Dear authors,

Thank you for your very interesting and important study on the formation and
evolution of transform faults in the early Southern Atlantic Ocean. The manuscript
provides many new insights into the structure of transform faults based on various
kinds of geophysical data. The study builds on a previous study by Thomas et al.
(2022) that presented 3D broadband seismic reflection data. Using the structural
information from the seismic reflection data, the new study analyses and models
potential field data to get a better understanding on the lithology and potential
metamorphic processes in the lower crust. The study is of high interest and provides
many original aspects. However, before the manuscript could get published | would
recommend some moderate to major revisions.

We thank the reviewer for the thorough analysis of our submitted manuscript. The
comments are very helpful for us and guided us while improving the manuscript.
Especially the recommendation to add a schematic figure in the discussion helped
us to strengthen the link between metamorphic conditions and magnetization of the
lower crust. We appreciate that the reviewer appraises our study as interesting and
important and hope that our revised version will be valuable for scientific
community working on buried transform faults. Below we address all comments
suggested by the reviewer individually.

The data and methods chapter is not yet well elaborated and needs substantially
more details about the actual pre-processing and processing of the potential field
data. At least proper references should be given, that it is possible to understand,
which corrections were applied. E.g., how the ship-borne data were tied into the
global reference net? What is the actual resolution of the data, and what are the
uncertainties? Did you run any resolution tests? In some cases, it seems to me that
you try to overfit the data. Also, the ERR values do not really represent the
uncertainties as can be seen from various figures.

We understand that the data and methods chapter may come a bit short compared
to the other sections. At this point, we want to emphasize that the processing of the
potential field data was not done by us, but by CGG Multi-Physics. Therefore, less
references are given in the manuscript. However, a processing report is at hand for
us, which allows us to judge that the processing of the potential field data has been
caried out carefully and extensively. Nevertheless, we significantly extended the
Methods section, as suggested by the reviewer. As the main focus of the manuscript
is about the interpretation of buried fracture zones, we shifted most of the gravity
and magnetic processing information to the Appendix.

The processing section of the revised manuscript is split in two subsections “A1.1
Gravity data processing” and “A1.2 Magnetic data processing”. Especially in Section
A1.1, we introduce equations and explanations, which presumably help the reader
to comprehend the corrections applied to the gravity data. There we also explain,
how the gravity measurements were tied in the world gravity network. Gravity data



were gridded in 200 m distance. Regarding the data quality, CGG used high-quality
assessment tools, yielding in an expected gravity data quality of 0.5-1 mGal and less.
As indicated in the figure captions, ERR represents the standard (deviation) error of
the residual gravity and magnetic data. In this context, it represents a proxy for the
fit of the data rather than the inherent error of the data itself.

| wonder a bit that only the lower crust is considered as a source for magnetic
anomalies. To me it is not yet fully clear, how you can rule out differences also in the
shallower crust. What are typical magnetic susceptibilities for the various rock types
(shallow and lower crust) from literature data? The same is about the main “gravity
sources”, in my opinion seafloor, basement and Moho topographies are major
sources for gravity anomalies beside density variations in the individual layers or
bodies.

We agree with the reviewer that the lower crust may not necessarily be the primarily
source for magnetic anomalies. To investigate how the upper crust contributes to
the magnetization, we have extended our analysis by inverting only for the
susceptibility of the upper crust, while keeping the susceptibility of the lower crust
constant. We added a paragraph in the Results section and extended the Appendix
by another figure. The results show that the main structures are maintained, while
the amplitude increases to unrealistic values. This underlines that there is not
enough space in the upper crust to explain the magnetic anomalies.

In general, we agree with the reviewer that the main density contrasts in the
subsurface are located at the seafloor, the Moho boundary and at top basement. In
Section 3.3 we added a sentence, stating that the layers shown in the previous
section represent the major density contrasts in oceanic lithosphere. In our
modelling procedure these density contrasts are acknowledged in the background
model. The remaining signal is modelled by lower crustal density variations.

For your modelling and inversion, you only allow changes to values within one
standard deviation. Is that meaningful at all?

