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ABSTRACT

The Steep Rock Lake iron area comprises approximately 42 square miles. It includes 
parts of Freeborn and Schwenger Townships and the mining community of Atikokan in the 
District of Rainy River, Ontario. Geological Map 2217 (back pocket) at a scale of l inch to 
1,000 feet accompanies the report.

Figure 1 — Key map showing location of Sleep Rock 
Lake area. Scale, l inch to 50 miles.

The central part of the area is an isolated fault block, referred to as the Steep Rock Block, 
which includes the Steep Rock Group of Archean volcanics and sediments. The stratigraphic 
succession to progressively younger rocks is comprised of mafic volcanics, felsic volcanics, the 
Steep Rock Group of clastic sediments, dolomitic marble, pyrite-carbonate iron formation, and 
picritic "ashrock' with interbedded volcanic flows and pyritic iron formation, and lastly inter 
bedded volcanics and clastic sediments. Interbedded greywacke and phyllite mainly underlie 
the area to the south of the Steep Rock Block; mafic volcanics succeeded bv clastic sediments 
occur to the northwest; and a marginal facies of a granitic batholith of probable Kenoran age 
occurs to the north and east. At least three ages of dike intrusions can be identified.

Structurally, the area straddles two major fault systems; the Quetico Fault and the Steep 
Rock Fault. The area has been repeatedly faulted and folded, and subjected to at least three 
major metamorphisms. Main periods of deformation and metamorphism are tentatively corre 
lated with the Kenoran, Hudsonian, and Grenville orogenies. The Kenoran deformation prob 
ably took place under north-south compression and the Proterozoic patterns are consistent with 
deformation developed under northwest-southeast compression.

Iron deposits in the area include goethite-hematite deposits, interpreted as being the 
result of meteoric waters acting on a pyrite-carbonate iron formation, kame terrace deposits 
of goethite-hematite gravels, and replacement magnetite-pyrite deposits. As of 1967, the 
goethite-hematite deposits are Ontario's major source of iron ore.

ix





Geology of the 

Steep Rock Lake Area
District of Rainy River

By 

Roman Shklanka1

INTRODUCTION

The Steep Rock Lake iron area comprises approximately 42 square miles, in the 
District of Rainy River, Ontario. The map-area includes most of the eastern half of 
Freeborn and the western half of Schwenger Townships. The town of Atikokan, in the 
south-central part of the area, is located on the Canadian National Railways, 80 miles 
east of Fort Frances and 125 miles west of Thunder Bay, and is 2 miles north of 
Highway 11.

Iron ore has been mined in the area since 1944. To the end of 1967, 51,276,535 
tons have been shipped valued at 1443,522,800 (Table 1). Both in total shipments and 
in annual production, the area, in 1967, ranked as Ontario's major source of iron ore.

Geological mapping was carried out during the 1964 and 1965 field seasons at a scale 
of l inch to 1,000 feet for reproduction at the same scale. Air photographs at approxi 
mately the same scale were used for topographic control. The base map was compiled 
from company topographic maps prepared by Aero Services Corporation in 1952 and 
Canadian Aero Services Limited in 1961. Marginal areas in the southern and extreme 
western parts, were added from Forest Resources Inventory sheets of the Ontario 
Department of Lands and Forests. Surveyed claims were positioned from original survey 
plans with numerous location checks in the field. A block of old mining locations, which 
lies between the Southeast Arm, Marsh Lake, and Dismal Lake, could not be positioned 
accurately as survey monuments do not exist and the data do not tie into surrounding 
reliable surveys. A surveying error or errors must exist in this group, probably mainly in 
claim G323 at the south end of the Southeast Arm, to which the remainder of the 
group is tied.

TOPOGRAPHY

The topography in the area is rugged, characterized by numerous elongated ridges 
with steep or precipitous flanks which alternate with low-lying, commonly swampy 
valleys. Maximum elevation is 1,550 feet above sea level. The minimum natural water 
level is on the Atikokan River in the southwestern part of the area at approximately 
1,255 feet. Drainage of the West, East, and Southeast Arms of Steep Rock Lake and 
removal of much of the underlying glacial-lake clays in the vicinity of the open-pits

1Geologist, Ontario Department of Mines, Toronto. Manuscript received by the Director, 
Geological Branch, October 29, 1968.



Steep Rock Lake Iron Area

Table 1 IKON ORE SHIPMENTS AND VALUE 1944 TO 1967, STEEP ROCK LAKE IRON AREA*

STEEP ROCK IRON MINES
LIMITED 

Shipments Value
(Tons) (Dollars)

CALAND ORE COMPANY
LIMITED

Shipments Value 
(Tons) (Dollars)

CANADIAN CHARLESON
LIMITED

Shipments Value 
(Tons) (Dollars)

91,110
1,672,310
4,585,781
7,074,035
4,815,590
8,988,203

10,626,329
11,970,207
11,511,012
13,200,505
12,121,774
18,636,862
27,376,310
19,881,654
13,512,658
23,673,544
14,419,745
15,416,489
10,448,866
10,652,423
14,731.829
10,935,155
11,684,205
9.464.007

Year

1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
Totals 35,682,215 287,490,603 14,810,380 149,601,220 783,940 6,430,977 

 Statistical Files, Ontario Department of Mines and Northern Affairs.

16,551
565,345
930,139

1,350,996
768,422

1,270,373
1,362,607
1,484,996
1,427,276
1,457,890
1,295,452
2,537,421
3,715,122
2,630,363
1,295,121
3,076,471
1,778,471
1,359,521
1,078,431
1,078,120
1,469,714
1,292,307
1,350,051
1.093,055

856,681
1,130,479
2,243,889
2,243,268
2,240,920
2,018,502
1,629.556
2.447.085

7,645,163
10,400,956
20,679,626
20,919,712
20,563,612
22,755,248
18,212,026
28,424,877

44,463
200,940
124,748
20,035

133,706
21,385

204,129
34,534

385,106
1,597,651
1,035,408

193,827
1,228,607

201,087
1,477,408

311,883

altered the maximum relief from a previous 395 feet to approximately 900 feet, 
excluding the open-pits.

Drainage in the west and north is through the southwestern part of the area into 
the Seine River via the Seine River Diversion. In the south, the area drains via the 
Atikokan River.

Areas of rock outcrop are good in certain parts of the area and poor in others. 
However the actual amount of clear exposure is much less as soil and vegetation 
commonly mantles much of these areas.
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SCOPE

The study of the Steep Rock Lake iron area was undertaken as a co-operative effort 
of the Ontario Department of Mines, Steep Rock Iron Mines Limited, and the Caland 
Ore Company Limited. The companies were responsible for the geology of their 
respective mine areas, whereas the writer was responsible for the regional geology and 
the co-ordination of the project. No systematic study of the mine areas was made by 
the writer.

PREVIOUS WORK

The only previous complete geological mapping of the area was done by E. S. Moore 
(1939) at a scale of l inch to l mile. Parts were systematically mapped by H. L. Smyth 
(1891), M W. Bartley (1939b), T. L. Tanton (194la), Steep Rock Iron Mines Limited, 
and Caland Ore Company Limited.

What is believed to be a fairly complete list of published information on various 
aspects of the geology is given in the bibliography at the end of this report. The length 
prohibits tracing the contributions of individual workers. However M. W. Bartley and 
A. W. Jolliffe must be selected for special mention for their contributions towards 
understanding this complex area.

GENERAL GEOLOGY

The Steep Rock area, within the Superior (geological) Province, straddles an east- 
west belt of metasediments to the south and metavolcanics with some metasediments to 
the north. The southern metasediments were invaded by granitic rocks some distance to 
the south and southeast of the area; the dominantly metavolcanic succession is bounded 
by granitic batholiths in the northeastern part of the area and immediately adjacent to 
the area in the northwest.

Structurally, the area straddles two major fault systems: the east-west Quetico Fault 
system in the south, and the Steeprock Lake Fault system which extends N35E from 
the Quetico Fault in the west.

The geology of the map-area is conveniently treated as four distinct units separated 
by faults. The southern part of the area is underlain by a succession of interbedded 
metagreywacke and phyllite except for local conglomeratic and pebbly facies. The 
northern and eastern parts of the area are underlain by metagranodioritic rocks, 
representing the marginal portion of a much larger batholithk body. The western part 
of the area is underlain by a succession of mafic and intermediate flows and tuffs, and 
meta-arkose. The central and major part of the area is separated from the preceding units 
by the Quetico Fault system in the south, the Rawn Lake Fault in the west, and the 
Steep Rock Lake Fault in the north and east. This fault block, referred to as the Steep 
Rock Block, contains ultramafic to felsic volcanic flows and tuffs and chemical and clastic 
metasediments, including the Steep Rock Group. Dikes of at least three recognizable 
ages intruded the rocks in the area.

Structurally, the rocks are repeatedly folded and faulted. Major periods of deforma 
tion are related to three major metamorphic episodes and are tentatively correlated with 
major orogenic events i.e., Kenoran, Hudsonian, and Grenville. The orientation of
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Table 2 TABLE OF LITHOLOGIC UNITS

CENOZOIC
RECENT

Swamp and stream deposits
PLEISTOCENE

Sand, gravel, clay

Unconformity

PRECAMBRIAN
PROTEROZOIC(?)

Lamprophyre, quartz veins, carbonatization

Unconformity

ARCHEAN OR PROTEROZOIC 
LATE MAFIC INTRUSIVES

Metagabbro, metaleucogabbro, metadiorite, metaleucodiorite, metaperidotite

Intrusive Contact 

ARCHEAN
METAGHANODIOHITEa

Intrusive Contact

EARLY MAFIC INTRUSIVES
Metadioriteb, metagabbro

Intrusive Contact

METASEDIMENTS AND METAVOLCANICSC
Clastic metasediments: phyllite, greywacke, arkosic grit, pebbly greywacke, 

conglomerate
Chemical metasediments: pyritic iron formation, magnetite iron formation, lean 

or barren chert; dolomite, cherty dolomite
M eta volcanics: "ashrock" (ultramafic pyroclastic); rhyodacite; felsic to inter 

mediate flows, tuff breccia and agglomerate; intermediate to mafic flows; 
mafic tuff and flows.

