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To whom it may concern,

thank you very much for your work. In the following I will outline every change made,
based on the comments of the reviewer and where appropriate provide suitable rebuttals.
The line numbers we note in our attached responses refer to the revised version of our
manuscript, now attached. Minor spelling and grammatical mistakes were corrected and
not specifically marked in the manuscript.

Kind regards,
Benedikt Ritter

University of Cologne - Institute of Geology

Reviewer #1 (Remarks to the Author):
General comments

The manuscript addresses an interesting topic using a combination of (novel) methods
and adds significantly to the understanding of the paleoclimate of the late Cenozoic of the
Namib desert.

The methods section should be restricted to the machinery and samples used. General
discussions on the area and the deficiencies of previously used methods should be moved
elsewhere (see specific comments below).

The authors might want to investigate the (potential) correlations between the paleo-
climatic and erosional events in the Namib and the Kalahari in a bit more detail. One of
the co-authors of this manuscript (Gerdes) was a co-author of a 2020 paper on the
Kalahari paleo-climate, so this should be feasible (see specific comments below).

For each photograph, the name of the photographer should be added to the figure caption.
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Specific comments

Line 18: delete “so called” _

L18-19: the chronology is not poor, it might be poorly understood
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L28: surely calcretes did not only occur in the Pliocene?

L32-34: repetition of desert and arid environments. Delete one of them.

L40-41: Rephrase: the calcretes are not only present in the incised valleys, this is just
where they are exposed. The few drillholes found them everywhere in the
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L53-55: “One of ...” and then you mention two calcretes. Confusing! Please rephrase

L58: delete “within this formation”

L65: replace “Etosha Pan” by Kalahari Group sediments

L67/68: the growth rate of the calcrete maybe small but often it will be faster than the
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L68: replace “is” by “can be”

L82: again, the calcretes do not form in the valleys, they are everywhere, they are only
nicely exposed in the valleys

L96: define acronym TCN at first use

L144: The order seems odd: should the Precambrian basement not be mentioned first (as
the oldest part)?



L180: delete “occurring”
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L.236: delete “and forcing”

L268-269: how? by drilling?

—
N
[ee}
T
w
(e
=~
=
Q
(¢°]
Q.
@
©n
a
=
o]
s
o
=
o
-
o
=D
a
=
@
[yl
(¢°]
S
3
D
oy
L
o
=
o
[
ot
n
5
@
o
=
=
o
n
O
=
5
@
m
Q.
<
=7
n
a
c
7
1
@
Q.

5]
o
o
<
®
=
L X
<
o
@ .
Q.
o
(¢}
t
¢}
f-" -
j=n
)
- .
(¢}

—
w
)
!
w
N
—_
=t
=
¢
=
72)
%)
=
c
s
o
=
o
—n
£
=
o
=
7
=
n
o
2
Q.
(9%
Q.
o
<
=3
aQ
=3
)
—
=]
s
o)
7
(@)
o
=
=
o
=
=
(@)
5}
=
©)
=
a5}
=
?

)

=
(@]
=
@
5
s
=
2 "
5
=
@
=
ot
%]



o
w
N
NN
)
Q.
(oW
)
=]
5
t
=)
o
Q.
c
Q
t
o
=
<
w0
t
(Y|
-
o)
8
)
=]
=
S
=
g
j=n
)
(aud
)
=]
=5
<
2
)
-~
()
S
)
=]
g
)
7
c
7
o)
(oW

—
w
w
B
w
g
N
=i
o
wn
—t
o
-
—t+
=
w
o
)
wn
a
=
o
=y
o
=
o
o
@
wn
=
)
—t
o
o,
o
=
[0)¢]
=
@
—~
@
5
o
=i
@
ot
=
o
o
wn
n
@
Q
jmy
o
=]
o
=3
<
ot
=
1)

)

=
®
t
=
=}
(o8
o
o
ot
c
=3
<
c
%]
@
Q.
o
=
Q.
t
=
(¢]
wn
0
=
=
=
o]
Tt
®
o
=
=
Q
c
D
7
n
=
Q
=5
Q.
o
®
(o8
o
%]
o
=
o
@
Q.
=
=}
t
t
=
o©
o
=
o
S
o
=
wn

