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ABSTRACT

The black shales associated with basic volcanogenic rocks at the Hromnice locality, in the Barrandian Upper Proterozoic
(Bohemian Massif, Czech Republic) show heavy-metal enrichment. Maximum values of 0.4% Zn, 0.1% Cu, 0.12% Ni, 0.1%
Cr, 0.06% As, 0.02% Mo, 15 ppm Ag and 132 ppb Au are compared with normal black shales of the monotonous sequence.
Detailed mineralogical investigations of metal-rich facies reveal the following assemblage of ore minerals: granular and fram-
boidal pyrite, sphalerite, chalcopyrite, molybdenite and galena. Rare native gold, berthierite, clausthalite, and two new miner-
als, molybdenum selenide (Mo,Se,) and molybdenum telluride (Mo,Te,), were identified. The latter form small grains (about
4 um) closely associated with abundant organic carbon and framboidal pyrite. Monazite, xenotime, rhabdophane and ningyoite
were recognized as accessories in addition to rutile, zircon, the Cd-carbonate otavite and anglesite. Molybdenum values are
often elevated in many occurrences of black shale worldwide. Mo enrichment is commonly associated with organic matter and
framboidal pyrite, manifest as jordisite and only sporadically as molybdenite. “Castaingite” is very rare. The discovery of a
new molybdenum selenide and a molybdenum telluride in the Proterozoic metal-rich black shales of the Bohemian Massif
brings new important data on mineralogy of molybdenum in low-temperature hydrothermal (volcanogenic) processes in anoxic
environment.

Keywords: new mineral species, molybdenum selenide, molybdenum telluride, metal-rich black shales, geochemistry,
electron-microprobe data, sulfide mineralogy, Bohemian Massif, Czech Republic.

SOMMAIRE

Les shales noirs associés aux roches volcanogéniques basiques 2 Hromnice, dans la séquence protérozoique barrandienne
du massif bohémien, en République Tchéque, font preuve d’un enrichissement important en métaux (jusqu’a 0.4% de Zn, 0.1%
de Cu, 0.12% de Ni, 0.1% de Cr, 0.06% d’As, 0.02% de Mo, 15 ppm d’argent et 132 ppb d’or) en comparaison des shales
noirs normaux de la série monotone. Une étude approfondie de la minéralogie des facies métalliféres a mis en évidence
I’assemblage suivant: pyrite granuleuse et framboidale, sphalérite, chalcopyrite, molybdénite et galdne. Parmi les especes plus
rares sont: or natif, berthierite, clausthalite, et deux especes nouvelles, un séléniure et un tellurure de molybdéne, Mo,Se, et
Mo,Te,, respectivement. Ces deux espéces se présentent en grains tres petits (4 [lm, environ), étroitement associés au carbone
organique et A la pyrite framboidale, qui sont abondants. Les phosphates monazite, xénotime, thabdophane et ningyoite sont
accessoires, tout comme rutile, zircon, otavite (carbonate de Cd) et anglésite. 11 semble que des teneurs élevées en Mo soient
courantes dans de telles roches. Cet enrichissement en Mo, étroitement associé 2 une accumulation de mati¢re organique et de
pyrite framboidale, est exprimée sous forme de jordisite, et plus sporadiquement sous forme de molybdénite. La “castaingite”
est rarissime. La découverte des deux espdces nouvelles dans ces shales noirs apporte des précisions nouvelles sur I’expression
minéralogique du molybdéne dans des milieux volcanogéniques hydrothermaux 2 faible température,

(Traduit par la Rédaction)

Mots-clés: nouvelles especes minérales, séléniure de molydene, tellurure de molydene, shale noir métallifere, géochimie,
données 2 la microsonde électronique, minéralogie des sulfures, massif bohémien, République Tcheque.
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Shales” has generated interest in the mineralogy and
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the distribution of metals in black shales. Special

attention has been given to a new type of

Programme IGCP #254 on “Metalliferous Black Mo-Ni—PGE-Au ore deposit recently identified in
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Paleozoic sedimentary series, 4 Permo-Carboniferous and Tertiary platform sediments
seated faults (geophysically indicated), 7 locality studied.

