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Abstract

In the submarine setting pyroclast cooling and saturation, by controlling the
buoyancy of individual clasts and surrounding fluid, exert fundamental controls
on the dispersal and fate of volcanic material. In this study we use laboratory
experiments to understand and quantify how hot and air-filled pyroclasts cool
and saturate in liquid water. By measuring internal temperature and clast
submerged weight in over thirty experiments, we find that pumice cools and
saturates in two stages. We observe that the first stage is marked by much higher
rates of cooling and saturation than the second stage and that the transition
between stages is sharp. We propose conceptual and quantitative models for
each stage of pyroclast cooling and saturation. Specifically we argue that the
first stage is defined by the presence of internal steam. That is, hot pyroclasts
ingest liquid water and generate steam. Once a clast’s internal pore space is filled
with steam, heat loss to the surroundings causes condensation of internal vapor
and clast saturation. Stage 1 ends when all internal steam has condensed. We
test this idea with a Stefan Model with advection and conclude that heat loss,
rather than permeability, controls the saturation of pyroclasts above the boiling
temperature. We find that permeability matters for air-filled clasts with initial
temperatures below the boiling point. Stage 2 begins after all internal vapor has
condensed and we propose that stage 2 cooling and saturation are controlled by

heat conduction and thermal contraction of trapped gas, respectively. From our
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