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Abstract

To consider both the deposits and their
setting within a sedimentary basin is an
instructive and rewarding approach in
studying Mississippi Valley-1ype lead-
zinc deposits hosted by sedimentary
carbonate rocks. There are now
numerous constraints cn origin of these
deposits, and the sedimenary-
diagenetic hypothesis of origin still
appears to answer more questions
than it poses. Qil in basins seems
clearly refated to the thermal and struc-
tural evolution of sedimentary basins.
Ore, in comparison, appears to require
coincidence of a specific set of precip-
tation as sulphides. Recognition of the
importance of heat in the maturation of
organic matter has led to the develop-
ment of indices of thermal and crganic
matunty. It should De possible to apply
these indices at least to relatively unde-
tormed Mississippi Valley-type de-
posits and therr host rocks as a means
of discovenng burial and thermal his-
tory. Organic matter commonly 1s spa-
hially associated with these depoesits: a
close logk al such organic matter in the
hight of modern petroleum geochemis-
try should help to determine whether
such associationis casual. or genetic
in terms of affecting source, transport
and precipitation

Introduction

This address deals with one specilic
bul widespread type of base metal
deposits, namely carbonate-hosted
lead-zinc deposits of Mississippi
Valley-type. Characteristics of these
deposits have been surmmarized by

many workers (e.q.. Sangster, 1976b),
and inciude the following: sphalerite
and galena are the main sulphides; ore
minerais are typically open-space fil-
lings with the spaces developed in
rocks, not sediments: depaosits typi-
cally are stratabound (1.e.. occur at
specitic stratigraphic levels): deposits
are most common in thick sequences
of sedimentary carbonate rocks: dolo-
mite 15 the most common host rock,
host carbonate rocks are un-
metamorphosed; Igneous rocks are
lacking in most setlings: arganic matter
is @ common asscciate; and the age of
host carbonates ranges from £ro-
terozoic to Cretaceous, with many de-
posits developed in Paleozoic carbo-
nates. Heylet a/. {1974) list additional
characteristics of the classic Missis-
sippi Valley deposits of the United
States. Puzzling problems associated
with these deposits centre around why
they are located in sedimentary carbo-
nates in the first place, and include
means of metal transport in the
sedimentary setting, localization of the
deposits, agent{s} of precipnation, and
especially timing of the sulphide
mineralization with respect tc age of
host carbonates. Here we consider
firstly the origin of these deposits. a
subject of much research and specula-
tion, and secondly some approaches
which may be useful in increasing our
understanding of their ongin The work
of Anderson (1978) and Sangster
(1976a,b) on Mississippi Valley-type
deposits and that of Powell (1978) on
organic geochemistry of sedimentary
basins has been particularly useful in
preparing this address The usetul dis-
claimer s appropnale: errors here are
mine. and nol theirg!

Origin of Mississippi Valley-Type
Lead-Zinc Deposits

Characternistics noted above provide
important constraints on ongin. Addi-
tional important constramts are pro-
vided by tiuid inclusion and isotope
data (e.q. Heylet al., 1974). Study of
fluid inclusions indicates temperatures
of formation for sulphides in the range
about80°'C  150°C, and that the ore
fluid. as trapped ininclusions, is 5-10X
as saline as seawater, and commonly
is of Na-Ca-Cl composition. locally with
droplets of ol Isotopic data tor sul-
phide sulphur from deposits of
Paleozoic and Mesozoic age tend 1o

parallel isotopic values for seawater
sulphate sulphur of the same age as
the host rocks (e.g., Sangster. 1976a,
fig. 4, p.228). suggesting ‘coeval’ sul-
phate as a sulphide source Lead
isctopes are erther anomalous (100
much radiogenic lead, e.g. Missouri
district, U.S.A ), suggesting shallow
crustal sources where radiogenic
isotopes have tormed, or ordinary,
suggesting deep crustal sources.