Fi6. 1. Geological and tectonic map of the Barrandian Proterozoic, with location of Hromnice n. Pilsen locality (after Kovalova
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southwestern China (Chen et al. 1982, Fan 1983, Chen
1988, Coveney & Chen 1991), and also in Canada
(Hulbert et al. 1990), Czechoslovakia (Pasava 1990),
Finland (Loukola-Ruskeeniemi ez al. 1991), U.S.A.
(Coveney & Chen 1989) and the former U.S.S.R.

A detailed mineralogical investigation of Upper
Proterozoic metal-rich black shales from a 300-m-
deep (HRM-3) borehole drilled by the Czechoslovak
Uranium Enterprise at the Hromnice locality,
Bohemian Massif, Czech Republic, has resulted in the
discovery of two new Mo-bearing mineral phases
described in this paper.

GEOLOGICAL AND METALLOGENIC
FRAMEWORK

The Hromnice locality is situated in western
Bohemia, about 12 km northeast of Pilsen, in a
classical region of the Barrandian Upper Proterozoic
(Fig. 1). This geological unit belongs to the
Moldanubicum of the Variscan Belt of central Europe
and consists of a complex of eugeosynclinal sandy and
silty wackes and abundant submarine mafic flows
and pyroclastic material. The Proterozoic sequence
exhibits a simple structure, with alternating anticlinal
and synclinal NE-SW-trending belts (Holubec 1966).
Isolated or semi-isolated marine basins with limited
circulation of water enhanced deposition of black
shale. Two different tectonic models have been pro-
posed for the basin: a rift model (Pouba & Zoubek
1986) and a collisional model (Behr et al. 1984).

Low-grade metamorphism has affected the host
rocks of the mineral occurrence, which is located
within the Teplé-Barrandian metamorphic region, a
classical terrane of the Cadomian regional metamor-
phism in the Bohemian Massif.

The whole region has a long history of mining, and
pyritic black shales represent one of the most wide-
spread types of Precambrian mineralization in
the Bohemian Massif. They were intensively worked
at many locations from the 16th through 19th centuries
for the production of sulfuric acid. At the best-
known locality, Hroranice, 766 000 t of ore were
mined between 1833 and 1872, and only an open pit
(190 X 130 X ~ 50 m) remains.

Systematic geochemical investigations made in
the Bohemian Massif by the Czech Geological Survey
in Prague at a scale of 1: 50 000 has shown several
anomalies in stream sediments (Zn, Cu, Ni, Mo,
Pb, Ag, etc.) on Barrandian Proterozoic bedrock.
A hole (HRM-3) drilled to test one such geo-
chemical anomaly 3 km northwest of the Hromnice
mine site intersected alternating black shales and
basic tuffs, and showed that the source of the anomaly
was in metal-rich black shales (PaSava et al. 1989).
Samples collected during the above project and
from a nearby borehole HRM-1 form the basis of this

paper.
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METHODS

Geochemical and mineralogical studies of black
shale samples were carried out. Samples from the
HRM-1 and HRM-3 boreholes were homogenized in
laboratories of the Research Institute of the
Czechoslovak Uranium Enterprise in Straz n. Ralsko.
The trace clements were determined by the X-ray fluo-
rescence method on a Philips TW 1404 instrument in
laboratories of the UNIGEO Enterprise in Broo (ana-
lyst: Ing. Jand&kova). Geochemical results for the
Upper Proterozoic black shales are summarized in
Table 1.

