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A sedimentary micro-vent in Lower Cambrian sandstone, and spar filled cephalopod shells in uppermost
Wenlockian barite and dolomite carrying silty pelmicrosparite contain well-developed macroscopic

ZnS-mineralization and very little pyrite. As controlling factors are suggested, good permeability, avail-
ability in underlying sediment of finely dispersed organic matter with sorbed Zn, and low $?~ activity inthe
percolating water. Sedimentation was temporarily rather rapid.
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Macroscopic zincblende is rare in the Cam-
bro-Silurian of the Baltic Shield. We can report
on two cases of sphalerite, both apparently of a
relatively early, diagenetic origin. Significantly,
they occur in the Lower Cambrian and upper
Middle Silurian, in the transgressive and regressi-
ve phases of Early Palaeozoic marine sedimenta-
tion in northern Europe. Structure and mineral-
ogy of the rocks appear to indicate some inter-
esting restrictions on the .interpretation.

For reviews of the Early Palaeozoic of the Bal-
tic Shield, see for instance Lindstrom 1971 and
Magnusson et al. 1960. In the Early Cambrian
the sea transgressed on peneplaned terrains of
mostly igneous and metamorphic rocks, deposi-
ting a sheet of quartzitic to feldspathic sands and
silts, and more or less potash-rich clays. During
later parts of the Cambrian a regime of black
mud, rich in pyrite and organic carbon, became
universally established. In the Early Ordovician
this was succeeded by mainly limestones, very
slowly deposited, of a type that one might cha-
racterize as pelagic. In the Middle and Late Or-
dovician the sedimentation of terrigenous mud
accelerated slightly, resulting in a number of
shaly members, some of which are graptolithic.
Calcareous mounds are a feature of some areas.
As in several other regions, the sea obviously
withdrew for a relatively short interval at the Or-
dovician/Silurian transition. Silurian sediments
were for the most part deposited in warm, nutri-
ent rich shelf waters of slight to medium depth.
This resulted in variable, mainly calcareous fa-

cies, ranging from fossiliferous marls through reef
and algal limestones, coquinoid bioclastics, ooli-
tes and siltstones, to fine to medium grained
sandstones. Together with the oolites the latter
represent regressive phases (see, e.g., Regnéll &
Hede 1960). About the Silurian/Devonian tran-
sition the sea ultimately withdrew towards the
south. At this stage much, if not most, of the
Baltic Shield was covered by a flat-lying sheet of
Lower Palaeozoic sediments, the thickness of
which attained a few hundred metres at the
southern border.

A Lower Cambrian specimen

Sphalerite was found in a '5-6 mm thick mi-
cro-vent transecting a 1-3 cm thick bed of sand-
stone belonging to a succession of alternating
sandstone and clay beds at the base of the Lower
Cambrian “Mickwitzia Sandstone” of Lugnés old
millstone quarry (now an open-air museum),
Vistergotland, Sweden (see, for instance, Had-
ding 1922). The sandstone rests on a plane surfa-
ce of gneiss that is kaolinized and somewhat sili-
cified down to a depth of a several tens of centi-
metres. The basal conglomerate may be some
10-30 cm thick and contain pebbles of e.g. vein
quartz, potash feldspar, clay ironstone, and
sandstone with a reddish, ferruginous cement.
Then follow several metres of alternating beds of
ripple cross-bedded sandstone, mostly a few cen-
timetres thick, and grey, silty kaolinite and illite
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containing clay (X-ray), mostly somewhat thinner
than the sandstone beds. The sandstone beds are
common in the lowermost metre. The sample
comes from this interval.

It is a silty, cross-laminated sandstone with
grain-sizes mainly 10—150 pum and few grains
over 500 um. Quartz, feldspar (mainly K-feldspar
(X-ray), some plagioclase) and muscovite are the
main components. Zircon and tourmaline are not
rare, and a few rutiles occur. Electron Probe An-
alysis (EPA) revealed the presence of TiO,, pro-
bably mainly as anatase (by optical and X-ray
comparison with Lower Cambrian sandstone in
southernmost Sweden, see Vortisch 1975). This
mineral is probably authigenic.

