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OF THE NAKINA IRON PROPSRY?. ONTARIO

by: W. T. Swensen 
Assistant Vice President 

The Anaconda Company (Canada) Ltd.

ABSTRACT

The Anaconda Companyi through its wholly owned subsidiary 
The Anaconda Company (Canada) Ltd., has investigated, optioned and partially 
developed a large tonnage of iron ore amenable to magnetic concentration. 
The reserves are located in north central Ontario and occur within a twenty- 
two mile belt,'of layered and intricately folded metamorphic rocks, close 
to the north contact of an igneous complex of granite and pegmatite. There 
are two main ore deposits. Briarcliffe is a steep to vertically dipping body 
100 to 500 feet wide and over a mile long. The Two Mile Lake deposit is 
flat dipping and confined to an open, asymmetrical syncline} it is approx 
imately a mile wide and 250 to 400 feet thick. On its flat easterly plunge, 
it is saucer-like in shape and is amenable to open-pitting for an east-west 
distance of several thousand feet. Its further extension has been indicated 
for at least three miles by magnetometer work in conjunction with diamond 
drill tests*
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OF THE NAKIN IRON PROPERTY ONTARIO

by: W. T. Swanson 
Assistant Vice President 

The Anaconda Company (Canada) Ltd.

INTRODUCTIONt 

Location and Access:

The property is located in the Kowkash Mining District of north 
western Ontario, roughly forty-four miles north of the community of Nakina 
on the main line of the Canadian National Railroad. (Plate I) Access during 
the exploration period was entirely by airplane from Nakina. (Plate II) , 
More recently, Nakina itself was connected to the highway network in the 
Longlac-Geraldton area. The property is roughly 190 miles by existing and 
proposed railroad from the Great Lakes Waterway system. The Trans-Canada 
pipeline moving natural gas from western to eastern Canada passes through 
Geraldton roughly 70 miles south of the property.

i

Climate:

Statistics provided by the Dominion Weather Office regarding 
climatic conditions in the Nakina area are as follows:

Average annual precipitation: 
Highest recorded temperature: 
lowest recorded temperature: 
Average summer temperature: 
Average winter temperature: 
Hottest month: 
Coldest month: 
Average date of first frost:

(below 32.50 F) 
Average date of last front:

110.5" snow - 18.93" rain
950 p

-520 F 
590 p
2o F
July - average 7A0 F 
January - average -130 P

August 30th 
June 14th

The above averages calculated over 12 year period ending 1954. 

Topography:

The surface features in the area are typical of a sizeable portion 
of the Pre-cambrian Canadian Shield area. Many lakes, low swampy areas, 
and glacial moraine-type features are common in this recently glaciated area. 
The average elevation is between 000 and 900 feet above sea level, and the 
maximum relief is probably less than 100 feet with the greater portion of 
the area less than 50 feet. The topographic "highs" are formed either by 
outcroppings of rocks which were resistant to glacial erosion or by depositionc 
features (moraines, eskers, drumlins) which were deposited upon the recession 
of the glaciers. The better mineralized zones, composed chiefly of quartz 
and magnetite, commonly form ridges resistant to erosion and weathering.
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Previous Work:

Because of the obvious outcrop of the magnetite-ri eh beds and * 
knowledge gained from early developments within the general region, it le 
conceivable that the presence of the iron formations has been known for 
a good many years.

The area is included in studies by L.F. KindleVade in 1929 
and 1930 for the Ontario Department of Mines. Kindle 1 s work was of a geologioa 
reconnaissance nature and published as "Kowkash-Ogoki Gold Area", district 
of Thunder Bay.

Aside from probable surface sampling there is little evidence 
of serious investigation such as trenching or drilling prior to 1954- At 
that time, Dr. Pierre Mauffette, acting for Lake Superior Iron Ltd., staked , 
a considerable number of claims and initiated a reconnaissance drilling 
program for testing the extent and grade of the iron-rich zones. Airborne 
magnetic and dip needle surveys guided the drilling program. A rather broad 
drill-hole spacing was used, and by the end of the summer of 1955* after 
completing approximately 40 holes with a total footage of 20,000 feet, a 
sizeable tonnage of magnetite ore was indicated. At this stage The Anaconda 
Company optioned the claims and proceeded with an intensive drilling program. 
Work was continued through 1956 and 1957, options exercised and Anaconda 
Iron Ore (Ontario) Limited was formed late in 1957 to take over the properties,

GENERAL GEOLOGY; 

Stratigraphyt

All of the crystalline rocks of the area are Pre-cambrian in age. 
They are generally covered by Pleistocene glacial deposits which vary from 
a few inches to more than 100 feet in depth. Fossiliferous limestone float 
is common along the lakeshores. It is derived from glacially transported 
material originating in the Paleozoic sediments of the Hudson Bay, lowlands, 
the western edge of which lies approximately twenty-five miles to the east.

