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INTRODUCTION

Black shales are organic-rich rocks that commonly are en-
riched in metallic elements localized in specific horizons, as in
the Permian Kupferschiefer of northern Europe. Some black
shales contain economically significant concentrations of met-
als such as Cu, Co, Ni, Pb, Zn, U, and Mo. Numerous studies
have shown that organic matter or sulfide minerals play impor-
tant roles in concentrating metals, including Mo, from aque-
ous solutions. For example, either peat or algal remains can
readily scavenge Mo (Szilagyi 1967; Bertine 1972; Disnar
1981). The association of Mo with organic matter was further
demonstrated through the leaching of significant fractions of
the Mo contained in the organic component of euxinic sedi-
ments by solvents consisting of alkanes (Nissenbaum and
Swaine 1976) or other organic solvents (Volkov and Fomina
1974). The correlation between Mo and sulfide-S has been noted
by Glikson et al. (1985) and Brumsack (1989), suggesting that
sulfide ion is also a significant agent for fixation of Mo. Bertine
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A new phase composed mainly of Mo, S, and C and referred to herein as MoSC occurs widely in
organic-rich, metalliferous Cambrian black shales in south China. MoSC, which has previously
been referred to as jordisite, has been studied by scanning electron microscopy (SEM), electron
microprobe analysis (EMPA), transmission electron microscopy (TEM), powder X-ray diffraction,
(XRD), extended X-ray absorption fine structure (EXAFS), and catalytic activity. TEM data show
MoSC to have a layered structure, with packets resembling molybdenite and graphite-like carbon
that average five layers in thickness. Analytical data are consistent with an idealized formula of
Mo3S6C10 but it commonly contains 1–3 wt% each of Fe, Ni, and As so that its composition may be
better approximated by the formula (Mo,Fe,Ni)3(S,As)6C10. Selected area electron diffraction (SAED)
patterns show a small number of broad, inhomogeneous rings corresponding to randomly oriented
layers arranged in subspherical cells. A single broad, weak peak corresponds to a 10–11 Å layer
spacing in powder XRD diffraction patterns. Pseudomorphism after fossil bacteria implies an origin
by replacement of sedimentary organic material. In its chemical properties and structure, MoSC
resembles synthetic compounds used as catalysts for hydrodesulfurization (HDS) in the petrochemi-
cal industry. The large surface-to-volume ratio for MoSC may be an important factor in its relatively
strong HDS catalytic activity.

Cotype samples of jordisite from  Germany, previously thought to be amorphous MoS2, were
also studied by SEM and TEM. Jordisite occurs as sequences of a few curved layers that form sub-
spherical units, with an appearance remarkably like that of MoSC. However, the layer spacing is ~6
Å, like that of molybdenite. The ratio of Mo:S is ~1:2, and no carbon was detected, although it
coexists with kerogen. Jordisite is thus confirmed to be a form of MoS2, but because powder diffrac-
tion-like SAED patterns were obtained, it is not amorphous.
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(1972) reported that the most effective scavenging mechanism
is coprecipitation with Fe sulfide. Coveney and Glascock (1989)
found that the Mo in the Mecca Quarry Shale of Indiana was
associated with the surface of framboidal pyrite.

Despite the known association between Mo and black shales
that are rich in organic matter and metallic sulfides, little is
known about the structure and composition of the phases that
contain the majority of the Mo. This is caused in part by the
difficulty in characterizing fine-grained sediments. Neverthe-
less, Helz et al. (1996) attempted to characterize the local en-
vironment of Mo occurring in organic matter from a variety of
black shales, including the Mecca Quarry Shale, using EXAFS
spectra. They showed that Mo occurs in at least three different
forms characterized by Mo-O, Mo-S-Fe, and Mo-S bonds. The
Mo-S-Fe compound was theorized to have a cubane-type struc-
ture where Mo and S atoms occupy alternate vertices of a dis-
torted cube. Helz et al. proposed that the Mo originated as
MoO4

2– in seawater, maturing through cubane-like forms and,
ultimately, developing into a material resembling molybden-
ite. Nevertheless, the specific mineral in which Mo occurs was
not characterized.