)

Q
=
Q.
3
(ol
7]
@]
-
@]
ot
=
D
-
=i
[0}
—t
=
o
Q.
%]
=
o
<
¢)
(s
=
%]
B
%]
9]
g
=
(¢}
=
D
=i
<5}
<
o
(¢
t
o
—
=
(¢
5
o
=
(]
Q.
=
(@]
[y
o
=
S~
3
o
[y
<
o5}
o
o
=

)

—~
Q
=
(o8
wn
=
o
=
g
)
=
Lot
ot
g
o
o

—

)



—
N
(@]
(o]
Q.
@
n
a
=
o
@
o
@
o
=
[¢°]
Q
£
o
=i
@
=
—t
g
o
(¢’]
3
15
=]
=8
Q
a
=
o
—
@
-
@
o
o
L —

)

—
o1
Ul
t
ul
U1
o~
—
[¢°]
o
@
=,
(=
o
=
Q.
o
@
—
(¢°]
o
=
©n
=n
o
=
=
@
=)

)

L562-577: are there any correlations between your paleoclimatic events and those
discussed by Houben et al. for this period of time? You later discuss the onset of higher
aridity at 3 or 3.8 Ma but for the older events, a correlation between what was going on in
the Namib and the Kalahari would be interesting, too.

g %
(=
2 P
nn O
—_— =
= =
Q
= &
L«
- &
o ©
Y=
P
39-\
o
=
= 2
5
~ &
mm
& e
5 S
D
L=
T o
T, &
v—l.'-c
=
-
ot
Qo =
= 5
a—l
NS
Al
mo
Em
o &
S o
= o
o o
s
n 2
o
=1
o
=
—t
=
@
=
<
@
—
~




Reviewer #2 (Remarks to the Author):
General comments

This paper presents an interesting application of the U-Pb LA-ICPMS method to secondary
silica within soil from arid to semi-arid environment. This method and application
developments could contribute to future studies on these material for the reconstruction
of paleoclimate conditions in areas where biostratigraphy is limited. The paper could be
improved by discussing some of the complicated issues associated with dating of this kind
of material such as: open-system behaviour (uranium mostly), mixing of different
generations, mixing of different fluids, disequilibrium correction, and matrix-matched
reference material. Each of these issues introduce uncertainties to the final age
determination and a discussion on these issues could provide an honest evaluation of the
accuracy of the dated material. I therefore recommend the following:

Discuss open system behaviour and potential mixing of different generations by looking
at all spot analysis of samples from the same location together on a TW plots (see image
below). This can help to highlight samples with either characteristic open system
behaviour (shifting to the left) or mixing (wedge-like plot). It could also highlight potential
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could also be resolved by looking at spot analysis with cathodoluminescence imaging,



different generations have distinct luminescence (even with gray scale SEM CL). This is
essential step before dating of such texturally complex material, but it can also be done
after analysis is done and will be convincing to see for each sample where the spots where
analyzed. Is it possible to show the area with spot analysis in Figure 4A with CL imaging?
See for example paper by Paces et al., 2010 (Figure 2).

The problem of disequilibrium correction is the most problematic in my opinion. It is not
appropriate to use some value (e.g. 1.75) that was used in other arid environment for the
correction. Did the authors tried to do high-precision analysis of 234U/238U of the
material? LA-ICPMS of the 234U/238U ratio is very difficult and it may look like it is in
secular equilibrium... It is also possible to analyze younger sample from the area and use
it as representative (see Chaldekas et al 2021). Another option is to take a range, between
1 and 2 and report the age range or the uncertainties on the age as a result of that range.

In addition, I have several suggestions for improving the text:

Line 18-21 - first paragraph of abstract is very generic and does not provide the context
for the main issue of this paper to provide a methodological approach for dating material
associated with landscape stability.
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Line 32-38 - maybe also add “discuss several important issues associated with LA-ICPMS
U-Pb dating of secondary silica....”

