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Introduction
Facies is the term used o denote the
aspect of part of a sedimentary rock
body, as contrasted with other parts.
Primary facies are defined by features
present atthe time of deposition: primary
lithology. sedmentary texture and
sedimentary structures. Diagenetic
facies are defined by diagenetic
features Inircn formations, diagenetic
facies are pnmarily defined by the nature
of the iron-bearing minerals present.
Information on the distribution of iron
minerals in ron formatiens can be
distilled into a facies model inthe same
way as a model of sedimentary facies is
distilled from information on primary
lithology. sedimentary texture and
structure Infact a model of diagenetic
facies of ron formation is the oldest
facies model available. the models of
Borehert (18523 and James (1959 Of
course, al that time. the mineralogy of
iron tormations was thought 1o be
primary, «n accordance with the genoral
underestimation of diagenesis in the
1950s, and iron mineral facies of iron
formations were therefore thought to be
sedimentary facies. This fact cannot
detract from the value of the James-
Borchert model which | will have 1o
paraphrase.

Just as a model for pnmary tacies, the
model of diagenetic facies must fulfill
four purposes (Walker 1976).

1) It must act as a norm, for purposes
of comparison,

2) It must act as a framework and
gurde for fulure observations;

3) It must act as a predictor in new
geological situations:

4y It must act as a pasis for physice-
chemical interpretation of the diagenetic
environment or system that it
represents.

These four purposes are literally taken
from Walker's (1978) introduction to the
concept of facies models, except for two
words A model of diagenetic facies
cannot serve as basis for hydrodynamic
interpretation of the environment, and
because diagenetic processes are
determined by the physico-chemisty of
the sedimentary system after deposition,
amodet of diagenetic facies must permit
interpretation of these physico-
chemical processes.

Many stages of diagenesis. Iron
formations like other chemical
sediments. underwent many stages of
diagenesis. | define here as early
diagenetic those processes that took
place during the lithification and which
are contemporaneous with the infilling of
primary porasity, with comgaction, and
with the consolidation of the sediment.

{ ate diagenetic processes took place
after lithificatien. Of course, there 1S no
clearcut Imit between late diagenesis
ttaking place at low temperatures). lcad
metamorphism (taking place at
somewhat higher temperatures) and
very low grade regional metamorphism
itaking place during an orogeny, but not
necessarily al bigher temperatures than
toad metamaorphism).

Figure 1 diagramatically shows the
most important mineral reactions that
have been deduced from petrographic
observation of iron formation of the
Labrador trough The transitions from
imestone into iron formation have been
very hittle studied Suchtransitions exist
in the Transvaal Supergroup (Button,
1978). inthe Hamersley Group {Davy.
1874) and in the Archean of the Slave
Province (Kimberley, oral commun.,
1976). Therefore, nothing is known
about the first step of diagenesis namely
the conversion ot calcareous sediment
to fernferous chert. However, oolites of
iron tormations more closely resemble
aragoniie oolites than calcite oolites; this
fact suggests that conversion of
calcareous sediment to iron formation
occurred during very early diagenesis.
and preceded the inversion of aragonite
to calcite (Kimberley, 1974).

On the other hand, transformations of
iron minerals shown in Figure 1 have

as

been deduced from petrographic
observations like those illustrated by
Figures 2to 5. In Figure 2, concentric
1exiure of colites 1s beautifully preserved
by sub-microscopic hematite
crystallites. Figure 3 shows partial
destruchon of the concentric texture by
coarse-grained magnetite. in Figure 4,
nearly all of the concentric texture has
disappeared save for a few relicls here
and there. Clearly. magnetite formed
here at seme later stage than hematite.
A similar observation is illustrated in
Figure 5, where magnetite not only 1s
younger than hematite dust. but where
the growth of magnetite 1Is accompanied
by differential compaction;
consequently, magnetite formed here
during a comparalively early stage of
diagenesis, before the complete
hthification of the sediment. This simple
example illustrates the observations that
have been used to construct the
scheme shown in Figure 1.

