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Review of Roberts et al. “This manuscript is sort of a funny mix of a review and new
datasets. While the title suggests it is about dating veins, much of the text is devoted
to other types of carbonate dating. While it is nominally a review of vein dating, it is not
a complete review of what is out there.”

This is a correct understanding of the paper — most of our experience is from vein-filling
carbonates, but is relevant to all carbonates. We do not wish to have those working
in non-vein filling carbonates to ignore the paper, as we feel it has relevant info for all.
Equally, we admit that not all carbonates are covered equally. However, with paper like
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Woodhead & Petrus coming online — we feel the gaps will be covered by other papers
in the special issue.

“My comments below are really specific to the sections | am making the comments on,
but my overall take on the manuscript is that it could be more compactly packaged and
could do a better job of reviewing all of the U/Pb dating of vein material- perhaps leaving
off discussion of speleothems which is well covered by Woodhead and a laundry list of
carbonate characterization techniques that aren’t tied to examples.”

We disagree — the paper is going to be a reasonable length even if we cut a couple
of sections, so we do not feel that removing sections will benefit the paper — they will
likely be of use to someone. Woodhead & Petrus covers a scattered amount of ma-
terial, certainly not an exhausting review of speleothems. Our paper does not conflict
in particular, so we feel that everything we cover has its utility. We agree that the car-
bonate imaging section is not tied to examples, but most techniques are then covered
in the subsequent sections where several imaging techniques are used. Since there
is no current literature reviewing these techniques we feel it is reasonable to keep this
section.

“The modeling of initial disequilibrium is a very important contribution. Why is it so late
in the paper? | think it should be upfront and that the ages that are being reported from
various veins might be considered in light of this. Does the few million years matter?
What is the question- and how accurate does an age need to be to answer it.”

We agree, it is important. The current version could be ordered in several ways, but
it our opinion follows a logical progression. Yes, we agree with the rhetorical question
‘does the few million years matter?.... This is why we have included statements such
as the following: “In fact, after propagation of all relevant uncertainties, final U-Pb
dates typically exceed 3% precision (20). For this reason, LA-ICP-MS carbonate U-Pb
geochronology is particularly suited for applications in tectonics and crustal fluid-flow,
but commonly less suited for applications in stratigraphy and palaeoclimate.”
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“Introduction- It is clear that laser ablation dating of carbonates is going to take UPb
carbonate dating to a new level. It is particularly clear that using the Drost et al. ap-
proach for extracting pixels from imaging is going to push the potential even further,
and in terms of uncertainties, perhaps to the realm where it competes with isotope
dilution. | feel like the either or aspect to this introduction is a bit off track. That is, it
is clear one can get far more precise measurements with isotope dilution. The size of
the error ellipses at the best one can do with laser ablation is far larger than for isotope
dilution. Obviously, the system has to be pretty well behaved to give a good line and
the uncertainties are a reflection of that. However, the error ellipses are so large that
the MSWD should be very low and even so there is often over dispersion of data. So
even though one can drive the uncertainties down by increasing the data spread in a
very clever way, | do not believe that this in anyway replaces the importance of isotope
dilution for establishing the reliability of these ages. This is addressed further into the
document, but it is a little bit overstated in the Introduction in my opinion.”

We understand TR’s point here. In general we agree. We have added reworded the
caveat sentence, strengthening it, and have added another final sentence leaving the
reader clear that ID is required for ultimate reliability. However, we add that if the
community had not invested time into the LA technique, and had stuck with ID alone,
we would simply not be able to date the types of material we now can.

“Figure 1: This should include a concentration scale. There should also be plane light
and crossed polar light photomicrographs of the sample to go with the laser ablation
maps. Further, it would be useful to see these maps with respect to other elements,
particularly Fe, Mn, Sr, and Mg- the usual calcite elements measured for comparison.
This will allow researchers who are interested in dating their carbonates to compare to
what you have successfully dated.”

We have added concentration scales. These are all mounted chips of calcite rather
than thin sections — and thus optical imagery is limited in its usefulness. We have
added photomicrographs of the samples to an additional supplementary figure however
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— not all of the samples had high resolution imagery that was suitable for an in-paper
figure. The lead author is collating another paper concerning trace elements in calcite,
and such comparisons between elements and uranium in particular will be the subject
of that paper. Several of the examples later in the paper show maps from several
elements to allow comparison.