Table of Formations (Plate III) 

Recent: Lake and river sediments

Pleistocenes 

Keweenawan: 

Algoman: 

Laurentian:

Keewatin: 
(Coutchiching)

Glacial drift, outwash sand, gravel and clay 

Intermediate to basic dike rocks 

Pegmatites and aplite dikes 

Granites, gneisses(?)

1) Greenstones (amphibolites and chlorite 
schists)

2) Quartz-biotite schists, iron formation 
(Marshall Lake series)

* Kindle, L.F., Kowkash-Ogoki Gold Area, Ont. Dept, of Mines Annual Report
Vol. XI, Part IV, 1931) Map 40f
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Because of difficulty in age-dating the metamorphosed Pre-cambrian 
sediments and in differentiating the granites of laurentian and Algoman time, , 
the above sequence is generalized with much uncertainty. Two samples, one 
of quartz-biotite schist and one of a muscovite-rich pegmatite, were sent 
to Messrs. S.S. Goldich and A.O. Nier, Geology Department, University of 
Minnesota, for age determination by the Potassium-Argon method. Their 
results are as follows:

1) Quartz biotite schist 2.72 B.Y.

2) Muscovite Pegmatite 2.64 B.Y.

Keewatin (Goutchiching):

The predominant rocks in the vicinity of the iron property are 
a series of quartz-biotite schists which generally strike east-west and 
dip northerly. In the westerly portion of the property the dips are vertical; 
to the east the dips flatten and become 250-300 north at the eastern edge 
of the property.

t

Kindle named the quartz-biotite schists the Marshall Lake 
series and considered them to underlie the Keewatin volcanics and to be of 
Coutchiching age. While there is considerable uncertainty as to the age 
of these rocks, it is suggested that for the purposes of this discussion, 
they can be grouped with the Keewatin volcanics,

An average mineralogic composition for these schists would bel 
quartz-feldspar 5Q-75#, biotite 25-50^. Garnet and hornblende are usually 
present in minor amounts and magnetite is locally abundant enough to make 
the rock distinctly magnetic. Garnet-rich bands, often weakly magnetic, 
are common in the Briarcliffe schists. These magnetic bands vary from a 
few inches to several feet in width. In the Two Mile Lake area hornblende 
is an important constituent.

On outcrop, the schists are a uniform dark gray-brown, resulting 
from weathering and the presence of encrusted lichens. Textural and compo 
sitional differences show up in the drill cores as bands less than one inch 
to several feet wide. No petrographic study was made of the schists.

Intimately associated with the schist is a quartz-magnetite gneiss 
of the type commonly called Pre-cambrian iron formation, Megascopically 
the rock is composed of alternate bands of aplitic textured quartz and fine 
grained magnetite. Detailed petrographic studies describe the iron formation 
as a laminated araphibole-magnetite-quartz schist, the laminae being alternate 
bands of magnetite-rich and magnetite-poor material. Subordinate minerals 
are pyroxenes, feldspar, and chlorite. Apatite is rare or absent. A minor 
amount of specular hematite occurs in samples from the Briarcliffe Lake 
zone but is rare or absent in the Two Mile Lake deposit.
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Iron formation is interbedded and interfingered with the schist 
throughout the section. It varies greatly in width from a minimum of one 
inch to a maximum of 500 feet in the central Bri&rcliffe Lake zone.

The remaining Keewatin rocks are greenstones which occur in a 
narrow belt from the north arm of Mass Lake to a point two miles northeast 
of Saga Lake. They were not mapped in detail, but were traced with the aid 
of a helicopter. In most of the areas examined, the formation consists 
of an amphibolite composed chiefly of hornblende crystals ranging in size 
from 2-10 mm. Quartz, chlorite and biotite are abundant in distinct schistose 
horizons and also in the amphibolite. Except in the coarser portions of 
amphibolite there is a well developed schistosity that strikes east-west 
and dips steeply to the north. This is also the attitude of the formation.

The northern edge of the belt is a prominent scarp in the area 
north and northeast of Saga Lake. No direct evidence of faulting was observed 
but the persistence of the scarp strongly suggests it.

- ' i

Laurentian

The granites of the area are called Laurentian by Kindle. A 
few small outcrops are referred to as Algoman, but these are not in the iramediat' 
vicinity of the ore zones. No field relationships were noted which would 
indicate two ages of granite. Kindle suggests pegmatites cutting granites 
are of Algoman age.

