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and McArthur River Pb-Zn-Ag deposits
(Australia), many of the Upper Proterozoic
Copperbelt Cu deposits (Africa) and the Per-
mian Kupferschiefer Cu-Pb-Zn deposits (Ger-
many) are important examples of very large
sulphide deposits which occur as conformable
laminae within sedimentary strata. Many geol-
ogists who have investigated such deposits
consider that they were formed by bacteria,
which reduced sulphate to sulphide and possi-
bly also concentrated metals from dilute solu-
tions.

These deposits are very fine grained when
they have not been metamorphosed, and they
are typically associated with carbonaceous, high
potash shales and dolomitic rocks. They are not
closely associated with volcanic activity—the
Australian deposits contain some fine tuff beds
suggestive of terrestrial volcanism some distance
away, but no volcanic activity of any sort has
been recorded at the times of formation of the
Kupferschiefer or Copperbelt deposits. This is
one of the main reasons that volcanic sulphur or
high temperature inorganic reduction of sul-
phate are not usually considered to have been
instrumental in the formation of these deposits.

All deposits appear to have formed in elon-
gated, fairly shallow continental seas which may
or may not have had openings to the ocean. It is
common that several deposits formed penecon-
temporaneously at different places along each
sea.

It is difficult to prove that bacteria were
important in the formation of these deposits, but
there is a lot of circumstantial evidence in favour
of this. My purpose here is to summarize these

various lines of evidence.

Evidence for bacterial origin

1. Environments of ore formation
appear suitable for bacteria. The sedimen-
tary host rocks for these stratiform ores accumu-
lated slowly in near shore basins containing
considerable amounts of organic matter. Similar

environments at the present day are characteriz-
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ed by high levels of activity of sulphate reducing
bacteria. Metals are not toxic to the bacteria
when they are introduced into the environment
at rates below the rates of sulphide production;
in fact, metals can enhance bacterial activity.

2. Possible fossil bacteria have been
recognized in the ores. It is probable that
sulphate reducing bacteria evolved well before
the Middle Proterozoic, which is the age of the
oldest recorded stratiform sedimentary deposits.

Structures possibly representing fossil bac-
teria can be discerned under very high magni-
fication in the organic matter of the host sedi-
ments. Also, minute pyrite framboids with or-
ganic ‘skins’ may have precipitated within the
bodies of bacteria. However, there is not univer-
sal agreement on the interpretation of these
structures.

3. Pyrite is formed by bacteria in
many present day sedimentary enviromn-
ments. Pyrite has been recorded in small a-
mounts in many recent sediments and it is gen-
erally acknowledged that this was bacterially
produced. A. number of instances of probable
bacterial precipitation of Cu have also been
described,

4. Bacterial metal sulphides can be
formed easily in the laboratory. Sphalerite,
galena, pyrite and digenite, which are common
in various stratiform deposits, have all been
synthesized bacterially in the laboratory. More
complex sulphides such as chalcopyrite and
bornite have not been produced bacterially to
date, but they could have formed in nature by
reaction between copper ions and bacterially
produced iron sulphides, or between Fe** ions
and bacterially precipitated copper sulphides.

5. Sulphur isotopic ratios are in ac-
cord with bacterial sulphate reduction.
The sulphide minerals of the stratiform sedi-
mentary ore deposits are characterized by very
variable 53¢ values, with a general tendency to
S3% enrichment. Such isotopic distributions sug-

gest their sulphur was of bacterial origin.




6. Rates of bacterial sulphate reduc-
tion appear to be adequate for ore forma-
tion. It is probable that a lower limit for the
rates of formation of stratiform sedimentary ore
deposits is provided by the rate for accumula-
tion of fine grained sediments in euxinic basins.
The Black Sea basin is a well-studied example
of an environment where such sediments have
been depositing in recent times; the average
rate here is approximately 1 cm of unconsolidat-
ed sediment every 100 years. The metal sulphide
laminae in the ores could have formed relatively
rapidly whilst the detrital sediments were com-
ing in at normal rates. This would mean that
the ores could have accumulated significantly
faster than the Black Sea sediments. An upper
limit for their deposition rates should be provid-
ed by the metalliferous deposits in the Atlantis
11 Deep under the Red Sea. These were preci-
pitated (inorganically) at an average rate of
about 1 cm every 25 years and contain relatively
little intercalated detrital sediment.

Calculations based on these limiting values
indicate that the rates of sulphur production
necessary to form the stratiform sedimentary
sulphide deposits being discussed here are con-
siderably lower than the maximum values that
have been measured in natural environments.

7. Bacteria can concemtrate metals
from dilute solutioms. Sulphate reducing

bacteria can effect very large concentrations of
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metals from dilute solutions. Cloncentrations by
factors as high as as many thousands have been
recorded in laboratory experiments. Whilst this
is not nearly enough to form economic metal
deposits from normal seawater, given solutions
with about 1 ppm metals, it appears feasible
that bacteria could concentrate these to ore

grades.

Conclusions

The various lines of evidence presented
above are based on data obtained from investi-
gations in modern day sedimentary basins and
in the laboratory. If it is reasonable to extrapo-
late these data back as far as Proterozoic times,
it can be concluded that it is very likely that the
stratiform sedimentary sulphide deposits formed
as a result of bacterial processes. The environ-
ments of ore formation should have been very
favourable for high levels of bacterial activity
and the necessary rates of sulphide generation
should have been within the capacity of sulpha-
te reducing bacteria. The scarcity of such ore
deposits in the geological column relative to
the amounts of carbonaceous sediments pro-
bably reflects the rarity of adequate long term

metal sources.
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