Remnants of ferrous sulphide were identified
as probably pyrite. The matrix consists of siderite,
illitic and kaolinitic clay minerals (X-ray), and
vellowish brown colouring matter, presumably
ferric oxyhydrate. The latter could not be identi-
fied by X-ray and might be present in small
quantities. The siderite is seldom clear but appe-~
ars mixed with clay minerals and brownish co-
louring substance. In the thin section the sedi-
mentary lamination is seen to consist of aggrega-~
tes of clastic grains, mostly cemented by quartz,
separated by siderite cemented floccules of clay
and isolated clastic grains. The siderite has eaten
into many of the clastic grains and their quartz
cement.

The siderite mostly contains about 0.5% Mn by
weight (EPA). Mn contents of ca 3-6% were
identified at some spots.

The micro-vent (fig. 1A), presumably a vertical
burrow that took over transporting functions
between the lower and upper surfaces of the
sandstone layer, is distinguished from the latter
by its pale greenish grey colour. The content of
clay minerals (illite, kaolinite) and microcline-
like potash feldspar is appreciably higher, and the
quartz and siderite content correspondingly
lower, than in the sandstone.

The micro-vent is one of several burrows found
in the sandstone specimen. Only one or two
others cut through the bed bottom to top. These
are much narrower. At the vent the bed is tran-
sected by a zone of disturbance of lamination,
originating as micro-faults on the basal surface
(fig. 1B). This is taken to be due to differential
compaction of the underlying clay bed. Evidently,
the vent could function as an outlet for escaping

Lindstrém & Vortisch: Cambro-Silurian sphalerite

Fig. 1. Lower Cambrian Mickwitzia Sandstone, Lugnds, Swe-
den. A. Cross section, normal orientation, micro-vent (pale) with
sphalerite. B. Lower surface of bed, with fracture shown in A.
The pipe shown in A is the uppermost of 3 along the fracture.
Note compactional micro-faults. A and B illuminated from
below. Scale = 1 cm.

water, and possibly for sediment as well. The
sandstone probably was less permeable because
of its content of clay and horizontally layered
muscovites.

The sphalerite forms a closed aggregate of cry-
stals the size of which reaches a few mm. There
are also scattered smaller crystals in the matrix of
the micro-vent. [dentification was made by opti-
cal and X-ray methods. The colour varies from
nearly colourless to saturated yellowish brown; in
general, it is stronger than in the Upper Silurian
specimen. There are a few purplish stripes that
are probably due to trace elements (Graeser
1971).
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rial, som for en tid har blivit bevarat i de relativt snabbt avla-
grade sedimenten. Ursprungligen kom den formodligen frin
berggrund, som vittrade i nirliggande landomraden p4 den bal-
tiska skolden.
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The average Fe content according to EPA de-
termination is about 1-1.6%. Other elements
that might influence the lattice constant a, were
‘not found in significant quantities. Thus Cd oc-
curs in traces close to the limit of demonstrability
(one spot however had ca 0.5% Cd). Cu and Mn
could not be proven to occur. Hence, the average
Fe content might theoretically be calculated
through a, determined by X-ray diffractometry.
For the sake of simplicity, a, was determined by
. first calibrating the d value of the (422) reflexion
of the sphalerite by the two neighbouring quartz
reflexions, (311) and (312) (Philips X-ray pow-
der diffractometer, graphite monochromator,
CuKa radiation, scanning speed: 1/2°20/min,
mean of 5 measurements). The FeS content was
calculated using the formula of Barton & Toul-
min (1966). The exactitude of this Fe determina-
tion is very limited, since the. standard deviation
of single measurements is of about the same or-

" der as the Fe content. The mean a, determination
was 5.4109 A, which would correspond to 2.9
mol% FeS. This might not be too far from the
actual amount.

For the interpretation of the sphalerite the re-
lation to the ferruginous mineral phases is im-
portant. Thus, Fe was present at least in glauco-
nite and pyrite, before cementation by siderite
took place. Siderite cement, while partially
replacing many quartz and feldspar grains, is it-
self replaced by the quartz cement. The oxidation
of the siderite cement is difficult to date relative
to quartz cementation.