AJ.goman

Pegmatites which Kindle placed in the Algoman occur as dikes, 
sills and irregular bodies intruded into the schist and iron formation. 
They range in texture from granitic to those with feldspar crystals greater 
than one foot across. The chief minerals are quartz, K-feldspar,.albite, 
muscovite, and less commonly, biotite. Perthitic and graphic intergrowths 
are exceedingly common. Tourmaline is locally abundant with some crystals 
up to two inches in diameter. Garnet and hornblende are important accessories, 
especially close to the schist and iron formation contacts,

Keweenawan

These are the youngest consolidated rocks of the area. They are 
found as intrusive dikes and sills cutting all older rooks and range in 
composition from olivine basalt to quartz diorite. The most common rock 
in the group is fine to medium-grained diabase composed chiefly of augite 
find pale green, sometimes altered, plagioclase in laths 1-15 mm in length. 
Surface exposures are common but many of the non-outcropping bodies are known 
from drill cores and magnetometer surveys.

Pleistocene

Unconsolidated glacial deposits cover an estimated 90JS of the land 
area and range in depth from a few inches to more than 100 feet. For the 
most part the deposits are of the unsorted type: recessional and ground 
moraines. Sorted deposits of sand and gravel occur in eskers.
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^STRUCTURAL GEOLOGY 8
t

Goneralt

The regional inlier of schist which contains the iron formations 
is believed to be a roof pendant of Pre-cambrian rocks and is an isolated 
unit completely surrounded by granites of Laurentian and/or Algoman age. 
It extends 32 miles in a general east-west direction and roughly 10-12 miles 
in a north-south direction. Although Kindle mapped a small similar-appearing 
schist unit in the vicinity of O'sullivan Lake and a larger one in the 
vicinity of Marshall Lake, it is difficult and perhaps impossible to correlate 
them structurally,

Folding and Faulting;

Depending on the scale being considered, folding can be said 
to be extremely variable. From a regional point of view, the quartz-biotlte 
schist continues across the entire strike length (22 miles) of the property 
with relatively minor flexures. From the western edge of the property 
to the Briarcliffe orebody, the dips are vertical or steep to the north. ' 
In the area of the Briarcliffe orebody (Plate IV) there is a suggestion 
that the recurring, parallel magnetic horizons to the south at Chaucer 
Lake and Durer Lake may represent repetition of the iron formation due to 
isoclinal folding. While no certain evidence of this assumption has been 
observed, it seems a logical possibility. Continuing eastward from Briarcliffe, 
broad flexures have been mapped and, in general, the northerly dips decrease, 
ultimately to 250-300 to the north in the area of the Two Mile Lake orebody. 
(Plate V) In this easterly portion of property the iron formation occurs 
in a broad synclinal structure plunging 250-300 to the northeast.

While the regional folding seems to be relatively simple, detailed 
examination of the iron f o nivation itself discloses an extremely complicated 
pattern of tight folding. All scales are represented) folds with crests 
of anticlines and synclines spaced 100 ! apart are not uncommon; examples 
of analler flexures on the flanks of these larger ones down to a scale of 
less than an inch are equally common. At every point the axial plane of 
each fold is parallel to all the others, regardless of the scales of the 
folds being compared. This interesting phenomenon is particularly evident 
in the large synclinal structure of the Two Mile Lake orebody.

Faulting has been noted as follows:

1) North-northwest trending structures offsetting the iron formation 
with the fault zones themselves intruded by later diabase dikes. 
(Area west of the Briarcliffe Lake orebody).

2) A sudden scarp-like termination of the wider (mineable) iron formation 
at the east end of the Briarcliffe orebody, suggests a fault cut-off. 
(Plate IV) Since the magnetics east of this point indicate strike 
continuity, a vertical structure with little or no horizontal move-nont 
is indicated.
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3) Diamond drilling suggests the east end of the Two Mile Lake orebody
has been down dropped by a complex series of northeast striking, steeply 
dipping faults.' (Plate V) The disappearance of the aurfa.ce expression 
of the iron formation to the east suggests a subsurface termination 
of the iron formation perhaps against the granite mass that bounds 
the zone to the south.

ECONOMIC GEOLOGY t 

.General!

The areas explored for iron lie in an elongated magnetic anomaly 
which runs from the Little Current River on the east to Tennant Lake on the * 
west, a distance of 22 miles. Exploration was concentrated in those parts 
of the belt with highest magnetics and where iron formation outcrops. Two 
areas were shown to have excellent economic possibilities. The first of 
these is at Briarcliffe Lake and the second at Two Mile Lake.

