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Measurement of Water Dissolved in the Groundmass Glass in the Ejecta of

the September ,**. Eruptions from the Asama Volcano, Central Japan

Kuniaki MAKINO�, Tatsuro TSUGANE��, Takafumi SONEHARA��and Yasuyuki MIYAKE�

Infrared absorption spectra were taken to determine concentration of water dissolved in rhyolitic glass of

pumice, scoria and andesite fragments ejected by the Asama ,**. September eruptions. As the groundmass in the

fragments includes a lot of microlites of plagioclase and pyroxene, thickness of the volcanic glass itself is di$cult

to measure directly. However, an absorption peak, assigned to volcanic glass, is observed at +,2/* cm�+, and its

peak intensity obtained by a curve-fitting method gives the net thickness of the glass. This net thickness provides

the intensities of water per glass thickness without microlite contamination. The relationship between water

concentration and two absorption peak-intensity (-,/1*, +,0-* cm�+) is derived from infrared analyses of the

aphyric Wada obsidian, whose water content was determined by Karl Fischer titrator.

Following the above procedure, the water contents in the glass of the pumice of the September +st eruption,

and scoria and andesite fragments of the September ,-rd eruption are estimated to be *.00, *.+, *.+�*., wt�,

respectively. The magma represented by the quenched marginal crust of the pumice preserves considerable

amount of water (*.00 wt�) for its shallow location beneath the crater floor, prior to the September +st eruption.

The tensile strength of the cap rock presumably kept su$cient pressure in the top of the magma column to dissolve

water into the magma, whereas the magma providing the scoria and andesite fragments of the September ,-rd

eruption lost most of water.

Key words : Asama September eruptions, ejecta, Karl Fischer titrator, infrared absorption, water content
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Table +. Modal composition and weight fractions of

the Wada and Lookout obsidians and of the

Asama pumice.

Table ,. Chemical composition of volcanic glasses in

the Wada obsidian and of the pumice, scoria and

andesite fragments from the Asama volcano.

mafic : pyroxene²biotite in the Wada obsidian. pyro-

xene in the Lookout obsidian and the Asama pumice.

For calculation of weight fractions, the following

density values (g/cm-) are assumed ; plagioclase³
,.02, opaque (magnetite)³/.,*, pyroxene³-..*, and

glass³,.--.

Area (mm,) is measured part for modal composition.

Analyzed values (wt�) of NBS0++ by EDS are

consistent with the recommended ones by NITS

within an error. For example, analyzed (error) ; SiO,

³1,.* (-) and Na,O³+..* (+) and recommended ;

SiO,³1+.2 and Na,O³+..*.

num: number of analyses. ( ) : standard deviation.

n.d. : not detectable.

Fig. +. Infrared absorption spectra of groundmass

in 3.+ pumice, Wada obsidian, which is heated

and dehydrated, and each of plagioclase and

pyroxene powder. The groundmass of the pumice

shows complex spectra, which is constituted of

absorption bands due to (H,O´OH) at -/1*
cmµ+, glass (+,2/*, +,0+* cmµ+), H,O (+,0-*
cmµ+) and microlites (plagioclase and pyroxene).

In the Wada obsidian, absorption peaks due to

glass are appearant around +,2/* and +,0+*
cmµ+, the latter is close to H,O band (+,0-*
cmµ+). There is not any characteristic peak for

powdered plagioclase and pyroxene from +,/**
cmµ+ to ,,,** cmµ+. bg : straight background

of glass absorbance peak.
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Table -. Water concentration and data on Karl Fischer and infrared analyses in the Wada and Lookout obsidians.

Variation of water content in the Wada obsidian is +� as standard deviation.

KF: Karl Fischer titration method. IR: IR spectroscopy based on the equation (.) (see text). err : analytical

error. n.d. : not detectable. - : not determined. # : estimated by the curve-fitting as described in Fig. ..
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Table .. Data from stepwise heating experiment on a

thin plate of Wada obsidian.

KF: Karl Fischer titration method. IR: derived from

infrared absorption intensity by the equation (.) (see

text). err : analytical error. # : estimated by the curve-

fitting as described in Fig. ..

Fig. ,. Variation of extracted water content and

absorbance (-,/1* and +,0-* cm0+) in a thin

plate of the Wada obsidian during stepwise

heating experiment. Filled circle shows water

content from grain fraction heated at +***�.

Fig. -. Comparison between water contents of the

obsidians (Wada and Lookout) determined by

Karl Fischer titration and by infrared spectro-

scopy based on the equation (.) combining

-,/1* cm0+ absorbance with +,0-* cm0+.
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Fig. .. Comparison between observed IR spectrum

and calculated curve by curve-fitting procedure.

The fitting curve gc (x) is described as followed.

gc (x)�a+ · g+ (x)³a, · g, (x)³a- · g- (x)³a. · g.

(x)³a/ · x³a0. (x ; wave number (cm"+)), where

fixed curves of g+, g,, g- and g. are from glass,

H,O at +,0-* cm"+, plagioclase and pyroxene

spectra, respectively. Coe$cients of a+ (glass), a,

(H,O), a- (plagioclase), a.(pyroxene), and a/

and a0 are parameters to fit the observed IR

spectrum (go) with the curve (gc). The peak

height (absorbance) of glass and H,O correspond

to a+ and a,.
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Fig. /. Relationship between specimen thickness

and absorbance (+,2/* cm3+) of glasses from

Wada obsidian. Lambert-Beer’s law is confirmed

for obsidian glass.

Fig. 0. E#ect of powdered plagioclase and pyroxene

on absorption intensity (+,2/* cm3+) of Wada

obsidian glass. The intensity is a relative

absorbance of the glass covered by a mixture of

KBr, plagioclase and pyroxene to the glass.

Below *.. in the weight fraction, the relative

absorbance is from +.* to +.+.

Fig. 1. Absorbance variation of water at -,/1* cm3+

and glass at +,2/* cm3+ in groundmass of the

pumice, scoria and andesite fragments from the

Asama volcano. Each of plots corresponds to a

measured point with varied microlite contents.

The pumice and scoria show that absorption

intensity of water correlates strongly with that

of glass, and their groundmass glasses appear to

be almost constant in concentration of H,O and

OH.
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