An Upper Silurian specimen

The specimen is from a thin-bedded silty lime-
stone in the uppermost Slite Beds (upper Wen-
lockian) at the shore NW of Gandarve, Gotland.
The locality is dealt with as “Klinteenklaven” in
Laufeld (1974a). Silty limestone and more or less
calcareous siltstone are sporadically exposed in
horizontal outcrops, parallel to the bedding. They
are laminated, with little bioturbation, and a few
simple trace fossils on some surfaces. Current li-
neation, groove marks, frondescent load struc-
tures, and lenticular small-scale cross-bedding
are characteristic features. The fauna is rather
poor in species (Hede 1921). It comprises Cho-
netes cingulatus, Plagiorhyncha cordata, both of
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which may be abundant, pelecypods, gastropods,
ostracodes,-a few graptolites, and aligned ortho-
conic cephalopods. A similar occurrence was des-
cribed from the Ludlovian uppermost Hemse
Beds of Gotland by Laufeld (1974b), who drew
conclusions about a near shoreline situation from
the orientation of cephalopods.

The uppermost Slite Beds immediately predate
a phase of sandy deposition and formation of cal-
careous oolite and pisolites near the Wen-
lockian-Ludlovian transition. They were no
doubt formed in very shallow water, although the
proximity to the shoreline may be an open
question.

The specimen is a 4 cm thick bed of massive,
matrix supported calcareous pelmicrosparite with
abundant grains of barite, quartz, and dolomite,
all in the range about 20-50 pm, and with very
numerous bioclasts ranging in size from about 50
pm to several cm. The bioclastic population is
dominated by entire, single shells of articulate
brachiopods, following by orthoconic cephalo-
pods, arthropods, and bryozoans. Ca 27% of the
rock is insoluble in cold dilute HCL.

An estimated 10-25% of the rock consists of
micritic to microsparitic pellets averaging about
50 um in diameter. Dolomite has been identified
in rhombohedra that occur in abundance scatte-
red throughout the rock. Their size is some 30-50
um. Some of them have a thin coating of an
opaque mineral that has been identified (EPA
and reflected light) as probably pyrite. Dolomite
also occurs as cement in small, irregularly deli-
mited enclaves within the rock. Locally, an in-
dication of ankerite was found by EPA. ,

Of the non-carbonates, pyrite, referred to
above, occurs in very small amounts. On the
other hand, barite is common. It forms ca
2.5-3% of the rock. It occurs as angular granules,
some of which are developed as idiomorphic cry-
stals, mostly in the size range 10-50 pm, and as
cement and cavity filling. In the latter capacity it
may enclose granules of the same mineral, as well
as dolomite rhombs. In one case barite cement
was found to have been concentrated on the up-
per face of a shell, whereas an adjacent lower face
was coated with clear calcite spar. This suggests
gravity separation of detrital barite (see below).
Partial replacement of dolomite rhombohedra by
barite was observed in several places.

Further minerals are, quartz that appears to be



Fig. 2. Uppermost Slite Beds, Gannarve, Gotland, Sweden. Silty
dolomite limestone with orthocone cephalopod, filled with calcite
and a sphalerite inclusion. Note strand of (originally aragonitic?)
mamelons along trace of siphonal tube (middle, right). Scale: 1
cm.

largely clastic, feldspar (K feldspar and acid pla-
gioclase indicated by X-ray), clay minerals (X-ray
identification of illitic and kaolinitic compo-
nents), muscovite, a few small spots of TiO, (an-
atase or brookite?), phosphatic material of bio-
genic origin.

Sphalerite occurs as major aggregates (several
mm in diameter) mainly within the orthocone
cephalopods (fig. 2), and as scattered small ag-
gregates. Few traces of the cephalopod shells
themselves can be found, but the whole inner ca-

Lindstrom & Vortisch: Cambro-Silurian sphalerite

vity and the space left after dissolution of the
shell was filled by the same large calcite spars and
sphalerite. In places, the inner cavity was invaded
by sediment from outside, before calcite and
sphalerite crystallized. In the calcitic parts the
early sediment filling may be almost intact. The
sphalerite, however, has replaced the early filling
almost totally, only a few dolomite rhombs and
quartz granules remaining within the crystals.