Briarcliffe Lake t(Plate IV)

Ground exploration on this property was carried out by dip-needle, 
surface mapping and diamond drilling. Two zones with distinct economic 
possibilities were outlined.

Main Ore Zone

The iron formation in this area is made up of two important bands 
each varying in thickness from a minimum of 100 feet to a maximum of 400 feet. 
The maximum combined thickness of these two bands is in the order of 500 feet 
near the center of the 5000 foot extent of this zone. These two bands are 
separated by varying thicknesses of barren schist (maximum 150 feet, minimum 
50 feet). Irregular masses of pegmatite interrupt lateral continuity of 
iron formation with important volumes known in the west half of the zone. 
It is in this area that selective mining will be required.

The eastern end of the zone is a sharp termination, apparently 
caused by faulting. Both bands continue west from this main Briarcliffe 
ore zone but with much reduced thickness. However, at least omj more important 
occurrence of similar material has been outlined less than a mile to the west.

Two Mile Lake;(Plate V)

Geological exploration in the form of detail surface mapping 
and diamond drilling, aided by dip needle surveys, has indicated two ore 
zones which have been designated the Southeast Ore Zone and the Northwest 
Ore Zone.

Southeast Ore Zone

This ore zone, which for ore reserve purposes is known as the 
Southeast Pit, is the larger of the two. It begins approximately 1200 feet 
northeast of the point at which the outlet creek leaves the north end of Two 
Mile Lake and extends in a northwesterly direction for about 2600 feet 
(from 12+OOE to 14+OOW on the picket line system), with dips varying from
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20 6 to 35 0 to the northeast. The ore zone consists of three principal 
bands of iron formation which can be traced the length of the zone. These * 
bands vary in thickness from about 30 feet to a maximum of 260 feet in the 
southern-most portion and are separated by schist bands varying in thickness 
from a few feet to a maximum of 130 feet. In addition, several discontinuous 
bands of iron formation of mineable proportions occur in the intervening 
schists. The principal bands in the southern 1200 feet of the zone have 
been contorted and thickened by what is apparently drag-folding against 
northeast striking, steep, normal faults which terminate the bands at this point

The three principal iron bands were found to continue to the 
northwest beyond the southeast ore zone with the same general attitude for 
1600 feet (from 14+OOW to 30+OOW), but in this area the bands vary from 
25 feet to 80 feet in thickness and are separated by schist bands that vary 
from 45 feet to 200 feet in thickness. This area was not considered economic 
for open pitting.

Northwest Ore Zone

This ore zone is a continuation of the same three principal iron 
bands that form the southeast ore zone. The zone extends in a northerly 
direction for 2400 feet. The iron formation in the southern 600 feet of 
the zone swings from a northwesterly strike to a northerly strike with dips 
of 25*-35e to the east. The iron bands have been highly contorted and are 
thicker. In general, the northern 1800 feet of the zone strikes northerly 
with steeper dips of 25 8 -45* to the east.

Only the lower principal iron band continues the length of the 
zone. It is contorted, thickened and interfingered with minor iron bands 
in the northern portion of the zone. A fourth iron band 1800 feet long 
occurs between the lower and middle principal iron bands (from 2*505 and 
32+OOW to 9*OON and 42+OOW) lensing out at both ends. The middle principal 
iron band has been traced 2000 feet northward in the zone to the area 
14+OON and 41+OOW, where it has bent to a N30*E attitude. At this point 
it appears to lens out in the direction of Beaver Lake.

In general, the hangingwall consists of schist and the footwall 
consists of schist with some pegmatite sills. The pegmatite sills increase 
to the north and interfinger with the lower iron band at the north end 
of the zone.

Beyond the north end of the Northwest Ore Zone the iron formation 
has been traced for an additional 1000 feet. Because of dilution by pegmatite 
sills, this zone was not considered economic.

Sub-Economic Deposits;

The Briarcliffe Lake and Two Mile Lake ore zones make up a very 
minor portion of the magnetically anomalous belt studied. (Plate li) 
Diamond drilling of the more highly anomalous zones has shown the larger 
portion of the belt to be composed of a low-grade material which assays from 
55o to 15# total acid-soluble iron. The interbanding of quartz-biotite schist 
with the magnetite accounts for the general low grade. Sub-economic widths 
of higher grade material are not uncommon.
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THEORIES ON OKIGIH O? IU01 r FORMATION t

