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New Ti-in-quartz diffusivities reconcile natural Ti zoning with time scales and
temperatures of upper crustal magma reservoirs
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Time scales associated with magmatic processes are of primary interest
for volcanic systems. The past decade has seen significant advances in this
area through a combination of geochronology and geochronometry (Kent,
2015). The use of Ti relaxation times in quartz has received particular
attention, especially in the study of high-silica rhyolites. Jollands et al.
(2020) present new measurements for the diffusivity of Ti in quartz, which
differ from the results of Cherniak et al. (2007) by more than two orders of
magnitude, despite using similar experimental setups and conditions.
The Bishop Tuff record serves as a relevant testing ground of these
diffusivities. Zircon crystallization spans ~100 ka prior to eruption, but
most of that time represents a waxing and waning stage recorded primarily
by zircon antecrysts (Simon and Reid, 2005; Chamberlain et al., 2014b).
Quartz crystallization times are constrained to within centuries to a few
millennia prior to eruption, suggesting that the magma bodies that fed the
Bishop eruption were short-lived (Pamukçu et al., 2012, 2015; Gualda et
al., 2012; Chamberlain et al., 2014a). The agreement between Ti
relaxation times obtained using the Cherniak et al. (2007) diffusivities and
melt inclusion faceting times obtained using Si diffusivity in the melt is
striking (Gualda et al., 2012; Pamukçu et al., 2015), and strongly suggests
that the Jollands et al. diffusivities are much too slow for these systems.
Eutectic-like magmas like these would lose sufficient heat on centennial
time scales to crystallize the 5–30 wt% crystals observed in pumice
(Gualda et al., 2012); the diffusivities of Jollands et al. resurrect the
problem of maintaining vast quantities of high-silica rhyolite magma in a
melt-rich state for tens of thousands of years. Finally, short (<1 a)
crystallization times inferred for crystallization of quartz rims and a
microlite population observed in Bishop Tuff pumice is consistent with
fast growth due to decompression (Pamukçu et al., 2012, 2016; Gualda
and Sutton, 2016), a scenario that is also inconsistent with the Jollands et
al. diffusivities.
The Oruanui Tuff is another useful example. Zircon compositions and
ages constrain the longevity of Oruanui magmas to within 3 ka prior to
eruption (Charlier et al., 2008). The centennial quartz crystallization times
obtained using the Cherniak et al. (2007) diffusivities are consistent with
this duration (Pamukçu et al. 2015, 2020) and are also confirmed by melt
inclusion faceting times (Pamukçu et al. 2015), growth times from crystal
size distributions (Pamukçu et al., 2020), and orthopyroxene Fe-Mg
relaxation times (Allan et al., 2017).
Similarly, Shamloo and Till (2019) show rim growth times of quartz (by
Ti relaxation) and sanidine (by Ba and Sr relaxation) in the Lava Creek
Tuff that are in agreement with each other, as long as the Cherniak et al.
(2007) diffusivities are used. Application of the Jollands et al. diffusivities
to the results of Cooper and Kent (2014) for several relevant silicic
systems would lead to quartz residence times longer than those inferred
from plagioclase U-series disequilibria ages. Similar arguments can be
made using the data from Flaherty et al. (2018) at Santorini.
All in all, we do not find support for the time scales determined using
the diffusion coefficients of Jollands et al.. The fact that the experiments
are newer does not inherently make them better, more accurate, or more
reliable. The Jollands et al. (2020) diffusivities lead to results that are
inconsistent with time scales determined using—at a minimum—Si
diffusivities in rhyolites, Fe-Mg exchange diffusivities in orthopyroxene,
Ba and Sr diffusivities in sanidine, U-Pb age dating of zircon, U-series
dating of plagioclase, and thermal diffusivities of magmas. More
experiments are critical to clarify this discrepancy. As it stands, the weight
of the geological evidence strongly suggests storage and crystallization of

eruptible high-silica rhyolites over centennial to millennial time scales,
consistent with Ti diffusivities in quartz similar to those determined by
Cherniak et al. (2007).
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