The Slite Beds sphalerite is predominantly co-
lourless or faintly yellowish. This suggests a lower
Fe content than in the case of the Mickwitzia
Sandstone. As is the case in the Lower Cambrian
sphalerite, there are strongly purplish parts that
are due to the presence of trace elements other
than Fe. Fe and Cd contents are close to the lo-
wer limit of the range identifiable by EPA (ca.
0.1% Fe) (fig. 3). As in the Lower Cambrian
sample, Cu and Mn could not be identified. The
FeS content obtained through X-ray a, determi-
nation (5.4099 A) was 1.1 mol %. The discre-
pancy between this value and the EPA determi-
nation of Fe is within the probable error of the
X-ray method.

The following sequence of main events can be
assumed for the investigated sample:

1. Sedimentation of bioclasts, pellets, non-car-
bonatic clasts including small barites, and do-
lomite rhombs.

2. Re-distribution of barite within the sediment,
including replacement of dolomite rhombs by
barite and formation of barite cement, some
cementation by calcite (and aragonite? in-
dicated by mamelons of possibly aragonitic
original composition on preserved parts of a
cephalopod shell).

. Solution of cephalopod shells.

4. Filling of cephalopod shells by calcite spar and

sphalerite.

e

Discussion

The two described sphalerite occurrences share a

combination of features that render them signifi-

cant.

1. They are non-hydrothermal and diagenetic.

2. There are no other sulphide phases of any im-
portance.
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Fig. 3. Electron probe micrographs, ca X 220, of Slite Beds, silty
dolomitic limestone. A. Distribution of Ca, note reduced density
of indications in Mg-rich areas, corresponding to dolomite. B.
Distribution of Mg, corresponding to dolomite grains, C. Distri-
bution of 8i, corresponding mainly to quartz (greater density; in

3. They are associated with other diagenetic mi-
nerals (siderite, barite) formed under physico-
chemical conditions other than those preva-
lent during sphalerite crystallization.

4. They formed on a very flat, very extensive,
and very shallow sea-bed.

5. They are associated with rather abundant,
detrital quartz and silicate of silt to sand size.
In view of the circumstance that iron and zinc

are about equally concentrated in sea water as

well as in organisms occurring in the sea (Wede-
pohl 1972, Berner 1970, Bostrom, Joensuu &

Brohm 1975) it appears unexpected that sphale-

4

part authigenic at upper middle-right), and feldspar (lesser den-
sity, for instance at lower left and lowermost middle-right). D.
Distribution of Ba; note crystal face boundary against Si; com-
pare with C.

rite should occur alone as a diagenetic sulphide,
almost without accompanying pyrite. In most
cases the availability of iron is much greater than
that of zinc, because of abundant supply of
non-dissolved Fe that can enter the solution as
the latter is deprived of Fe through sulphide pre-
cipitation.

Jones & Hirst (1971) have pointed out the po-
sitive importance of rock permeability for zinc
enrichment as sulphide in Permian limestones in
northern England. Whereas highly porous reef
limestones have about 102 ppm Zn, the much less
porous basin facies has 2—4 ppm. Hallberg (1968)
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by a different approach concluded about the ne-’

gative importance of lacking porosity for sulphide
generation in sea-bed sediments.

The Cambrian micro-vent and the Silurian
empty cephalopod shells must have been highly
suitable environments for sulphide precipitation.
However, this would have applied equally well
for pyrite as for sphalerite.

The presence of partly unweathered clastic
components together with the geographic and
stratigraphic situation indicate that the zinc of
both samples ultimately came from magmatic
bedrock on the Baltic Shield. However, the same
source must have furnished even more iron.