Taken together, many of these fea-
tures provide support for a popular
current working hypothesis which sees
Mississippi Valley-type lead-zinc de-
posits as a product of normal sedimen-
tary basin evolution, during the late
siages of diagenesis. An analogy is
made between the origins of two
economically valuable sedimentary
rock-hosted commodities — oil, and
lead-zinc ores. Indeed, conferences
have been convened o examine ail-
ore reiationships (Garrard, 1977). Each
commaodity requires a source, under-
goes migration ot some sort, and is
ultimately trapped or precipitated, if we
are fortunate, In economic concentra-
tions within geologic settings. In
Canada, this working hypothesis has
been advanced by Frank Beales and
hus students (e.g., Jackson and Beales,
1967. also see Macqueen, 1276, and
Anderson, 1978). Such an hypothesis
finds considerable support in the fact
that the salinities and constituent prop-
ortions of ions within fluid inclusions in
sphalerite closely resembie those of
oil-field brings. as noted by White
(1974) and others.Basinal brines con-
taining metal-chloride complexes are
known from a number of areas (e.g.,
Anderson, 1978), and some of these
are thought to resemble probable ore
fluids. Isotopic data from many Missis-
sippl Valley-type depaosits support a
basinal brine ongin for ore fluids, but
sugges! some admixture of meteoric
water in some settings (Heylet al.,
1974).

The settings and origins of ol and
lead-zinc ore are compared in Table |
Perhaps the most important ditter-
ences between these, notwithstanding
that both are located in sedimentary
basins, lies in the major controf. Qil
seems clearly related to the thermal
and structural evolution of a sedimen-
tary basin, including the development
of asuitable trap for this always poten-
tially fugitive constituent. Ore, on the



other hand, appears to reguire coinci-
dence of a specific set of circums-
tances — a metal-transporting fluid, a
cause or causes of precipitation. and
mosl importantly a cavity system. of
karst or other origin, within which pre-
cipitation of metallic sulphides can
occur in sizeable volumes Once pre-
cipitated as a sulphide, ore anpears to
remain In place

It s commonly noted that ol and ore
do not occur together 1sthis a fact, or a
function of our present knowledge of
the distribution of these commodities?
We exploit ol from the subsurtace from
awidely spaced system of boreholes:
in contrast. we exploit lead-zinc ore
from or close to the surface. using
open pits, shafts and rooms. and
closely spaced grid systems of
chamond dnll heles Nevertheless it
seems a fact that ol-field brines com-
monly contain tess than one ppm of
zinc and lead (e g Rittenhouse et al,
1969)

Some uncertainties with respect to
ongin were noted above Others n-
clude the question of ane fluid (metals
plus sulphur} or two (see Anderson,
1978). flud volumes. depth of ongin
below the surface role of organic
matter- and again. tming. We look now
at means of refining the current work-
ing hypothesis, and perhaps reducing
some of these uncertainites.

Some Approaches to Mississippi
Valley-Type Deposits
The sedimentary-diagenetic
hypothesis of originis useful because il
provides a rational explanation for the
ongin of deposits. and a framework
and guide for observations. But how
can we sharpen this hypothesis. or
nperhaps help it evolve toward a theory?
Several approaches are possible,
including study of the geological set-
tng, bunal history of the host rocks,
thermal hustory of the host rocks and
deposits, and the possible role of

Tablel

Companson of aspects of od and lead-zmc ore, Mississipps Valley-type deposis
ASPECT QIL ORE

Source Orgarnie-rich shates Shales. carbonates

or carbonates

sandstones. evapontes
of basement rocks.
1gNeoUS rocks

Release

Thermal maturation

Leacting by brines

Migration or

Dewatering of sha‘es

As chlonde complexes
p

Transport Transport as separale AL orgame complexes
phase? in matured state

Distance of Local to Phasin-w.de | ocal?

Migration

Time of Migration Depeands on geothermal Post-ittnfication
gradient

Trapping norous permeable Precipitation as

Deposition reserva rrocks sulphrdes

Temperature of about 66°C about 80 C - 150 C

Formation

Heat Geotherrnal ligquict Geothermal or anomalolus?
wIndow

Role of Organic Fundamental Genetc or casual?

Matter

Major Control Evohition of Coincidence of specific
sedinentary basn CIFCAUMmsTances

Rock-Water Urmmportant” Fundamental

Interaction

Fluid Volumes Large

Very large?

organic matter in transporting metals or
localizing mineral deposits (e g , Mac-
qgueen, 1976) Here lintend to deal with
approaches ivolving the burial and
thermal hustory of the host rocks and
deposits, and the role of organic
matier.