The Facies Model
Diagentic facies of iron formation are
basically the mineral facies introduced
by James (1954). James defined facies
by the predorminaiting iron mineral and
distinguished oxide (hematite,
magnetite}, sihcate, carhonate, and
sulphide tacies. From this starting point,
the mineral facies concept has evolved
intwo directions First, Dimroth and
Chauvel (1973} defined rmineral facies
by the relicts of very early diagenetic,
iron minerals. These are the very fine
gramed, submicroscepic, hematite, and
fine gramed siderite and greenalite.
Thus, hematite, siderite, and silicate
facies are defined, to which a sulphide
tacies {marnly pynte-rich shalesymay be
added This scheme tails in formations
that do not contain relicts of the very
early diagenetic minerals. These haveto
be defined less precisely as
“recrystalized ron formations™.

Second. Zajac (1973} and Klein and
Fink {1976) defined facies by the
assemblage of iron minerals now
present This concept can be appliedto
any ircn tormation regardiess of its
diagenetic or metamorphic grade.
Generally, it 1s assumed that all iron
minerals present are stably co-existing;
however, | will demonstrate below an
example where this very likely 1s not
the case.

Obviocusly, Dimroth ang Chauvel's
facies represent a relatively early stage
of diagenesis and, therefore, show more
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Figure 2.

Hematite oolite. Concentric texture is well
preserved by submicroscopic crystallites of
hematite. Some recrystallizations of hematite
in centre of oolite. Section B13-15, Labrador
trough.

Figure 3.

Same section, about one mm from Figure 2.
Most of the concentric texture of the oolite
has been destroyed by growth of magnelite.

Figure 4.

Same thin section, about 2 mm from Figure 3:

All sedimentary textures have been
destroyed by growth of magnetite
porphyroblasts. A few remnants of oolite
skins remain (arrows) and are preserved by
submicroscopic crystallites of hematite.

Figure 5.

The spherical grey spot in the center is a
nodule of red jasper, stained by
submicroscopic hematite crystallites.
Lamination and sedimentary textures (ooids,
peloids) are beautifully preserved by hematite
dust. The dark material surrounding the
jasper spol is composed mainly of coarse-
grained magnelite and quartz. All
sedimentary texture has been destroyed in
this material, but some of laminae are
continuous from the jasper into the
surrounding magnetite-quartz fabric and
indicate differential compaction around the
jasper nodule. Section C2-S2, Labrador
trough.
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clearcut relations to sedimentary facies
than the assemblage facies of Klein and
Zajac which represent a relatively late
stage mineralogy. On the other hand,
mineral assemblage facies are very
important to the economic geologist
since the beneficiating properties of
taconite iron ore depend largely on the
late diagenetic mineral assemblage.

Overprinting mineral facies. Several
redox reactions can be shown to have
taken place in iron formations (Fig. 1),
particularly oxidation of siderite to
magnetite and/or hematite and
reduction of hematite to magnetite, iron
silicate or carbonate. An example of
such overprinting is shown in Figures
6-8 hematite oolites and pisolites (Fig.
6), have been partly replaced by iron
carbonate, probably siderite (Fig. 7, 8). It
should be noted that siderite has never
been observed by the writer in contact
with the submicroscopic crystallites of
hematite staining jasper, suggesting that
both minerals do not stably co-exist. On
the other hand, grain contacts between
siderite and coarsely crystalline
hematite are not uncommon; this
association of minerals very likely is
metastable, metastable preservation of
specular hematite being due to its
extremely low solubility in natural
solutions.

