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To study the spacio-temporal variation of fumarolic gas of
Iwojima volcano, we measured the noble gas and carbon
isotopic compositions of gases collected between 1997 and
2001 from fumaroles at seven sites on the volcano. Iwojima is
located on the southernmost part of the Izu-Ogasawara
volcanic arc that extends southward to the Mariana arc. The
volcano is peculiar in its magma chemistry compared to other
volcanoes of the Izu-Ogasawara and Mariana arcs (Oyagi and
Inokuchi, 1985; Ohsawa and Yusa, 2001).

 During the study period, 3He/4He ratios from all sample
sites vary from 1.1 to 5.6 times the atmospheric ratio (RA).
This variation can be explained by mixing between an
atmospheric component and a magmatic component with
5.6RA. The highest observed 3He/4He ratio is lower than that
previously reported for Izu-Ogasawara arc (8.0RA, Shimizu et
al., 2003). Sites from the northeastern part of the volcano
show a high contribution of magmatic helium, consistent with
the distribution of soil temperature and soil flux of magmatic
CO2 (Notsu et al., submitted). Assuming a single stage
Rayleigh fractionation process, the observed 20Ne/22Ne and
38Ar/ 36Ar (<5% radiogenic 40Ar) isotopic ratios can be
explained by <20% extraction of the gases from seawater.

δ13C-CO2 before 1999 ranges from -1.5 to 2.0‰. After a
small phreatic explosion in 2001, δ13C values of samples
collected nearest to the explosion site increased to 4.0‰, with
no observable change in the 3He/4He ratios. This δ13C is higher
than that of both subduction-related magmatic gas (-8 to -2‰)
and marine carbonate (0‰) and may result from fractionation
between calcite and magmatic CO2 (Notsu et al., submitted),
while the low 3He/4He ratio (5.6RA) may be a characteristic of
the Iwojima magma source. Since the Marcus Necker Ridge
on the Pacific plate subducts beneath Iwojima, ridge
subduction might be responsible for the peculiar geochemical
features of magmatic volatiles on the island.
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Oxidation of H2S to sulfuric acid aggressively dissolves
carbonate rock in Lower Kane Cave (Wyoming, USA), and
limestone is replaced by gypsum. Reddish-brown crusts cover
the gypsum, composed principally of C, O, and Si, with
abundant euhedral quartz microcrystals, and DAPI staining
indicated that microbes inhabit the crusts. Condensation
droplets hang from a variety of cave-wall surfaces and average
droplet pH was 1.7 (n=40), ranging from pH 1.25 on crust to
2.92 on gypsum. Droplets on crust had contact angles >90o

(avg 121.6o, n = 21), while average droplet contact angles on
gypsum was 71o (n = 3). Assuming a smooth, homogeneous,
and incompressible solid, the interfacial tension between the
crust and droplets was 55.3 mJ m-2, compared to 25.1 mJ m-2

for gypsum, indicating that crusts were more hydrophobic.
Droplets at pH < 2 were undersaturated with respect to

gypsum, while solutions with pH > 2 were in equilibrium.
Condensate solutions on gypsum will approach pH 2, but
typically not exceed it, due to the buffering by the bisulfate-
sulfate weak acid/base pair (pK = 1.92) combined with the
gypsum-sulfate. Droplets on crusts had pH values below the
critical HSO4

- - SO4
- pK as a result of crust hydrophobicity

and possibly sulfuric acid-producing bacteria. The organic
crust physically separates the condensate from the gypsum and
allows pH to pass the HSO4

- buffer point.
The implications of the crust on additional cave

development are significant. Microbes colonize the low pH,
moist gypsum habitat and form an organic film that eventually
becomes impermeable. Condensation on the organic layer is
now separated and out of equilibrium with respect to the
underlying gypsum, precluding diffusion of sulfuric acid
through the gypsum to the underlying limestone, limiting or
shutting-off sulfuric acid dissolution completely. Only when
fresh limestone is exposed will speleogenesis be reinitiated,
and the replacement-colonization cycle start again. 