TABLE 1. DISTRIBUTION OF SELECTED TRACE ELEMENTS IN
THE PROTEROZOIC NORMAL BLACK SHALES (HRM-1 BOREHOLE)
AND METAL-RICH FACIES (HRM-3 BOREHOLE) AT HROMNICE

Drill hole HRM-1 HRM-8 Ave.
n=33 n=17 black
Element x = Epax shale
Zn. (ppm) 383 850 4170 <300
Cu 93 266 1044 70
Ni 88 208 1200 50
Mo 33 87 200 10
Pb 28 25 72 20
As 58 148 597 n.d.
Ca 12 21 40 10
Cr 188 ar 1230 85
v 570 238 4020 160
Ag 0.38 2.3 15 1
n= ber of les, x = arithmetic mean, = maximum value,

n.d. = not determined. Average biack shale: date from Vine &
Tourtelot (1970).

Only three quantitative analyses of each of the pos-
sible new Mo-minerals were done; results are listed in
Table 2. There was no drysdallite (MoSe,) sample

TABLE 2. RESULTS OF ELECTRON-MICROPROBE ANALYSES OF

Mo MINERALS FROM HROMNICE
Mo selenide Mo telluride
1 2 3 4 8 [}

Mo wt.% 44.39 48.54 46,27 33.94 33.56 33.21
Te 82.08 63.71 58.56
Fe 0.80 0.86 1.24 1.04 0.74 1.18
st 2.14 0.84 0.88 0.33
Se 44.48 47.44 48.78
Al 2.21 1.69 0.32
Cu 1.15 1.08 1.20
K 0.21
Ca 2.90
Ti 0.33
Total 96.15 98.23 £8.47 87.04 08,87 97.04

Inferrid stolchiometry: 1) Mos 0950, g9s 2) M03 23504 09, 3) Mog 2680, o9
4) Mo, g4Tey 500 §) Moy gaTey 099 8) Mos Tey gn. Ideal formulas: MosSe,
MogTeoy.
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available for a comparative study. Physical properties
such as color, reflectivity, hardness, X-ray data, efc.
could not be determined because of the small grain-
size. Quantitative analyses of mineral phases were per-
formed at 20 kV on an EDAX-LINK system and
using internal analytical standards in the Research and
Development Institute in StrdZ p. Ralskem (analyst:
Dr. P. Sulovsky).

GEOCHEMISTRY AND ORIGIN OF BLACK SHALES

Metal-rich black shales from the Hromnice locality,
Bohemian Massif hosted in the volcanosedimentary
sequence (HRM-3 borehole) are strongly enriched in
Zn, Cu, Ni, As, Cr, V, Ag if compared to “normal”
black shales of the abandoned mine (HRM~-1 bore-
hole) and to “normal” black shale of Vine & Tourtelot
(1970). The maximum concentrations, 0.4% Zn, 0.1%
Cu, 0.12% Ni, 0.1% Cr, 0.2% V, 0.02% Mo, 15 ppm
Ag and 132 ppb Au, are very close to those (0.54%
Zn, 0.26% Ni, 0.15% Cu, 0.01% Mo and 0.006% Se)
reported by Loukola-Ruskeeniemi et al. (1991) for the
Precambrian metal-rich black schists of the Talvivaara
deposit in eastern Finland.

Metal-rich black shales at the Hromnice locality
originated under specific conditions (Pafava 1990,
1991). In partially isolated basins, an alternation of
oxidized and reduced layers within the water column
may have existed. The metals, contributed from vol-
canogenic-hydrothermal exhalations, could have been
fixed either as organometallic complexes by abundant
organic matter or could have precipitated directly as
sulfides, sclenides or tellurides. During diagenesis and
low-grade metamorphism, unstable organometallic
bonds disintegrated, and ore minerals were recrystal-
lized and remobilized into newly formed quartz, car-
bonate and quartz—carbonate veinlets.

