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Icosahedral domain structure of framboidal pyrite
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ABSTRACT
A new type of framboidal pyrite, with icosahedral domains, is described in this study. Examining
the microcrystals on sections of framboids from various localities using a scanning electron microscope, we found pentagonal and trigonal patterns. These are made up of rectangular and fan-shaped
domains, and octahedral microcrystals are regularly linked by sharing of edges in each domain.
These symmetrical arrangements are interpreted to be different sections of icosahedrally arranged
framboids which are composed of twenty tetrahedral domains. Thus some pyrite framboids are not
spherical, but are fundamentally icosahedral both in appearance and internal structure. The formation of the icosahedral framboids might be related to the initial nucleation rate and the number of
microcrystals within each framboid.

INTRODUCTION
Framboidal pyrite is a microscopic pyrite aggregate which
has a unique raspberry-like shape and occurs mostly in ancient
sedimentary rocks, modern marine and lacustrine sediments,
and anoxic water columns (Love and Amstutz 1966; Sweeney
and Kaplan 1973; Perry and Pedersen 1993; Ross and Degens
1974). One of the characteristic features is that, without exception, individual framboids are composed of microcrystals of
uniform size and shape. This suggests homogenous nucleation
of the initial microcrystals. There have been a number of studies on the on the genesis of framboids and the following chemical reaction has been suggested: disordered mackinawite →
ordered mackinawite (Fe9S8) → greigite (Fe3S4) → pyrite (FeS2)
(Schoonen and Barnes 1991a, 1991b; Wilkin and Barnes 1997).
The latter suggest that the framboidal shape might have formed
at the greigite stage as a result of a magnetic accretion of greigite
microcrystals (Wilkin and Barnes 1997). However, Butler and
Rickard (2000) synthesized framboidal pyrite directly from iron
(II) monosulfide without forming greigite as an intermediate
material. This suggests the possibility of two different processes,
formation via greigite and direct pyrite formation from the initial material.
Framboidal pyrite shows regular or irregular arrangements
of internal microcrystals and the regular packing has been interpreted as body-centered cubic or approximately closest cubic packing (Love and Amstutz 1966; Kalliokoski and Cathles
1969; Rickard 1970). Some framboids consist of different subdomains of ordered microcrystals (Rickard 1970). Morrissey
(1972) and Skripchenko and Berber’yan (1976) reported polygonal arrangements of microcrystals from sections of
framboids and suggested that framboidal pyrite might have a
polyhedral rather than a spherical form. However, the three-
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dimensional distribution of microcrystals in framboids has not
previously been discussed in detail.

EXPERIMENTAL METHOD
We examined pyrite framboids from five muddy sediments
(Miocene ~ Holocene in age) and four modern reductive sediments for comparative studies of the internal structure (Table
1). All the specimens were examined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
The specimens used for stereomicroscopic observations were
residues obtained from the muddy sediments by sifting fine
sand with a 200 mesh sieve. The specimens for SEM and TEM
observations were framboidal pyrite and greigite grains which
were picked from the residues. The SEM observations were
performed using JSM5310LVB (JEOL) and JSM5600 instruments equipped with Energy Dispersive Spectrometers (EDS:
ISIS310, Oxford Instruments) and operated at 15 kV. Large
framboid specimens were sectioned with tweezers under the
stereoscope, and small specimens were buried in epoxy resin
on slides and were polished to make thin sections. All the specimens were coated with Au or C. The TEM observations were
carried out using a JEM200CX (JEOL) instrument equipped
with an EDS (Voyager IV, Noran Instruments) unit and operated at 200 kV. The specimens were prepared by crushing
framboid grains which were part of the same specimens used
for SEM observations.

RESULTS AND DISCUSSION
Nature of framboidal pyrite in the examined samples
Compared with the framboids from modern sediments, the
framboids from Pleistocene sediments are much larger with
average diameters of 30 to 80 µm and a maximum diameter of
120 µm. They may be divided into two types based on shape:
spherical single framboids and polyframboids. The term
“polyframboid” was suggested by Love (1971) and represents
aggregates of numerous framboid units. Microcrystals of both

