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ABSTRACT

Many rhyolites contain quartz crystals with relatively Ti-rich rims and Ti-poor cores, with a sharp
interface between zones, attributed to partial dissolution followed by overgrowth following a heating
event due to mafic recharge of the system. Quartz crystals in the compositionally zoned, high-silica
rhyolite Tshirege Member of the Bandelier Tuff erupted at 1.26 Ma from the Valles caldera, New Mexico,
show a range in zoning styles with Ti-rich rims becoming more abundant upward in the ignimbrite
sheet among progressively less evolved magma compositions. Here we compare times between quartz
overgrowth and eruption obtained by applying Ti diffusion coefficients to Ti concentration profiles
in Tshirege Member quartz crystals with those from cathodoluminescence (CL) brightness profiles
and show that panchromatic CL provides only a crude proxy for Ti in quartz in this unit. Titanium
concentrations are measured to detection limits of ~1.2 ppm with small analytical errors (<5%) using
MAN backgrounds, blank corrections, and oblique corrected transects to resolve diffusion-relaxed
zone boundaries as thin as ~10 um. Timescales derived from Ti profiles using the widely applied Ti-
in-quartz diffusion coefficients of Cherniak et al. (2007) range from 60 to 10000 years, suggesting
heating and mobilization events at different times prior to the eruption. However, the use of the newer
Ti diffusivities reported by Jollands et al. (2020) yields timescales up to three orders of magnitude
longer, including results that are geologically unreasonable for the Bandelier system. We suggest that
assumptions commonly made in diffusion modeling, specifically about the form of the Ti zoning profile
prior to diffusive relaxation, may be invalid.

Melt inclusions in the Ti-poor cores of late-erupted quartz are chemically akin to early erupted melt
compositions, while adhering and groundmass glasses more closely reflect the composition of the host
pumice. Heating and mobilization events identified from quartz Ti zoning are thus linked to overall
compositional zoning of the tuff, which may have been produced by repeated episodes of melting of a
crystal cumulate cognate to the early-erupted, evolved rhyolite. Quartz-hosted melt inclusion faceting
suggests the development of a crystal mush over a minimum time frame of 1000-10000 years prior
to the recharge events that produced the erupted Tshirege magma at 1.26 Ma.
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