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Abstract
Zoned plagioclase crystals are often interpreted as proxies for magmatic history because the mineral 

is present in most silicic magmas and has compositional sensitivity to magmatic conditions (pres-
sure, temperature, and composition) with slow internal diffusion that preserves compositional zones. 
Changes in growth rates and crystal dissolution present challenges to quantitatively relating time to 
particular zoning patterns. The numerical model SNGPlag uses Rhyolite MELTS to determine the 
equilibrium phase assemblage and compositions for a user-defined magma composition experimentally 
determined instantaneous nucleation and growth rates, and reasonable dissolution rates to examine 
plagioclase crystallization and population dynamics through time. The model tracks the numbers, sizes, 
morphologies, and compositional zoning of plagioclase crystals through time in response to changes 
in pressure, temperature, and volume or mass inputs. Model results show that significant fractions of 
time are functionally missing from the crystal record because of effectively zero growth rates or erased 
from the record through dissolution; in some instances, those processes can together remove >>50% 
of time from the crystal record. The results show that temperature- (or pressure-) cycling alone will 
not produce substantial compositional zoning but that the addition of new magma is required to grow 
complexly zoned phenocrysts. Comparison of the input pressure-temperature-time series with com-
positional transects shows that the crystal record is biased toward more recent intervals and periods 
of decreasing temperature (i.e., neither the peak temperatures nor intervals of prolonged, cool storage 
are favored). Crystallization (or dissolution during heating) acts to return magmas to near-equilibrium 
crystal fractions within hundreds of days.
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Introduction
Volcanic rocks provide the only record of magmatic pro-

cesses for all ancient or prehistoric eruptions and at most pres-
ently active volcanoes, the exceptions being the relative handful 
of monitored volcanoes and studies with modern geophysical 
instruments. Fractional crystallization, magma recharge and 
mixing, and crustal assimilation all affect the composition and 
phase assemblage of a magma. The bulk chemical and isotopic 
compositions of rock and glass can provide an integrative record 
of magmatic events preceding eruption. Certain mineral phases 
tend to develop and maintain compositional zoning that records 
changes in magmatic conditions; each crystal is thus a poten-
tially high-resolution time-series record of magmatic processes.

Plagioclase is often used to interpret pre-eruptive magmatic 
processes as it is a generally abundant phenocryst phase com-
mon to many volcanic systems. Numerous workers have used 
compositional and/or isotopic zoning together with phenocryst 
textures to interpret changes in pressure and temperature, or 
magma recharge and mixing (e.g., Gerlach and Grove 1982; 
Anderson 1984; Tsuchiyama 1985; Singer et al. 1995; David-
son and Tepley 1997; Tepley et al. 1999, 2000; Davidson et al. 
2001; Costa et al. 2003, 2008; Browne et al. 2006; Andrews 
et al. 2008; Salisbury et al. 2008; Streck et al. 2008; Waters et 

al. 2015). U-series geochronometry has been applied to zoned 
crystals, typically zircons, from some magmas to quantitatively 
constrain the timescales of at least a portion of the magmatic 
histories recorded by individual crystals (Cooper and Reid 
2003; Cooper and Kent 2014; Budd et al. 2017). All of those 
studies rely upon the core-to-rim growth of the crystals to relate 
compositional changes in the crystals to temporal evolution 
of the magmatic systems. Unfortunately, many crystals show 
evidence of dissolution; thus the records they contain are not 
complete and the degree to which they are incomplete is largely 
unknown. This observation, coupled with the variability of 
crystal growth rates as a function of pressure, temperature, 
and supersaturation (Hammer and Rutherford 2002; Mollard, 
et al. 2012; Befus and Andrews 2018), results in substantial 
challenges to quantitative relation of time to particular zoning 
patterns (Fig. 1).

Here we use a numerical model of crystal nucleation, 
growth, and dissolution to examine how crystal populations and 
zoning patterns record time-varying magmatic conditions in a 
water-saturated magma. The model results show that crystal 
resorption is common in magmas with fluctuations in tempera-
ture and, to a much lesser extent, pressure (pressure effects are 
primarily a reflection of dissolved water concentration in the 
melt). Moderate fluctuations in storage conditions can cause 
some crystal resorption, and larger excursions in temperature 
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