“Figure 2: This is a nice figure. | think a stronger point could be made that based on the
LA results it would be possible to sample the high and low mu areas and achieve closer
to the same spread in the data with ID. Presumably, you have synthetic data that could
be used to do more with this figure. For example is Figure 2B the U concentration?
The U/Pb? What is the concentration? From the description you hold Pb constant and
have a range of U. What did you use for the initial Pb? Does it have scatter? How did
you create the data used for the two isochrons? | am wondering why there is so much
scatter in the green points for the LA data?”

The LA data is a natural dataset (with natural Pb-Pb variability). The ID dataset is
generated by averaging these ‘real’ data, as per the map figure in a broad context (ob-
viously the data pertaining to the spots will not exactly match what would be measured
for ID). The uncertainties for the ID data are randomly applied with a mean of 0.5% for
both Pb-Pb and Pb-U ratios. Yes, Figure 2b is the U concentration, or the U-Pb ratio
- with a fixed Pb concentration they are one and the same. The concentration is low
— meaning that the volume needed for low blank ID is accurately drawn. Why is there
scatter — it is a natural sample — i.e. we do not know why! Variable initial lead?,Some
open-system behaviour?, etc. This is irrelevant as it would be replicated regardless of
the LA or ID approach.

“Line 300-Just a personal preference, but | think starting a sentence with a call out to
a figure is awkward. Instead, | recommend making a statement about what the figure
indicates and then calling the figure out. | won’t repeat this for the remaining examples,
but I think this should be changed throughout the text. | would also break this up into
multiple sections which could call out figure 5 rather than as this lab project looking list
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you have.”

We disagree. Keeping text as simple as possible is the best approach to any paper
(whether |, the lead author, manages that | cannot say). We feel that this comparison
of different isochrons (the good, the bad and the ugly), has not been covered for any
U-Pb chronometer — and is a useful standalone section. ‘Pedagogic’ — to quote two
separate co-authors.

“Line 358 is not accurate. There is no indication that having reduced U is more stable
or more common than oxidized U. Both oxidized and reduced U have been observed
and the U/Pb systematics, and even the U concentrations have not been shown to be
controlled by this.”

Our mistake, we have corrected this sentence. (We were originally incorrectly alluding
to the fact that U(IV) should be more stable due to its size —i.e. the Sturchio et al 1998
study, but we realise this is not what was said in the cited Rasbury and Cole paper.

“Line 366 is also not accurate. U(IV) is insoluble in reducing fluids but is easily oxidized
when oxidizing fluids interact with it. The Drake et al 2018 result on high concentrations
of U assuming that the U is reduced and that explains elevated concentrations is not
supported. It could be that the U is reduced, but stating that here without real evidence
is propagating a myth. A really important question is how U(IV) could remain in solution
to be incorporated in carbonates? This is particularly important for vein calcites as
fluids can be meteoric, or have a deep source, or may be a mix of these. | bet you can’t
find a speleothem calcite that doesn’t have U(VI) and yet your figure and discussion
shows that they have equally high to higher U concentrations to veins.”

Regarding the Drake study — firstly, our sentence importantly contains the term ‘inter-
preted as’. We do not feel this is perpetuating a myth. Secondly, we agree that U(IV)
has no current evidence - however, ongoing work is aiming to prove that. We added
the term ‘in these environmental conditions’ — to the sentence about partition coeffi-
cients, as a caveat. We do not imply that U(IV) stays in solution in the text — this is
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the reviewer’s extrapolation. High U zones in calcite may in fact have acted like reduc-
ing fronts on a very small-scale — i.e. when U is reduced, it may then be in solution
for a very short time — precipitating into calcite. The statement about speleothems is
not pertinent — as we make no great claims about U(VI) versus U(IV), we merely state
that studies have found both. In fact, we finish this section stating that: “It is evident
that more data from natural carbonates in different settings are needed to more fully
understand the controls on U and Pb incorporation.”

“Line 411 is not exactly correct. Even if a fluid goes through a Pb rich rock it doesn’t
necessarily become high in Pb. It depends on the solubility. An example of one of the
highest mu’s ever measured is from David Richards, 1998 paper from speleothems in
Winnats Head Cave, Peak District UK which | understand is near a galena mine.”

