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abstract

Microlites in pumice fragments can record the rate of magma decompression and ascent, but 
only if none grow while those fragments cool in the atmosphere. For highly viscous silicate melts, 
such crystallization is unlikely, but more basic melts are known to crystallize rapidly, and thus could 
partially crystallize during cooling and overprint decompression textures. To examine whether post-
fragmentation crystallization can occur, we examined two basaltic pumice clasts from the sub-Plinian 
April 1999 eruption of Shishaldin volcano, Alaska. Radial sectioning shows that microlite content 
doubles from rim to core in both, mainly from growth of plagioclase. Dendrite magnetite also in-
creases greatly in content, but only within the larger pumice clast. Such radial textures demonstrate 
that crystallization occurred after fragmentation and before deposition (no welding occurred). Using a 
conductive cooling model coupled with a model for temperature in the eruption column, we estimate 
that rims of the pumice clasts cool to their glass-transition temperature in ~100–200 s, but their cores 
take ~500–2000 s to cool, which translates into cooling rates of ~0.2 to 2.5 °C/s. Using a conservative 
assumption that all plagioclase nucleated before cooling began, we estimate that both short and long 
axes grew at ~4.8 (±2.7) × 10–7 cm/s. Such rates match those determined experimentally for basaltic 
melts at similar cooling rates. Magnetite grew only at the slowest cooling rates, and the rate of bulk 
magnetite crystallization equals that of plagioclase. Our results demonstrate that groundmass crystal-
lization can occur in basic melts on the timescale of explosive eruptions, and so pumice clasts from 
such eruptions must be viewed with caution before being used to infer eruption dynamics.
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introduction

The behavior of volcanic eruptions is controlled by how fast 
magma ascends toward the surface (Jaupart 2000). Ascent rates 
can only be inferred, however, because magma ascent cannot be 
witnessed. One potential record of how fast magma ascends are 
microlite crystals grown in the magma as it ascends, with more 
and larger ones linked to slower decompression rates, and hence 
ascent rates (Hammer and Rutherford 2002; Couch et al. 2003; 
Szramek et al. 2006). Indeed, changes in eruption dynamics in 
the 1968 eruption of Arenal volcano, Costa Rica, and the 1992 
eruption of Mt. Spurr, Alaska, have been inferred from textural 
changes (Gardner et al. 1998; Szramek et al. 2006).

One assumption often used to interpret eruption dynamics 
from microlites is that all crystals nucleate and grow while the 
magma rises toward the surface and before it fragments, and 
none form while the magma cools in the atmosphere. Although 
that assumption may be valid for relatively silica-rich magma, 
in which nucleation and growth of crystals is slow, it may not be 
for more mafic melts, in which diffusion is rapid and viscosity 
is low. In fact, crystals can nucleate and grow in basaltic melts 
at cooling rates as fast as 1000 °C/h (Cashman 1993; Lesher et 
al. 1999). Interiors of relatively large pumice clasts cool more 

slowly than that (Hort and Gardner 2000), and so their interior 
textures may be overprinted by cooling.

To investigate whether cooling can overprint pumice ground-
mass textures, we examine two large pumice from the 1999 
eruption of Shishaldin, Alaska, which erupted tholeiitic basalt 
(Stelling et al. 2002). We show that significant crystallization 
occurred after fragmentation, imparting a radial pattern of crystal 
content inside the pumice clast. By modeling the conductive 
cooling of pumice clasts, we use the sizes of microlites to 
estimate growth rates, and find that they are in line with experi-
mental rates in basalt (Lesher et al. 1999). Our results suggest 
that caution must be used in inferring eruption dynamics from 
groundmass textures.

experimentaL methods
Two pumice fragments were chosen from the ~20 cm thick deposit on snow of 

the April 1999 activity at Shishaldin Volcano, Alaska. The larger one had dimensions 
of 10.8 × 8.9 × 7.6 cm, whereas the smaller one was 7.6 × 5.4 × 3.8 cm (Fig. 1). A 
series of polished thin sections was cut across each pumice clast, each orientated 
toward the center, and many included the exterior rim.

Petrographic microscope and energy dispersive X-ray spectroscopy (EDS) 
examination determined that the microlite assemblage consists of plagioclase and 
Fe-Ti oxides with trace amounts of olivine and pyroxene. Backscattered electron 
(BSE) images were collected at 5 positions from rim to core of each pumice clast, 
using the JEOL 8200 Superprobe at the University of Texas at Austin, at operat-
ing conditions of 15 keV and 10–20 nA with a focused beam (Fig. 2). Conditions 
were optimized for analyzing groundmass crystallinity by varying magnification, * E-mail: szramek@mail.utexas.edu