Occurrence of oif Figure 1 -lustrates
the “hguid window' concept of oil oe-
currence, as presented by Pusey
(1973) This concept descnlbes the
occurrence of ol in a wide vanety of
sedimentary basmns. and illustrates the
importance of heat in the maturation of
organic matter. The genesis of oilin
significant volumes depends on suita-
ble starting matenals Kerogen — in-
soluble crgaric matter from which ol
and natural gas evolve — 15 of three
main types in sediments as shown by
Tissotet al. (1974} These types are
well descnbed by therr atomre
hydrogen/carbon and atormnic
oxygen/carbon ralias, as seenin Fig-
ure 2. Large volumes of ol are only 1o
be expected from type | kerogen.
which appears to be of algal or micro-
bial ongin Type lll kerogen probably

T T
alost»m, [ AS ~____,_--——r""l
sn
1}
A /
1|
. ~‘°°
s 3 Y SOUITH PASS LA
x 4 / 2 LAMAR LK MAAACAIBO
z P 1 HALLI MASSOUG AGEHIA
T .
. 4 GHAWAR ARARIAN GULT
&‘ o wEST SIBEFIA
[=]  PRUDHOE BAY ALASKA
&F THE RMAL / WILMINGION 105 ANGELES |
5:5 A MINAS SUNATHA
F RESERVOIR h
BITUMEN
sk
9t 'S i n 'l A A 1
10 20 30 40 90 60 o] 80
GEOTHERMAL GRADIENT - °C
Figure 1.

Ligquid window concept of ail ccouatrence.
from Pusey (1973) (redrawn from Mac
qgueen 1976) Plot of geothweral gradient
agamnst depth mkm with hepond window and
selected o fields naluded Vertical bars
ndicate strahqgraphic span of signdiicant ol
production in each hold shown "Hot”
qgeothermal gradientindicates shaliow pro-
aucton Qil reservorrs found at tempera-
tures of less than about 66 C are beloved o
be assocated with sign fecant upl® aher
heating or. less cammonly with long d's-
tance migration updipy Time 1s not showrn
longer cooking lmes may compensate for
leper lemMperatures
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[ PRINCIPAL PRODUCTS
OF KEROGEN EVOLUTION
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csof
0 010 020 030
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Figure 2.

Principal steps of kerocgen evolution and
hydrocarbon tormahon. from three main
types of kerogen Type | represents
amorphous organic matter of algal or mic-
robrat ongin, type |1, herbaceous matenal
{leaves, pollen. etc); and type lII, woody
orgaric matter. Flat parts of curves indicate
mostly oxygen loss as COz and H20 Steep
parts of curves show loss of hydrogen and
hydrocarbon generation. Evolution paths |
and il correspond 1o kerogens able to
generate abundant cil (particularly 1),
whereas path | represents hydrogen-poor
kerogens which produce mostly methane at
depth. From Tissotet af. (1974, p 505).

yields little oil. The evelution of kerogen
and the ligud window of sil cccurrence
describe what 1s known as the thermal
model of oIl genesis Although the
model appears generally correct (at
least with respect lo clastic sequ-
ences). Powell and Snowdon (1978)
noted that there are exceptions such
as the extensive occurrence of dry gas
In undermature zones, and the occurr-
ence ot ol with an apiparent lerrestnal
organic matter source No doubt re-
finements of the thermal model will be
made Here the important point about
the thermal model of aorganic matura-
tion is that much research has been
conducted with the goal of evaluating
the oul potential of sedimentary basing
This involves discovering the thermal
history of sedimentary basing, and the
nature of kerogen starting malerials
Particular stress has been placed on
thermal history through study of or-
ganic diagenetcindicators - the re-
sponse of organic matter im varnous
forms to heat.

