorial support. 

 

9. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

 

Figure 4c. This is a 

conceptually different image. It 

should represent a separate 

Figure 5. 

Clarification/Disagree 

Although Figure 4c might 

appear conceptually different at 

first glance, it is intentionally 

placed as part of Figure 4 

because it directly corresponds 

to the triangle orientations 

shown above. Separating it into 

a new figure would break this 

link and make it harder for the 

reader to associate the triangle 

geometry with the resulting 

directional patterns. 

 

None. 

 

 

10. 

Suggestion, Question,  Author’s Response Change in the Manuscript 



or Comment from the  

Reviewer#3 (community 

comment) 

 

Figure 6c and d. Same issue 

here. These are very different 

images. They should represent 

a separate figure. 

Clarification 

See our response to comment 

#9. 

However, we realize that the 

caption did not include all 

information to see the 

correspondence. 

We’ve improved the caption to 

Fig. 6 to show the direct 

correspondence. 

 

11. 

Suggestion, Question,  

or Comment from the  

Reviewer#3 (community 

comment) 

Author’s Response Change in the Manuscript 

Figure 7c. Improve the 

graphical resolution of the 

Figure 7c which is a stereonet. 

Agree 

 

Done.  

 

Other changes: 

We had a bug in the code in relation to the sample circular dispersion (there was m2
2 but it should be 

just m2). The code and the tabulated results have been revised accordingly. 

According to the request of the Editorial support (Mrs Daria Karpachova), we’ve made the 

background of selected figures (1, 3, 4 and 5) less dark. 

 