 -Formerly classified as "Laurentian", "pre-Steeprock", or "Algoman".
b -Relation with respect to metagranodiorite and early metagabbro uncertain.
  Includes rocks formerly classified as "Coutchiching", "Seine", "Timiskaming", "Steeprock", "Keewatin" 

and "Animikie", and includes the Steep Rock Group.



deformational features comply with one persistent, but repeated, stress pattern developed 
under northwest-southeast compression, but earlier north-south compressive forces may 
have been active.

METAVOLCANICS

The metavolcanics are subdivided into five main groups. The subdivisions are 
established on recognizable field characteristics and are believed to be reliable. In detail, 
however, there is undoubtedly scope for considerable refinement. Some outcrops, which 
have been extensively sheared or carbonatized or are poorly exposed, are difficult to 
classify. Further, chemical differentiation and mineralogical variations are commonly 
gradational.

Mafic Volcanics

The mafic volcanics are subdivided into undifferentiated mafic volcanics, mafic flows, 
and mafic tuffs.

MAFIC VOLCANICS, UNDIFFERENTIATED

The undifferentiated mafic volcanics are mostly epidote amphibolites, the majority 
of which have been retrograded from amphibolites. Primary textures and structures are 
absent. The common lack of bedding suggests that these rocks mainly represent volcanic 
flows.

The rocks occur north and east of the Steep Rock Lake Fault marginal to or within 
the metagranitic batholith. Here, major occurrences are north of Wagita Bay and east 
of Little Falls. In addition, many of the mafic volcanics in the extreme northwestern part 
of the map-area are included.

The mafic volcanics are dark grey to black and fine grained. In the northwestern part 
of the area, the rocks are strongly nematoblastic with grain size mainly in the range of 
0.1 to 0.2 mm. Marginal to the granitic batholith the rocks are felted to nematoblastic 
and of similar grain size. In the granitic batholith, the rocks are coarser grained (up to 
0.8 mm), mainly granoblastic, and commonly feldspathized. Feldspathized parts contain 
relict feldspar porphyroblasts, usually accompanied by quartz.

Mineralogically, the mafic volcanics consist predominantly of actinolitic amphibole 
along with epidote, chlorite, sodic plagioclase, quartz, leucoxene, and opaques. Chlorite 
may be abundant, locally, to the exclusion of amphibole. Relict biotite, in minor 
amounts, is rare.

MAFIC FLOWS

Mafic flows occur mainly in the Strawhat Lake a/ea, interlayered with or overlying 
the "ashrock", and northwest of the Rawn Lake Fatfft. Minor occurrences were noted in 
the other volcanic units, some of which are differentiated on the accompanying Geo 
logical Map 2217 (back pocket).

The mafic flows are dark greenish grey to black and fine grained (0.02 to 0.1 mm). 
Pillow structures are common, but individual flow units rarely can be identified. Actin 
olitic amphibole usually characterizes these rocks and is accompanied by plagioclase,
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epidote, chlorite, leucoxene-sphene, and carbonate. Stilpnomelane or quartz may be 
present. Locally, epidote may predominate to the exclusion of amphibole.

Within the Steep Rock Block, relict intergranular textures can still be discerned 
although, in the main, plagioclase is replaced by epidote and the mafic minerals by 
chlorite and amphibole. Rarely, relict pyroxene grains, partially altered to amphibole, 
are present.

West of the Rawn Lake Fault, a textural difference can be observed in the mafic 
flows in the north (i.e., west of Wagita Bay) as compared to those in the south (i.e., 
west of the former Rawn Lake). In the north, the mafic flows are more highly 
recrystallized and most are mapped as undifferentiated mafic volcanics. Locally, as near 
the Rawn Lake Fault, pillow structures can be seen but are vague, and segregations of 
epidote are numerous. In the south, the mafic flows closely resemble those within the 
Steep Rock Block in texture and mineralogy.

MAFIC TUFF

Mafic tuff is a minor rock type in the area. The tuffs occur as thin but persistent 
units within the Steep Rock Block and are interlayered with arkosic grits west of the 
Rawn Lake Fault. Mineralogically, a tuffaceous origin is most likely, but some may be 
derivatives of semicalcareous or aluminous sediments. Except for bedding, no other 
relict structures or textures were identified that would substantiate a tuffaceous origin.

The rocks are dark greenish grey, fine grained, and schistose. The tuffs west of the 
Rawn Lake Fault are coarser grained (0.03 to 0.06 mm) and display a better schistosity 
than the finer grained (0.01 mm) varieties in the Steep Rock Block. The mafic tuffs 
consist mainly of chlorite (10 to 50 percent), plagioclase (10 to 70 percent), quartz (5 to 
30 percent), and epidote (O to 10 percent). Stilpnomelane occurs locally; pyrite is a 
common minor accessory.

Intermediate to Mafic Flows

Volcanic flows, probably dominantly andesitic but which range from basalt to dacite, 
underlie a major part of the map-area. They have their maximum development in the 
vicinity of the West Arm of Steep Rock Lake and in the Tuff, Pete, and Strawhat Lakes 
area, where they form a thick accumulation of subaqueous flows that are the oldest rocks 
in the Steep Rock Block. Relatively minor amounts occur in other parts of the area. Some 
of these are stratigraphically younger, e.g., flows interlayered with the "ashrock" and 
overlying it.

The flows are mostly pillowed; some are massive; both varieties are locally amygdal 
oidal. The rocks are fine grained (0.01 to 0.10 mm) and possess a relict intergranular 
texture. Most are medium greenish grey or grey; others are dark greenish grey or light 
grey. Chlorite, epidote, albite, quartz, leucoxene, carbonate, actinolitic amphibole, pyrite, 
and magnetite are the main minerals present. Epidote occurs locally to the exclusion of 
plagioclase. The more felsic varieties have higher quartz and lower epidote contents.

Compositional and chemical variations occur gradually in these rocks and are not 
separately designated on the Geological Map 2217 (back pocket). Midway between 
Bigger and Pete Lakes, and northwest of the former Walter Lake the rocks are distinctly 
more silicic (dacitic?).
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Photo l -Well-bedded felsic tuff, centre of East Arm, Steep 
Rock Lake. Rocks are crenulated, injected by quartz- 
feldspar veins and possess marked secondary slip 
surfaces.

The intermediate to mafic flows are distinguished from the mafic flows (la) by their 
lighter colour, pillow selvages, brownish grey rather than dark grey weathering, and the 
predominance of chlorite rather than actinolitic amphibole.

Felsic to Intermediate Volcanics

Felsic to intermediate volcanics, dominantly pyroclastic and of dacitic composition, 
mainly underlie the central part of the area. Lesser amounts most of which are strati 
graphic equivalents of the central body are present in other parts of the area. Three 
varieties have been identified on the accompanying Geological Map 2217 (back pocket), 
and are described below.
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The undifferentiated felsic to intermediate volcanics (3) lack readily identifiable 
primary textures and structures and though sheared or schistose are primarily massive. 
They are believed to represent ignimbritic deposits, but some may be normal lava flows. 
The rocks are medium grey with local light grey or greenish grey varieties. Felsic 
minerals, quartz and sodic plagioclase, are dominant. Chlorite, muscovite, and epidote 
are common additional constituents. Tuffs (3a) are light to medium grey, well bedded, 
and mineralogically similar to the undifferentiated volcanics (3). Phyllite, greywacke, or 
arkosic grit are commonly interbedded in minor amounts. A water-lain pyroclastic origin 
is apparent.

The undifferentiated tuff-breccia and agglomerate (3b) includes both water-lain 
pyroclastics and probable ignimbritic varieties. In the water-lain pyroclastics, dominantly 
dacitic, rounded to angular fragments up to 2 feet in diameter are embedded in a 
tuffaceous-sedimentary matrix. Bedding is usually prominent, accentuated by alternating 
greywacke or arkosic grit layers. In the ignimbritic varieties, dominantly dacitic frag 
ments, up to a foot in diameter, may be angular, lenticular, or rounded. The fragments 
may form the bulk of the rock or be widely interspersed. Unlike the water-lain pyro 
clastics, the matrix is volcanic with no recognizable bedding and is similar in composition 
to the included fragments. Flow layering is locally developed. The distribution of 
various types of felsic to intermediate volcanics in the central part of the area are 
schematically illustrated in Figure 2. Several broad trends are apparent, especially when 
due allowance is made for the north- and northeast-striking faults (i.e., compensation 
for left-lateral separation with west side up relative to the east).

Between the Dismal Lake and Atikokan Faults, the nature of the volcanics over 
lying the intermediate to mafic flows (2) changes from south to northeast. In the south 
(between Atikokan and Tuff Lake), coarse water-lain pyroclastics wedge out to the 
northeast and are overlain by massive ignimbritic volcanics (south of Dismal Lake). To 
the northeast, these ignimbritic volcanics rest directly on the older intermediate to mafic 
flows. However further northeast (north of Pete Lake) an intervening water-lain tuff 
appears. This distribution suggests that the lower water-lain pyroclastic unit was localized 
by irregularities on the surface of the older volcanic flows and was succeeded by 
ignimbritic deposits. The coarseness of the water-lain pyroclastics and the development 
of agglomeratic facies indicate a close proximity to source in the south.

Between the Dismal Lake and Samuel Faults, two main units are present. In the 
north, water-lain tuffs predominate with minor amounts of interbedded sediment and 
volcanic flows; in the south, an ignimbritic unit composed of mixed massive volcanics, 
agglomerate, and tuff-breccia is present together with a few volcanic flows and, rarely, 
sediments or tuff. The distribution of these two units, reflecting the southerly plunge of 
the Atikokan Syncline, indicates that the ignimbritic unit overlies the older bedded 
tuffs. In the Middle Arm, between the Samuel and Bartley Faults, only the older tuffs 
are present as the east limb and part of the west limb of the Atikokan Syncline are 
gradually truncated northward by the Atikokan Fault.

