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Fig. 1 (Color online) A schematic illustration of volcanic erup-
tions. Petrographic analysis of volcanic materials, geophysi-
cal observation, and laboratory simulation have been carried
out to understand the mechanism of volcanic eruptions and
to predict intensity, magnitude, and duration of volcanic
eruptions. A scanning electron microscopic (SEM) image of
thin section of pumice from the 1707 eruption of Fuji volca-
no and X-ray computed tomography (CT) image of ex-
perimentally decompressed magma in laboratory are shown,
in which the black parts represent pores; both magmas show
spongy texture. The white bars in SEM and X-ray CT images
represent 500 um long.
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Fig. 2 (Color online) A timescale of buoyant migration of bubbles
in magma. The rise speed (v) of a spherical bubble with a di-
ameter of d is estimated from Stokes’ law (v=d?pg/18 u,
where p and u are magma density and viscosity). The time
necessary to ascend 1000 m in a volcanic conduit depends on
magma viscosity and bubble size. When we assume bubble
size <1 mm on the basis of the observation of volcanic
materials, bubble migration takes more than 103 days. This is
much longer than the timescale of magma ascent; hence, the
buoyant migration of individual bubbles is negligible for the
degassing during magma ascent.
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Fig. 3 (Color online) (a) A photograph of high temperature-pres-
sure deformation apparatus installed in the synchrotron
radiation X-ray system of SPring-8 (BL20B2). (b) A cell as-
semblage inside of the furnace. A sample can be observed at
high temperature and high pressure conditions because only
a graphite cylinder and the sample exist on the X-ray path.
(¢c) A schematic illustration showing the rotational parts
(black) and the fixed part (white) of the deformation ap-
paratus during the X-ray CT. The furnace is fixed by the
stage.
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Fig. 4 Radiographic images obtained every 100 seconds during
magma vesiculation. Because the X-ray attenuation
coefficient of gas bubbles is smaller than that of magma, the
lighter part corresponds to the bubbles. The tip of a lower
piston is found as black parts (convexo-concave shape) in
the lower portion. Every panel is 4.9 mm wide and 3.43 mm
high.

Fig. 5 Radiographic images obtained every 0.5 rotations (one
minute) during magma deformation. Every panel is 4.9 mm
wide and 3.43 mm high.
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Fig. 6 Three dimensional images obtained by X-ray CT. The gray
part represents magma and the black parts in the magma cor-
respond to gas bubbles. Before the rotation, bubbles showed
spherical shape, and they were deformed and elongated after
one rotation. After the six rotations, the bubbles were highly
deformed and some parts in the magma have low vesicularity
due to degassing and subsequent compaction.
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Fig. 7 (Color online) A simulation of magma ascent in a volcanic
conduit. Shear strain yielding in the magma is inversely
proportional to the ratio of the radius of the conduit (R) to
the conduit length (L) when the steady state Newtonian flow
is assumed in a cylindrical conduit (Poiseuille flow). The
shear strain also depends on the radial position in the conduit
(»), and it is larger at the outer part of the conduit. When we
assume R/L =0.002-0.02 (see text), almost all the magma in
the conduit experiences the shear strain >~10, which is
large enough to induce the degassing and subsequent com-
paction.
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Laboratory simulation of volcanism:

In situ observation of flowing magma by
synchrotron radiation X-ray radiography and
computed tomography
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Abstract

Understanding the mechanisms that control intensity, magnitude, and duration of volcanic erup-
tions is a central issue in volcanology; it is indispensable to eruption forecasting and volcanic haz-
ard mitigation. The eruption mechanisms have been investigated on the basis of multidisciplinary
approaches including experimental approach. This paper introduces newly developed high tem-
perature-pressure deformation apparatus installed in the synchrotron radiation X-ray imaging sys-
tem which makes it possible to observe in situ magma flowing at high temperature and high pres-
sure conditions within volcanoes. On the basis of in situ observation of flowing magma, we dis-
cuss the mechanisms of foaming and outgassing of magma during its ascent in a volcanic conduit,
which may control eruption explosivity.
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