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ABSTRACT

Samples collected in low-temperature (2–50 8C) waters near hydrothermal vents of the
Southern Explorer Ridge, in the northeast Pacific Ocean, contained fine (,500 nm) Fe-
and Mn-oxide and Fe-silicate particles coating bacterial surfaces. Partially to totally min-
eralized bacteria, along with bacterial exopolymers, were covered with a mixture of poorly
ordered Si-rich Fe-oxides (possibly ferrihydrite), Mn-oxides, and Fe-silicates (possibly
nontronite). Minerals occur as very fine (2–20 nm) granular material, fine (20–100 nm)
needles and sheets, small (200–500 nm) nodules and filaments (i.e., mineralized exopo-
lymers). Under saturation conditions, we infer that bacterial surfaces provided nucleation
sites for poorly ordered oxides and silicates. The formation of Fe- and Mn-oxides was
likely initiated by the direct binding of soluble Fe and Mn species to reactive sites (like
carboxyl, phosphate, and hydroxyl groups) present within the bacterial cell wall and the
exopolymers. Fe-silicate formation involved a more complex binding mechanism, whereas
metal ions, such as Fe, possibly bridged reactive sites within the cell walls to silicate
anions to initiate silicate nucleation.

INTRODUCTION

Deep-sea hydrothermal vents associated with sea floor
volcanism are found in many regions of the Atlantic and
Pacific oceans as well as the Red Sea. As high-tempera-
ture, reducing, and acidic solutions mix with sea water,
various minerals precipitate around the vents. The dom-
inant minerals observed near hydrothermal vents are Fe-
oxides (rich in Si and Mn) and Fe-sulfides, along with
some sulfates, silicates, and carbonates (Juniper and Tebo
1995). Hydrothermal deposits can form not only at high
temperatures near the vent openings, but also on the sea
floor where the temperatures range from 2 to 50 8C (Ju-
niper and Tebo 1995).

Hydrothermal sites are also a natural habitat for various
microbial communities, such as free-living bacterial pop-
ulations associated with discharged vent fluids, free-living
microbial mats growing on rocks, chimneys, and sedi-
ments, endosymbiotic and exosymbiotic associations of
microorganisms and vent fauna, and microorganisms
within deep-sea hydrothermal vent plumes (Karl 1995).
Microbial communities likely derive their energy from
the oxidation of partially to fully reduced inorganic com-
pounds, including Fe, Mn, and S, released by the vents
(Karl 1995). However, no study to date has fully estab-
lished a direct role (i.e., an enzymatically catalyzed re-
action) for bacteria in the formation of Fe-oxides at hy-
drothermal vents (Juniper and Tebo 1995). Microbial Fe
accumulation at these sites is therefore seen as an indirect
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mechanism, whereby bacteria trigger the chemical pre-
cipitation of Fe-oxides, by locally changing redox and/or
pH conditions through their metabolic activity.

Bacteria can also act as nucleation surfaces for Fe-rich
minerals. Bacterial surfaces can easily bind dissolved ion-
ic species thereby leading to the nucleation of various
minerals, such as oxides, silicates, carbonates, and sul-
fides (see review by Fortin et al. 1997). This happens
because bacterial cell wall components possess ampho-
teric and amino groups that can sorb various ionic spe-
cies, including metals (Beveridge 1981). Under solution
saturation conditions, bacteria act as geochemically re-
active solids (Mullen et al. 1989; Fein et al. 1997) and
can, in some cases, increase the precipitation reaction rate
(Fortin and Beveridge 1997).

The present study examines the morphology, chemis-
try, and mineralogy of Si- and Mn-rich iron oxides and
Fe-silicates present in hydrothermal deposits collected
near the Southern Explorer Ridge in the northeast Pacific
ocean. Analyses of the deposit material by transmission
electron microscopy (TEM) and energy dispersive X-ray
spectroscopy (EDS) indicate that bacteria and their as-
sociated exopolymers served as nucleation surfaces for
Fe-oxide and Fe-silicate formation.

EXPERIMENTAL DETAILS

Location

The present study was part of the CANRIDGE III in-
vestigation of ocean ridges, which is a part of the inter-
national InterRIDGE program. Samples were collected in


