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introduCtion

Proyer (2017), the Discussion in this issue of American Miner-
alogist, disagrees with our recent findings indicating that, in some 
gem corundum, oriented rutile needles grew by epitactic copre-
cipitation rather than the usual assumption of exsolution. Proyer’s 
concerns are, in part, related to a misunderstanding of our model 
and, in places, his arguments are based upon claims that are not 
supported by the cited literature. We welcome the opportunity to 
clarify the matter. However, before starting, it was pointed out to us 
that the correct term is “epitactic” and not “epitaxial” (Bailey et al. 
1978). The term “epitactic” is meant to describe the intergrowth of 
two minerals having two-dimensional coherence at their interface.

MiCroCheMiCAl evidenCe

It bears mentioning at the outset that we were careful not 
to overreach. We felt there was a strong argument for epitactic 
coprecipitation in our samples, but never concluded that exsolu-
tion never occurs in natural gem corundum. Our argument was 
dominantly supported by the observation of high field strength 
elements (HFSE) such as Nb5+ and Ta5+ by LA-ICP-MS and the 
identification of the HFSE host as oriented needle-like rutile by 
EPMA. Given that HFSE are likely to be highly incompatible 
in corundum, the exsolution hypothesis seems untenable. Even 
compatible ions like Ga3+ are typically incorporated at less than 
100 ppm atomic levels, so the presence of comparable amounts of 
Nb5+ and Ta5+ can only be rationalized through coprecipitation of 
Nb- and Ta-bearing inclusions.

Proyer acknowledges that this is a strong argument in favor of 
the coprecipitation hypothesis, yet doubts that the HFSE-enriched 
rutile inclusions we analyzed were oriented and needle-shaped 
[although it was clearly mentioned in Palke and Breeding (2017) 
in the EPMA results section and the Table 2 title that we analyzed 
needle-shaped oriented rutile]. Figure 1 shows a BSE image of 
sample TUN. Rutile in this region is needle-like and oriented. 
These are the types of rutile grains analyzed by Palke and Breed-
ing (2017). Proyer’s concerns about the morphology of our rutile 
inclusions are unwarranted, which strengthens our conclusion of 
coprecipitation according to Proyer’s own admission.

The concern about low Ta counts in nanoSIMS is understand-
able, but low Ta counts are expected. NanoSIMS was used to 
identify the Be host. While nanoSIMS is capable of measuring 
light and heavy elements at the same time, it is not capable of be-
ing simultaneously good at both tasks. To improve sensitivity of 
Be we had to sacrifice Ta counts. While Ta in rutile could not be 
quantified by nanoSIMS, this was accurately done with EPMA. 
The high Ta/Nb ratio is not an artifact as suggested by Proyer as it 

was confirmed by both LA-ICP-MS and EPMA.
Proyer incorrectly states that we showed no correlation between 

divalent cations and Ti. In fact, Figure 4 of Palke and Breeding 
(2017) clearly shows a 1:1 correlation between atomic Mg and Ti 
at low concentrations. While Ti4+ can also be charge-balanced by 
Fe2+, at these low concentrations this is clearly not happening to 
any significant extent. Ti seems to be fixed by Mg in this low range 
despite the fact that there is sufficient Fe to allow for additional Ti 
incorporation. These low-Ti areas were also largely non-included 
areas. The data only moves away from the 1:1 line to higher Ti 
concentration in heavily included areas. This strongly suggests 
that in the corundum lattice, Mg2+ is charge balancing the bulk of 
the Ti4+, and it further suggests that excess Ti is likely related to a 
simple mechanical mixture of rutile and corundum.

Melt inClusion evidenCe

Proyer questions whether the melt inclusions we studied are 
primary. Melt inclusions were identified as primary by microscopy 
as they were sufficiently removed from other inclusions, fractures, 
or crystal surfaces. These are criteria commonly used in fluid and 
melt inclusions studies (Roedder 1984). It is unlikely the size of 
the bubble is related to the volatile content of the glasses as no fluid 
phases were detected by Raman spectroscopy, suggesting they are 
very low-density contraction bubbles. The separation into primary 
and secondary melt inclusions by Palke et al. (2017) based on mi-
croscopy and dissolved volatile content of the glasses seems to be 
valid. Melt inclusions were identified by their similar appearance 
in the microscope relative to those analyzed chemically by Palke 
et al. (2017) (relative relief of corundum, melt inclusion, and its 
bubble) and by their lack of any fluid/vapor Raman signal. In all 
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Figure 1. Backscattered electron image of oriented rutile needles 
in sample TUN from Palke and Breeding (2017).




