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ABSTRACT

Explosive eruptions produce various types of pyroclasts, including those containing a small num-
ber of groundmass crystals. The textural variation, such as the number, density, size, and volume of
groundmass crystals, is expected to reveal the complex magma dynamics during syneruptive ascent
in conduits; however, we have no quantitative method to investigate the magma dynamics based on
crystal texture when the pyroclasts show glassy texture with a small number of microlites. Here we
show that the variation of the combination of crystallographic faces (i.e., tracht) of groundmass
pyroxene crystals enables us to derive the degree of effective undercooling (ΔTeff) and magma ascent
histories even from the glassy pyroclasts. We conducted decompression experiments and analyzed
trachts of groundmass pyroxene crystals in the run products and those in natural pumices from the
1914 Plinian eruption of the Sakurajima volcano. These results show that the glassy white pumices
experienced higher ΔTeff than the crystal-rich gray pumice and corroborated that they originate from
the magmas at different positions from the conduit walls. The estimate on ΔTeff implies that the
magma rapidly ascended in the center of the conduit might experience cooling because of volatile
exsolution and expansion.
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INTRODUCTION

Magma ascent histories in volcanic conduits are important
for understanding the evolution of eruptive activities (Cashman
and Sparks 2013; Cassidy et al. 2018). The ascent histories can
be recorded in the textures of groundmass crystals; therefore,
investigating groundmass texture has played an important role
in revealing the magma dynamics. Since the crystallization
kinetics, especially nucleation rates, vary with the degree of
effective undercooling (ΔTeff) (e.g., Hammer and Rutherford
2002; Brugger and Hammer 2010; Shea and Hammer 2013),
the number density of groundmass crystals (Toramaru et al.
2008) and their size distribution (CSDs) (Marsh 1998) have
been used to investigate magma ascent processes. These meth-
ods are based on the theoretical premise that the nucleation rate
and the resultant number density positively correlate with
ΔTeff. However, the positive correlation is not universally true.
For instance, explosive eruptions can produce various types of
pyroclasts, such as microlite-free white pumice with higher
vesicularity and gray pumice with lower vesicularity and abun-
dant microlites (e.g., Polacci 2005). The glassy texture of the
former is attributed to the considerably fast ascent; the ascend-
ing magma was probably quenched before crystallization could
proceed to a significant extent or within the nucleation delay
(e.g., Mollard et al. 2012; Arzilli et al. 2020; Rusiecka et al.
2020; Rusiecka andMartel 2022). In this situation, it is difficult
to extract syneruptive ascent histories from the crystal number

densities in glassy pyroclasts because the theoretical premise
that the nucleation rate and the resultant number density posi-
tively correlate with ΔTeff is invalid. In such scenarios, a new
indicator is required to estimate ΔTeff from glassy groundmass
with a small number of crystals.

Previous studies have demonstrated that crystal habits reflect
ΔTeff (e.g., Lofgren 1974; Hammer and Rutherford 2002; Shea
and Hammer 2013; Arzilli et al. 2022). Kouchi et al. (1983)
revealed experimentally that the relative growth rates for different
faces of clinopyroxene (Cpx) change with ΔTeff. Their data
indicate that with increasingΔTeff, a pyroxene crystal would have
different combinations of crystallographic faces (i.e., tracht)
(Sunagawa 2005) by losing some faces. This hypothesis was con-
firmed by Okumura et al. (2022b), in which it was experimentally
revealed that the tracht of groundmass pyroxene crystals changes
from octagonal prisms consisting of {100}, {010}, and {110}
prismatic faces to hexagonal prisms lacking {100} faces as ΔTeff
increases. Therefore, the tract of groundmass pyroxene crystals
may be used to estimate ΔTeff and magma ascent histories from
the glassy pyroclasts with a few numbers of crystals.

In this study, we aim to infer magma ascent dynamics from the
1914 Sakurajima pumices, including glassy ones, by analyzing
groundmass pyroxene crystals using tracht analysis. We per-
formed decompression experiments on hydrous Sakurajima
dacite magma to investigate the differences in the syneruptive
evolution of ΔTeff and the magma ascent histories between the
different pumice types. We also describe an analytical method
applicable to glassy pyroclasts for investigating magma ascent
dynamics during explosive eruptions.
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