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Abstract

In order to appreciate the effect of interaction between volcanic glass and acidic hot
spring water, artificial chemical weathering of obsidian from the Wada-toge pass has been
simulated chemically and mineralogically using an improved Soxhlet extraction apparatus
with HCIl, HNO; and H.SO, solutions at pH 2 and 4, CO. saturated water, and distilled water
at 50C for a different period of time up to 2 years.

The SEM images of weathered obsidian surface showed dissolution traces like etch-pit
formed on the surface. (Mg + Fe)/(Si+ Al) and (Na+ Ca+ K)/(Al+ Si) molar ratios for altered
obsidian surface decreased with the increasing duration. Halloysite, and interstratified mica
clay mineral/smectite and interstratified chlorite/smectite were observed as altered
products by pH 2 HCI and pH 4 HNO;, respectively. In chemistry of the leached sample
solutions by reaction with acidic solutions, Mg, Ti, Fe, Zn, Cu and Sr were easy to dissolve,
but Si, Na, K, Zr, Rb and Y were not so. From the comparison of the amount of each
element in the obsidian with the amount of each leached element in the sample solution, it
was shown that elements except Al, Na, K, Ca, Mn, Rb and Zr are selectively dissolved.
That is, even amorphous obsidian showed no stoichiometric dissolution due to the difference
in bonding strength with the oxygen of the vitrifiable element in the volcanic glass. The
REE except La and Eu showed a tendency to be stoichiometrically dissolved when the pH
of the acid solutions was 2 lower than 4. K among the LILE classified as incompatible
elements which are likely to move due to alteration are hard to move, but Ti of the HFSE
element tends to move easily.

Key words : volcanic glass, acidic spring, carbonated spring, hydrothermal alteration, artificial
weathering
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CO:2 saturated water and distilled water

pH 2 or 4 HC1, HNOs3 and H2SOs4 solutions,
(Flow rate: 150 ml_/day)

Roller Pump

Cooling
water

—> t CO,y(gas)
Teflon CO, saturated water \
sheet C02
Thermometar e ~N

Heater
Sample

/Leachate

L Container

Fig. 1 Schematic illustration of experimental apparatus.

X ICP-MS C, FZjcs#k& LTSi, AL Ti, Mg, Fe, Mn, Ca, Na, K, ffmsc# & LTV, Cr, Co, Ni,
Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Sn, Ba, La, Ce, Sm, Eu, Gd, Tb, Yb, Hf, Ta @3l 32 JLE D5 % 17>
oo BAREHIB XL Z 100 HZ LIZHY L, BRI %2 FARBEMEE B L O AR E T M

(SEM) THiZEL, BT-HMNBGPIZERE (EPMA) TERSNT 21T o7z, ZREWIZOVWTIE X
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Fig. 2 Molar ratios of each major element in leached solutions of pH 2 and pH 4 HCI, HNO; and H.SO.
solutions, CO: saturated water and distilled water to each element in obsidian versus duration time.
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3 Molar ratios of each minor element in leached solutions of pH 2 and pH 4 HCI, HNOs; and H.SO,
solutions, CO. saturated water and distilled water to each element in obsidian versus duration time.
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Fig. 4 SEM images of the obsidian surface after 661 days with pH 2 and 674 days with
pH 4 by HCI, HNOs; and H:.SO. solutions, and after 674 days using CO. saturated
water and distilled water.
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Fig. 5 Changes of chemistry on the obsidian surface during artificial
chemical weathering by pH 2 HCI, HNOs and H.SO. solutions.
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Fig. 6 Changes of chemistry on the obsidian surface during artificial
chemical weathering by pH 4 HCI, HNOs and H.SO. solutions.

91



MR, REOE DR, &R, iz —, W MR

DY = PHRONTDEETE R o7z, pHAMRER TIZ128nm O =73 F L r 7)) a—
VLT 151, 124nm @ 25D ¥ — 272571, 500CHZEA T 1.02nm (ZFE) L 72720 Z 14 181
YW-2 X2 5 4 MREEIEW OARAS, £ 72 500C ET 1.32nm IS — 7 SRS 7z720, k-
ARXT A MREEHED OERA RO bz, T OIEHZERIK TIEERR T8 o HEE % 7R 3710
Pz RO 72D, WEATOREIETE Lo B, RKOERMRGHRIIIIEEARY E LT,

500 °C heated

'| 300 °C heated
—

Ethylen glycol
treated

A

+ Untreated

=
w
<
—

1
10 20 10 20
2 theta (degree) 2 theta (degree)

Fig. 7 XRD patterns after various treatments of artificial weathered products from
obsidian surface. (a) pH 2 HCI after 583 days, (b) pH 4 HNOs after 674 days.
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Fig. 8 XRD patterns after various treatments of the weathered
products of obsidian surface under the natural environment.
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Fig. 9 Relationship between the molar ratio of each element in obsidian and the
molar ratio of each element in total leached ions by pH 2 and pH 4 HCI, HNOs
and H.SO. solutions after 583 days and 674 days, respectively.
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Fig. 10 Relationship between the molar ratio of each element in obsidian and
the molar ratio of each element in total leached ions by CO. saturated
water and distilled water after 674 days.
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Fig. 11 Relationship between the each REE molar ratio in obsidian and the each
REE molar ratio in total leached REE by 5 kinds of artificial spring waters.
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Fig. 12 Spider diagram of incompatible elements normalized by chondrite for
the obsidian and total leached ions by 5 kinds of artificial spring waters.
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