Organic diagenetic indicators. Table |l
summarizes man indices of organic
matunty. The term ‘organic maturity’
rafers to 1he progressive thermal evolu-

tion of organic matter: specifically, to
the oil generating polential of a
sedimentary sequence as described
by the hquid window of oil occurrence.
The response of organic matter to heat
provides a maximum-reading geoth-
ermometer, for the changes are not
reversible. Polien, speres and conod-
onts are examined visually: vitninite, a
coal maceral, is examined in terms of
its abilty to reflect ight under control-
led conditions. which 1s related to both
max/mum temperature attained and
the time over which this temperature
prevailed. Use of kerogen (insoluble
organic matter) and bitumen (soluble
organic matter) as indices of organic
maturity involves determining their
compositional properties, which are
known to change systematically upon
exposure to heat.

Powell's (1978) work in assessing
the hydrocarbon potential of the Cana-
dian Arctic fslands provides an exam-
ple. In the Sverdrup Basin, the facies of
organic metamorphism are as follows:
undermature te 1500m below surface:
marginally mature to about 3000m:
mature to about 4500m, and overma-
ture betow 4500m below surface.
Boundaries ot these zones depend
largely on geothermal gradient; vol-
umes of oii to be expected depend on
geothermal gradientand a sizable
quantity of suitable starting material.
namely algal or microbial amorphous
organic matter with high atomic
hydrogen/carbon ratio.

Thus by studying in situ organic
diagenetic indicators, we may arrive at
an estimate of the degree ot arganic
matunty of a particular stratigraphic

Table Il
Indhices of arqamic maturty

level within a sedimentary sequence,
and accordingly the thermal history of
that level. The approach is partly empir-
ical because ot the complexity of start-
ing materials and thermocatalylic
transformations: nevertheless. it works.

QOrganic matter in rocks. The term
‘bitumen' is Nnow IN comMmMon usage to
describe organic matter which is solu-
ble in benzene and methanol or other
organic solvents. Bitumen canbe
further divided into: a) resins, asphal-
tenes. and nitrogen. sulphur, oxygen
compounds. and b) hydrocarbons. The
hydrocarbons in bitumen are in turn
divisible intg a saturated fraction
(single carbon bonds). consisting ot
paraftins and napthenes, and an un-
saturated fraction (double carbon
bonds) or aromatic hydrocarbons. Like
other indices of organic matunty, bitu-
men shows systematic changes with
depth. At immature stratigraphic levels,
generally thought to be those where
temperatures above about 66°C have
not prevailled for any length of time, in
situ soluble crganic matter typically
has a fow percentage of hyrocarbons,
and a low saturated hydrocarben to
aromatic hydrocarton ratio. In situ
bitumen within organic mature zones
typically shows a higher percentage of
hydrocarbons, and a higher
saturate/aromatic ratio. Other pro-
gressive changes are also observed
from immature to increasingly mature
stratigraphic levels, including the gas
chromatographic character ot the satu-
rated hydrocarbon fraction, and atomic
hydrogen/carbon and oxygen/carbon
ratios within the associated insoluble

mmature Mature Metamorphosed
ahout 66°C
< about 66-C about 150°C » ahout 150°C
Pollen; Spores Yellow Yellow-orange (o Black
brown to black
Conodonts Pale Yellow Brown Brown to black
Vitrinite 0.5 0.5 - about1?2 =about 12
Reflectance (Ro)
Kerogen =15 15 about075 <2 aboutQ 75

—Low extract volumes
—No {or minor} ail

Bitumen

—High extract volumes —DOry gas +

—Majer ol

pyrobitumen



matenal ar kerogen (e.g.. Powell,
1978). It1s important to stress that we
are considering here changes that
occur within arganic matter in typical
source rocks, not necessarily changes
that occur during or after petroleum
migration from a source rock to a
reservoir.

Much of our present level of under
standing of these processes has been
gained over the past decade owing to
strong stimulus from the petroleurn
industry. How can we apply this new
knowledge to Mississippr Valley-type
lead-zinc deposits?

Application to Mississippi
Valley-Type Deposits

As noted above, organic matter com-
monly 1s associated with these de-
posits. Whether such association 1s
casual or genetic, the nature of the
associated organic matter, and the
nature of dispersed organic matter
present in host carbonates. can serve
as a useful guide to the thermal history
ot both host rocks and at least poten-
tally, mineral deposits. If the associa-
tion should prove to be genetic. 1e.,
organic matter in some fashion brings
about precipitation of metallic sul-
phides, all aspects of crganic matter
attain much importance.