The central dacitic complex thereby can be resolved into a lower water-lain 
tuffaceous unit and an overlying unit of ignimbritic deposits. Characterizing the 
ignimbrites are the lack of stratification, comparatively uniform dacitic composition, 
massive phases grading into agglomerate or tuff-breccia, and fragments of uniformly 
dacitic composition. The latter feature particularly suggests fissure-type of eruptions as 
H. Williams (1956, p. 65) notes "most of the (avalanche) deposits produced by fissure 
eruptions contain much less lithic material, that is to say debris derived from previously 
solidified rocks, than do the deposits of either Pelean or Krakatoan avalanches". That
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the ignimbritic deposits are massive east of the Marsh Lake Fault, but contain numerous 
coarse fragmental phases to the west of the fault, can be explained by a closer proximity 
to source in the east. This is supported by the association of the massive ignimbrites with 
the coarsest water-lain tuff-breccia and agglomerate east of the Marsh Lake Fault and is 
in accord with observations by V. P. Petrov (1966, p.25) who suggests, that except for 
outbursts of lava into the air, agglutinate forms in or near the crater, followed by lava- 
like ignimbrite, then ignimbrite or welded tuff, and finally pumice, ash, or ash and 
pumice tuff as one proceeds progressively away from the crater.

Rhyodacite

Rhyodacite, a minor rock type in the area, occurs north of Strawhat Lake, in 
Atikokan, northeast of Dismal Lake, northeast of Atikokan (claim X862), and south of 
Transit Lake.

The rocks are very fine grained, white to pale greenish yellow, dense, and siliceous. 
Quartz, feldspar, and muscovite are the dominant minerals. North of Strawhat Lake, the 
rhyodacite is tuffaceous as it forms thin beds interlayered with mafic tuff. In Atikokan, 
the rhyodacite forms a lenticular body, highly fractured and veined with quartz, whose 
relationship to the surrounding rocks could not be established. Northeast of Dismal 
Lake, the rhyodacite forms tuffaceous beds. This occurrence may represent the offset 
extension of the Atikokan body. Northeast of Atikokan, rhyodacite occurs as inclusions 
within a late mafic dike. South of Transit Lake, irregular bodies are developed, some of 
which appear to grade into quartz porphyry.

"Ashrock"

The "ashrock" is a distinctive rock type that forms an excellent stratigraphic rock 
unit. Although the term is somewhat of a misnomer, used to designate a metamorphosed 
ultramafic pyroclastic, it has been established through usage and is maintained. Varieties 
of this unusual rock type include tuffs, lapilli tuffs, and agglomerates.

The rocks are dark grey, greenish, or black and commonly weather with a brownish 
cast. They may be massive, schistose, or bedded. Intersecting cleavages impart a 
distinctive pencil structure to many of these rocks.

Lapilli tuffs are the most numerous. Fragments (2.0 mm to 64 mm) are composed 
of a very fine grained aggregate of ferrostilpnomelane, chlorite, and disseminated 
magnetite (titaniferous?). Cuspate outlines and flow banding are locally preserved. 
Their sorting is poor. Vesicules are numerous and are filled with calcite or less com 
monly an aggregate of stilpnomelane, quartz, and chlorite. The matrix for the fragments 
is calcareous, mainly calcite with some tremolite, and may include stilpnomelane (ferro 
and ferri varieties), pyrite, and chlorite.

With decrease in fragment size, the rocks grade from coarse-grained tuffs to fine 
grained tuffs. In the latter, fragments are absent. Mineralogkally, these rocks resemble 
the lapilli tuffs except ferristilpnomelane was not observed. Bedding is well developed 
and is accentuated by calcareous-rich or pyritk-rich beds and lamellae. Chert, magnetite- 
chert, and pyritic iron formation, when present, are commonly interbedded with these 
tuffs.
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At the south end of Falls Bay, the "ashrock" is locally agglomeratic. Rounded to 
angular blocks, some of which exceed a foot in diameter, are conspicuous. Mineral- 
ogically, these rocks resemble the lapilli tuffs.

Available whole rock chemical analysis of the "ashrock" (Jolliffe 1955, p.382, Table 
3) include matrix and vesicule fillings and as such provide only a rough approximation 
of the original lava composition. However an ultramafic (picritic?) parentage is certainly 
suggested.

Associated with the "ashrock" are local areas of extensive carbonate bodies some of 
which are several hundred feet long and fifty feet or so wide. These can readily be 
observed south of the centre zone in Falls Bay, northeast of the Atikokan River in 
Atikokan, and immediately west of the railway spur, northwest of Atikokan. These areas 
are designated as carbonatized "ashrock", as relict fragments are detectable in some 
places. However some of the carbonate may be primary.

Maximum fragment size and maximum or near maximum accumulation of "ashrock" 
in the Falls Bay area indicate a nearby volcanic source. Subaqueous opening of a 
volcanic vent in this vicinity, giving rise to airborne pumice and ash that accumulated 
contemporaneously with chemical precipitation of carbonate (plus some silica and iron), 
would account for the main features observed.

CHEMICAL METASEDIMENTS

Dolomite, Cherty Dolomite

Fine-grained marble forms a prominent stratigraphic unit confined mainly to the 
northeast shoreline of Steep Rock Lake and its former outline. The unit thickens gradually 
from approximately 500 feet at the south end of the Southeast Arm to 1,750   250 
feet in the Wagita Bay area. Probable stratigraphic equivalents occur 2,000 feet north 
west of Atikokan and beneath the waters of Strawhat Lake.

The marble is light to dark blue-grey and weathers buff, brown, or dark grey. 
Dolomite and calcite, including ferrous and manganous varieties, are the main carbonate 
minerals. Interstitial quartz grains, carbonaceous material, and pyrite are in minor 
amounts. Thin cherty beds are common especially near the top of this unit. Thin 
arenaceous beds, composed of quartz, muscovite, and carbonate, are present at or near the 
base.

The marbles are fine grained (0.02 to 0.5 mm) with medium-grained, recrystallized 
areas along localized zones of movement. Cataclasite is common, especially in the vicinity 
of faults. Secondary slip cleavages are well developed in some outcrops.

A feature of the dolomite which has attracted considerable attention, is the presence 
of megascopic fossil-like forms. These forms include radiating or concentric structures, 
several inches in diameter, and "gentle domes", several tens of feet across (Lawson 1912; 
Walcott 1912; Jolliffe 1955; 1966). Geologists disagree as to their significance with 
some favouring an organic origin, and others a tectonic one (see Raymond 1935; Fritz 
1949; Wilson 1957).
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DOLOMITE BRECCIA

Distinctive breccia is in the dolomite unit in the Wagita Bay, Middle Arm, and 
Falls Bay areas. The breccia fragments are mainly self-derived carbonate but include 
mafic dikes, sediments, and lamprophyre dikes. Granitic and pyritic fragments have been 
reported (Moore 1939; Jolliffe 1955). Some fragments, composed entirely of chlorite 
except for minor amounts of disseminated opaque oxide, closely resemble the "ashrock" 
in mineralogy. Fragments range from microscopic to 20 feet in diameter; most are 
several inches wide.

The breccia is extensively veined by ankerite and calcite, the latter commonly 
accompanied by disseminated hematite. Locally, secondary quartz is present mainly in 
vugs. The introduced carbonate may be in sharp contact with the fragments or may 
partially replace them. Crustification and ring structures are common. The mineraliza 
tion sequence seems to be ankerite, then calcite with or without hematite, and finally 
quartz.

Some rektive limits can be placed on the time of brecciation, a critical factor in ore 
genesis. The late mafic dikes were involved, a feature clearly indicated on the north end 
of Falls Bay near the Samuel Fault. Brecciation also involved the unmetamorphosed 
lamprophyre dikes. Schistosities, well developed in many chloritic fragments, have been 
disrupted as directions vary even in individual hand specimens. Veins of introduced 
ankerite and calcite transect cataclastic marble and do not appear to be deformed even 
in close proximity to the late northeast-trending faults. These secondary carbonates are 
untwinned and uniaxial whereas the crushed host contains twinned and biaxial carbonate 
and readily identifiable slip surfaces.

Most previous workers (e.g., Moore 1939; Bartley 1939a, b; Jolliffe 1955) have 
regarded the breccia as of tectonic origin and the writer concurs with this. The distribu 
tion and textural and structural relationships support an interpretation that deformation 
(including flexure) accompanying the main movement on the later Samuel, Bartley, and 
Rawn Lake Faults was the cause of brecciation and was followed (and accompanied?) by 
carbonatization.

MANGANIFEROUS "PAINT ROCK"

Marginal to the goethite-hematite deposits, the dolomitic unit has been altered to 
a manganiferous "paint rock". This feature is described in the section on economic 
geology.

Iron Formation and Related Rocks

Both pyritic and magnetite iron formations are in the area, the latter in only minor 
amounts. In addition, cherty units are present locally. Although these cannot be regarded 
as iron formation because of their low iron content, most are closely associated with the 
iron formation and, therefore, are described herein.

12
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Photo2-- Pyritic iron formation. Left, brecciated pyrite (light) and calcite (dark); centre, brec 
ciated pyrite (light), siderite (medium grey), and calcite (dark). Both from south end 
of Strawhat Lake. Right, bedded pyrite in tuffaceous "ash roc k", from north end of 
Southeast Arm (Steep Rock Lake).

PYRITIC IRON FORMATION

Syngenetic pyrite occurs primarily at two stratigraphic intervals: in the lower part 
of the "ashrock" and between the dolomite and "ashrock" units. In addition, pyrite is 
interlayered with clastic sediments and has been mapped as pyritic phyllite (8e). Of 
uncertain status is the intersection of 6 to 21 feet of pyrite in drilling on the "west 
shore of the northeastern part of Steeprock lake" as recorded by Tanton (1927, p.6C). 
A strike length of at least 600 feet was indicated by five drill holes at depths of 95 
to 167 feet. The exact location of these holes and the rock associations are unknown to 
the writer. The mineralization should overlap some of the claims 3941, 3799, 11042 
and 3273, north of Rawn Lake.

The main pyritic unit occurs stratigraphically between the dolomite and "ashrock". 
It is present as irregular discontinuous bodies mainly along the hanging-wall of the 
goethite-hematite deposits in the Middle Arm, but is believed to have originally com 
prised the area contained by the goethite-hematite deposits as well. Regarded as correla 
tive is the pyritic unit, up to 200 feet thick, and associated goethite-hematite deposits in 
the Strawhat Lake area.

