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The thermal, and therefore physical, conditions of magma
storage (e.g., crystal mush vs. liquid-dominated bodies) exert a
fundamental control on the time scales and processes of magma
mixing. However, although thermal evolution of magma bodies has
been modeled [1-3] observational evidence linking time scales to
thermal conditions of storage (i.e. thermal histories) has been
lacking. We have recently developed a new method of constraining
thermal histories of magma storage by combining U-series dating
of crystals (which provides the total time of storage) with modeling
of trace-element diffusion within crystals (which constrains the
time spent at high temperatures) to reconstruct thermal histories of
magma storage [4].

To date, we have applied this technique to plagioclase in
samples from Mount Hood, OR [4], and Lassen Volcanic Center,
CA, with work in progress at Volcan Quizapu, Chile, and Okataina
Volcanic Complex (OVC), New Zealand. In addition, we have
applied this technique to zircon at the OVC [5]. Initial results for all
locations are strikingly similar, with extended durations of crystal
storage occurring at temperatures below the transition between
largely-liquid magma and crystal mush, and only a small
percentage of pre-eruptive storage times occurring at higher
temperatures. The implications of these observations are that either
magma mixing occurs rapidly, at high-temperature conditions that
are unusual for the magma as a whole, or that mixing must occur
within a low-temperature crystal mush. We are combining these
results with numerical modeling to better define the time scales and
processes involved in mixing in these mush-dominated systems.
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