DISTRIBUTION AND MINERALOGY OF MOLYBDENUM AND
SELENIUM IN DIFFERENT METAL-RICH BLACK SHALES

Molybdenum is commonly enriched in anoxic or
organic-matter-rich sediments. There are two major
mechanisms for its accumulation. The first is copre-
cipitation of Mo-sulfides with FeS or other metal sul-
fides. The occurrence of Mo-sulfide in sediments was
early established by observation of molybdenite and
jordisite (MoS,) and later “castaingite” (CuMo,Ss) in
the Permian Kupferschiefer of Germany (Schiiller &
Ottemann 1963, Fleischer & Mandarino 1991). The
second is fixation of Mo by adsorption, reduction and
other mechanisms in organic phases, especially in
black shales (Wedepohl 1972). Gavshin (1991) sug-
gested that molybdenum in marine organic-matter-rich
rocks precipitated mostly from the ocean waters in an
H,S-rich reducing environment. On the other hand,
elevated concentrations of molybdenum, together with
anomalous levels of zinc, iron and vanadium, have
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been found in modern hydrothermal springs from the
Playton on Salitre, in the Ahuachapan thermal area in
Salvador (Barnes 1979).

Tellurium, selenium and sulfur in nature are closely
associated and commonly found in pyritic ores. In
contrast to selenium, which substitutes isomorphously
for sulfur in structures, tellurium forms distinct miner-
al species present as microscopic segregations in the
sulfide minerals (notably in copper sulfides). The
deposition of tellurium and selenium in concentrations
of economic significance is associated with the forma-
tion of magmatic and postmagmatic sulfides
(Fairbridge 1972).

The average molybdenum content in shales ranges
from 2 ppm (Vinogradov 1962), through 2.6 ppm
(Turekian & Wedepohl 1961) and 10 ppm (Vine &
Tourtelot 1970), to 134 ppm in SDO-1 (USGS
Devonian Ohio Shale from Kentucky), which has been
proposed as a “normal black shale” (Huyck 1991).
Only limited data are available on the average distrib-
ution of Se in black shales; the midpoint of the range
for Huyck’s (1991) normal black shales is 4.9 ppm. In
low-calcium marine black shales, the mean concentra-
tion of Se, 5.6 ppm, has been established by Quinby-
Hunt et al. (1989). The Lower — Middle Cambrian and
Upper Jurassic black shales from the Siberian platform
contain 12.7 ppm and 26.0 ppm Se, respectively
(Gavshin 1991). The tellurium content of graywackes
and shales is less than 0.1-1 ppm (Wedepohl 1972),
and there are no other data available on its distribution
from metal-rich black shales.

The maximum concentrations of Mo (18.28 wt.%)
known in shales occur in the Lower Cambrian marine
polyelement black shales of southern China (Fan
1983). The mine at Tian Eshan, close to Zunyi in
Guizhou province, is the only one in the world in
which molybdenum is recovered from black shales.
Sulfide beds contain about 4% Mo, up to 4% Ni, 2%
Zn, 0.01-0.04% Se, 0.7 ppm Au, 50 ppm Ag, 0.3 ppm
Pt, 0.4 ppm Pd, 30 ppb Ir. These beds originated as
exhalites from low-temperature submarine springs
(Coveney & Chen 1991). Their mineralogy is com-
plex. Molybdenum occurs as jordisite, and ore miner-
als include framboidal and granular pyrite, the Ni sul-
fides millerite, vaesite, violarite, polydymite and
pentlandite, and gersdorffite. Selenium is bound in
pyrite, according to Fan (1983). Recent studies by
Grauch et al. (1991) showed the presence of a Hg
selenide phase (probably tiemannite).

High concentrations of molybdenum (0.716 wt.%)
have been described by Hirner et al. (1990) from the
Upper Cretaceous Julia Creek Oil Shale of the
Eromanga Basin, Queensland, Australia. Observations
by electron microscopy revealed a presence of
cyanobacteria with Mo. The authors concluded that
molybdenum is associated with V, Ni, Cu and B in the
mobile organic fraction.

Enriched Mo values, ranging from 0.14 to 0.29%,
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with the selenium concentrations in the range 0.06 —
0.24%, have recently been reported by Hulbert et al.
(1990) from epithermal Ni—Zn—PGE mineralization
hosted by the Devonian black shales of the Selwyn
Basin in the Yukon. Selenium is selectively parti-
tioned into vaesite and pyrite, respectively, whereas
molybdenum occurs in some of the organic matter and
as a Mo sulfide phase (probably jordisite: Grauch ez
al. 1991).

