Response to referee #2 (D. S. Macholdt et al., Artifacts from manganese reduction in rock samples prepared
by focused ion beam (FIB) slicing for X-ray microspectroscopic analysis)

We appreciate the very thorough and helpful comments by referee #2, which have been considered carefully
and helped to improve the quality of our manuscript. The referees’ comments and our responses are outlined
in detail below:

[1.1] Referee comment: Page 8 line 32: “To verify whether a layer of modified material is actually dis-
tributed homogeneously on the surface of the sample” Why would you assume an even distribution? Please

justify.

Author Response: In the course of our extensive rework of the manuscript, the above-mentioned statement
was omitted. We must admit that we are not capable of proving how deep the damaged layer reaches or if
the damaged layer thickness is similar across the sample. However, the spatial distribution is obviously even
enough to show clearly the mentioned thickness dependency (refer to Fig. 2. and 3). We cannot exclude that
areas with different chemical composition inside the varnish coating behave differently on ion beam expo-
sure. Furthermore, the resolution of the here shown STXM stacks is not high enough to clearly resolve the
submicron to nanometer-sized layering with good statistics, so any differences in beam damage sensitivity
because of compositional fluctuations in the varnish got averaged and therefore remain invisible in our
measurements.

[1.2] Referee comment: Page 11 line 10: “As there is at this time no alternative to FIB as sample prepa-
ration technique to produce intact ultra-thin slices of rock samples,” The reader might wonder which are the
benefits provided by FIB compared to, e.g., Argon ion slicing that has been also used in production of thin
foils especially for TEM. According to this statement, you don’t consider Argon ion slicing as an alternative
to FIB. However, if this is the case especially for the samples used in this study, the reader

would appreciate some reasoning.

Author Response: We appreciate this helpful comment by the referee. Indeed, Argon ion slicing could be a
suitable alternative to prepare ultra-thin varnish slices. Accordingly, the section#

“As there is at this time no alternative to FIB as sample preparation technique to produce intact
ultra-thin slices of rock samples, one needs to be aware of these problems and choose preparation
parameters that help to keep damage to a minimum. To reduce or minimize the damaged area, the
preparation procedure could be conducted using lower voltages during preparation with the FIB and
SEM or, if available, a cryo-FIB (Bassim et al. 2012). However, it is left to further studies to inves-
tigate whether oxidation states can indeed be kept unchanged using more gentle preparation ap-
proaches.”

has been changed to

“As FIB is a widely used technique to produce ultra-thin slices of rock samples, one needs to be
aware of these problems and choose preparation parameters that help to keep damage to a minimum.
To reduce or minimize the damaged volume, the preparation procedure could be conducted using
not only low currents, but lower voltages during FIB preparation. In contrast, lowering the acceler-
ating voltage in SEM might have an opposing, more damaging effect (Joy and Joy, 1996). If avail-
able, a cryo-FIB approach (Bassim et al. 2012) could be applied. Sezen et al. (2011) showed, how-
ever, that cryogenic conditions could not prevent or even slow down the degradation of conjugated
polymers during FIB milling. Alternatively, Argon ion slicing (Stojic and Brenker, 2010) may be a
more gentle and, therefore, suitable approach to reduce beam damage (e.g., Mn reduction) in the
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preparation of ultrathin varnish slices. Even less damaging might be iodine ion milling as mentioned
in Barber (1993). Fischione et al. (2017) established a method in which the damaged surface layers
can be removed after FIB milling by a small spot Argon ion milling process. However, it is left to
further studies to investigate whether oxidation states can indeed be kept unchanged using such
more gentle preparation approaches.”

[1.3] Referee comment: Page 3 line 33: “Here we report about our findings observed during the investi-
gation of the Mn oxidation states in 14 rock varnish samples, collected in different environments and coun-
tries.” and Page 4 line 2: “For the sake of brevity, and since all samples showed the same phenomena, these
findings will be exemplified using measurements on one of the samples.” It is interesting that no differences
between the varnishes were found especially as you have previously reported (Macholdt et al. 2017a) that
layers of Mn-rich material and structures like cavities vary significantly between coatings of rock samples
collected from different environments and regions. Perhaps you could refer to your earlier study to empha-
size the importance of the finding of this manuscript - that the sample preparation of this sort produces
similar kind of artifacts no matter what the structure of the varnish is.

Author Response: Thanks for this thought. As a response to comment [1.1] by referee 1, we included further
plots from other varnish types into the manuscript text and discuss to what extent similar beam damage
patterns have been observed for most samples, with few exceptions. Please refer to response to [1.1] for
details.

[1.4] Referee comment: Page 10 line 8: “we found that artifacts are produced during the preparation of
the samples by FIB and monitoring by SEM, which create a high degree of uncertainty for oxidation state
analyses.” The reader would appreciate a quantitative estimate. Would it be possible to give a rough esti-
mate on how much sample preparation of this kind adds to the total uncertainty — on the basis of the case
presented in the manuscript?

Author Response: Unfortunately, our attempts to directly compare microtomes vs. FIB slides failed to pro-
vide a direct measure of beam damage (from FIB and/or SEM) relative to the native oxidation state. In lack
of suitable reference substances and without a detailed understanding of the damaging mechanisms and their
proportionate amounts of contribution, any quantitative statement would be highly speculative. Typical for
ambient samples is their heterogeneity and diverse composition, which adds another dimension of uncer-
tainty we do not oversee.
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