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This study was performed to relate the weathering properties of Oyaish tuff from Japan to mechanical properties
of rocks in terms of mineralogical alteration and chemistry. The tuff is composed of clinoptilolite, quartz, feldspars,
mordenite, opal C-T, and smectite. Since fresh tuff contains approximately 30~50% zeolite, it is expected that the
rock is subjected to weathering process ascribed to water contents on earth surface, significantly reducing mechan-
ical strength of tuff. It is also anticipated that weathering process and properties may be different even in the same
rock mass, due to the differences in local mineralogy, chemistry and microtextures in tuff.
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Fig. 1. Slab of tuffs with faces of 4.5cm-length. (a) fresh

tuff. (b) Weathered tuff(sample 1-1) showing
dark brown cavity and less dense surface.
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Fig. 2. Photomicrographs of weathered tuff(sample
1-1). (a) Phenocrysts of plagioclase(P) and
quartz(Q). (b) Intensively altered phenocryst
and groundmass.
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Fig. 3. X-ray diffraction patterns of tuffs. c: clinoptilo-
lite, p: plagioclase, q: quartz, s: dioctahedral

smectite.
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Fig. 4. BSE image and EDS patterns of

tuff(sample 1-1). Layered glassy
part(number 1) with O 35.08, Na 1.80,
K 321, Ca 1.73, Mg 057, Al 801, Si
49.60 wt.% and phenocryst(number 2)
with O 37.16, Na 3.04, K 2.29, Ca 2.07,
Al830,5147.14 wt.%.
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Fg. 5. SEM images of fresh tuff. (a) Well-crystallized
clinoptilolite formed in vug and volcanic glass.
(b) Volcanic glass shows laminations. (c)
Clinoptilolite(c) and volcanic glass. Note altered
opal C-T spherule which is indicated as an
arrow.
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12 mm

Fig. 6. SEM images of weathered tuff(sample 1-1). (a) Quartz phenocryst shows irregular grain boundary, whereas
plagioclase phenocryst has dissolution cavities along cleavage. (b) Volcanic glass shows etch pit. (c) Etch pit in
volcanic glass and well-crystallized zeolites. (d) Mordenite fibers formed in etch pits developed in volcanic

glass. M: mordenite, P: plagioclase, Q: quartz.
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Fig. 7. SEM images of weathered tuff(sample 3-1). (a) Volcanic glass shows lamination texture. (b) Honeycomb etch
pit in volcanic glass. {c) Clinoptilolite(c) in volcanic glass. (d) Enlarged image of (c) and EDS analysis points.
K-rich clinoptilolite(1) is O 56.18, Na 0.29, K 4.11, Ca 1.50, Al 6.53, Si 31.39 wt.%. and altered volcanic glass(2)
contains O 46.47, Na 0.05, K 3.43, Ca 2.20, Fe 11.34, Mg 1.29, Al 6.16, 5 29.07 wt.%.
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