The character of this main pyritic unit is extrapolated from observations on aban 
doned drill core from drilling at the south end of Strawhat Lake. Here pyrite constitutes 
from 5 to 60 percent of a carbonate host and probably averages about 30 percent. The
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pyrite occurs as anastomosing stringers so as to form a fine irregular pattern that repre 
sents a brecciated colloform texture. Some pyrite is spheroidal and minor amounts are 
recrystallized to isolated euhedral grains or marginal aggregates around the colloform 
fragments. The matrix consists of dark grey, very fine grained calcite (No = 1.673   
.002), light grey siderite (N0 = 1.860 ± 0.02), and a little interstitial quartz. Siderite 
is subordinate to calcite and erratic in distribution, but locally may predominate. A 
tendency for siderite to favour pyrite-calcite boundaries is suggested.

The hanging-wall pyritic zones in the Middle Arm have been studied by C M. 
Wright (1959; 1965; Jolliffe 1966) who advocated a syngenetic origin. Wright recog 
nized two varieties: (1) consolidated pyritk material consisting of pyrite, pyrite with up 
to 40 percent goethite, and pyrite with carbonaceous material and (2) unconsolidated 
pyritic material consisting of angular, subangular, and rounded fragments of aphanitic 
pyrite. Colloform and cryptocrystalline textures predominate. Spherical (in the 3 to 4 
mm range) or elliptical (up to 20 mm by 2 mm) concretionary forms and an angular 
(brecciated) variety were recognized as well as minor amounts of a later, second genera 
tion, fine-grained crystalline pyrite. Mineralogically, the zones contain pyrite (dominant), 
goethite, hematite, chert, quartz, calcite, and limonite, with minor amounts of kaolinite 
and elemental carbon. The textural similarities between the consolidated pyrite in these 
lenses and the Strawhat Lake pyrite-carbonate occurrences are striking; mineralogical vari 
ations are attributed by the writer to the partially altered nature of the Middle Arm 
occurrences.

The pyritic iron formation contained in the "ashrock" occurs interruptedly in the 
Middle Arm and the Southeast Arm and is rudimentary or absent in Falls Bay, the Marsh 
Lake area and west of Wetfoot Lake. A maximum thickness of approximately 80 feet is 
attained in the Middle Arm where discontinuous segments of massive cryptocrystalline 
pyrite occur over a strike length of 7,000 feet, the southern extremity of which is 
reflected by the "offset" goethite-hematite deposits of the South Roberts open-pit. Along 
the west shore of the Southeast Arm, this pyritic unit attains a maximum thickness of 
approximately 25 feet. Unlike the Middle Arm occurrences, the pyrite is well bedded 
and interlayered with fine-grained tuffaceous "ashrock". Both pyrite and tuff have a 
common carbonate host. The pyrite occurs as crudely spheroidal grains, densely packed or 
disseminated within individual beds or lamellae.

MAGNETITE IRON FORMATION

Magnetite iron formation was observed in four widely separated localities. Immedi 
ately west of Greenstone Point in the Southeast Arm, interlayered chert, magnetite, car 
bonate, and tuffaceous "ashrock", approximately 20 feet thick, occur adjacent to a late 
mafic dike. In the southeastern part of the area, 2,000 feet north-northeast of Little Falls, 
magnetite iron formation is exposed on a slight knoll over a width of 30 feet. Here 
chert, magnetite, and tuffaceous "ashrock" layers, in part anastomosing, are highly 
deformed. Further to the north-northeast, approximately 1,500 feet, magnetite, chert and 
tuffaceous "ashrock" are included in a mafic dike. Poorly exposed by an old trench, a thick 
ness of at least 25 feet of iron formation is represented. Finally, near the south shore of 
Apungsisagen Lake and 2,000 feet east of the west boundary of the map-area, sheared 
interbedded chert, magnetite, and pyrite closely associated with arkosic grit and "ashrock" 
are poorly exposed over 5 feet.

In the magnetite iron formation, magnetite forms distinct layers, up to 2 inches
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chick, where it occurs as a dense fine-grained aggregate together with minor amounts 
of quartz, minnesotaite, and stilpnomelane. These layers alternate with recrystallized 
chert (0.01 to 0.02 mm)^ which contains minor amounts of minnesotaite and stilpnome 
lane, and tuffaceous "ashrock". Less commonly, the magnetite occurs as fine dissemina 
tions in a felted aggregate of minnesotaite and interstitial recrystallized chert. Granule 
structures were not observed.

The limited and erratic nature of the magnetite iron formations suggests that the 
magnetite may be the result of oxidation of pre-existing iron formation or due to the 
metasomatic introduction of iron, especially since mafic dikes are closely associated with 
all occurrences and metasomatic magnetite is present in the southeastern part of the area. 
The writer favours a sedimentary, oxide iron formation in that: (1) the mineralogy is 
peculiar to the iron formation and consistent within it; (2) all occurrences are within the 
"ashrock" and probably near the base; (3) replacement textures were not observed; (4) 
layering is well preserved even in fine lamellae; (5) the magnetite is finely crystalline 
rather than the coarser replacement variety.

The association of the magnetite iron formation with pyrite and carbonate and the 
absence of jasper suggests that an oxide depositional environment did not control 
magnetite development. Probably some other special condition, such as might be deter 
mined by the prevailing S, CO2, or SiO2 content would better explain the presence of 
magnetite (see James 1966).

LEAN OR BARREN CHERT

Chert mainly occurs within the stratigraphic interval that includes the earlier dolo 
mite and later "ashrock" units. However it is not restricted thereto, but is found inter 
bedded in minor amounts with interflow sediments or volcanic tuff within the area.

Chert forms layers that range in thickness from thin lamellae to 200 ^ feet- Dolo 
mite, greywacke, arkosic grit, phyllite, ashrock, or silicic tuff may be interbedded, and 
some cherty layers occur in the goethite-hematite deposits. Chert is most prominent at 
the top of the dolomite unit, as in Falls Bay, or near the top, as along the Southeast Arm. 
Chert layers in the "ashrock" occur west of Strawhat Lake, on the islands at the south 
end of the West Arm, and with the magnetite iron formation occurrences. Some chert 
was observed in the sedimentary unit underlying the dolomite (i.e., Conglomerate For 
mation) east of Marsh Lake. Chert associated with tuffaceous rocks was intersected in 
drilling in several localities in the western part of the area and was observed northeast 
of Atikokan and on the northeast shore of the former Rawn Lake.

The chert is light grey and recrystallized to very fine grained (0.01 to 0.02 mm) 
quartz. Carbonate is a common minor constituent. Pyrite, minnesotaite, and detrital quartz 
or feldspar may be present. On the northeast shore of the former Rawn Lake, recrystal 
lized chert (0.02 mm) contains crude chloritoid-rich layers in which the chloritoid (0.4 
mm in length) is in sheaf-like aggregates and is accompanied by minor amounts of 
muscovite and chlorite.

At the south end of Falls Bay, in a structurally complex area, a well-layered goethite- 
chert is exposed in mining operations in juxtaposition with the termination of the 
southern extremity of the ore deposit. Rather than representing a goethite-chert iron 
formation, it is believed that the goethite replaced carbonate-rich layers (i.e., the cherty 
dolomite) in the rock. This is substantiated by the southward transition into cherty car 
bonate, incomplete replacement of some distinct layers, crosscutting goethite veins, and 
scattered euthedral goethite crystals especially along microcavities.
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CLASTIC METASEDIMENTS

The clastic metasediments are subdivided into five main types: phyllite, greywacke, 
arkosic grit, pebbly greywacke, and conglomerate. No sharp distinction can be made 
between these types as all gradations of one to another are present and commonly more 
than one variety occurs together. Relict textures are sufficiently well preserved to identify 
the original sedimentary rock with reasonable certainty, except for the phyllites. In the 
phyllites, recrystallization has obscured much of the original textures but their fine grain 
size and high micaceous content denotes an argillaceous derivation.

The clastic metasediments fall into two groups: an entire metasedimentary succes 
sion south of the Quetico Fault system (Unit 9) and metasedimentary rocks with a direct 
volcanic association to the north (Unit 8). Although separately designated on the map, 
the rock types contained in these two units are similar and are not described separately.

Phyllite

Phyllite is a common but subordinate constituent of the southern metasedimentary 
sequence where it occurs interbedded with greywacke and arkose. Phyllite also is found 
in minor amounts to the north of the Quetico Fault, mainly as interflow sediments, 
either alone or interbedded with greywacke or arkose.

The rocks are very fine grained (0.02 to 0.10 mm) light grey to dark grey, and 
schistose. Chlorite and muscovite make up the bulk of the rock volume, chlorite pre 
dominating in the dark varieties and muscovite in the light. Quartz and sodic plagioclase 
are abundant both in the recrystallized micaceous matrix and as scattered and larger (0.05 
to 0.20 mm) relict grains. Disseminated pyrite is in minor amounts; tourmaline and 
apatite are the other accessory minerals that may be present. Secondary carbonate is 
common. In the vicinity of Rawn Lake, a conspicuously graphitic phyllite was noted. In 
a few localities (e.g., the south end of the West Arm and the north shore of Wagita Bay), 
pyrite-rich layers or lamellae, up to a few inches thick, are interbedded with phyllite.

Greywacke

Greywacke forms the bulk of the metasediments in the south, and is widespread, 
although a minor rock type, north of the Quetico Fault system. It is usually interbedded 
with arkosic grit, phyllite, or conglomerate.

The greywackes are medium to dark greenish grey, fine grained, and poorly sorted. A 
very fine grained (approximately 0.02 mm) matrix of chlorite, muscovite, quartz, and 
sodic plagioclase forms 15 to 40 percent (volume) of these rocks in which subrounded 
to subangular grains of quartz and sodic plagioclase (up to 1.0 mm) are embedded. 
Epidote occurs sporadically in semicalcareous varieties and usually forms less than 5 per 
cent of the rock volume. Disseminated pyrite is common in minor amounts. Sphene, 
zircon, microcline, and apatite are rare. Secondary carbonate is widespread and locally in 
abundance.