Fair point. We based this on limited experience — but we point out that all hydrother-
mal vein samples we have dated from nearby or within Pb-bearing ore deposits were
undateable due to high Pb/U ratios. Speleothems and tufas form in a different way to
hydrothermal veins, and thus perhaps behave differently in terms of their mineral-fluid
U/Pb behaviour. We now state that enrichment in Pb/Ca ratio may potentially take
place.

“If the discussion of the various techniques for detailed investigation of carbonate tex-
tures and element zoning could be put into the context of their application to dating
veins rather than leaving that to the imagination (I am thinking back to figure 2 here) |
think it would be a whole lot more digestible for researchers who are wondering how
to get started. If you don’t think phosphor imaging is good for this application, you
could state that in a sentence rather than discussing how it works. This has been pub-
lished and is used by others. The statement that speleothems have more U than other
samples is not supported by your own figure 6.”

The examples in the paper in the subsequent sections show the combination of sev-
eral imaging methods with data collection and interpretation. For some of the image
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techniques that are available and that we describe, we do not have specific examples
of where we found them useful. However, that does not mean other users may not find
them useful themselves. For this reason, we feel it is appropriate to document all of
the standard, traditional and accessible techniques that are available to the community.
This technique is still growing, and thus other or better uses of such techniques may be
found in the future. Of course there are other techniques such as synchrotron based,
but these are accessible to very few users without specific grant projects and needs.
The median U content in speleothems is 1.8 ppm, and in other samples, namely veins
is 0.03 and 0.08 ppm — so yes the figure does support this statement.

“Line 519- The title destructive techniques sounds so final! A small line left by a laser
ablation traverse is hardly visible on a thin section or slab and as the paragraph accu-
rately states can give important information on the potential for U/Pb dating.”

Destructive and non-destructive are commonly used terms by the U-Pb community who
use LA, ion-probe, EMPA and SEM-based techniques. The spots used by LA can com-
pletely destroy diagenetic cements, and using such techniques has to be conserved in
the workflow of imaging and analysis.

“Line 605- it could result in meaningless ages- but this isn’t required.”
Sentence altered.

“Line 870- | would be a little careful about the wording. Pb derived from ancient source
will have a high 207/206. | think you mean instead source that have a relatively high
U/Pb with a long enough evolution to give lower 207/206 which is then leached or
dissolved and incorporated as initial Pb in the calcite you are dating. In carbonates an
easy way to do this is to somehow preserve aragonite through early diagenesis and
then have it exposed to a fluid which will quickly dissolve it and take the radiogenic Pb
that it produced (as well as the U).”

Yes we agree the wording has to be careful, and leaching of Pb that has sat in a ma-
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terial for a long time is indeed what we mean. We have reworded this paragraph and
removed the red lines from the diagram as they were confusing and potentially mislead-
ing. The aragonite example is not entirely correct — because if the U is incorporated
too, then the Pb will be ‘supported’ and the U-Pb and Pb-Pb ratios will match and pro-
vide a young age. The process we are describing is incorporation of unsupported Pb —
i.e. radiogenic lead that is decoupled from its parent U — this is how low 207Pb/206Pb
and low 238U/206Pb ratios are achieved. We have added the term unsupported lead
to make this clear.

“Line 906- the example of the Moab fault seems out of place. | don’t understand why it
follows a discussion of common Pb corrections.”

This example is all about demonstrating the variability and existence of common lead
compositions that are radiogenic with respect to the Stacey & Kramers model. It could
be moved up, but then it would precede the discussion common lead variability to which
it is pertinent.

“Line 1063 | think you mean have a high likely of not being in secular equilibrium. Your
discussion at the bottom of page 42 makes a good case for ID for samples that you
want to know more about secular disequilibrium in.”

Line reworded (as noted by reviewer 1 also). We already state that: “This approach is
based on ID, and it is unclear how effective it will be for LA-ICP-MS dating, given that
204Pb is difficult to measure at high precision. “

“Line 1289 | think you mean data instead of date.”

Fixed.

“Line 1303 applied to a range of applications — should be reworded.”
Fixed.

“Line 1329 record and archive say the same thing. Pick one.”
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Fixed.

Interactive comment on Geochronology Discuss., https://doi.org/10.5194/gchron-2019-15,
2019.
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Fig. 1. Updated Figure 1 with concentration scale
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Fig. 2. Updated Figure 14 without the confusing red lines
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