We believe that the range of the standard deviation is suitable to transfer the
estimates of the clustering analysis to the final model. Allowing higher changes in
density or susceptibility of the tectonic blocks would improve the residual data fit,
but would not be meaningful in terms of geological plausibility.

Regarding your results, why TNDR 3 and TNDR5 are that different?

We thank the reviewer for pointing out the differences between TNDR 3 and TNDR 5.
We noticed that the density of TNDR 3 was not modeled properly. Its value is 2.92
g/cm3 rather than 2.89 g/cm3, which is closer to the other lower crustal blocks.
Accordingly, we revised the parts in the results, where we describe the densities of
the TNDR 3 body. At this point, we want to make clear that the overall interpretation
does not change from the density adjustment. Nevertheless, we are aware that



there are still significant differences in the volume of TNDR 3 and TNDR 5. In the
discussion, we added a paragraph that relates the TNDR volume variable budget of
magmatic addition.

In Figures 8 and 9 you show seismic reflections (or migration artefacts?) in the lower
crust. They seem to spatially correlated with the positive magnetic anomalies. Did
you try to model specific bodies within the lower crust that are different in the
reflection characteristics? If these reflections are real and not artefacts, can you rule
out that they are not related to later magmatic phases (e.g., hot spot magmatism)?

The seismic reflections in the lower crust are likely not a migration artefact, because
the Gaussian Beam Migration is extended to 18 s TWT, such that the entire crust is
included. For Section 5 (Figure 8) the reflections partly correlate with the boundaries
of the tectonic blocks, which are identified by the clustering. We added a line in the
manuscript that explains this connection. We also added a summary of the lower
crust reflectivity description from Thomas et al. (2022) in Section 3.2. These steeply
dipping reflectors are similar to other seismic examples, which are reasonably
common in oceanic crust and are generally thought to be related to magma
intruded faults or mylonitized shear zones on the flanks of the magma chamber.
They are therefore early features during spreading. We also point out that there are
almost no indications of post breakup magmatic activity in the dataset at the
distance of ~100 km from the Cameroon Volcanic Line (Section 2).

In my opinion, you are not yet convincing in the discussion about the metamorphic
processes. You should discuss it in a better way to support your preference for
metamorphic processes and why it cannot be related to serpentinization or later
magmatic activity. Maybe, a schematic sketch could also help to illustrate your
interpretations.

We thank the reviewer for raising this point. We reorganized the discussion and
added a section, where we compare the implications of the crustal structure along
the fracture zones of the study area with previous studies, suggested by the
reviewer. In this section, we also discuss that serpentinization is unlikely to explain
the modeled lower crustal properties and the role of magmatic addition during the
transition of transform faults to fracture zones.

Furthermore, we extended the discussion by adding a schematic figure on the
evolution of lower crustal magnetization. Based on this scheme, we revised section
5.3 (previously section 5.2) and more thoroughly discuss how metamorphic facies
and magnetization are related to distance to ridge axis and transform fault. We are
confident that the revised discussion helps to convince the reviewer and readers
that enhanced tectonic and thermal activity during the formation of transform faults
involve stronger metamorphic processes than previously thought.

How do oceanic transform faults compare to other strike slip faults? Can you identify
flower structures?



We have not identified flower structures in our study.

Are there any heat flow data (studies), supporting your interpretations and
conclusions?

We checked the Global Heatflow Data Base if heat flow data exists for the study
area. Only two heat flow data points are available, located outside of the polygon
defining the study area (see Figure). These heat flow data points are of course
modern values while the processes described in the manuscript are Albian in age.
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Heat flow points east of Sao Tome; screenshot taken from the Global Heat Flow
Database at 26 June (https://ihfc-iugg.org/viewer/).

There are still many sentences that could be formulated more clearly. Sometimes,
strange terms like “proxy” are used (e.g., line 211). The figures have overall a very
good quality, but font sizes have to be enlarged. Abbreviations should be explained
in the figure captions. Some figures should be enlarged (e.g., fig. 7).

