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Many iron formations, including
those of pre-Cambrian and of later
ages, are generally believed to be of
sedimentary origin. Many differ-
cnces of opinion have arisen, how-
ever, as to the source of the iron for
these deposits, the nature of the
transporting medium, the nature of
the depositional environment, and
the primary minerals in the deposits.

Assuming that the high iron con-
tent of these formations is primary,
it is possible that the present iron
mineralogy represents to a large
degree that of the original deposit—
at least in the unmetamorphosed or
only slightly metamorphosed areas.
Many of these deposits can be divid-
ed into distinctive facies on the basis
of their iron mineralogy. For ex-
ample, Harold L. James has divided
the pre-Cambrian iron formations
~in the Iron River distriet of Miehi-
gan into an iron sulfide, an iron car-
bonate, and an iron silicate facies,
each of which he believes represents
the primary iron mineralogy of that
part of the deposit (James, 1951).
If this is so, the present iron miner-
als should reflect the chemical en-
vironment of their original deposi-
tion.

One line of approach that might
help in answering some of the prob-
lems eoncerning these environments
is a study of the relations between
equilibrium mineral associations that

would be expected under postulated
conditions of primary sedimentation,
and the mineral associations actually
observed in the field. Besides indi-
cating the degree of equilibrium of
the field relationships, such a study
might shed some light upon the prob-
lems of the transportation of iron,
the nature of the terrain from which
the iron was obtained, and other
problems concerning the genesis of
iron formations.

Ra-pH StapiniTy FIELDS

The depositional environment of
minerals precipitated from surface
waters can be considered to have es-
sentially constant temperature and
pressure. In many such natural sys-
tems the ehemical reactions involved
may be characterized almost entirely
by the hydrogen ion eoncentration
and the oxidation-reduction poten-
tial, Eh, of the environment (Krum-
bein and CGarrels, 1952). By con-
sidering the Eh and pH relation-
ships of a postulated environment,
the various mineral associations can
be predicted and their fields of sta-
bility plotted on an Bh-pH diagram
comparable to a temperature-pres-
sure diagram. The assumption must
always be made that the various
minerals present in a given environ-
ment are in equilibrium with that
environment. With some exceptions,
the close agreement between expect-
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ed mineral associations and observed
field relationships indicates that
natural systems are essentially equil-
ibrium systems, .

The Eh-pH stability fields have
been calculated for hematite, side-
rite and pyrite in normal sea water
and are shown in figure 1. They
indicate that hematite is stable and
will preeipitate in oxidizing environ-
ments, siderite in intermediate o
slightly reducing environments, and
pyrite in strongly redueing environ-
ments. A position within any of the
stability fields indicates that the
activity produet of only that mineral
1s exceeded and it will precipitate
to the exclusion of the other minerals
on the diagram. Furthermore, a
mineral if moved from its stability
field, by a change in Eh-pH condi-
tions, to a field in which it is un-
stable, will tend to 2o back into solu-
tion or change in composition until
equilibrium is again reached. The
field boundaries for these iron com-
pounds are essentially independent
of the concentration of the compo-
nents. For example, since the ferrie-
ferrous ratio is constant at a given
Eh, increase in total iron would in-
crease the amount of siderite op
hematite precipitated but would not
cause a change from siderite to
hematite. A change in precipitation
from one mineral to another will not
take place unless there is a change
in the Eh or the pH of the environ-
ment,

A series of experiments were con-
ducted in which iron in the ferrous
state was introduced into various
Eh-pH environments (Huber, 1952).
The experimental work indicated
that hematite and siderite actually
will precipitate under the predicted
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Fra. 1.—Eh-pH stability fields for hema-
tite, siderite, and Dyrite in sea water.

environmental conditions, The ex-
periments also contributed to the
evidence that sulfate cannot be re-
duced to sulfide in a strietly inor-
ganic system, and therefore indicate
the necessity of sulfate-reducing
bacteria or other organic agents for
the formation of pyrite. Regardless
of organic activity, however, pyrite
is not stable and cannot be formed
unless the Eh-pH conditions lie with-
in the pyrite stability field. The
experimental work, therefore, sup-
ports the validity of predicting min-
eral oceurrences on the basis of Eh-
pH stability diagrams.

