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We propose a new method for estimating pore structures of volcanic rocks. Permeability of ascending

magma controls the escape of gas, and greatly a ects the style of eruption. The interconnection of bubbles in

magma must play a key role in controlling the permeability. However, the mechanism of their interconnection

has been poorly understood. In order to understand it, we must have a good understanding of pore structures in

volcanic rocks. A volcanic rock has a wide variety of pores in size and shape. The conventional equivalent

channel model is not useful for estimating pore structures from permeability. We thus have made a new

permeability model for volcanic rocks. Our model is composed of a bundle of parallel identical tubes. Each tube

is made of serial two circular tubes with di erent radii. The two radii, the length fraction of narrow tube and the

separation of tubes are parameters of characterizing pore geometry. Tube radii can be estimated through

microstructural observation, and other two geometrical parameters can be constrained from measured permeabil-

ity and porosity. We applied this method to rock samples from Mt. Yakedake, and found that the permeability

is mainly determined by narrow parts, the length fraction of which is less than . . Although uncertainties are

left in the estimation, we can obtain a reasonable structural image. Electrical conductivity and other physical

properties can provide us with additional information to constrain geometrical parameters.

: permeability, pore structure, bubble, escape of gas
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Dullien ( )

: (m) : (m )
Fig. .

sity reported in previous studies. Eichelberger

( ) measured the permeability of Obsidian

Dome and related rhyolite samples (solid circles).

Measurements of Klug and Cashman ( ) were

made on pumice, tu , blast dacite, and submarine

material (open circles). Saar and Manga ( )
( )

measured the permeability of basaltic andestite

flows and cinder cones in the Oregon Cascades

(triangles). An empirical power-law relationship

proposed by Klug and Cashman ( ) is also ( )
shown.
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Fig. . Simple geometrical models of a permeable medium. (a) Circular tube model. (b) Rectangular tube

model. (c) Elliptical tube model.
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Fig. . A tube tilted to the length of a sample by

the angle .

(Fig. )
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Fig. . The e ective radius as a function of the

length fraction of narrow part. Two circular

tubes with di erent radii are connected in series

Wright (inset). The e ective radius is normalized by

the small radius. The radius ratio is set to be

.
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( ) ( ) (Fig. )

( )

Fig. . (a) The relation between the length fraction of narrow tube and the radius ratio for various (

diagram). The parameter denotes the ratio of the measured radius to the uniform radius . Circles

indicate estimated values of for samples NPFD- and NPFD- . (b) The relation between the tube

separation and the radius ratio for various ( diagram). The tube separation is normalized by the

separation calculated for the uniform radius tube model. Circles indicate estimated values of / for

samples NPFD- and NPFD- .
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Table . Density, porosity and permeability of rock

samples.

( ) ( )

(Fig. (a))

( ) ( )

( )

Fig. . Porphyritic texture of samples from Mt.Yake-

dake : (a) NPFD- and (b) NPFD- . The length

light image scanner. Abbreviations are Pl, plagio-

clase ; Bt, biotite ; Hb, hornblende ; Qz, quartz.
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Fig. . A schematic of permeability measurement system.
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Table . Estimated geometrical parameters of rock samples.
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