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Geochemistry of the magmatic
hydrothermal system of Satsuma
Iwojima volcano, southern Japan

J.W. HEDENQUIST*, M.AOKI*
W.F. GIGGENBACH**, K. KAZAHAYA*
Y. MaTSUHISA* and H. SHINOHARA*

Iwodake is a rhyolitic stratovolcano erupted 3000
B.P. on Satsuma Iwojima volcanic island, 40 km
south of Kyushu. The island lies on the NW rim of
the 6000 yr. old Kikai caldera. Older andesitic, dacitic
and basaltic rocks are also present on the island. In
October, 1990, the maximum temperature (T) of
fumaroles at the summit (700 m) of Iwodake was 877°
C, and ranged down to 100°C on the lower flanks of
the cone. Acid springs (pH 1.2 to 1.8) mainly
discharge within several meters of sealevel (with
much discharge below low tide, as evidenced by
discolored ocean water on three sides of the cone);
higher altitude acid springs have very low flows. The
SO, flux, determined by correlation spectrometry,
was about 470 tons/day. Maximum fumarole T is
similar to that measured in the early 1960s (maximum
945°C), and the SO, flux has not changed since first
measured in the 1970s.

Total sulfur in the high T vapors is less than 2
wt.%, averaging about 19, while total HCl is less
than about 1% and CO, less than 0.5%. The gases are

relatively oxidized, with SO,/H.S ratios usually
exceeding 5. The isotopic composition of water
discharging from the high T fumaroles is 6'*0+7+2
and ¢8D—23+5 per mil, as first recognized by Matsuo
and coworkers; these values are characteristic, of
island arc “magmatic waters”. Despite the magmatic
water and volatile content of the high T fumaroles,
their relatively non-reactive residual gases (e.g., Ny,
Ar and He) have compositions indicating strong
groundwater interaction. Acid hot springs have
isotopic compositions indicating up to a 25%
component of magmatic fluid mixed with local
meteoric waters.

The trace metal composition of the high T fuma-
roles (e.g., ppm levels of Pb and Zn) compared with
contents of lower T fumaroles and acid waters (sub
-ppm levels of Pb and Zn) indicate that metal
deposition is occurring beneath the volcano. This
precipitation likely occurs after the condensed
magmatic phase (brine) flows from the zone in which
it is equilibrium with the high T vapors; away from
the direct magmatic influence, the lower T fluid
begins to react with the rock and neutralize, leading
to precipitation of metals during isochemical dissolu-
tion of the rock. By the time that the magmatic
component discharges at the base of the volcano, it
has already been strongly diluted by meteoric water
and has acquired a chemical composition reflecting
water-rock interaction.

(*Geol. Survey of Japan, Tsukuba; **DSIR,
Petone, New Zealand)

Keywords: Satsuma Iwojima, fumarole acid spring, SO,

flux, magmatic fluid
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