Bedding is good to poor and many beds are graded. The micaceous minerals impart 
a schistose structure to these rocks.
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Arkosic Grit

Arkosic grit is most abundant northwest of Wagita Bay and in the Atikokan-Marsh 
Lake area. It also occurs intermittently below the dolomite unit along the northeast shore 
line of Steep Rock Lake, as thin interflow layers in the volcanic rocks and interbedded 
with the predominant greywacke-phyllite sequence in the southern part of the area.

The arkosic grits are buff or light to medium grey. Mineralogically, they resemble the 
greywackes, although the proportion of micaceous matrix is usually less (5 to 30 percent 
by volume) and locally feldspar is absent. Detrital quartz and plagioclase grains are 
rounded to subangular, and medium grained (1.0 to 5.0 mm). Bedding is well developed 
or poor, and commonly graded.

The two main occurrences of arkosic grit differ from one another. In the arkosic 
grits to the northwest of Wagita Bay, granulation and recrystallization obliterated much 
of the primary textures, except for the larger quartz and feldspar grains; scattered frag 
ments (bombs?) of intermediate volcanics were noted on the northwest shore of Barr 
Bay (former Barr Lake); conglomerate is absent; and numerous layers of mafic volcanic 
tuff are interbedded.

The arkosic grits in the Atikokan-Marsh Lake area contain numerous intraforma 
tional lenses of granitic conglomerate; phyllite and greywacke are associated, at or near 
the base of the unit, and bedding is better developed.

Feldspar-free or deficient grits are quite abundant in the main unit to the northwest 
of Wagita Bay. In these rocks micaceous minerals usually constitute 5 to 10 percent of 
the rock volume but may be more. Similar feldspar-free grits occur at intervals below and 
in the basal part of the dolomite unit.

Pebbly Greywacke

Pebbly greywacke occurs V2 mile west of Atikokan, between Pete and West Pete 
Lakes, and along the northeast shore of Wagita Bay. The rocks are transitional between 
greywacke and conglomerate. They contain scattered fragments, which make up less than 
15 percent of the total rock, embedded in a fine-grained greywacke matrix. The frag 
ments range in size from a fraction of an inch to 4 inches. Quartz and granitic fragments 
are most abundant. Bedding is commonly poor.

Conglomerate

The conglomerates in the area have been classified as granitic conglomerate, rhyolitic 
conglomerate, or arkosic conglomerate on the basis of the predominant fragment com 
position.

GRANITIC CONGLOMERATE

Granitic conglomerate is scattered throughout the area, but is best developed in five 
localities: (1) west of Atikokan, associated with greywacke and phyllite; (2) in the 
vicinity of Marsh Lake, associated with arkosic grits; (3) between Bigger and Strawhat
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Lakes, associated with arkosic grit as an interflow sediment; (4) below the dolomite unit, 
associated with greywacke, arkosic grit, and phyllite; (5) in the Atikokan-Dismal Lake- 
Falls Bay area associated with arkosic grit and greywacke as an interflow sediment.

The conglomerate occurs as intraformational lenticular bodies that pass laterally or 
vertically into arkosic grit or greywacke. Transitions along or across strike may be either 
abrupt or gradational through a pebbly facies. Individual lenses vary in thickness from a 
fraction of a foot to several hundred feet.

Fragments range in size from pebbles to boulders (up to 20 inches in diameter); 
most are between 2 to 5 inches. Their sorting is poor to good. Individual fragments are 
mainly rounded to subrounded, but some are subangular. Granitic fragments usually pre 
dominate; quartz, chert, volcanic, or phyllitic fragments may be present, but are com 
monly in minor amounts.

The matrix is arkosic grit or, rarely, greywacke. In most occurrences, the proportion 
of matrix exceeds the proportion of fragments and, only locally, are the fragments intact. 
Bedding is vague in some occurrences, whereas in others it is distinct. Some beds are 
graded.

RHYOLITIC CONGLOMERATE

Rhyolitic conglomerate occurs between Bigger and Strawhat Lakes in a unit 250 to 
600 feet thick and 3,000 feet long which is terminated at both ends by faults. This 
conglomerate resembles the granitic conglomerate with its arkosic matrix and abundance 
of granitic fragments, but contains a predominant rhyolitic fraction. This fraction is 
present as subangular fragments up to 6 inches in long dimension with the majority in 
the range of l to 3 inches.

ARKOSIC CONGLOMERATE

One exposure of arkosic conglomerate was observed, located south of Marsh Lake in 
a road cut on Highway 622. Here, subangular fragments of arkosic grit, up to 18 inches 
in diameter, make up the bulk of the rock and are embedded in a matrix of similar com 
position. In addition, subrounded cherty fragments, a few inches in diameter, are sparsely 
interspersed. This conglomerate apparently overlies a well-bedded sequence of grey 
wacke, phyllite, and minor amounts of chert.

General Considerations

The clastic metasediments in the area, although separated by faults, exhibit numerous 
common characteristics that imply a similarity in origin.

PROVENANCE FACTORS

The clastic metasediments are texturally and mineralogically immature. In these 
rocks, grain sorting is mainly poor but ranges from extremely poor in the pebbly grey- 
wackes and conglomerates to good in the phyllites (argillaceous rocks). In the grey- 
wackes and arkosic grits, a prominent micaceous fraction (about 5 to 40 percent) forms
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the matrix for the quartz and feldspar grains. Roundness of individual grains and rock 
fragments varies but, the coarser grained fragments, as in the conglomerates, tend to be 
well rounded whereas the smaller clastic grains, as in the greywackes and phyllites, are 
mainly subangular. Textural immaturity is indicated, therefore, by the poor sorting in the 
coarser elastics (conglomerates, arkosic grits, greywackes) and the angularity of grains in 
the finer grained elastics (greywackes, phyllites). Mineralogical immaturity of these rocks 
is indicated by the low quartz to feldspar ratio and the abundance of inferred interstitial 
argillaceous material. Locally, the feldspar-deficient grits are an exception.

The abundance and size of the quartz and sodic plagioclase grains in the rocks and 
absence of rock fragments, except in the conglomeratic varieties, suggest dominantly 
plutonic source rocks of granitic composition. The absence of potassic feldspar further 
indicates granodioritic terrane. However coarse fragments in the conglomeratic facies 
suggest a more complex derivation. The arkosic conglomerate in particular can be inter 
preted as self-derived, and local sources for abundant volcanic fragments are suggested 
as in the rhyolitic conglomerate. However even in the coarse elastics, granitic fragments 
predominate.

ENVIRONMENT FACTORS

Disseminated pyrite in minor amounts occurs in all of the clastic sediments in the 
area. Magnetite was not observed. In addition to this widespread disseminated pyrite, 
bedded pyrite or graphite is locally present, especially in some phyllites. A predominant, 
if not an entire, reducing environment, therefore, can be inferred.

The prevalence of graded bedding, absence of crossbedding, and possibly the low 
"fluidity" index (i.e., ratio of sand grains to detrital matrix) suggest that the bulk of the 
clastic sediments are turbidkes.

The sediments in the southern part of the area have all the characteristics of "flysch- 
type" sediments which are generally regarded as deposited in an orogenic (geosynclinal) 
environment. Inasmuch as the elastics to the north are texturally and lithologically similar, 
though in a predominantly volcanic association, the overall environment conditions were 
probably the same.

EARLY MAFIC INTRUSIVES 

Metadiorite

Rocks mapped as metadiorite are confined to the Steep Rock Block where they form 
a boss-like body, two large dikes, and several smaller dikes. The boss-like body, located 
immediately northeast of Atikokan, is 4,000 feet long and 2,000 feet wide. Of the two 
major dikes, the one south of Strawhat and Marsh Lakes is 7,000 feet long and up to 
500 feet thick; and the other, west of the Southeast Arm, is 17,000 feet long and up to 
1,000 feet thick.

The rocks are dark greenish grey, fine to medium grained (0.3 to 2.0 mm), and 
foliated. Saussuritized plagioclase, chlorite, and quartz are the main minerals. In addition, 
epidote, opaque oxides partially altered to leucoxene, calcite, and apatite are in lesser 
amounts. Granophyric quartz, sphene, sericite, and actinolite are rare. A relict inter 
granular texture is usually preserved. Quartz, which constitutes 8 to 25 percent of the 
rock volume, is mainly confined to scattered quartz "eyes", distinctly rounded in outline.
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The metadiorite has been faulted and intruded by the late mafic intrusives (12), and 
as such is older. These relationships are clearly indicated in the boss-like body. Age 
relationships with respect to the metagabbro (lOb) and metagranitic rocks (11) were not 
established.

Metagabbro

Metagabbro occurs northwest of the Rawn Lake Fault and in the vicinity of Little 
Falls. Northwest of the Rawn Lake Fault, metagabbro forms a generally conformable 
but intricate network of irregular dikes; near Little Falls one dike is within the Quetico 
Fault but is truncated to the east by the granitic batholith and has been disrupted to the 
west by late fault movements.

The rocks are dark grey to greenish grey. Variable amounts of epidote, actinolitic 
amphibole, saussuritized plagioclase, and chlorite are the major constituents. Quartz, 
opaque oxides, leucoxene, and calcite are usually in minor amounts, Relict hornblende is 
rare. The rocks are fine to medium grained, and exhibit schistose, felted, mylonitized, or 
partially preserved relict intergranular fabrics.

The metagabbroic dike in the Little Falls area has been intruded by the granitic 
batholith in the northeastern part of the area and, therefore, is older than the late mafic 
dikes. The age relationship between this dike and those northwest of the Rawn Lake 
Fault are not known, but they are equated on the basis that their lithologies are similar 
and their textures and mineralogy indicate two periods of metamorphism, of which the 
earlier one, presumably, was coincident with granitic intrusion.

METAGRANODIORITE

The marginal part of a granitic batholith occupies the eastern and northern parts of 
the area. Parts of this granitic area are best regarded as a complex composed of sub 
stantial amounts of mafic dikes and volcanics with some felsic volcanics and metasedi- 
ments.

The granitic rocks are mainly a chloritized, biotite granodiorite. Two distinct but 
intergradational varieties are present. A quartz "eye" granodiorite, commonly bearing 
muscovite, is prominent in the southeastern part of the area; a hybrid, chloritized, horn- 
blende-biotite granodiorite is abundant in the northern part of the area, where amphi 
bolite inclusions are abundant. The "hybrid" granodiorite commonly grades through a 
feldspathized amphibolite into amphibolite.