The most fruttul settings for careful
study of dispersed organic matter and
bitumen are those such as the classic
Tri-state or Upper Mississippr Valley
areas, where rocks are essentially un-
disturbed tectonically. Within deformed
settings (e g.. Rocky Mountain Belt,
Macqueen and Thompson, 1978), or-
ganic matter has been thermally
metamorphosed. probably by deep
burial, rendering 1t of limited value
other than as a means of estimating
maximum temperature.

We consider two general cases: a}
lead-zinc deposit and host rocks were
exposed to the same maximum
paleotemperatures, and b) iead-zinc
deposit formed at temperatures in ex-
cess of the maximum host rock
palectemperatures

Deposit same temperature as host
rocks. Here we would not expect gra-
cients in either arganic or Incrganic
paleotemperature indicators. Because
normal” geothermal heat is involved,
thermal potential for fluid flow of a
convective nature should be absent or

imited. The implication for this case 1s
that minerahzation may be ‘late’, and
‘deep’, i.e., to have taken place under
an appreciable sedimentary load dur-
ing the time that host rocks reached
temperatures typical of Mississippi
Valley-type lead-zinc deposits. This
reasoning underles the data of Figure
3. far the Robb Lake lead-zin¢ deposit
of northeastern British Columbia. Fig-
ure 3 combines burial tustory, indi-
cated maximum palectemperatures,
and reasonable gradients. Although
the host rocks are Devonian in age, in
this model mineralization i1s indicated
as occurring at depths of 2-3}2 km, and
during late Tnassic to early Cretaceous
time. Note also that matured petroleum
would not be expected belcre iate
Pennsylvanian time, and could have
been produced untl Cretaceous time,
thus overlapping the inferred time of
lead-zinc mineralization. Kerr {1977)
has applied this reasoning to the
Cornwallis carbonate-hosted lead-zinc
depesits of the Arctic Islands. The best
single test of this model would be

discovery of the tme of mineralization.
In classical Mississipp Valley districts
as White (1978) and others have
pointed out, however. there is ittle
evidence that the formerly overlying
sedimentary seclion was ever thick
enough, assuming reasonable geoth-
ermal gradients. for the host rocks to
have reached temperatures of about
80° - 150°C. Perhaps, then, the second
case s a more commaon situation.

Deposit hotter than host rocks. inthis
situation, the deposits represent former
thermal anomalies with respect to their
enclosing host rocks. Here we might
expect that fluiids would move through
thermal potential: we also have the
possibility of convective flow, which
might help get around the question of
the large fluid volumes which appear
necessary to form an ore deposit {e.g..
Anderson, 1978). The further implica-
tion of this alternative mogel is that
minerahzation may be "early and ‘shal-
low'. with heat and fllds being derved
from some depth. Additonally. we

TEMPERATURE IN DEGREES CELSIUS

0 60 100 150

200 230 300

DEPTH OF BURIAL IN KILOMETRES

TEMPERATURE INTERVAL OF PETROLEUM
MATURATION AND FLUSHING

Figure 3.

Temperature-depth plot tor Devonian lead-
zinc host rocks, Robb Lake. northeastern
British Columbia Included are geothermal
gradients fram 30-50°C" interpreted bunal
history to an estimated maximum of 5 km,
and estimated maximum hgst rock
palectemperatures in the range of

LATF PENNSYLVANIAN
- — TO EARLY TRIASSIC

- - LATE TRIASSIC
- — JURASSIC-
CRETACEQUS BOUNDARY

- — 2?0 CRETACEQUS

~
~ 7MAXIMUM BURIAL

L b N DEPTH
COMMON TEMPERATURE RANGE \f’o S 5,
MISSISSIPPI VALLEY-TYPE DEPCSITS e
N ~
64 | 3 _" N N .

