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The geochemistry of the Keli Mutu crater lakes, Flores, Indonesia
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Three crater lakes occur on top of the dormant stratovolcano Keli Mutu in Flores (Indonesia). The
lakes contain cool (20-30°C) acid-sulfate-chloride brines and have high TDS with relatively high Zn and
Pb contents. Two lakes show plume-like upwellings, probably fed by subaqueous fumaroles. A river on
the mountain slope contains fluids that escaped from the lakes through seepage. The fluid compositions
have varied strongly over time for § and the halogens (the volcanic-gas derived elements), whereas many
of the major cations (rock-derived elements) show a net increase in the lakes over this century. Speciation
and mineral saturation modeling, bulk sediment analyses, and micro-probe sediment analyses indicate that
the lakes are reducing at depth, and all three lakes are close to saturation with gypsum/anhydrite. One lake
is also saturated with Fe-oxides, while the other two are thought to be saturated with a suite of Cu and As
minerals. The most acid lake is also saturated with native sulfur and pessibly pyrite. Mass balance estimates
based on fresh volcanic rocks and ashes, the dissolved element foad and the lake sediment chemistry
strongly suggest that the lakes are partly fed by underlying geothermal circulation systems. The lakes are
thus not closed reaction vessels with dissolution of local rock debris by fluids acidified by volcanic gases,
but they draw a rock-derived element flux from deeper levels. Mass transfer is large in these dynamic

systems, including the transport of tonnes of ore metals over a period of centuries.

INTRODUCTION

Crater lakes serve as natural condensers of
volcanic gases and hydrothermal fluids, and some
accumulate extremely acidic, concentrated fluids.
Such lakes are transient phenomena, their existence
in volcanic zones of high heat flux dependent on
adequate cooling through evaporation of meteoric
inflow waters. Interest in crater lakes exists be-
cause of their potential danger as storage reservoirs
for pressurized CO2 (e.g., Kling et al., 1987,
Sigurdsson et al., 1987; Kusakabe ef al., 1989) and
their possible use for volcano monitoring (e.g.,
Giggenbach and Glover, 1975; Takano, 1987;
Brown ef al., 1991; Rowe ef al., 1992). The acid
fluids also may be modern analogs of ore brines
(Brantley et al., 1987; Hedenquist and Aoki, 1991;
Hedenquist et al., 1993). Detailed chemical stud-
ies of crater lakes may thus aid in volcano moni-
toring, provide data on volcanic element fluxes

and may enhance our understanding of the forma-
tion of shallow ore bodies. We present new ana-
lytical data from the three Keli Mutu crater lakes
(Flores, Indonesia), compare these with earlier
water analyses, and assess the variations in Keli
Mutu lake water compositions over time. We try
to constrain the geochemical processes in the lakes,
including the stability of new mineral phases and
the nature of water-rock interaction in and possibly
below the lakes.

Keli Mutu is a large stratovolcano (8°46" 24"
S; 121°49' 12" E) on Flores, an island in the
Lesser Sunda chain of Indonesia (Fig. 1a). The
summit region of the volcano (highest point 1639
m above mean sea level) contains three crater
lakes, each sitting deep inside steep craters (Fig.
1b). The walls consist of bedded ashes and lapillis,
some of it highly altered, which may have been
deposited during phreatic explosions of the lakes
in the past. All of the lakes are older than the
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