The granitic rocks range from light to medium grey, locally with a reddish cast. 
Medium-grained varieties predominate, but a gradual decrease to a fine-grained facies is 
locally conspicuous near the contact. The rocks are highly sheared and fractured, with 
a poorly to well-defined secondary schistosity. No primary foliation was detected. Quartz 
and sodic plagioclase make up the bulk of the rocks. Potassic feldspar is sporadic and in 
minor amounts. Chlorite, secondary after biotite or amphibole, is the main mafic mineral. 
Amphibole is locally preserved; muscovite is restricted to the quartz "eye" facies. Apatite, 
sphene, zircon, and opaque oxides are common accessory minerals. Secondary epidote, 
carbonate, and sericite are widespread.

Although the granitic batholith is separated from the Steep Rock Block to the south 
and west by the Steep Rock Lake Fault, contact relationships can be observed in the
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Wagita Bay area, near Trueman Point, and in the southeastern part of the area. In the 
Wagita Bay area, the granodiorite is intrusive into mafic volcanics and minor amounts 
of interbedded arkosic grit, greywacke, and phyllite. Near Trueman Point, intermediate 
to mafic tuff is intruded by the granodiorite, and in the southeastern part of the area, 
mafic volcanics with minor amounts of arkosic grit and mafic tuff also are intruded.

The intrusive contact is usually sharp with or without a narrow (several feet) injec 
tion zone, except north of Wagita Bay where it is difficult to distinguish where "hybrid" 
granodiorite begins and mafic volcanics end. A decrease in grain size can be observed in 
the granodiorite in a few localities, as the contact is approached. No marked increase in 
the grain size of the intruded host rocks was detected until well within the batholith. 
This absence of marginal coarsening in grain size and the superimposed retrograde 
metamorphism makes defining the contact aureole impossible.

The granodiorite has been extensively invaded by the late mafic intrusives, especially 
in the north and northeast. A marked decrease in the amount of mafic intrusive occurs 
away from the contact, as does the degree of deformation in the granodiorite.

Scattered, irregular quartz porphyry bodies occur in the southeastern part of the area 
north of the Quetico Fault and east of Little Falls. Their relationship to the granodiorite 
was not established.

LATE MAFIC INTRUSIVES

A swarm of dikes invaded the rocks north of the Quetico Fault and east of the Rawn 
Lake Fault. Dikes west of the Rawn Lake Fault were assigned to the early mafic intru 
sives, but may belong here, in part or possibly in total.

Most of the dikes are fairly regular and follow pre-existing foliation directions; some 
are crosscutting and anastomosing; others are irregular. Some of the dikes attain 3 miles 
in length and 1,600 feet in thickness; most are much smaller. They form one of the major 
rock units and constitute approximately 20 percent of the map-area. In the northeastern 
granitic area, the dikes form irregular bodies in the north, but follow a pre-existing 
northeastern foliation in the east. In the Steep Rock Block, the dikes are larger, less 
numerous, generally conformable to bedding, and possess greater continuity.

The dikes are mainly gabbroic but range from leucodiorite to peridotite. Some 
individual dikes contain dioritic-leucogabbrok-gabbroic facies with no apparent sys 
tematic differentiation pattern. Many dikes are uniform in composition along their 
lengths, but individual dikes vary from each other in composition. Peridotite, gradational 
into gabbro, was observed only in the Witch Bay-Walter Bay (former Walter Lake) area. 
In the gabbro, actinolite and chlorite predominate; plagioclase is subordinate; quartz is 
usually in minor amounts. Relict primary clinopyroxene or brown hornblende are locally 
preserved. In the leucogabbro, diorite, and leucodiorite, plagioclase predominates. Actino 
lite and chlorite are prominent and quartz may form up to 15 percent of the more felsic 
members. Epidote, opaque oxides, leucoxene, pyrite, stilpnomelane, muscovite (in leuco 
diorite only), apatite, and calcite are additional constituents observed in the gabbroic and 
dioritic varieties. The peridotkes contain subrounded clusters of serpentine (chlorite and 
ale), which denote relict olivine grains, and interstitial chlorite (relict pyroxene?) 
together with minor amounts of carbonate and opaque oxide.

The rocks range from fine to coarse grain with a chilled contact zone characteristically 
developed at the dike margins. A relict intergranular texture is generally discernible and 
locally the rocks are blastoporphyritic. A poorly developed schistosity is common.
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Dikes which intruded the dolomite unit differ in that they tend to be fine grained 
and chloritic, and contain abundant carbonate. Contact effects in the dolomite are quite 
noticeable along some dikes. These involve Fe metasomatism in the form of siderite, and 
localized rock flowage.

LAMPROPHYRE

A few scattered lamprophyre dikes were observed, mainly in the northern part of 
the Steep Rock Block. These contain porphyritic biotite flakes up to 1.5 mm in long 
dimension, embedded in a very fine grained felted aggregate of quartz, feldspar, mus 
covite, and biotite. Carbonate may be a prominent constituent, where the dikes intrude 
the dolomite.

The lamprophyre dikes were not differentiated on the accompanying Geological Map 
2217 (back pocket). Although their age is unknown, they postdate the metamorphisms, 
but were involved in the formation of the dolomite breccia.

PLEISTOCENE DEPOSITS

Introduction

Study of the Pleistocene has played a significant role in Steep Rock geology. Glacial 
gravels containing goethite-hematite fragments provided the first indication of iron ore 
beneath the waters of Steep Rock Lake; removal of the glacial-lake clays that covered 
the ore deposits posed major engineering problems; and Pleistocene gravels provided a 
commercial source of iron ore as well as sand and gravel.

The Pleistocene deposits are many and varied, and only the major features are out 
lined below. For detailed accounts on specific aspects the reader is referred to Tanton 
(194lb), M. W. Bartley and R. F. Legget (1946), Bartley (1947), E. Antevs (1951), 
Legget and Bartley (1953), W. J. Eden (1955), A. Dreimanis (1956), Legget (1958), 
and R. M. Hardy and Legget (I960). For the regional setting the reader is referred to 
Zoltai (1962; 1965a, b).

Boulder Till

Glacial till is most prominent between Pete Lake and Falls Bay, where sand and 
boulder accumulations form low-lying hummocky hills with a maximum elevation of 
approximately 20 feet. Stratification was not observed but exposure is poor.

Minor amounts of till occur in other parts of the area. At Hogan Point, till over 
lies iron-bearing sand and gravel; and on Elbow Point, boulder till contains a 4.5-foot 
section of varved and red silt (Antevs 1951).

Clay and Silt

Deposits of glaciolacustrine clays underlie Steep Rock Lake and its former exten 
sions, form a broad flood plain in the southern part of the area through which the
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Photo 3 - Section of water-lain goethite-hematite-bearing glacial gravels and sand, in open-pit of Cana 
dian Charleson Limited. (7, 9, 11)

Atikokan River flows, and presumably underlie most lakes or topographic lows in the 
area. There are clays immediately south of Tanton Point, where they may underlie the 
iron-bearing sand and gravel, and as noted previously, at Elbow Point.

The clays are varved and range from clay to silt to sand. Up to 120 feet of clays 
have accumulated in the Steep Rock Lake basin. These have been intensively studied and 
described by Antevs (1951).

Sand and Gravel

Iron-bearing sand and gravel occur over an area 9,500 feet long and 4,000 feet wide, 
trending southwesterly, immediately south of the East Arm (Photo 3). There are accumu 
lations of sediments up to 250 feet thick. They overlie an uneven topographic surface 
and form undulating hills with a local maximum relief of 150 feet. For most of their 
length the sand and gravel deposits lie between bedrock ridges especially on the north 
west and southeast boundaries. The deposits are stratified with bedding ranging from 
very thin to thick, are both discontinuous and continuous, and are horizontal or inclined 
(up to 45 degrees) (Photo 4). Cross-laminations, current ripple-marks, and imbricated 
and graded bedding were noted. Current-direction measurements indicate flow was from 
the northeast to the southwest. In addition to fragments of common rock types, goethite- 
hematite fragments are common and pyrolusite ones are rare. The deposit is regarded as 
a kame terrace formed by torrential meltwater streams, localized by topography and 
stationary ice, entering a standing body of water diking glacial recession.

23



Steep Rock Lake Iron Area

ODM 8502

Photo 4 - Detail of inclined bedding in Pleistocene gravels.

Stratified sand and gravel also occur at the south end of the Southeast Arm, 2,000 feet 
southwest of Bigger Lake, and form a prominent ridge north of Falls Bay. Bedding in 
these deposits varies from thin to thick, and is continuous, but locally is crossbedded. The 
southern occurrences are regarded as end moraine deposits modified by lake action; the 
northern occurrence may be similar or may represent a kame deposit.

Outline of Events

The major glacial features in and adjacent to the Steep Rock area (See Zoltai 1962; 
1965a, b) are: the Steep Rock Moraine, which is present interruptedly in an east-south 
east direction across the central part of the area; the Eagle-Finlayson Moraine, which 
generally parallels the Steep Rock Moraine just north of the area; and the lacustrine 
clays, a feature of glacial Lake Agassiz.

Glaciation involved advances and recessions which have been attributed to the 
Patricia ice mass during the Wisconsinan stage. The oldest glaciation extended over the 
area and into the United States. An interval of ice recession followed. Later readvance-
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meat proceeded to the Steep Rock Moraine with subsequent withdrawal to the Eagle- 
Finlayson Moraine. Extending from the glacial front to the south and west was Lake 
Agassiz.

The stratified sand and gravels in the south represent parts of the Steep Rock 
Moraine deposited in Lake Agassiz. The sand and gravel ridge north of Falls Bay 
either may be a morainal feature intermediate to the Steep Rock and Eagle-Finlayson 
Moraines, or a local kame deposit. The iron-bearing sand and gravel would represent 
outwash deposits formed during initial ice recession from the Steep Rock Moraine to the 
Eagle-Finlayson Moraine. Following this, most of the lacustrine clays were deposited in 
Lake Agassiz. Minor readvances of the ice sheets during the main period of recession 
from the Steep Rock to the Eagle-Finlayson Moraines may be indicated by the presence of 
boulder till overlying the iron-bearing gravels.

