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Abstract

Biomineralization of pyrite has been found inside of diatom cell in sludge (Hedoro) of Lake Nakaumi.
Direct observations by using SEM equipped with BSI, and EDX revealed formation processes of microbial
pyrite. In sludge (0-2.5cm depth) numerous diatoms (Coscinodiscus nitidus) form several framboidal pyrite
(5um diameter) inside cell. The framboidal pyrite are coated by thin film compose of Fe and S that is the
almost same composition as pyrite. The BSI image shows slightly weak dense on the surface of film
suggesting presence of organics. Chemical composition of normal diatom cell is alomst pure Si. On the
other hand, the diatom forming pyrite shows elementary differences between girdle and valve. Chemistory
of the girdle shows Fe and S elements indicating substitution of Si. Quantity of Fe and S increases outside
to inside of girdle. The formation process of framboidal pyrite inside cell is as follows: The first step is
formation of spherical FeS mineral (pyrrhotite), next step is a mixture of pyrite and pyrrhotite by adding S
and dehydration. Then the mixture makes a rough framboid. Hexahedron and pentagonal dodecahedron
are the characteristic crystal habits of framboidal pyrite in diatom. Some framboidal pyrite coated by thin
film of clays with organics. Dozens of framboid aggregate form a ball 50pm in diameter. Formation of
framboidal pyrite in diatom should be initially controlled by organics of biofilm.
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Fig.2 X-ray powder diffraction patterns of
sludge-bulk samples. Lillite, Gy: gypsum,
Qz: quartz, Cr: cristobalite, F: feldsper, Hal:
halite, Py: pyrite.
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Fig.3 Scanning electron micrographs of the
diatom filled with framboidal pyrite (A), and
hexahedral pyrite(B) in Sample C.
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Fig4 Scanning electron micrographs of chaining
framboidal pyrite(A), and its backscattered
electron image of A(B) in sample C showing
presence of light element in the film.
a: framboid, b: film.
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Fig.5s Energy dispersive X-ray patterns of point
analyses at framboidal pyrite(a) and film(b)
in Fig.4B showing no elemental differences
between framboid(A) and film(B).
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Fig.6 Scanning electron micrographs of diatom
filled with framboid(A), and its
backscattered electron image of A(B)
showing presence of heavy element in the
girdle(a), no pyrite in the diatom(b),
valve(c) and rough framboid(d). (Sample C).
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Fig.7 Energy-dispersive X-ray patterns of point

analyses of Fig.6B at girdle(diatom filled
with pyrite) (A) indicating S increase and
Si dicrease outside to inside, girdle ( no
pyrite in the diatom) (B) showing little S
and Fe, valve part(diatom filled with
pyrite) (C) showing major element of Si with
trace of Fe and S, rough framboid (D) showing
rich in Fe with S suggest that pyrrhotite.
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Fig8 Scanning electrom micrographs of
framboidal pyrite ball coated by clays
(arrow), composed of pyrite and pyrrhotite
(B). (Sample A).
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Fig.9 Energy dispersive X-ray patterns of point
analyses at clays Fig.8A suggesting
presence of illite or smectite, pyrite(A),
and pyrrhotite(B).
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