A close relationship of molybdenum and selenium
with organic matter also has been documented in the
Middle Pennsylvanian Mecca Quarry Shale Member
of the Linton Formation in Indiana by Coveney et al.
(1987) and in the Upper Pennsylvanian Stark Shale
Member of the Dennis Limestone in east-central
Kansas by Desborough et al. (1991). For example, in
Indiana, near-shore Desmoinesian black shales typi-
cally contain in excess of 1000 ppm Mo and 162 ppm
Se, and similar values for Mo occur in near-shore
facies in South Dakota (Coveney et al. 1991). Mo-rich
shales also have abundant Zn, U and V values.
Framboidal pyrite and marcasite are the most common
sulfide minerals. The main hosts of Zn, Cu and Pb are
sphalerite, chalcopyrite, and clausthalite (PbSe),
respectively. Mo is associated with pyrite framboids
and organic-matter-rich layers within the groundmass.
Neither molybdenite nor jordisite has been observed
(Coveney & Glascock 1989).

Sequential chemical analyses and electron-micro-
probe studies of the Mississippian metal-rich New
Albany Shale of southern Indiana have shown that Mo
(average 170 ppm) is held as a sulfide (about 70%)
and within kerogen (20%). The presence of molybden-
ite was stronly suggested, although no Mo minerals
have been identified. Zn, Cu and Cd occur as sulfide
minerals, Pb as selenide, and Ni is distributed between
kerogen (about 50%) and sulfide (about 45%) (Ripley
et al. 1991).

For metal-rich Cambrian Alum Shales in
Scandinavia, a very good correlation between Mo and
C, has been demonstrated by Leventhal (1991), as
weﬁ as in the low-temperature Permian copper ores of
the Kupferschiefer type in Poland (Mayer &
Piestrzynski 1985). In the German Kupferschiefer,
“castaingite” may form the interior of the colloidally
precipitated globules (Schiiller & Ottemann 1963).

PETROGRAPHY AND MINERALOGY OF PROTEROZOIC
BLACK SHALES FROM THE BOHEMIAN MASSIF

Petrographically, the metal-rich black shales are
black metasandstones and siltstones with a laminated
structure (an irregular alternation of dark layers rich in
organic matter and framboidal pyrite, with lighter
layers composed predominantly of volcanoclastic
material). There are also numerous younger veinlets
and microslump-fragments of quartz, carbonate and
quartz—carbonate. The phosphates monazite, xeno-
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time, rhabdophane and ningyoite occur as accessory
minerals, in addition to rutile, zircon, the Cd carbonate
otavite, and anglesite.

The following mineral assemblage, identified using
an EDAX-LINK system, is present: granular and
framboidal pyrite, sphalerite and chalcopyrite, and
sporadically, galena and molybdenite. Very rarely,
native gold, berthierite, clausthalite, a Mo selenide and
a Mo telluride were recognized. The results of quanti-
tative analyses of new molybdenum minerals are listed
in Table 2.

Granular pyrite

This conspicuous sulfide is irregularly disseminated
in rocks. It usually forms anhedral grains (5-150 um)

FIG. 2. Granular pyrite (large light xenomorphic grains) with
inclusions of chalcopyrite (white spots) bound to
quartz~carbonate veinlet in metal-rich black shale from
the HRM — 3/53 m drill hole; Hromnice. Scale bar: 30

wm.

FiG. 3. Granular pyrite (py) intergrown with sphalerite (sf)
related to quartz—carbonate veinlet in metal-rich black
shale from the HRM — 3/53 m drill hole; Hromnice. Scale
bar: 10 pm.
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in quartz and quartz—carbonate veinlets, commonly
with sphalerite and chalcopyrite inclusions (Figs. 2, 3).
It also occurs with framboidal pyrite. The Co/Ni ratio
is high in this phase. We interpret this coarse-grained
pyrite to have originated from framboidal pyrite by
recrystallization. Depletion of Ni in pyrite during its
recrystallization and mobilization was demonstrated in
the Barrandian Upper Proterozoic by Breiter & Pagava
(1985).