We have adjusted the font sizes in Figure 6a, highlighting the labels of the clusters.
We have also ensured that the new Figure 11 is readable. Otherwise, we think that
the font size is appropriate. We have enlarged Figure 7 and carefully checked that all
abbreviations are explained in the figure captions. At this point, we want to point out
that the figures shown in the document will be uploaded separately with a higher
resolution. That may help to better comprehend labels of e.g., coordinates.



How does your study differ and compare to classical (e.g., Lin et al. 1990/Nature or
Prince & Forsyth 1988/JGR) or more recent studies? Did you also try to calculate
derivatives of the potential field data to better localize the source of variations of
density and magnetic susceptibility? Did you try to calculate Bouguer anomalies
from gravity data or pseudo-gravity from the magnetic data?

As mentioned in a previous comment, we added a paragraph in the first part of the
discussion, where we relate our study to classical studies mentioned by the
reviewer. We thank the reviewer for making us aware of these references.

We did not calculate derivates of the potential field data and other Fourier-based
transition, because we believe that the availability of a high-resolution seismic data
set is sufficient to interpret depth and lateral extension of the sources seen in the
shipborne potential field data.

A final technical comment, maybe more towards the journal than to the authors: |
find the font size of the main text too small. It is very difficult to read.

We agree that Font Size 10 is rather small. However, we followed the guidelines of
the journal when submitting the manuscript.

| hope, you will find my comments and questions constructive, and that they will
help to improve your manuscript.

Indeed, your comments were very helpful and we are confident that based on your

review the quality of the manuscript has been improved. We hope that it will have
impact on the scientific community!

With best regards, Wolfram Geissler



In the manuscript by Hass et al., authors perform a series of seismic and shipborn
potential field data inversion to model the density and susceptibility of the oceanic
crust and lithosphere in the ancient transform fault zones of Sdo Tomé and Principe
in the eastern Gulf of Guinea. Results show that these transform fault zones present
low susceptibility and medium to high density, reflecting increasing pressure and
temperature, what potentially generates metamorphism of the oceanic crust up to
greenscist facies. The manuscript is well written and conceptualized, and both the
data and the modeling are consistent and relevant for the study of plate tectonics,
especially in the oceanic domain. | recommend the publication of this manuscript
after a few minor modifications.

We thank the reviewer for taking the time to read through our manuscript and
appreciate the appraisal that our manuscript is relevant for plate tectonics in the
oceans. The comments are helpful to improve the quality of the manuscript and
have been addressed in the revise manuscript. Below you find our replies step-by-
step (blue colour).

Comments by lines:
1. 1.21: Please specify the facies change (prehnite-pumpellyite to greenschist?).
We have specified the facies change.
2. 1.30-33: This sentence is unclear, what can be located within the oceanic crust?

We simplified this sentence by using the term potential field data instead of
gravity and magnetic data.

3. 1.33-35: For me it'’s not clear what are the “sources”, and how they can change.
| encourage a conceptulization of this terminology.

The term “sources” was a bit misleading. We added a sentence, stating that
gravity and magnetic anomalies are caused by variations in density and
magnetic susceptibility in the subsurface

4. The addition of sediments increases the density and susceptibility of the
crust? Why?

We rephrased the sentence and clarified that the addition of sediments may
decrease the density contrast in the oceanic crust underneath.

5. 1.38:“generated by spreading ridges”, the strike slip movement can happen
far from the spreading ridge itself.

We totally agree with the reviewer that strike-slip movement is not necessarily
linked to spreading ridge only. However, in the simple view we introduce here,



strike-slip connects the offset in spreading ridge segments. This does not
exclude that strike-slip is observed in other tectonic settings.

. 1.41-43: mass deficit meaning crustal thickening? Seems contradictory, please
explain.

Negative gravity anomalies indicate a deficit of mass in the subsurface. For
fast-slipping transform faults this may be explained by thickening of oceanic
crust (Gregg et al. 2007). By thickening the crust, densities are lower than the
surrounding mantle, causing a negative signal in the gravity data. We
specified the sentence in L.41-L.43 by adding “negative” gravity anomalies.