The non-sulphides present in both samples
may provide certain clues. Siderite and barite
have in common that they indicate very low sul-
phide activity. in the solution. The barite of the
Silurian sample may have been enriched as de-
trital grains of mostly very small sizes, possibly
derived from gentle reworking of older sediments
(see Troger 1969 for a balanced opinion on this
possibility). It obviously was present before the
precipitation of sphalerite and would scarcely
have withstood strong activity of sulphate reduc-
ing bacteria. Siderite cementation of the Lower
Cambrian sample was probably completed after
percolation through the sphalerite-carrying mi-
cro-vent had ceased, but might well have begun
before this. If this was the case, the environment
would have been unsuitable for pyrite precipita-
tion.

Organisms enrich zinc in their soft parts. In
particular, this appears to be the case in certain
mollusks. Oysters may contain as much as ca 1%
Zn (Boyle & Lynch 1968). Except for the disin-
tegrated cephalopod shells, there are no traces of
mollusks in any of the samples, but this need not
necessarily indicate that they were absent. In ge-
neral, however, the Lower Cambrian sandstone is
very poor in body fossils, and bioturbation of the
sediment is everywhere weak.

Because sea water is poor in zinc, it is probable
that the immediate main source of the zinc was
sedimental organic detritus of plant or animal
origin. This easily contains a hundredfold to
thousandfold - of the zinc occurring in solution
(Wedepohl 1972, Bostrom, Joensuu & Brohm
1975). On desorption from such material owing
to formation of sulphide, zinc would apparently
be preferred to iron (Love 1969, Temple & Le
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Roux 1964). The ionic activity of zinc sulphide is
several orders less than that of ferric sulphide un-
der similar physicochemical conditions. At a
sufficiently low concentration of sulphide ions,
sphalerite, rather than pyrite, would thus form as
a consequence of desorption from organic
material.

In the case of the Cambrian micro-vent the or-
ganic carriers of zinc were probably brought by
water extruded from the underlying clay and silt
bed as this was compacted. Traces of the com-
paction movements are visible as pre-cementa-
tion micro-faults at the base of the sandstone bed.
In the Silurian instance the organic material may
either have existed in underlying beds or within
the sphalerite containing bed itself. The former
alternative is the more likely one in view of the
preservation of the barite. In both cases, the re-
tention of sufficient quantities of organic material
within the sediment was probably due to the con-
ditions of relatively rapid sedimentation in the
transgressive and regressive phases of the Early
Palaeozoic supercycle. Slower sedimentation
would have allowed the zinc carriers to be de-
stroyed at the sediment/water interface. The re-
dox potential was in the critical range for the sur-
vival of sulphide ions at the given rate of produc-
tion.
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Svensk sammendrag

Stora, vilutbildade sfaleritkristaller har pitriffats i ett litet se-
dimentért eruptionsrér i den underkambriska mickwitzio-
sandstenen i Lugnds och i hilrumsfyllnader i en orthoceratitf6-
rande kalksten ur de dversta sliteskikten vid Gandarve pa Got-
land. Dessa fynd ar intressanta dirfor att (1) zinksulfiden ér
diagenetisk och inte hydrotermal, (2) andra sulfider praktiskt
taget saknas, (3) beledsagande mineral (siderit, barit) kriver en
annan kemisk bildningsmiljé, (4) bildningsmiljderna har ge-
mensamma drag, t.ex. ytterst 1dnggrunt vatten och rikligt terri-
gent material av omkring sandstorlek och ndrmast darunder. I
regel forekommer zinksulfid tillsamman med pyrit, eftersom
jarn ar tillgédngligt for sulfidbildning i stérre méangd an zink.
Siderit och barit bildas i miljoer, som i regel ar mycket fattiga pd
sulfidjoner. D4 zinksulfid 4r dnnu mycket svarlosligare dn
janrsulfid, 4r det mgjligt, at den i de diskuterade fallen har
utfallts i miljéer, som var relativt rika p4 zink men fattiga pd
sulfidjoner. Zinken kan ha varit 16st bunden vid organisk mate-
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rial, som for en tid har blivit bevarat i de relativt snabbt avla-
grade sedimenten. Ursprungligen kom den formodligen frin
berggrund, som vittrade i nirliggande landomraden p4 den bal-
tiska skolden.
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