Framboidal pyrite

This syngenetic to early diagenetic pyrite, nearly as
common as granular pyrite, occurrs mostly as small
framboids, with diameter up to 10 pm in organic-car-
bon-rich layers (Fig. 4), and as disseminations in the
groundmass and in microslump-fragments (Fig. 5).
The Co/Ni ratio is low.

Fig. 4. Framboidal pyrite disseminated in C_,-rich layers in
metal-rich black shale from the HRM — 3/85 m drill hole;
Hromnice. Scale bar: 3 pm.

A
Tl

Fi1G. 5. Framboidal pyrite (white, globular) in greywacke
fragment. Granular pyrite (light xenomorphic grains) is
mostly associated with quartz veinlets. Metal-rich black
shale from the HRM — 3/53 m drill hole; Hromnice. Scale
bar: 30 pm.

THE CANADIAN MINERALOGIST

Sphalerite

Sphalerite is a relatively common sulfide found in a
variety of associations. It occurs predominantly as
anhedral grains (diameter 5-60 pm) either intergrown
with, or forming inclusions (2-40 um) in, granular
pyrite (Fig. 3), generally within relatively late veinlets
of quartz and quartz—carbonate. Its chemical composi-
tion is similar in both modes of occurrence: Fe values
range from 2.5 to 4.5 wt.%, and Cd contents are 0.4 —
0.7 wt.%. Sphalerite occurs more rarely in close asso-
ciation with framboidal pyrite and molybdenite at the
boundary between quartz veinlets and the groundmass
(Fig. 6). Very small (up to 10 um) subhedral grains
also are present in intergrowths with siderite. They are
richer in Fe (7.1 wt.%) and chemically purer than
sphalerite associated with framboidal pyrite and
molybdenite.

FiG. 6. Framboidal pyrite (deformed smaller globular and
larger grey, more massive aggregate in the lower part of
the picture) intergrown with sphalerite (larger elongate
light grey grain in the upper part of the picture) and
molybdenite (lamellar grain) at the boundary between
quartz—carbonate vein (left part) and groundmass (right
part) in metal-rich black shale from the HRM — 3/53 m
drill hole; Hromnice. Scale bar: 10 pum.

Chalcopyrite

This mineral is much scarcer than sphalerite. Only a
few anhedral to subhedral grains up to 20 um were
found intergrown with siderite in quartz—carbonate
veinlets; rare small inclusions up to 10 pm can be rec-
ognized in coarser pyrite (Fig. 2) and sphalerite grains.

Galena
Galena was found as fracture fillings (up to 1 um

in width) in granular pyrite. Some galena contains
17.6 wt.% Se (member of galena — clausthalite group).
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Molybdenite

Molybdenite occurs very sparsely as plates (1 X 25
Um) in association with sphalerite and framboidal
pyrite (Fig. 6). Only one euhedral grain (1 X 10 um)
intergrown with granular pyrite in younger quartz
veinlets was detected (Fig. 7).

FiG. 7. Granular pyrite (large light grey grains) scarcely inter-
grown with molybdenite (Mo) related to quartz—carbon-
ate veinlet in metal-rich black shale from the HRM — 3/53
m; Hromnice. Scale bar: 10 wm.

Molybdenum telluride phase

Small (3—4 um) globular grains of molybdenum tel-
luride (Mo;Te,) are bound to the organic matter and
framboidal pyrite-rich layers and also occur with gran-
ular pyrite and sphalerite (Fig. 8). The resulis of quan-
titative analyses are summarized in Table 2. This is the
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first description of a natural molybdenum telluride. An
unnamed nickel telluride phase, Ni;Te,, with the same
stoichiometry as our Mo telluride, has been identified
in the Wellgreen Ni—-Cu—PGE deposit, Yukon (L.J.
Cabri, oral comm.).