Physico-chemical factors. Which iron
mineral is stable during diagenesis
depends mainly on Eh, pH, pCO, and
pS" of the pore solutions. Traditionally,
the stability fields of various iron
minerals are shown on Eh-pH diagrams
at fixed values of pCO, and pS'" (Garrels
and Christ, 1965; James, 1966)
However, in marine sediments, pH
varies little, and is largely determined by
pCO.,. Therefore, | follow Berner (1971)
in representing the stability fields of the
iron minerals in an Eh-pCO, diagram at
very low pS"”, and in an Eh-pS” diagram
(Fig. 9). The stability fields of ankerite
and of iron silicate are unkown. They
have been stippled in Figure 9 on the
basis of empirical evidence.

Eh depends on the concentration, in
the pore solution, of oxygen, or of
organic decay products; of course, both
are incompatible. pS" depends on the
activity of sulphate reducing bacteria,
which increases with the proportion of
organic matter in the sediment and is
limited by the availability of dissolved
sulphate. pCO; is a measure of the CO ,-



86 Geoscience Canada, Volume 4, Number 2

e +1.00
i e .|.-l‘ ,\'\ B Oz
- +0.80 K
+0.60
+0 .40} Hematite
Fe,O,
e +0.20F
Ll
0.00 Iron Silicate
-0-20
-0.40
-0.60
-100 -2.00 -300 -400
Figure 6. Log. PCO=
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Stability fields of some iron minerals in Eh-
pCO, and Eh-pS” diagrams (after Berner,
1971) The stability field of iron silicate

1S unknown

Figure 8.

Detail from Figure 6. A carbonate
porphyroblast (grey. c) replaced part of a
pisohte and the cementing chert. Thus
carbonate facres Is late diagenetic
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content of the pore solutions; it depends
largely on carbenate precipitation or
dissolution during diagenesis and on
addition of CO; to pore solutions due tc
decay of organic matter. Therefore, the
organic content of the sediment and
availability of oxygen during diagenesis
are the main tactors that determine
which iron mineral will form inthe
sediment. Reduction of Fe* to Fe™ is
caused by the presence of organic
matter in the sediment, oxidation of Fe=:
1o FeY by the presence of oxygen.

Sedimentological factors. The organic
centent of the sediment depends largely
onthe organic productivity of the
environment and on the grain-size of the
sediments. Because most organic
detritus is plankton, organic matter is
enriched in fine grained sediment.
During earfiest diagenesis Oxygen
diffuses into the sediment, diffusion
rates increasing with increasing grain
size. During {ater diagenesis oxygen is
excluded from the sediment unless it is
transported in decending solutions. On
the other hand, ascending diagenetic
solutions generally contain decay
products of organic matter and,
therefore, are reducing.

As an effect of theserelations, earliest
diagenests generally 1akes place under
oxidizing or slightly reducing conditions
in well-washed sands; it takes place
under strongly to moderately reducing
conditions in muds, uniess these have
heen deposited in environments of low
productivity and af fow rates of
sedinentation, Conditions during later
diagenesis depend largely cnthe
direction of pore fluid exchange, pore
fluids migrating mainly in well-washed
sands.

fron minerals in recent sediments.
Recent iron mineral formation
apparently can be understood along the
lines outlined above (Berner, 1971).
Thus. fernc oxide or oxyhydrates formin
the presence of free oxygen, and survive
diagenesis in the absence of organic
matter. Well washed sands are most
likely to contain ferric oxides as are
muds deposited in areas of low
productivity and at low sedimentation
rates (e.g., deep-sea clays). Chamosite
formsinoverall aerobic environments, in
the presence of small amounts of
crganic matter {Porrenga, 1966). Side-
rite and sulphides are precipitated in
muds relatively rich in organic matter

(Berner, 1970; Ho and Coleman, 1969};
whichis precipitated seems largely to
depend on the availability of SO." inthe
pore solutions.