STRATIGRAPHY 

HISTORICAL INTRODUCTION

Stratigraphic studies of the Steep Rock area have undergone a complex and frequently 
controversial history since Smyth (1891) first reported on the area. Only a brief review 
is possible here; for a more detailed account the reader is referred to the bibliography at 
the conclusion of this report.

Smyth (1891) recognized three main subdivisions: a "Basement Complex" east and 
north of Steep Rock Lake, the "Steep Rock Series" west of Steep Rock Lake unconform- 
ably overlying the granitic basement complex, and the "Atkokan Series" to the south 
of Marsh Lake and the Southeast Arm.

The "Basement Complex" was termed "Laurentian" by W. H. C Smith (1893) who 
recognized that it included granitic rocks intruding "Keewatin" volcanics. Like Smyth, 
Smith regarded the "Steep Rock Series" as unconformably overlying the granitic and 
volcanic rocks. These relative age relationships were followed by all subsequent workers, 
except for H. S. Hicks (1950), who regarded the granitic rocks as intrusive into the 
"Steep Rock Series". However Bartley (1939b) questioned but maintained the uncon 
formable relationships. The chronological age assigned to the "Steep Rock Series" deter 
mined the age assigned to the granitic rocks. Most workers regarded the "Steep Rock 
Series" as Archean and of Timiskaming-type (Huronian of early workers) and, therefore, 
the granitic rocks as Laurentian (or pre-Steep Rock). H. M. Roberts and M. W. Bartley 
(1943a) and Hicks (1950) regarded the granite as Algoman; Hicks on the basis that it 
intruded the "Steep Rock Series" and Roberts and Bartley on the basis that the "Steep 
Rock Series" was correlative with the "Lower Huronian" (i.e., Animikie).

Smyth's original "Steep Rock Series", modified to Steeprock Group by Jolliffe (1955) 
underwent a complex evolution, a summary of which is presented by Jolliffe (1966). 
Following Smyth, Smith (1893) and W. Mcinnes (1899) included all volcanics and 
sediments west of the granite in this group. A. C. Lawson's (1912) reinterpretation of the 
structure restricted the Steep Rock Group to the dominantly sedimentary sequence in the 
vicinity of Steep Rock Lake, with most of the volcanics as older and of "Keewatin" age. 
This is essentially the pattern adopted by subsequent workers (Hawley 1930; Moore 
1939; Bartley 1939b; Hicks 1950), although Jolliffe (1955; 1966), regarding previous 
structural interpretations as inadequate, left the relationship in abeyance.
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Smyth's "Aticokan Series", in the southern part of the area, justifiably ceased to be 
acceptable as it contained granitic rocks, volcanics, dikes, and sediments. The relationship 
of the southern sediments, as part of a belt of regional extent, became the subject of a 
major controversy as to whether the rocks in this belt were older ("Coutchiching"), 
younger ("Seine", "Knife Lake"), generally contemporaneous, or in part older and in 
part younger than the "Keewatin" volcanics. The problem is reviewed by S. S. Goldich 
et al. (1961) who favour the existence of both the "Seine" ("Knife Lake") and "Cout 
chiching". In the Steep Rock area itself, Tanton (1926) and Mcinnes (1899) regarded 
the sediments as older than the volcanics; Hawley (1929; 1930) proposed a fault contact 
with inferred younger ("Seine") relationships; J. E. Gill (1931) reinterpreted Hawley's 
structural data to propose an older relationship; Hicks (1950) supported a "Coutchiching" 
age but regarded only part of the contact as faulted. F. F. Grout (1925) classified these 
sediments as "Seine". Moore (1939) considered the conglomerate-bearing sediments in 
the northern part as equivalents of the "Steep Rock Series", and the remainder "Seine". 
Lawson (1913) believed the northern part to be "Seine" and the southern part "Cout 
chiching".

The relationship of the Steep Rock Group to the sediments in the south also has 
been debated. Lawson (1912) regarded these sediments as younger than the Steep Rock 
Group, a view tentatively expressed by Hawley (1929), whereas Moore (1939) con 
sidered the Steep Rock Series and "Seine" as contemporaneous. Tanton although assign 
ing the southern sediments to the "Coutchiching" regarded the Steep Rock Group as 
equivalent to the "Seine Series" elsewhere (Moore 1939, p- 7).

THE STRATIGRAPHIC SECTION

The stratigraphy is presented individually for four parts of the area which are 
separated-from each other by faults: (1) the Steep Rock Block; (2) the area northwest of 
Rawn Lake Fault; (3) the area northeast of Steep Rock Lake Fault; (4) the southern 
sedimentary sequence. The Geological Map 2217 (back pocket) shows the lithologic 
units; Figure 3 depicts the suggested simplified distribution of the main stratigraphic 
units which does not group the rocks in the same order as shown in the legend.

Steep Rock Block

The Steep Rock Block is a structural and lithological entity, the stratigraphy of 
which can be reasonably deduced. The main units recognized are described briefly 
below and also listed in Figure 3.

Lower Volcanic Group: mafic volcanic flows, mainly pillowed, local 
differentiation to felsic flows near top; minor amounts of interbedded 
granitic conglomerate, arkosic grit, greywacke, phyllite, chert, and mafic to 
felsic tuff.
Lower Pyroclastic Group: mainly felsic to intermediate pyroclastics; 
lower tuff formation of felsic, water-lain tuff, lapilli tuff, or tuff-breccia 
with some interbedded phyllite, greywacke, arkosic grit, pebbly greywacke 
and conglomerate, and some rhyodacite, mafic tuff and volcanic flows;
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upper volcanic formation of felsic to intermediate massive volcanics, 
agglomerate and tuff-breccia, minor amounts of mafic flows and tuff; 
probably in part ignimbritic.

Steep Rock Group: consists of four formations described in order of 
decreasing age.

Conglomerate Formation: interbedded greywacke, arkosic grit, pebbly 
greywacke and conglomerate; local pyritic phyllite, arkosic conglomerate, 
and chert; numerous lateral facies changes.

Dolomite Formation: Dolomitic and calcitic marble, numerous thin beds 
of chert especially near top, minor amounts of arkosic grit near base; 
irregular, secondary manganiferous "paint rock" alteration zone adjacent 
to ore deposits.

Pyritic Formation: mainly pyrite and carbonate, a little interbedded chert 
and phyllite; altered to secondary goethite-hematite zones except for 
local relicts mostly near or at top of unit.
Ashrock Formation: picritic pyroclastic with calcitic marble host; mainly 
lapilli-tuff, some tuff and agglomerate; thin scattered beds of chert, pyritic 
chert, and magnetite-chert; pyritic member near base in part pyrite- 
carbonate and in part pyrite-carbonate-tuffaceous ashrock, locally altered 
to goethite-hematite; mafic volcanic member near middle of formation 
composed of mafic to intermediate flows and minor tuff; zones of argillitic 
alteration in ashrock near ore deposits.

Upper Volcanic Group: mafic to intermediate flows with interbedded 
granitic conglomerate and rhyolitic conglomerate units, possibly minor 
amounts of rhyodacitic and mafic tuff; restricted in occurrence.

The subdivisions are presented as informal stratigraphic units except for the Steep 
Rock Group which has been formally defined by Jolliffe (1955; 1966). Jolliffe's sub 
divisions of the Steep Rock Group are modified by the writer and a comparison of 
nomenclature is presented in Table 3. The main differences are:

Table 3 COMPARISON OF STEEP ROCK GROUP NOMENCLATURE

Shklanka (this report) Jolliffe (1966)

STEEP ROCK GROUP STEEPROCK GROUP 
Ashrock Formation Ashrock Formation

Mafic Volcanic Member 
Pyritic Member

Pyritic Formation Orezone Formation
Pyritic Member 

'            Goethite Member
Manganiferous Paint Member
 Erosional Disconformity  

Dolomite Formation Dolomite Formation

Conglomerate Formation Conglomerate Formation 
_________ Disconformity (?)  ____ Nonconformity ^^^^
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1. A major nonconformity is not recognized at the base of the Steep Rock 
Group. Instead the base is placed at the beginning of a transition from 
volcanism to a marked interval of sedimentary accumulation. It may be 
represented by a disconformity.
2. No erosional disconformity is recognized between Jolliffe's Dolomite 
and Orezone Formations.
3. Jolliffe's subdivisions of the Steep Rock Group are treated as informal 
since members and formations are designated solely by lithology.
4. In keeping with the recommendations of the American Commission of 
Stratigraphic Nomenclature (1961), zones of alteration or soil, the latter 
not recognized by the author, are not regarded as valid rock stratigraphic 
units. For these reasons the manganiferous "paint" and goethite members, 
regarded as secondary alteration products, are relegated to zonal status.

Although numerous earlier workers regarded the Steep Rock Group as unconform- 
ably overlying "Keewatin" volcanics within the Steep Rock Block, the author does not 
consider that a major unconformity is indicated. The structure of the Steep Rock Group 
complies closely with the underlying volcanics, both have undergone similar metamorphic 
histories and exhibit similar metamorphic grades. No marked differences were detected 
in the volcanics overlying, within, or underlying the Steep Rock Group, and similar 
sedimentation features are common to the entire succession (e.g., greywackes, dissemi 
nated pyrite, and granitic fragments in conglomerate). That the rocks within the Steep 
Rock Block are Archean is substantiated by age determinations and the regional setting. 
H. Lepp and S. S. Goldich (1964) report an absolute K-A date of 2,700 m.y. on a sample 
of "phyllite" taken from a drill hole at Strawhat Lake. On a regional basis, no outliers 
of similar rocks are known as might be expected if the Steep Rock Group was "post- 
Laurentian" or post-Archean in age. The nearest Animikian exposures, to the east in the 
Port Arthur region (see Moorhouse 1957), bear little stratigraphic resemblance. On the 
other hand, reasonable correlation can be made and has been suggested (Woolverton 
I960; Jolliffe 1966) with Archean rocks to the north in the Finlayson Lake and Lumby 
Lake areas. Any correlation of "fossil-like" forms in the Dolomite Formation with 
Proterozoic forms is dubious, especially since the authenticity of the former has not been 
demonstrated.