t INDICATED RANGE
MAXIMUM TEMPERATURE

200-230°C. In this model. munerahzation
ook place at bunal depths of 2 kmor
greater. and dunng late Triassic to Cretace-
ous hime. depth and lming are a8 consequ-
ence of 'normal’ geothermal heat and bunal
history From Macqueen and Thomoson
(1978. p 1757 see for denvation and
details)
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might expect to discover gradients in
paleotemperature indicators, espe-
cially organic indicators, at least those
which were present in host rocks upon
arrival of metal-bearing fluids (unless
such gradients are destroyed by later
deep burial). Gradients ought to de-
pend on the thermal contrast between
metal-bearing solutions and host car-
bonates, and on the duration of heat-
ing. Arbitrarily we may consider that a
thermal contrast in the range of
10°—20°C betwen metal-bearing solu-
tions and host carbonate rocks is likely
to be too low to provide measurable
effects, although this requires study. A
higher contrast (perhaps 40°—50°C™?),
however, should provide measurable
effects in terms of alteration of in situ
organic matter. The maximum etfects
should be seen when unaltered host
rock organic matter distant from
mineralization is compared with or-
ganic indicators in or very close to the
ore zone.

Paossible alteration effects. What altera-
tion effects might we expect? Pollen
and spores are not common in carbo-
nates, but if present should show visu-
ally observable colour changes from
orange to brown or brown ta black.
Vitrinite is also not expected in carbo-
nates, but a thermal contrast in the
region of 50°C could provide an in-
crease in reflectivity (Ro) from .21t0 .5
Ro units. Conodonts are commaon in
Paleczoic carbonates at least, and
should show an increase in the coned-
ont alteration index — a darkening (n
colour (Epsteinet al,, 1877). Kerogen
could be expected to show a decrease
of perhaps .110 0.2 in atomic
hydrogen/carbon ratio (Fig. 1).
Perhaps the most sensitive index might
be given by bitumen, which appears to
respond to shght changes in tempera-
ture which persist over some length of
time, I.e., are not merely ephemeral.
What might be expected in bitumen
derived from amorphous organic mat-
ter, type | kerogen of Figure 2, 15 local
thermal maturation, including a higher
percentage of hydrocarbons in organic
solvent extracts, higher saturated frac-
tion to aromatic fraction ratios, and
saturated fraction gas chromatog-
raphic character which indicates in-
creased organic maturity {e.g., lower
n-alkanes to napthenes ratio); or pos-
sibly organic metamorphism.

Have these effects been observed in
a thermally anomalous situation? Two
examples may be mentioned in which
armorphous organic matter at least
shows in¢creased maturation in such a
setling. Rashid and McAlary (1977)
have documented early maturation of
organic matter (i.e., at an anomalously
shallow depth) and genesis of hyd-
rocarbons in Cretaceous clastic rocks
of the Scotian shelf above a salt
piercement dome. Maturation has oc-
curred there because of the high heat
conductivity of salt. Powell (1978) re-
ported increased maturation of organic
matter within Triassic clastic sediments
of the Sverdrup Basin, where these
sediments have been intruded by
igneous dykes and sills. Thus the ef-
fects of thermal anomalies may be
seen in the response of bitumen. Sim-
ple calculations suggest these effects
may well be observable in Mississippi
Valley-type settings, and should be
well worth locking for. It must be
emphasized that these responses are
only to be expected where crganic
matter occurs in situ, permitting its use
as an indicator of palecthermal effects.

The implication of the above reason-
ing is that organic matter may have
only a casual association with lead-
zinc deposits. But organic matter may
have a genetic role or roles, as seenin
Table i1].

Genetic roles of organic ratter.
Source, transport and precipitation are
all aspects of Mississipp Valtey-type
orebodies in which organic matter has

Table lll
Possible roles of organic matter in genes:s
of Mississippi Valley-type Pb-zn deposits