TRANSPORTATION OF IroxN

One of the major problems in con-
sidering the genesis of iron forma-
tions is the transportation of iron to
the depositional basins. Among the
factors to be considered are the
amount of iron that can be carried
by streams and the state in which
the iron is carried.
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Tron can be carried in significant
quantities in true solution only un-
der rather restricted conditions. Ref-
erence to the solubility contours on
the Bh-pH stability diagram shows
that the conditions under which one
part per million or more of iron
(>107° moles/liter) can be carried
in true solution to be a pH of 7.5 or
less and an Eh ranging from +0.2
to —0.15. Natural fresh-water
streams are on the average neutral or
slightly acid and thus satisfy this
part of the environmental require-
ments. However, only under condi-
tions of oxygen deficiency can the
Eh requirements be met. It is pos-
gible that slow-moving, partially-
. gtagnated streams draining nonecal-
careous terrain would have a great
enough oxygen deficiency to carry
large quantities of iron in true solu-
tion.

Tron carried in colloidal form is not
subject to the same Eh-pH require-
ments as iron carried in true solu-
tion, and it is believed that most
streams carry more iron in this man-
" per than in true solution. However,
in order to form extensive clastic-
free iron deposits some mechanism
must be provided to separate this
iron from other colloids ineluding
clay minerals.

DEPOSITION OF IRON

Upon reaching a body of water,
such as a marine basin, the iron in
the streams emptying into that body
of water will tend to eonform with
the new environmental controls im-
posed upon it. Tn marine waters
the iron will be virtually completely
precipitated and the iron minerals
formed will depend upon the Eh and
the pH of the environment.
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Hematite should be precipitated
if the environmental conditions are
within the hematite field of stability,
such as in a well-aerated basin, shal-
low enough to allow waves and cur-
rents to keep the water well-oxygen-
ated. Ripple marks and oolites in
some of the hematite beds are evi-
dence of this type of an environ-
ment.

Siderite should precipitate if the
environmental conditions lie within
its stability field. The Eh limits of
this environment vary somewhat with
pH, but in the range from pH 7 to
pH 8, which is likely in marine en-
vironments, conditions are moderate-
1y reducing, becoming more redueing
with increasing pH. Such an en-
vironment might oceur in a restrict-
ed basin deficient in oxygen. An en-
vironment slightly more acid than
normal sea water would cause forma-
tion of siderite rather than caleium
carbonate. :

The environment under which py-
rite is stable is one of moderate to
strongly reducing conditions. How-
ever, as the reduction of sulfate is
negligible in a low-temperature in-
organic system, gulfate-reducing bac-
teria or some other agent produeing
hydrogen sulfide appear to be neces-
sary for the formation of pyrite.
Thus the optimum conditions for the
formation of pyrite require a highly
restricted  anaerobic environment,
such as a stagnant lagoon or euxinie
basin.

QumMARY AND CONCLUSIONS

In summary, a study of the theo-
retical and experimental relations
between equilibrium iron mineral as-
soeiations indicates that the environ-
mental conditions for the primary




Iron Minerql Deposition 99

deposition of these minerals can be
delineated by Eh-pH stability fields.

Several general conclusions can
be drawn from thig study :

1. The experimental work shows
that hematite .and siderite precipi-
tate under conditiong predicted from
Eh-pH stability relations,

2. The experiments also contribu.
ted to the evidence that sulfate can-
not be reduced to sulfide in an inor-
ganic system at low temperatures,
and therefore indicate the necessity
of sulfate-reducing bacteria or other
organic agents for the formation of
pyrite.

3. Iron can be carried in true
solution in guantities greater than
one part per million only under re-
stricted conditiong ; PH of 7.5 or less
and Eh values from + 0.2 to — 0.15.

4. Fresh-water streams, which on
the average are neutral or slightly
acid, can carry significant quantitieg
of iron in true solution only if they
are 8o deficient in oxygen as to main-
tain Eh in the range 4+ 0.2 to
— 0.15.

5. Present tropical streams carry
large quantities of iron. If the
streams are well aerated the iron
must be carried colloidally. If the
streams are partially stagnated iron
can be earried in significant quanti-
ties in true solution.

6. If iron is carried colloidally,
So0me mechanism is necessary for the
separation of this iron from other
colloids, such as clays, in order to
form clastic-free iron formations.

7. Finally, it ig suggested that
iron made available by weathering
brocesses and transported by slow-
moving, partially stagnated streams,
especially under humid-tropical or
humid-subtropical conditions, is suf-
ficient to form extensive iron-rich
deposits. The iron minerals formed
depend upon the immediate deposi-
tional environment rather than the
form in which the iron is transport-
ed. The major factors controlling
the minerals formed are the Eh and
the pH of the depositional environ-
ment.
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