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(Abstract)

Anciet submarine hydrothermal environments
have been considered as important locations where
the first life flourished. On the other hand, many
experimental results postulate if submarine
hydrothermal environments were suitable for the
chemical evolution for origin of life. Geological
records of Archean submarine hydrothermal ore
deposits are present allover the world. Those ore
deposits often accompany with carbonaceous
sediments, suggesting high microbial activities
around the discharging hydrothermal fluids. Such
carbonaceous sediments may provide an opportunity
to examine evolution of early life in submarine
hydrothermal environments. Here I present the
evidence of high microbial activities at ca.
3.2-billion-years-old submarine hydrothermal fields
of Sulfur Springs in Australia. It is found that
examine samples associated with the ore deposit were
rich in organic carbon. Relatively high Mo
concentrations were found in those organic matter.
Such Mo behavior implies direct microbial mediation
of  bio-essential elements from  submarine
hydrothermal fluids. Microscopic occurrence of
organic carbon is often closely associated with
sulfide minerals forming onion- or stromatolite-like
structures. Such structures imply biologically induced
sulfide mineralization in submarine hydrothermal
environments. Stable isotope analyses indicate high
activities of methanogens and methanotrophs with
sulfate reducers only around the hydrothermal
discharging zone. Those results indicate that ancient
submarine hydrothermal fields were important for
early ecosystem not only for metabolic energy usage
but also uptake of bio-essential elements. However,
the total energy flux from interior of the early Earth
is known to be small. Such small energy flux
constraints the extents of submarine hydrothermal
activities on the early ocean floor and further
suggests that biomass around the ancient submarine
hydrothermal environments was also small.
Therefore it is still an open question as to if ancient
submarine hydrothermal environments were major
geological fields for evolution of early life.
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Figure 1. Map of studied area.

Sulfur Springs is located approximately 50 km west
from Marble Bar in Pilbara Craton in Western
Australia.  Ca. 3.2 billion-years-old volcanogenic
massive sulfide ores are present at the Sulfur Springs
area .
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Figure 2. Geological stratigraphy of examined drill core samples (SSD82) at Sulfur

Springs.

Concentrations of organic carbon (Cy) and sulfide sulfur (Sgpg.) are shown with
lithology of examined rocks. Organic matter are extremely rare in footwall basalts and

lower parts of ores.
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Figure 3. Sulfide textures in organic carbon rich layer.
Length of white bar in each figure is 1 cm. Organic
matter and pyrite are mixed in those samples ((1) and
(2)), suggesting co-sedimentation of organic matter and
sulfide ores. Onion- or stromatolite-like structures are
found in examined samples ((3) and (4)).
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Figure 4. Age distribution of major Archean ore deposits
formed by submarine hydrothermal activities.

This figure is modified by Groves and Barley (1994).
Thickness of each black line indicates the relative
abundance of each ore deposit. Banded iron formations,
which also associated with submarine hydrothermal
activities in some extent, are not included in this figure.
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Figure 5. Carbon isotope compositions of organic matter
and sulfur isotope compositions of sulfide in SSD82
core samples.
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Figure 6. Elemental maps of the representative samples obtained by X-ray
scanning microscope.

X-ray map (Ka) of S and Mo are shown with rock chip photographs. Rock
samples contain pyrite and organic matter with other silicates (see left figures).
Bright areas are high concentration areas for both S and Mo (see middle and

right figures).
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