. 1.43-44: Please improve grammar, confusing.
Corrected.

. 1-50-56: Can you provide a schematic figure of these potential TNDR-B
processes?

We added a sentence and refer to Figure 7 in Thomas et al. 2022, which
shows an interpretation of Transform Normal Dipping Reflectivity at fracture
zones.

. 1.63."“Sdao Tomé and Principe transform fault zones” | suppose.

In this sentence, we only explain where Sao Tome and Principe is located,
without referring to the fault zones.

10.1.70: Please label the CVL in Fig. 1.

We added the CVL as red dashed line.

11.1.78: Please label the Central Fracture Zone in Fig. 1.

Added.

12.1.91: the high rugosity?

The oceanic basement roughness is a function of spreading velocity. That
relationship is well established: slow/ultraslow spreading gives "rough"
oceanic basement, increasing velocities produce smoother oceanic crust. We
added a sentence with a reference that explains rugosity.

13.Fig. 1: Black bold line is the LaLOC? The C34y could be clearer, try yellow if this

is an important feature to be shown. Can you also highlight the spreading
ridges?



We clarified that the black bold line indicates the LaLOC. We changed the
colour of the C34y magnetic chron to yellow. We believe it is important to
show on the map, because it marks the last magnetic signature on oceanic
crust before the Cretaceous Quiet Zone. Spreading ridges are not shown on
the map.

14.1.106: CGG Multi-physics is a software? Or an instrument?
CGG Multi-Physics is the company that conducted the acquisition of the data.
15.1.113: removal of what?

Based on Review 1, we extended the section of gravity data processing and
explain the E6tvos effect in more detail.

16.1.180-181: “Here we use this software to invert...”
Corrected.

17.1.184-185: are you talking about a detachment fault? Or some other concept? |
don't understand how inverted data can “provide space for detachment”, but |
might be confused by the geophysics jargon, can you explain better in the
text what is this detachment?

We specified that the lower crust provides enough space for previously
identified surfaces of enhanced reflectivity (TNDR) to detach on the Moho
boundary.

18.1.221-223: density is high also to the right of your delimited TNDRB 3. There is
some explanation for that?

Likely, this structure can be attributed to the high density close to the FZ.
However, in the following 3D modelling, this structure does not appear with
an anomalously high density, but rather represents average lower oceanic
crust.

19.1In Fig. 8 d the dashed circle for TNDR 3 is bigger than the polygonin c. Inc,
from TNDR 5 to the red polygon to the right, there is not such a contrast in
density or susceptibility, do you think they could represent the same
structure?

We thank the reviewer for raising this point. The dashed ellipse in Figure d)
marks the area, where reflections are evident and were interpreted by
Thomas et al. (2022) as TNDR structures. We agree that the density and
susceptibility contrasts towards the SE of this section is more indistinct
compared to the other sections. The TNDR 5 block might be extended more



the SE, replacing parts of the adjacent C5-type lower crust (red body). To
acknowledge the geometries of the clustering we decided to maintain the
lateral boundaries between the bodies in the lowest. However, we state in the
manuscript that the TNDR 5 body might be more extended to the SE, as
suggested by the reviewer.

20.1.398-400: The density and magnetic properties are caused by the mineral

composition, | think you mean “changes in the density and magnetic
properties” which can be caused by the factors you describe.

Corrected.

21.1.406: “which are often” or similar term, hydrothermal alteration is not the

only reason for this metamorphic conditions.

Corrected.

22.1-410-413: In the last phrase, add that it's unlikely in your study area, not in

any all lower crust.

We agree with the reviewer and clarified that serpentinization of the lower
crust is unlikely in the study area, but likely as a general concept.

23.418-420: This sentences seem contradictory with the first ones. So, you

suggest greenschist was reached in the segment of crust you are studying or
not?

We agree that the essence of the sentence was misleading. We rephrased the
sentence and clarify to suggest that indeed Greenschist Facies was reached in
local segments of the lower crust in the study area.