A. Source rocks for metals
— inihai concentration as metal-arganic
complexes
- arganic {thermal) maturation frees
metals

B. Transport
— Melals travel as chloride and organic
complexes

C. Sulphide precipitation
- petroleum-sulphate reaction at site,
yielding HzS
—H=S supphed directly from sulphur
compounds in petroleumn
—chlonde brines alter organic matter,
releasing H2$

been suggested to play a role. Earlier |
emphasized possible genetic relation-
ships between petroleum and mineral
deposits (Macqueen, 1976). We need
to know more about sources and the
behaviour of metal-organic complexes
during diagenesis before item A of
Table Hl can be evaluated properly: at
present, these are only interesting
suggestions. Transport of metals as
organic complexes might alleviate the
low solubility of chloride complexes
and hence large volumes of fluids
required as noted by Anderson (1978)
and others. This is a geochemically
messy area in which to conduct re-
search because of the difficulty of
duplicating natural systems in terms of
organic complexes, and because
biological processes (e.g., bacterial)
may be significant. This is also true of
precipitation of sulphides at suttable
sites. Hydrogen sulphide is a wide-
spread component of carbonate rocks;
it is also an effective metal sulphide
precipitator. We need to know more.,
however, about its genesis in proximity
to sulphide settings. |s a non-bacterial
petroleum-sulphate reaction feasible
(e.g.. Dunsmore and Shearman,
1977)? Or are anaerobic sulphate-
reducing bactena, feeding on pet-
roleum, effective in continuous produc-
tion of requisite volumes of HzS87 It is
well known that shaltow groundwaters
can carry sulphate for long periods of
time in the absence of organic matter.
Upon encountering organic matter in a
suitable form, sulphate content is dras-
tically reduced, and H2S produced,
through bacterial action. Itis also
known that such sulphate-reducing
bacteria can be active up to tempera-
tures in the wicinity of 80°C {e.g.,
Dunsmore and Shearman, 1977).
Another possibilty for producing HaS is
through reduction of sulphur-bearing
resins or asphaltenes. It is likely that
the character of petroleum or bitumen
invelved in such reactions or proces-
ses has been altered distinctively, for
example in the normail or isoprenoid
alkane fractions of saturated hydrocar-
bons. Given the state of the art in
petroleum gecchemistry in the late
1970s, such alterations should be de-
tectable, Study of the widely reported
petroleum associated with, for exam-
ple, the classic Mississippi Valtey de-
posits may be highly rewarding in
helping to evaluate these suggestions.



The third suggestion of part C in Table
[l implies thermal metamorphism of
organic matter, and seems unlikely at
least in the non-deformed setting in
which many Mississippi Valley-type
deposits occur.

Studies of Mineral Deposits and
Organic Matter.

Several studies may be mentionad, not
all of the deposits are of Mississippl
Valley-type, however. Pering (1972)
determined that bitumens associated
with lead-zinc deposits in North Derby-
shire. England are of biclogical ongin
but have been biodegraded. probably
by bactena. Bitumens appeared to be
of local origin Saxby (1976) consi-
dered the significance of organic mat-
ter in ore genesis, and advanced some
of the suggestions noted above. espe-
cially those regarding the possible
importance of metal-organic com-
pounds Saxby also locked at
kerogens from a vanety of Austrahan
mineral deposits On a graph of atomic
hydrogen/carbon versus alomic
oxygen/carbon metamorphism has
heen reached (Saxby. 1976. p 125)
Connan (1977 examined relationships
between biturnen and a sulphide-
bearng barite deposit in France. con-
cluding that the bitumens are more or
less affecled by bactenal degradation,
and that the degree of piodegradation
of biturmens 1s inked to the abundance
of sulphides (galena. bermite and
othersym the vicinity Inthis case.
biodegradatan by sulphate-reducing
hactera seems o have provided a
sulptide source

Conclusions

In the foregoing | have theornized with-
out much data - a capital mistake
according to Sherlock Holmes, be-
causc one hegins to twist facts 1o suit

theories. instead of the reverse! My am

i this brne! review. however. has been

to show that there 1s some very Interest-

Ing work to be done over the next few
years on Mississippr Valley-type de-

posits. New and powerful tools are at
our disposal in the form of methods to

unravel the bunal and thermal history of

host rocks and ore depaosits, and the
possibie importance of organic matter
more genesis This innoway dispar-
ages all the excellent studies that
underlie our present underslanding. as
mentioned above The challenge now

1S to elevate the present working
hypothesis to a theory, or discard or
modify that warking hypotheses and
adopt another. There is no shortage of
mteresting problems remaining.
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