Line 44-45 - it is unclear why these “sil- and calcretes indicate relatively long periods of
landscape and climate stability during their formation”
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Line 61-63 seems to be important context for this paper...could be extended to include a
bit more details?

Line 69 - based on the results of this study it is not really “clearly pre-dating” the major
canyon incision...five dated samples have ages that overlap with TCN ages. Following that,
is it possible that they represent fluid infiltration during incision?

Line 317-318 could be nice to see these observations with thin-section images of your
samples.
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material? It is important to discuss issues related to differences between your samples
and these reference material... Could you evaluate uncertainties related to downhole
fractionation and/or plasma related fractionation between your material and NIST? This
is another potential issue to discuss related to the methodological development of these
pe of analysis.
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Associate editor decision: Publish subject to minor revisions (further review by editor)
by Daniela Rubatto

Public justification (visible to the public if the article is accepted and published):

Dear Dr Ritter and co-authors,

[ have read your response and I am satisfied that most of the reviewers' comments have
been addressed and the manuscript improved accordingly.

From an editorial point of view, I have a few more comments:

- The abstract is rather repetitive and not factual, especially the first part. Please improve
by reorganising with a short introduction to state the significance of the work, samples
and methods, main results (report actual data) and interpretations, wider implications.

- Please add a table listing sample names, GPS location, field observations, petrography.

- You analysed 4 samples and obtained 12 dates, please explain better the different
textures dated and show them in figures if possible.

Please proceed to the revision addressing all comments.
Kind regards
Daniela Rubatto

Associate Editor

Dear Prof. Daniela Rubatto

thank you very much for your work, processing the entire review process. In the following
we will outline every change made, based on your comments and where appropriate
provide suitable rebuttals. The line numbers we note in our attached responses refer to
the revised version of our manuscript, now attached. Minor spelling and grammatical
mistakes were corrected and not specifically marked in the manuscript.

Kind regards,
Benedikt Ritter

University of Cologne - Institute of Geology
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“The chronology of the Cenozoic ‘Namib Group’ of the Namib Desert

information on desertification and its paleoclimatic variability: Microscale silcrete formation

-) due to pressure solution by expanding calcrete cementation provides the opportunity to date

multiple phases (multiple generation of silcrete as growing layers or shells) of silcrete formation.

Groundwater sil- and calcrete formation occurred at our study site during the Pliocene

exposure ages from flat canyon rim surfaces indicate the cessation of

groundwater calcrete formation du

_ In particular, the use of silcretes (as described above)

reduces potential effects of detrital components and bulk-signal measurements by using massive

calcretes. Our study redefines and improves the generally accepted Late Cenozoic chronostratigraphy

of the Namib Desert (Miller, 2008).”

TCN Exposure Dating

Sample ID Locality Type Longitude [°] Latitude [°] Remark

DWA98006Etch2 Carp Cliff Quartz clasts -23.339 15.744 amalgamated sample of 40 clasts
DWA98007Etch Carp Cliff Quartz clasts -23.339 15.744 amalgamated sample of 40 clasts
DWA98008Etch2 Carp Cliff Quartz clasts -23.331 15.746 amalgamated sample of 40 clasts
DWA98021Etch Carp Cliff Quartz clasts -23.332 15.745 amalgamated sample of 40 clasts
DWA98013Etch2 Kamberg CIliff Quartz clasts -23.608 15.580 amalgamated sample of 40 clasts
DWA98014Etch Kamberg Cliff Quartz clasts -23.608 15.580 amalgamated sample of 40 clasts




U-Pb LA-ICP-MS Datin

Sample ID Locality Type Longitude Latitude Remark

DWA98008- Silc3 Carp Cliff Silcrete on clast -23.331 15.746 Silcrete with distinct layering
DWA98008- Silc4 Carp Cliff Silcrete on clast -23.331 15.746 Silcrete with distinct layering
DWA98008- Silc7 Carp Cliff Silcrete on clast -23.331 15.746 Silcrete with distinct layering
DWA98008- Silc8 Carp Cliff Silcrete on clast -23.331 15.746 Silcrete with distinct layering

Sample Description:




