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ABSTRACT

Analytical data on 26 common elements, in over
600 specimens, are stored in a computerized file,
which facilitates comparison of the composition of
iron formations from different depositional environ-
ments and lithological facies. Significant dif-
ferences are noted: (1) between Lake Superior
(average of 201 samples) and Algoma types (447
analyses), (2) between iron formations (all facies)
of the Lake Superior type from six depositional
basins, and (3) between oxide, silicate and
carbonate facies of the Lake Superior type (148,
22 and 31 analyses, respectively) and the mean
Algoma type. In the latter the mean content
of K9,O. AlgOg, Na20, P205, S, B, Cu, Ni. Sry
Ti, V and Zn is more than twice the average for
Lake Superior -type (all facies); CO, Mn and
Sc are higher in the Lake Superior type. Corre-
lation coefficients between elements in each of the
three main facies for both types may be useful
in recognizing genetic processes. For the Algoma
type, consistently positive coefficients are found for
Co, Ni, Cr and Mg in the carbonate facies, Cr and
Ni in the sulfide facies, and Cu, Co, Ni and Cr
in the oxide facies; positive correlations of Al, K
and Ti were found for all facies of the Lake
Superior type.

Keywords: iron formation, Algoma type, Lake Su-
perior type, chemical composition, major ele-
ments, minor element content, oxide facies,
silicate facies, carbonate facies, sulfide facies,
correlation coefficients, Labrador geosyncline,
depositional basins.

SOMMAIRE

Un fichier de données sur ordinateur, portant sur
26 éléments courants et plus de 600 échantillons,
permet une comparaison des formations de fer de
différents environnements de dépdts et facies
lithologiques. On note les différences importantes
suivantes: (1) entre le type “lac Supérieur” (moyen-
ne de 201 échantillons) et le type Algoma (447
analyses), (2) entre six exemples distincts de for-
mation de fer du type “lac Supérieur”, et (3) entre
les facies & oxydes, & silicates et & carbonates du
type “lac Supérieur” (148, 22 et 31 analyses, res-
pectivement) et la composition movenne du type
Algoma. Celui-ci contient plus de dedx fois la te-
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neur en K.O, ALQ,, Na,O, P,O;, S, B, Cu, Ni, Sr,
Ti, V et Zn de la moyenne de tous les facies du
type “lac Supérieur”; CQ,, Mn et Sc sont plus
élevés dans ce dernier. Les coefficients de corréla-
tion inter-éléments pour chacun des trois facies
principaux des deux types peuvent servir a cerner
les processus pétrogénétiques. Pour le type Algoma,
les coefficients sont systématiquement positifs pour
Co, Ni, Cr et Mg dans le facies & carbonates, Cr
et Ni dans le facies & sulfures et Cu, Co, Ni et
Cr dans le facies & oxydes; ils le sont pour Al, K

et Ti dans tous les facies du type “lac Supérieur”.

(Traduit par la Rédaction)'

Mots-clés: formation de fer, type Algoma, type
Lac . Supérieur, composition chimique, éléments
majeurs, concentration d’éléments en traces, facies
a oxydes, facies a silicates, facies & carbonates,
facies A sulfures, coefficients de corrélation,

fosse du Labrador, bassin sédimentaire.

INTRODUCTION

Study of the geochemistry of iron formations
has been in progress for some years in the
Geological Survey of Canada project on the
geology of iron deposits, Our aim is to determine
variations and similarities in the composition of
different iron-formation types and facies and
to relate these to depositional environments.

A computer-based file has been developed
to store and manipulate the analytical data and
coded descriptions of the samples. Descriptive
data for samples include: identification, loca-
tion, associated rocks, geological age, type of
iron formation (Algoma, Lake Superior, or
other), classification according to five promi-
nent facies (oxide, silicate, carbonate, sulfide
or clastic) and information on grain size, tex-
ture and mineralogy of samples. Types of iron
formation are classified according to systems
previously outlined (Gross 1965, 1970, 1980).
Some samples were selected to represent specific
lithofacies; their iron content falls below 15 wt.
%, the minimum considered in the definition of
iron formation (James 1954), About 18% of
the 650 samples in the file contain less than
15% Fe, and 3% of the samples contain more
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TABLE 1. NUMBER OF SAMPLES IN CHEMISTRY-OF-IRON-FORMATION FILE

DOMINANT FACIES

Type of

Iron-formation Oxide Silicate Carbonate Sulfide Total

Lake Superior 148 22 31 4] 201
Algoma 352 8 37 50 447
48
SECONDARY FACIES
Oxide Silicate Carbonate Sulfide Clastic
Lake Superior 7 14 36 2 4
Algoma 19 33 38 47 11

than 50% Fe. Samples with low or high iron
content are included in this study to better
determine variability in composition and rela-
tionships between elements in the whole suite
of siliceous ferruginous sediments.

Distribution of samples within the file by
type and facies is far from uniform, as shown
in Table 1; this reflects internal project prio-
rities, availability of sample material and the
convenience of analyzing batches of samples
from selected geographical areas or geological
environments.

Of the Algoma-type samples used in the
present study, about 409 were collected from
the Temagami and Kirkland Lake areas, 10%
from the Red Lake—Bruce Lake area, 10%
from the Kenora-Dryden area, and about 5%
from each of the following areas: Melville
Peninsula, N.W.T., Great Whale River, Qué.,
Michipicoten, Geraldton, Lake St. Joseph, Ont.,
Bathurst, N.B. and the remainder from other
parts of the Superior geological province. Sam-
ple distribution for the Lake Superior type of
iron formation is shown in Table 2.

For statistical study of the analytical results
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the data have been categorized according to
the dominant lithological facies present in the
samples. About one third of the samples were
recorded as mixed facies and listed in descend-
ing order of dominant to subordinate facies
based on mineralogical and petrological data,
with some adjustment based on analytical re-
sults (Table 1). No further breakdown of the
mixed facies samples has been undertaken at
this stage of the study.

Descriptive and analytical data were incor-
porated in a computer-based file using the
management system Statistical Package for the
Social Sciences (Nie et al. 1975). The file has
been set up for convenient manjpulation of
data pertaining to any combination of type and
facies of iron formation. The system provides
the option of inclusion or exclusion of “missing
values” in carrying out statistical procedures.
Further treatment of data is anticipated in the
future, to take advantage of other procedures
within this system. For the interpretation of
data presented in this paper, only simple statis-
tical measures have been used: maximum, mini-
mum, mean, standard deviation and Pearson
correlation coefficients.

ANALYTICAL METHODS

Samples were analyzed by the Analytical
Chemistry Section of the Geological Survey of
Canada. Fused discs of ground samples were
analyzed for Si, Al, Fe, Mg, Ca, Na, K, Ti,
P, S and Mn using a Philips PW 1450 automatic
sequential X-ray-fluorescence spectrometer; fer-
rous iron, carbon dioxide, water and high con-
centrations of sulfur were determined chemical-

TABLE 2., MEAN ELEMENT CONTENT OF ALL FACIES OF LAKE~SUPERIOR-TYPE IRON FORMATION IN SIX MAJOR BASINS
BASI . Total* Total
SIN NO. Ca® K20 SAO2 1‘\1203 MgO FeO FeZO3 Fe203 Nazo P205 CO2 H20
Northern Labrador Geosyncline 6 3.17 .06 39.9 1.22 1.98 11.0 37.2 49.5 .17 .03 3.8 1.3 .02
Central Labrador Geosyncline 31 .64 .03 52.7 .81 1.02 6.3 35.9 42.9 .12 03 .6 1.9 .02
t Labrador G il 77 2.14 .02 43.3 74 2.08 10.9 33.4 45.5 07 .03 6.2 N .02
Lac Mistassini ~ Albanel 41 2.26 .06 46.5 1.02 1.86 5.3 22.2 39.2 W23 W11 8.5 1.5 .05
Belcher Islands 25 1.46 .70 47.6 3.82 2,08 8.8 25.9 35.7 .08 .08 5.2 2.9 .02
Gunilint 22 4.80 78 56.7 3.16 2,35 11.4 3.9 18.7 .26 .25 9.1 2.6 1.63
B Ba Co Cr Cu Mn Ni Sc Sr Ti v Y Yb Zn r
Northern Labrador Geosyncline - .00l - 0092 .0015 46 - - L0033 .027  .0039 - .0004 - -
Central Labrador Geosyncline ~  .002 .0022 6191  .0006 .17 —~ - .0011  .006  .0021 - .0005 - -
Southern Labrador Geosyncline .025 .037 .0030 0085  .0010 41,0027 - .0030 .007 .0030 .0054 .0006 .004 .0061
Mistassini — Albanel - 004 - 0112 .0008 42 - - L0022 .019 .0052 .0053 .0005 - <
Belcher Islands - .015 - L0091 L0015 1.3 .0023 .0007 .0059  .0U38 .0028 .0028 - - -
Guntlint 017,013 .0023 0084  .0031 .25 .0053 .0020 L0032 .147 L0112 .0043  .0005 - 0174

* Total Fe,0, means total Fe calculated as Fe, O

Mean vaiud th lower table (B to Zr) are meand aﬂy for samples with measurable values.



THE COMPOSITION OF CANADIAN IRON-FORMATIONS

ly. High sulfur content prevented the deter-
mination of ferrous iron in some samples; Fe?'
was not analyzed in about 109 of the samples
partly because of the high sulfur content. Con-
sequently the total iron content in Tables 2 and
3 cannot be calculated from the mean contents
reported for ferrous and ferric iron. Other re-
ported elements were obtained by optical-emis-
sion-spectroscopy methods, including one devel-
oped specifically for samples containing more
than 30% iron. Optical emission results were
used for some elements, particularly Ca, Mg,
Al Ti and Mn, where concentrations as deter-
mined by X-ray fluorescence were low. Detec-
tion limits for As and Zn are relatively high
using optical emission spectroscopy, and several
elements, e.g., B, Co, Ni, Sc, V, Y, Yb and
Zr, either were not found or are present in
quantities below the detection limits in more
than half the samples.

For the purposes of statistical manipulation
in this preliminary study, only reported (i.c.,
measured) values were used for elements de-
termined by emission spectrography. No at-
tempt was made to assign arbitrary values where
element contents fell below the measurable
limits of the spectrographic methods,

For major and minor elements determined
by X-ray fluorescence, zero values have been
treated as such and included in statistical pro-
cedures used to determine mean values and in
deriving correlation coefficients. In interpreting
results, it is thus important to be aware of the
proportion of samples that contain measurable
quantities of the elements being considered.
These proportions are graphically portrayed in
Figure 1.
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ANALYTICAL RESULTS

The percentages of samples with measurable
quantities of spectrographically determined
elements are shown in the upper lines of the
graph in Figure 1 for the Algoma and Lake
Superior types of iron formation and for six
Lake Superior basins, The mean quantities of
minor elements measured in these samples are
shown in the lower lines of the graph. Note that
the elements Ba, Cr, Cu, Mn, Ti, V and Sr
are present in measurable amounts in a large
proportion of the samples from all areas and
in all the main facies of iron formation.

COMPARISON OF LAKE SUPERIOR AND ALGOMA
TyPES OF IRON FORMATION

The mean contents of 26 elements in Algoma
and Lake Superior types of iron formations (all
facies) and in the three dominant facies of these
two types are shown in Table 3. This table
facilitates direct comparisons of mcan composi-
tions; differences greater than a factor of two
arc further emphasized in Table 4.

In silicate facies, K.0, Na,O and V are
higher in Lake-Superior-type specimens but in
other facies, these constituents are higher in
Algoma-type specimens, The reverse is true for
Fe.0; and Mn; Zr is higher in silicate than in
other facies of either type. Algoma-type car-
bonates are notably high in Cr, but Lake-Su-
perior-type oxide and silicate facies have a
higher Cr content. Barium is anomalously low
in Lake-Supcrior-type carbonate, but high in
Algoma carbonates.  As cxpected, CaO, MgO
and CO. are higher and Fe.O; is lower in

Mo B Ba  Co Cr Cs M2 N Se Se n v Y Yo Zs  Zr
Algoma-All facles BATIR o o Lo Lo [ ol A sl el W o oS )
Lake Superior- All facies [201[},, ~ [owew s = el p— A - - i 2 S A -
Algoma Oxide 352|0, D o e [ P el e T R N N A
Lake Superior Oxide 148/, Do b e b et B e bow e beu
Lake Seperfor Silicate 22{l, = o e ol b D P [ e 2
Lake Superior Carbonale 3k o [ - b B o B lewwoosa b Lo
Algomo Carbonate 37(B o b — P, ” Vorin fpun e s,
Northern Labrodor Geosyncline 6 e 2 o a z- a_ : M
Central Labrador Geosyncline | 31 et b r — L Perea
Southern Lobrador Geesyacline | 77 |buuum ;m ?mm M— - z ta a- — m_ ;www -//M h buza
Lae Mistassini-Albanel 41 - s : - ;-w: ez penzs
Belchar Islands 28 2z kea b k pes m_ = ks -wdaa
Gunilint 22 | ra— s ﬁ

26 ’o 5 6“900° 1600 1 gp%ﬂ% o5 %@ o 100

FiG. 1. Percentage of samples with measurable amounts

element content (hatched line).

trace element (solid line) and mean
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TABLE 3. MEAN ELEMENT CONTENT OF ALGOMA-AND LAKE-SUPERIOR-TYPE IRON FORMATION BY DOMINANT FACIES

Totalwk Total

TYPE -~ DOMINANT FACIES NO. Ca0 xzo 5102 A1203 ) Mg0 Fel F2203 F8203 Nazo PZOS COZ BZO 8

Algoma - All Facles 447 1.87 .62 48,9 3.70 2.00 13.3 24,9 37.7 43 .23 2.5 1.4 1.57

Lake Superior - All Facles 201 2.24 .20 47.1  1.50 1.93 10.9  28.2 40.1 .13 .08 6.0 1.4 .20

Algoma Oxide 352 1.51 .58 50,5 3.00 1.53 13.0  26.9 41.1 W31 .21 1.1 1.1 +29

Lake Superior Oxide 148 1.58 A6 47,20 1,39 1.24 8.2 35.4 44,5 .12 «06 3.0 1.3 .02

Algoma Silicate 8 .83 AL 46.2 0 7.56 3.89 18.1 15,8 36,1 .05 42 1.5 3.5 1.85

Lake Superior Silicate 22 2,40 .63 59,0 2.41 2,73 16.3 8.7 26.7 »20 .10 4.6 2.5 .08

Algoma Carbonate 37 4,78 .86 43.6 6.07 5.54 15.0 4.1 20.0 1.07 b4 1504 1.5 1.22

Lake Superior Carbonate 31 5.12 W15 38,1 1.40 4.54 21,2 5.1 28,5 .15 .15 21.2 1.5 1.13

Algoma Sulfide 50 2,27 .73 42,5 6,23 2,42 14.6 15.1 27.7 W91 W17 2.5 3.0 10.73

B Ba Co Cr Cu Mn Ni 8c 3 Ti v b4 b Zn Zr

Algoma - All Facles L041  ,019 L0041 .0118 .0149 .19 .0103 0008 .0116 124 L0109 .0054 .0006 .033  ,0098
Lake Superior - All Facies 021 016 .0028 0112 .0014 .49 .0037 .0018 .0037 .039 L0042 .0047 .0005 .004 0081
Algoma Oxide 016 .017 .0038 .0078 .0096 .14 .0083 .0008 .0098 .086 .0087 .0054 .0006 .033  ,0084
Lake Superior Oxide .024  ,018 .0027 .0122 .0010 .46 .0032 - L0042 .016 L0030 .0041 .0005 .002  ,0056
Algoma Silicate - .007 .0036 .0038 .0099 .73 .0151 ,0011 .0023 .191 L0054 .0084 0007 .034  ,0267
Lake Superior Silicate 021,017 .0027 ,0102 .0037 .34 L0046 ,0022 .0030 .190 .0124 ,0043 .0005 - .0165
Algoma Carbonate .026  ,040 .0031 ,0357 .0079 .49 .0205 ,0010 .0219 +257 ,0140 .0047 ,0005 .035  .0085
Lake Superior Carxbonate J015  .004 .0030 .0079 .0012 .72 .0039 .0016 .0029 .033 .0068 .0056 .0003 010 ,0068
Algoma Sulfide .18 .014 .0057 .0135 .0466 .20 L0115 .0010 .0140 .238 .0153 .0054  .005 .029  ,0151

#* Total F9203 means total Fe calculated as Fe,0

Mean values in lower table (B to 2r) are means only for samples with measurable values.

TABLE 4. COMPARISON OF MEAN ELEMENT CONTENT IN ALGOMA-AND LAKE-
SUPERIOR-TYPE IRON FORMATION
Algoma at least X2 Lake Superior at least
>Lake Superior type X2 > Algoma type
A1l facies KZO,A1203,Na20.P205, COZ' Mn, Sc*
$,B,Cu,Ni,Sr,T1,V,2Zn
Oxide facies K20,A1293,Na20,P205, (302, Mn
S,Cu,Ni,8r,T1,V,2Zn
Silicate facies A1203.P205,S,Cu,Mn, CaO,Nazo,COZ,
Ni,Y Ba*,Cr*,Sc*,V*
Carbonate facies KZO,A1203,Na20,P205,

Ba,Cr,Cu,Ni,Sr,Ti,V,Zn

* But found in small percentage of sam}ﬂes.

carbonate than in other facies. Similarly, the
Algoma-type sulfide facies have the - highest
contents of S, Co, Cu, B and V. This facies
is not shown in Figure 1, but has a higher
percentage of samples containing measurable
amounts of Ba, Co, Cu, Ni, Sc, Y and Zr
than do other facies.

Detection limits for As with emission spectro-
graphy are relatively high (0.1 or 0.2% de-
pending on the method used); As content
and distribution have not been shown in the
figures and tables. In Lake-Superior-type iron
formation, As has been found only in the Lac
Mistassini—Albanel basin, where it was re-
ported in measurable quantities in 11 of 41
samples (mean 0.29% in 11 samples). Eight
of the samples were oxide and three were car-
bonate facies.

In Algoma-type iron formation, measurable
quantities of As were found in only 9 of 447
samples from the Kirkland Lake—Noranda and
Michipicoten areas. Of these samples, four are
sulfide, four carbonate, and one is oxide facies.

Samples of Algoma-type iron formation of
Early Paleozoic age from the Bathurst area,
New Brunswick (Gross 1967) have greatly
affected the mean values for some elements.
The mean contents of Ba, Mn and P.O; for
19 samples from this area are, respectively,
0.092, 1.83 and 1.82%; in the “Algoma-All
Facies” group in Table 3, the mean values for
these elements are 0.019, 0.19 and 0.23%,
respectively  (0.015, 0.11 and 0.16% if the
Bathurst group is excluded).

COMPARISON OF LAKE-SUPERIOR-TYPE IRON
FORMATION FROM SIX BaSINs

The mean concentrations of 26 elements in
all facies of each of six basins of Lake-Superior-
type iron formation are shown in Table 2.
The Na, P and S contents of six specimens
from the North Labrador geosyncline are sim-
ilar to those found in the Central basin of the
Labrador geosyncline. B, Ni, V, Zn and Zr were
not detected in the North- and Central-basin
jron formations; their contents vary in the other
basins. In the North basin, Ti, B, Co, Ni, Sc and

“Y fall below the mean for all Lake-Superior-

type iron formations (Table 3). Mn is higher
in the North basin than the mean for all
specimens of the Lake Superior type.
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In the Central basin, Ti, Ba, Cr and V con-
tents fall below the mean for all examples of
Lake Superior type (Table 3), and Ti is ex-
tremely low. The lower CO,, MgO, CaO and
Mn contents of the rocks of the Central basin
are apparently related to the lower carbonate
content of the iron formations, Surface weather-
ing, especially in the Central basin, has affected
the FeO/Fey0; ratio and probably. further re-
duced the concentration of elements related to
carbonates.

The South basin of the Labrador geosyncline
(Wabush ‘Lake area) has the most complete
sample coverage available; it is characterized
by the lowest contents of K:0, Al:Os;, P.Os; and
S but the highest Ba content for all of the Lake-
Superior-type basins studied. The anomalous Ba
content is attributable to two samples contain-
ing 0.91 and 0.449%, in which barite was identi-
fied by X-ray diffraction. Deletion of these
samples lowers the mean Ba content of the
Southern basin to 0.002%, which is comparable
to that in other parts of the Labrador geosyn-
cline.

The iron formation in the Mistassini—Albanel
basin is the only Lake-Superior-type example
in which measurable quantities of As are re-
ported, in 25% of the samples. A higher per-
centage of specimens in this basin contain
measurable Cr and Cu than in other basins.

The Belcher Islands irén formation is notable
for its high Mn content, about three times
that in other Lake Superior basins. Along with
the Gunflint basin, the Belcher Islands iron
formation is high in K:0, Al:Os;, H,O but low
in Na.0.

The lower iron content in the Gunflint sam-
ples is compensated to a large extent by the
higher silica and carbonate contents and a
number of minor elements: CaO, K.O, MgO,
Na:0, P:0s, CO,, S, Ti, Cu, Ni, Sc, V and Zr are
the highest measured for all Lake-Superior-type
basins. A higher percentage of specimens from
the Gunflint basin contain measurable amounts
of Ti, B, Ni, Sc, Sr, Y and Zr than from other
basins of this type.

DiscUsSION OF CHEMICAL RELATIONSHIPS

Pearson correlation coefficients have been
obtained from these data for most combina-
tions of elements analyzed and have been ex-
amined for the common facies in each iron-
formation type. The correlation data are being
used to test models of chemical environment
of deposition for the various facies of iron for-
mation. Their interpretation is complicated by
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TABLE 5A. POSITIVE CORRELATION COEFFICIENTS 2.70

Oxide Silicate Carbonate Sulfide
Lake Lake Lake
Superior Algoma Superior Superior Algoma  Algoma
Fe*? TFe*?  TFe®? P T-Fe*?
Fe*? TFe}, TR TR
Mg co,
‘I'-Fed F e¢3 Fe*} Fe’z Fe e+2 Fel'z Fe‘a
Mn CO2 P CO2
. Cu,Al, V,Al
Ti K ALK Ba,K Al
v Co Ti,
Co V,Ni Ni Ni,Cr,
Mg
Ni Co,S Co,Cr Co,Cr,
Mg
cr Ni Co,Ni,
Mg
cu ALK Ti,AlL Fe*?
K
Al gf;f(“’ moew Ti
Mg Fe*? co, CoiNi,
,
2 Cr
P s F ed’
Mn
Ba ALK Ti
K Ti Ti,Cu, Ti,Cu,
Al,Ba Al
2
CoO. Mn . Fe"
2 Mg ’ Mn
S Ni P

the fact that about one third of the samples

analyzed represent mixed facies. Combinations
of elements of major interest with positive
correlation coefficients equal to or greater than
0.4 and 0.7 and negative correlation coeffi-
cients equal to —0.4 or less are listed in Tables
5A and 5B, where pairs of elements have been
reported in 10 or more samples of a particular
facies. (Note that for sample populations of 10,
correlation coefficients of 0.44 and 0.72 indicate
probabilities of 90 and 99%, respectively, of a
correlation different from zero.) These tables
and comments refer to elements rather than
to oxides as reported in Tables 2 to 4.

The correlation of ferric and ferrous iron
with total iron in the various iron-formation
facies is according to expectations. The correla-
tion of ferric iron with total iron in the sulfide
facies reflects the ferric iron content in mag-
netite in this facies. The consistently positive
correlation-coefficients for Co, Ni, Cr and Mg
in the Algoma carbonate facies, the Cr/Ni cor-
relation in the sulfide facies, and Cu/Co/Ni/Cr
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TABLE 5B, POSITIVE CORRELATION COEFFICIENTS 2 .40 NEGATIVE CORRELATION COEFFICIENTS § - .40
Oxide Sificate Carbonate Sulfide Oxide Silicate Carbonate Sulfide
Lake Lake Lake
Superior Algoma Superior  Superior Algoma  Algoma L.S, Algoma  L.S. L.S. Algoma  Algoma
et T.Fe*3,co T-Fe*3, T-Fe*?, o T-Fe*?, T-Fe*3Mn Fe*? V,N,Cr, TiAl et
Cr Mn,P Co,Ni,S co, Mg,CO, Mg,CO, BaK
3 +3 +3
+2 Mg, CO, T-Fe” T-Fe*?,  T-Fe +3 +3 I +2
Fe 2 Min,Mg Mn,V, Mg ;;Fe Cu Fe Ti,V,Ni Cr,V Fe
el |
T-Fe*? Felco Fetd  FelFe'? Fe'lvcoFel,  Fels TLV,Ni,  Ti,Al -
Fe Cr Ni Fe™°,P Mg, K T-Fe
Mn Kco, P Fe'2ug, Fe'lco Fe'lp  Fe'’co, Mn
co. Mg,CO.
2 2
Ti ALK AlMg  ALPK  CuAlBa, V,Al Cr,Al Mg, cr Fet2 R -
K K T-Fe T-Fe™ ",
s
v Co Fe'?, . TiAl Fe'3 Fe*? v
T-Fe*3, Fe "3
Cr,Al T-Fe
~ 3 +3 . +3
Fe* . T-Fe Ni,Cr, Fe
Co T-Fe*?  NiuCr, Mn,Co,  Mg,CO, S ﬁ“"“ Co
V,Ni,P,K
) +3 +3 +3
Ni Ce,$ Co,Cr, T-Fe'”,p Co,Cr, Fe ’,Cr,P Fe
T-Fe‘*3
cr CoNi,  Fe'’l. Felv  CoNi  TiNiK Al . 3 pet? o
Mg T-Fe Mg,CO, .S Mg Fe
Cu Co,Ni ALPK Ti,Al,Ba, Fe*? Co Cu
K
Al Ti,K Ti,K Ti,CuP,  TiV,Cu, TiV,K  Ti,MgK cr Co,CO, 1-'e*"3
Ba,K Ba,K T-Fe Al
s
Mg Fe'l,co, TN, Fe'ZMn Fe'’Mn CoNi,  TiAl Fe*? Fe :
cr €O, Cr,Co, cr T-Fe 8
P Co Mn Ti,Cu,Al  Ni Fe'l, N cr P
K,S T-Fe'?,
Mn,Ba
Ba s ALK TiCu,  Fe'd,, 3
ALK T-Fe*”,P, K Fe* Ba
K
K MnTi, Al TiCu,  TiCuAl, AlLBa  TiCr, Fe”
Co,Al ALPBa  Ba Al,Ba Co T-Fe
COZ Fe‘Z,Mn, Mn Fe*z,Mn, Co,Ni, Mn Fe+3 Fa+3 co.
Mg CoMg  Cr,Mg Al 2
" +3 "
S Ba,Ni P ;fFe*B cr,Co Ti,AlL s

correlation in Algoma oxide facies may reflect
the derivation and hydrothermal transport of
these elements from mafic or ultramafic rock
sources.

Correlation of Cu with Al and K in Lake-
Superior-type silicate and carbonate facies and
with ferrous iron in Algoma sulfide facies is
notable. Positive correlation coefficients for
Al/K/Ti in all facies indicate that this is a
significant factor to be considered in genetic
modeling of any of the iron formations. Corre-
lation coefficients for Ba with K of 0.4 to 0.5
are found in the silicate, carbonate and sulfide
facies analyzed.

Moderate positive correlations involving P
are encountered throughout the facies; they
occur with Co in Lake Superior and with Mn
in Algoma oxide facies, with Ti, Cu, Al and K
in silicate facies, and with Ba and elements of
the ferride group in carbonate and sulfide facies.

Sulfur is present in a large proportion of
the samples in all facies; however, correlation
coefficients considered significant are found for
only a few elements and for a relatively small

number of sample pairs. As the genesis
of sulfur in the iron formation may
have been influenced greatly by Dbiogenic

and metamorphic processes, it is not
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surprising that correlations of sulfur with other
constituents appear to be erratic where the data
refer to a variety of facies and environments of
deposition of iron formation. Study of sulfur
distribution in well-defined depositional environ-
ments would probably reveal more significant
correlation data that are compatible with
specific genetic models for the iron-formation
facies present.

The above comments provide a preliminary
and general summary of the minor element
data and some of the trends in composition
that they may portray. Further study is in
progress for the comparison and interpretation
of these data with respect to the characteristics
of basin environments (Gross 1973) and the
origin of iron-rich sediments, Most of the
chemical data on iron formations in the litera-
ture pertain to only 12 to 16 of the major or
most common constituents (James 1966, Gross
1968, Lepp 1975, Kimberley 1979); further-
more, not all of the samples have been classi-
fied clearly with respect to the type, lithology
or facies of the iron formation. More effective
use can be made of the data from the literature
for comparative studies of different depositional
environments of iron formation by incorporat-
ing them in a system that is compatible with
the Geological Survey of Canada file.

Preliminary examination of the correlation-
coefficient data reveals no apparent inconsis-
tencies with the models of volcanogenic and
hydrothermal processes being tested for the
various depositional environments as inter-
preted from field study of the iron formations.
Comparison of iron formations with recent
metalliferous sediments associated with rift sys-
tems and ocean basins (James 1969, Calvert
1978, Scott et al. 1978, Bonatti et al. 1979)
suggests important similarities in composition
that are being studied in greater detail.

ACKNOWLEDGEMENTS

The cooperation and perseverance of the Anal-
ytical Chemistry Section of the Geological Sur-
vey of Canada in developing appropriate analyti-
cal procedures and in providing the analyses of
the iron-formation samples are gratefully ac-
knowledged. The writers are grateful for the
comments and support of their critical readers,
and their Geological Survey of Canada col-
leagues, especially Dr. J.M. Franklin for valu-
able discussion and for suggestions concerning
the presentation of data, Dr. G.D. Jackson for
providing sample materials from the Belcher
Islands and Dr. J.L. Graf, Jr. for material
from the Bathurst area, New Brunswick.,

229

REFERENCES

BonaTTl, E., KoLLA, V., MOORE, W.S. & STERN, C.
(1979): Metallogenesis in marginal basins: Fe-
rich basal deposits from the Philippine Sea. Mar.
Geol. 32, 21-37.

CALVERT, S.E. (1978): Geochemistry of oceanic
ferromanganese deposits. R. Soc. Lond. Phil.
Trans. A290, 43-73.

Gross, G.A. (1965): Geology of iron deposits in
Canada. I. General geology and evaluation of
iron ‘deposits. Geol. Surv. Can. Econ. Geol. Rep.
22,

(1967): Geology of iron deposits in Can-
ada. II. Tron deposits in the Appalachian and
Grenville regions of Canada. Geol. Surv. Can.
Econ. Geol. Rep. 22.

(1968): Geology of iron deposits in Can-
-ada, III. Iron ranges of the Labrador geosyn-
cline. Geol. Surv. Can. Econ. Geol. Rep. 22.

(1970): Nature and occurrence of iron
ore deposits, Iron ore deposits of Canada and
the West Indies. In Survey of World Iron Ore
Resources. United Nations Publ. 13-31, 237-269.

(1973): The depositional environment of
principal types of Precambrian iron-formation. In
Genesis of Precambrian Iron and Manganese
Deposits. Proc. Kiev Symp. 1970 (M.P. Seme-
nenko, ed.), Unesco Earth Sci. 9, 15-21.

(1980): A classification of iron formations
based on depositional environments. Can. Min-
eral. 18, 215-222,

James, H.L. (1954): Sedimentary facies of iron-
formation. Econ. Geol. 49, 235-293.

(1966): Data of geochemistry (6th ed.). W.
Chemistry of the iron-rich sedimentary rocks.
U.S. Geol. Surv. Prof. Pap. 440-W.

(1969): Comparison between Red Sea de-
posits and older ironstone and iron-formation.
In Hot Brines and Recent Heavy Metal Deposits
in the Red Sea (E. T. Degens & D. A. Ross,
eds.) Springer-Verlag, New York.

KIMBERLEY, M.M. (1979): Geochemical distinctions
among environmental types of iron formations.
Chem. Geol. 25, 185-212.

Lepp, H., ed. (1975): Geochemistry of Iron. Dow-
den, Hutchinson & Ross, Stroudsburg, Pa.

Nig, N.H., HuLr, C.H., JENKINS, J.G., STEINBREN-
NER, K. & BeNT, D.H. (1975): Statistical Pack-
age for the Social Sciences (2nd ed.). McGraw-
Hill, New York.

Scort, M.R., Scort, R.B., MORSE, J.W., BETZER,
P.R., BUTLER, L.W. & Rona, P.A. (1978): Metal-
enriched sediments from the TAG hydrothermal
field. Nature 276, 811-813.

Received September 1979, revised manuscript ac-
cepted March 1980.