Banded iron formations such as that on the Nakina Iron property * 
are common in the Canadian Shield* Their origin is often attributed to 
deposition of iron from solution in shallow sedimentary basins followed 
by varying degrees of metamorphism. The iron could have been derived from 
upland regions undergoing weathering or from submarine magmatic emanations 
as suggested by some writers for the Mesabi Range. Chemical considerations 
point to precipitation of the iron as banatite or limonite and conversion 
to magnetite by later metamorphic or igneous activity*

At Nakina the iron formation occurs in beds enclosed in, and 
grading laterally with, the schist. It is possible that some of the iron 
now present is the result of enrichment after deposition. Such enrichment 
could conceivably be effected by ionic migration from surrounding iron-rich 
rocks during metamorphism There is no apparent evidence for hydrothermal 
action or for replacement, nor is there any observable evidence of an 
increase in iron content at the nodes of the minor folds*

In addition to the sedimentary theory, there are the igneous 
and placer theories. One authority believes some of the iron formations, 
were injected and attributes the banding to liquid immiscibility of silica 
and magnetite. A placer origin has been proposed for some of the deposits 
that are closely interbedded with coarse elastics such as graywacke.

SUMMARY:

Large tonnages of iron ore amenable to magnetic concentration 
have been developed in two general areas along a zone twenty-two miles long 
and two miles wide. It is estimated that in each case the open pit operation 
envisioned will be continuous to a depth of 400 feet and that the iron 
essentially in the form of magnetite, will be up-graded by magnetic concen 
tration after having been finely ground to 150-200 mesh. Important volumes 
of equal grade material are known to continue below this arbitrary depth 
of 400 feet and huge volumes of lower grade material are indicated along 
the entire explored strike length of over 20 miles.

The Briarcliffe Lake orebody is steeply dipping, roughly 200 to 
500 feet thick and has a length of over one mile. The Two Mile Lake deposit 
has a flat dip and is confined to an open asymmetrical synclinal structure, ' 
The four bands of iron formation of this deposit represent a combined average 
thickness of roughly 250 to 400 feet with strike length in excess of a mile.

ACKNWIEDGlJMliNTS:

The author would like to express special recognition to Mr, 
P.K. Brown, Mr, E.G. Burgan, and Mr, E.H, Brinley who were in charge of 
much of the detailed work on the property. All contributed directly to the 
material presented in this paper. The author would also like to express 
his thanks to The Anaconda Company for permission to publish this material 
and especially to Mr. V.D. Perry, Vice President and Chief Geologist, for 
his help and suggestions.

Toronto, Ontario 

November 11, 1959



ANACONDA IRON PROPERTY

Nokino

C. N.R.

Sault Ste. Marie

LOCATION MAP
O

SCALE
40 80

ssr...'.::"Essal MILES.

PLATE l BY w T SWENSEN



BRIARCLIFFE ORE ZONE

TWO MILE ORE ZONE

O Sullivan Lake

Esnagami Lake

Kowkash

Iron formation

NAKINA AREA

Nakina

o
SCALE b

4 8
-y,,,,., ,,. LJJ,j MILES

i. AT E D BY W T SWENSEN



x\x \x\x\x\x
X\X\X\X\X\X\XNX

A A 

A' A

X \

Iron formation

Quartz - biotite - schist

Pegmatite

Granite

Diabase dikes

TWO MILE ORE ZONE

O l ,
SCALE MILES



BRIARCUFFE ORE ZONE

X \

Iron formation
Quartz - biotite - schist
Pegmatite
Granite

\ x \ x 
\ x \ x x x x x

\x\x

BRIARCLIFFE ORE ZONE
y \v \ x \

•— Diabase dikes
O

SCALE t
l

d "MILES



TABLE OF FORMATIONS

Recent: Loke and river sediments.

Pleistocene: Glacial drift, outwash sand, grovel and clay.

Keweenawan : - Intermediate to basic dike rocks .

Algoman : Pegmatites and aplite dikes

Laurentian -. Granites, gneisses (?).

Keewatin : l.) Greenstones ( amphibolites and chlorite
( Coutchiching )

schists .)

2.) Quartz - biotite schists, iron formation 

( Marshall Lake Series ).

PLATE in BY W T SWENSEN



GEOLOGY OF THE NAKINA IRON PROPERTY. ONTARIO

by: W.T. Swensen
Assistant Vice President

The Anaconda Company (Canada) Ltd.

TABLE OF ILLUSTRATIONS

Plate No.

I

II 

III

IV

V

Title

Location Map 

Nakina Area 

Table of Formations 

Brlarcliffe Ore Zone 

Two Mile Ore Zone

Scale

IN to 2(0 miles 

ln to 5 miles (approx.)

l" to 1/2 mile 

l" to 1/2 mile

oOo