Molybdenum selenide phase

Grains of a molybdenum selenide, Mo,Se, (about 4
pm) are related to framboidal pyrite (Fig. 9). The
results of electron-microprobe analyses are listed in
Table 2.

The only known molybdenum selenide, drysdallite
(MoSe,), has been reported from Kapijimpanga in
Zambia (Ramdohr 1980). The mineral triistedtite, a
cubic spinel-type nickel selenide, NiySe,, with a stoi-
chiometry similar to that of our Mo-selenide phase,
has been identified with other Ni selenides in veinlets
associated with uranium mineralization from
Kuusamo, eastern Finland (Vuorelainen et al. 1964).
A tellurium selenide, TesSe,, again of the same stoi-
chiometry as our molybdenum selenide, has been
described from the Prasodov occurrence, Kurile
Island, in the former U.S.S.R., an example of epither-
mal sulfide — selenide — telluride mineralization
(Kovalenker et al. 1989). There, the tellurium selenide
forms a margin 4-6 um wide between segregations of
clausthalite and native Te, which are intergrown with
each other, sylvanite, and naumannite. These fill inter-
stices among quartz grains (Kovalenker et al. 1989).

The mineralogy of molybdenum in the Bohemian
Upper Proterozoic metal-rich black shales differs
somewhat from the above-mentioned examples.
Molybdenum-bearing minerals occur both in layers
rich in organic matter and in layers rich in framboidal
pyrite, in the form of a sulfide (molybdenite), but also
as a selenide and a telluride. Considering that the

FiG. 8. Small globular grain of Mo-telluride, of inferred stoi-
chiometry Mo,Te,, associated with framboidal pyrite in
organic-matter-rich layers in metal-rich black shale from
the HRM — 3/53 m drill hole; Hromnice. Scale bar; 10
pm.

F1G. 9. Small xenomorphic grain of Mo-selenide, of inferred
stoichiometry Mo,Se,, closely associated with framboidal
pyrite in organic-matter-rich horizon in metal-rich black
shale from the HRM — 3/53 m drill hole; Hromnice. Scale
bar: 10 yum.
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Proterozoic metal-rich black shales from the
Bohemian Massif originated in the presence of signifi-
cant submarine volcanic activity, it seems probable
that the source of Mo, Se, and Te was low-temperature
volcanogenic-hydrothermal springs (Dobe¥ & Pafava
1990), as proposed for the other metals by Pa¥ava
(1991).

CONCLUSIONS

As shown, the mineralogy of molybdenum and
selenium is very simple in most of world occurrences
of metalliferous black shale. The most common carrier
of Mo is jordisite, the amorphous molybdenum disul-
fide, which is generally intimately associated with
organic matter and framboidal pyrite. Molybdenite
occurs much more rarely, and is usually connected
with granular pyrite and other base metal sulfides, e.g.
sphalerite and chalcopyrite. “Castaingite” is very rare;
it has been found only in the copper-rich black shales
of Mansfeld, Germany.

Possible new molybdenum selenide (Mo,Se,) and
molybdenum telluride (Mo;Te,) phases have been
identified in the Proterozoic metal-rich black shales
from the Bohemian Massif. They both form very
small grains (about 4 um) closely associated with lay-
ers rich in organic matter and layers rich in framboidal
pyrite. The discovery of two possible new Mo-bearing
minerals raises new possibilities concerning the miner-
alogy of molybdenum in low-temperature hydrother-
mal (volcanogenic) processes in an anoxic environ-
ment. To explain sufficiently anomalous
concentrations of Mo in world occurrences of black
shales and to clarify the role of organic matter in asso-
ciated processes of mineralization, more attention
should be paid to their detailed mineralogical investi-
gations, followed possibly by studies of sulfur isotope
geochemistry.
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