lron munerals in ancient iron formations.
James (1954, 1366) recognized a
similar relationship between the texture,
carbon content and mineralegy of iron
formations as outlined above. In the
Labrador trough, all well washed sands
contain either hematite dust or iron
silicate as very early diagenetic iron
mineral. Most micrite-and intramicrite-
type iron formaticns contain very early
diagenetic siderite or iron silicate;
however, some do contain hematite
dust. As could be expected, relations
between later diagenetic mineralogy
and sedimentary texture are less clear-
cut. Avery large class ofironformation is
derived from well-washed peloid or 00id
sands. Traces of hematite dust prove
that these were onginally hematite
facies rocks; however, this hematite has
been replaced nearly completely by
coarse grained magnetite, ankerite and
siderite during later diagenesis. Thus,
they are oxide facies rocks that have
been reduced to siderite facies rocks
later during their diagenesis.

A correlation between mineralogy and
carbon content has also been
recognized {James, 1966). Iron
formations containing hematite or iron
siicale as earliest diagenetic iron
mineral are free of carbon, rocks
contaimng fine-grained siderite
commonly contain a few tenths of a
per cent carbon, and most pyrite-rich
rocks are highly brtuminous shales.

Applications of the Model
We now will investigate how the model
fulfills the four functions defined above

1) The mode! as framework and guide
to future observation. A few simple
observations permit ready classification
of ron formations into mineral facies. If
the reader prefers my definition of
mineral facies, he should inspect thin
sections for the presence of hematite
dust. or microcrystalline iron silicate
{greenalite, minnesotaite) or siderite. If
he prefers assemblage facies he must
determine all iron minerals, paying
particular attention to carbonate
mineralogy: ankerite, dolomite and
calcite are more common than is
generally assumed.
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2) The model as norm. Basically, this
model has served as anorm sinceit was
first proposed by James (1954). Of
course, deviations from the norm exist;
e.g.. very rarely, sandstones
sandwiched between black shale may
contain considerable pyrite. Based on
the model, we can iry to give an answer
to the question why is this so, as | will
attempt 10 do below.

3.) The model as basis of physico-
chemical interpretation. The Gunflint
Formation contains beds, 5to 10 cm
thick, of hematite iron formations
intercalated between organic-rich
pyrititerous shales (Figs. 10-12). Fine-
grained hematite has beenreplaced at
the margins of these beds, first by iron
silicate (greenalite}, then by carbonate
(siderite). Clearly, replacement of earlier
hematite by siderite is indicated since
the sedimentary textures of the rock are
successively destroyed during growth of
carbonate.

My tentative interpretation is that
solutions containing decay products of
organic matter diffused into the bed of
hematite iron formation from the
adjoining shale layers, and established a
reducing dragenetic environment.

Similarly, the sand beds containing
pyrite discussed above are sandwiched
between crganic-rich shales in which
sulphate-reducing bacteria were active.
Thus, the abnermal precipitation ot
pyrite in a sandstone probably is due to
infiltration of H,S bearing diagenetic
solutions from the adjoining shale into
ihe sandstone bed.

4) The model as a predictor Extremely
reducing and extremely oxidizing
environments never should be in direct
contact. Thus. when we find two
outcrops of iron formation, one
containing hematite dust as earliest iron
mineral, the other with microcrystaline
siderite, we can be fairly certain that the
two rocks do not betong to stratigraphic
units that are directly in contact.
However, we are quite unable to predict
the thickness of any transitional zone,
which may be quite thin.
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Figure 10.

Part of a jasper layer intercalated between
black shale. replaced at the margin by iron
siicate (minnesotaite) and carbonate. Here
pelods preserved by submicroscopic
hematite crystallites are shown. Section G78,
Gunthnt Formation

Figure 11.
Same section as Figure 10. Peloids have
been replaced by stilpnomelane

Figure 12.

Same section as Figure 10. Siderite
porphyroblasts replaced peloids and part of
the cements. Growth of siderite
porphyroblasts is related to carbonate-filled
fractures, to stylolites, and is mast intense al
the margin of the jasper bed.
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