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ABSTRACT
In the past 25 years, active hydrothermal systems, polymetallic mineral deposits, and
robust biological communities have been discovered in a variety of submarine settings
including sediment-free and sediment-covered ocean ridges, rifted continental margins,
volcanic arcs, back-arc basins, and seamounts. Chemical analyses of vent fluids, massive
sulfide deposits, Fe-Mn oxyhydroxide precipitates, and suspended plume particles from
submarine hydrothermal systems reveal that arsenic and other metals are effectively
mobilized from the oceanic crust and overlying sedimentary strata, transported to the sea
floor and into the overlying water column, and concentrated in surficial mineral deposits.
Although biological data are more limited, elevated arsenic contents have also been
analyzed in macroorganisms such as mussels and shrimp that inhabit fluid discharge
zones.
Arsenic concentrations in unmixed, end-member hydrothermal fluids venting onto
the ocean floor are enriched from 2X to 500X seawater concentrations (~2 ppb in deep
ocean waters). For example, arsenic contents range from 5 to 50 ppb in high-temperature
(to 400°C) vent fluids at ocean ridges underlain by basalt, 20 to 80 ppb at ocean ridges
covered by terrigenous sediment, and 450 to 825 ppb at back-arc basins underlain by
andesite and rhyodacite. The highest arsenic values (to 1,050 ppb) in a submarine

hydrothermal fluid were measured in CO2-rich fluids with temperatures near 100°C that
were venting in shallow water on the flanks of a Quaternary arc volcano offshore Papua
New Guinea (Tutum Bay site; Pichler et al., 1999).
The amount and speciation of arsenic in hydrothermal deposits are a function of
source rock composition, the Eh, pH, and temperature of the ambient fluid, and the
relative concentrations of other elements in solution such as iron and sulfur. Arsenic is
concentrated in sulfide minerals in mounds and chimneys that form during discharge of
high-temperature fluids at the sea floor-seawater interface. Bulk arsenic contents of
sulfide deposits range from 50 to 1,000 ppm at sediment-free ocean ridges and from
2,000 to 20,000 ppm at sediment-covered ridges and back-arc basin settings. Although
arsenic-bearing minerals such as arsenopyrite, realgar, orpiment, tennantite, enargite,
proustite, löllingite, and Pb-As sulfosalts are present in trace quantities in most sea-floor
massive sulfides, they are abundant in some sites at sediment-covered ridges (e.g.,
Escanaba Trough; Koski et al., 1988) and back-arc basins (e.g., Okinawa Trough;
Halbach et al., 1993).
The arsenic content of oxyhydroxide deposits precipitated at lower temperatures
(<100°C) varies by more than two orders of magnitude with maximum measured values
of 180 ppm in Mn-rich oxyhydroxide sediment at the Galapagos Ridge vent field (Corliss
et al., 1978), 5,500 ppm in Fe-Mn oxyhydroxide deposits at Franklin Seamount (Binns et
al., 1993), and 62,000 ppm in Fe(III) oxyhydroxides at the Tutum Bay site (Pichler and
Veizer, 1999). The latter deposit also contains scorodite (FeAsO4·H2O) and claudetite
(As2O3). In addition to arsenic concentration in surficial mineral deposits, colloidal
Fe(III) oxyhydroxide particles suspended in plumes of mixed hydrothermal fluid and

seawater above discharge sites rapidly adsorb arsenic from the vent fluid as well as
additional arsenic from ambient seawater.

The concentration of arsenic by Fe

oxyhydroxides at vent fields represents a net sink for this element in the oceans (Feely et
al., 1994).
The biogeochemical fate of arsenic at submarine hydrothermal sites is less well
known. The average arsenic contents in soft tissues of mussels (40 ppm) from the MidAtlantic Ridge (Larsen et al., 1997) are higher than arsenic contents of mussels (2 to 20
ppm) from coastal environments (Francesconi and Edmonds, 1993). In contrast, shrimp
recovered from the Mid-Atlantic Ridge have lower arsenic contents (average 13 ppm)
and mussels from the Galapagos Ridge have similar arsenic contents (average 15 ppm)
compared to shrimp and mussels from surface waters and coastal zones (Larsen et al.,
1997; Smith and Flegal, 1989). The high levels of arsenic (to 70 ppm) in gill tissues and
digestive tracts of these organisms, mostly in the form of arsenobetaine and arsenosugars,
suggest that arsenic is assimilated through the activity of symbiotic bacteria and by
filtration of Fe oxyhydroxide particles.

The presence of arsenic-bearing sulfosalt

minerals proustite (Ag3AsS3) and pearceite (Ag16As2S11) in filamentous bacteria from a
vent site on the northern Gorda Ridge (Zierenberg and Schiffman, 1990) is a further
indication that microorganisms play a key role in the chemistry of arsenic in submarine
hydrothermal environments.
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