Area Northwest of Rawn Lake Fault

Northwest of the Rawn Lake Fault, a lower sequence of dominantiy mafic volcanic 
flows intercalated with intermediate volcanic flows, intermediate to felsic tuff, and at least 
one thin arkosic grit-conglomerate member is succeeded by a unit of undetermined thick 
ness composed of arkosic grit with minor amounts of interbedded mafic tuff. The 
sequence, though highly deformed, appears to be conformable and is intruded to the 
west and north of the area by "Algoman" granitic rocks (see Moore 1939). Goldich et cH. 
(1961) obtained a Kenoran age of 2,560 m.y. on biotite from this granitic body, thereby 
substantiating an Archean age for the volcanic-sedimentary succession.

A favourable correlation can be made between the rocks in the Steep Rock Block 
and those northwest of the Rawn Lake Fault by allowing for the lateral termination of 
the lower pyroclastic unit as follows:
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Steep Rock Block Area Northwest of Rawn Lake Fault 
Steep Rock Group:

Conglomerate Formation Arkosic grit 
Lower Pyroclastic Group 
Lower Volcanic Group Mafic Volcanics

This correlation is substantiated by the fact that both the Conglomerate Formation 
and the arkosic grit grade into feldspar-free grits; that the lower volcanic group and the 
mafic volcanics are mainly pillowed with similar interflow sediments, and that it is 
reasonable to assume local accumulation for felsic volcanics. Further, although there is a 
difference in the original metamorphic grade on either side of the Rawn Lake Fault in 
the north, this is not apparent in the south around Walter Bay (former Walter Lake). 
As such the difference in the original metamorphic grade can be attributed to progressive 
contact effects in proximity to the northwest granitic body.

Area Northeast of Steep Rock Lake Fault

To the northeast of the Steep Rock Lake Fault, metavolcanics and metasediments are 
confined mainly to small isolated areas at or near the contact of the granitic batholith. 
Rock types include mafic flows and tuffs with minor amounts of dacitic tuff, arkosic grit, 
and greywacke. Their stratigraphic relationships are unknown.

The granitic batholith in the northeast has been described as "Laurentian", "pre-Steep 
Rock", or "Algoman" in age. By ascribing to a fault contact between the Steep Rock 
Group and these granitic rocks, no firm evidence for a "Laurentian" or "pre-Steep Rock" 
age can be cited. Therefore the conventional approach is followed by assigning this 
granitic body to emplacement during the Kenoran orogeny.

Southern Sedimentary Sequence

The southern sedimentary rocks constitute a well-bedded, dominantly greywacke 
sequence with minor phyllite, arkose, pebbly greywacke, and conglomerate. As the net 
slip of the Quetico Fault is not known, no reliable relative age can be established in the 
area for the southern sediments with respect to the dominantly volcanic rocks to the north 
of the fault. Regional information is likewise inconclusive. Goldich et al. (1961) review 
the problem and cite evidence for sediments younger ("Seine") and older ("Coutchi- 
ching") than the Keewatin-type volcanics. However they assume one interval of "Kee 
watin" volcanism, an assumption inconsistent with even the type locality in the Lake of 
the Woods region (see Lawson 1885; Goodwin 1965).

The Geophysical Institute of Washington undertook geochronological studies of the 
Rainy Lake area to the west. These studies indicate indistinguishable ages for the 
"Keewatin" volcanics and "Coutchiching" metasediments with a determined Rb-Sr whole 
rock isochron age of about 2,700 m.y. and a concordia plot for zircons averaging about 
2,750 m.y. (Davis et al. 1963; Tilton et d. 1962). Davis et d. (1963, p. 226) conclude 
that taken together the "data indicate a source for the Coutchiching that is nearly 
equivalent in age to the Keewatin". A sample collected three miles southeast of Atikokan 
gave a K-Ar age of 2,480 m.y. on biotite (Lowdon et al, 1963), i.e., a Kenoran 
metamorphic age.
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In the Steep Rock area, similar recognizable metamorphic and deformational events 
for rocks on both sides of the Quetico Fault as well as common features in sedimentary 
lithologies substantiate the geochronological studies that no major time difference is 
involved. The preferred development of conglomerate near the volcanic-sedimentary 
contact in the area and on a regional basis to the west (e.g., see Lawson 1913; Moore 
1939) is unlikely to be indicative of an unconformity. These conglomerates are lenticular, 
are not basal, and are not confined to the vicinity of the contact. It seems probable, 
therefore, that they represent proximity to source areas for the sediments rather than 
any marked unconformity.

GENETIC CONSIDERATIONS

Stratigraphy of the Steep Rock Group substantiates a localized depositional basin. 
A marked thickening of the Dolomite Formation from approximately 500 feet at the 
south end of the Southeast Arm to approximately 1,500 feet within Wagita Bay is 
apparent. This thickening corresponds with the maximum, and probably lenticular, 
development of the pyritic formation, and the pyritic member of the Ashrock Formation; 
and most likely of the "ashrock" itself. The increase in the amount of volcanic flows 
interbedded with the "ashrock" to the southeast is in accordance with flowage downslope 
from marginal eruptive centres.

The Steep Rock Group has many characteristics of sulphide and carbonate iron 
formation facies of the Algoma-type (see James 1966; Gross 1965). Recognizable 
diagnostic constituents include pyrite (syngenetic), chert, carbonate (calcite, dolomite, 
and siderite) and carbonaceous zones, and jasper is absent. In comparison with similar 
iron formations (e.g., Goudreau area, Goodwin 1962), carbonate is more abundant and 
chert less so. Like similar iron formations, many constructional units are lenticular 
(e.g., the pyritic formation and the chert, magnetite-chert, and pyritic units in the 
Ashrock Formation); and the occurrence is at the top of a differentiated mafic to felsic 
volcanic sequence which in turn is overlain by mafic volcanics (cf. Gross 1965, p. 90-91)-

It can reasonably be inferred that the deepest part of the depositional basin for the 
Steep Rock Group corresponds with proximity to eruptive centres for the "ashrock" and 
the lower pyroclastic group. It has been pointed out that the largest "ashrock" fragments 
occur in the Falls Bay area, a definite indication of proximity to source. It has also 
been indicated that west of the Atikokan Fault, proximity to source for the lower 
pyroclastic group was in the Atikokan-Tuff Lake area. Stratigraphically, equivalent 
pyroclastics east of the Atikokan Fault in this locality are fine-grained tuffs implying a 
further removal from source. However compensation for left-lateral displacement on the 
Atikokan Fault of about five or more miles, as is suggested structurally, would not only 
remove the tuffs east of the Atikokan Fault away from the source, but also bring the 
source for the lower pyroclastic group in close proximity to the source of the "ashrock".

The Conglomerate Formation, representing an accumulation of coarse elastics, is 
indicative of a period of tectonism following the deposition of the lower pyroclastic 
group. Although subsidence is implied, it cannot be definitely related to the extrusion of 
the lower pyroclastic group. However a genetic association is inferred by the time of 
subsidence, from evidence for a localized depositional basin for the Steep Rock Group, 
and by basin development centred about eruptive centres.

Following tectonism responsible for the accumulation of the coarse elastics in the 
Conglomerate Formation, conditions of tectonic and volcanic quiescence followed. Litho-
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logically, this is shown by a gradation of the feldspar-bearing sediments upward to 
feldspar-deficient elastics at the base of the Dolomite Formation, which, in turn, gives 
way to dominantly chemical sediments.

Viewed regionally, by correlating the Steep Rock Group with the iron formation 
(including limestone and elastics) in the Lumby Lake area (Woolverton I960) to the 
north and the "Manitou series" in the Manitou-Stormy Lakes area (Thomson 1933) to 
the northwest, the latter including hematite-magnetite iron formation of the Bending 
Lake area, an interval of chemical and clastic sedimentation can be inferred on a regional 
basis. Deposition of iron formation within this area would be zoned according to facies: 
oxide facies in the northwest, dominantly carbonate (siderite) facies in the north, and 
carbonate-sulphide facies in the Steep Rock area. This implies the existence of a larger 
depositional basin with a localized basin in the Steep Rock area. Both of these basins 
would be part of the larger "geosynclinal" environment dominating the Superior 
Province.

STRUCTURAL GEOLOGY 

INTRODUCTION

No attempt is made to trace the contributions of previous geologists with regard to 
the structural geology in the area. Smyth (1891), Lawson (1912), Hawley (1929), Moore 
(1939), and Bartley (1940) have all dealt briefly but specifically with certain aspects.

The significance of shearing, faulting, and folding was recognized, but lack of detailed 
mapping prevented delineating many of the individual structures. Most workers inter 
preted structures to represent two periods of deformation: an earlier northeast-southwest 
and later northwest-southeast compression (Smyth 1891); an earlier northeast-southwest 
and later north-south to northwest-southeast compression (Moore 1938); an earlier 
northeast and later east-west compression (Moore 1939); an earlier east-west and later 
north-south compression (Bartley 1940). Hawley (1929) interprets the structures as 
resulting from one prolonged period of deformation due to east-west shearing stress.

The present work has indicated a prolonged complex, repeated deformational history 
for the rocks which involved folding, faulting, and at least two periods of dynamothermal 
metamorphism. The main structural features are described and are also indicated in 
Figure 5. An attempt is made to establish the relative sequence of events and to place 
them provisionally in the geological time scale.

FOLIATION

At least five and probably seven or more distinct foliations occur in the rocks. 
Except for bedding, megascopic identification of individual types is difficult and no 
attempt was made to separate them on the Geological Map 2217 (back pocket).

Bedding

Mineral and textural variations in the sedimentary and water-lain pyroclastic rocks 
commonly impart a distinct bedding. Graded beds are fairly numerous, especially in the
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arkosic grits. Elongate pillow structures provide an approximation of stratification direc 
tion in many volcanic flows.

Schistosity

Two distinct schistosities are present in the area. An early schistosity (Si) closely 
parallels the strike of the rocks and a later schistosity (82) trends approximately N35E 
and dips steeply (70 0 to 85 0 ) to the northwest.

The early schistosity (Si) is attributed to metamorphism and deformation during the 
Kenoran orogeny, presumably during the emplacement of the granitic rocks in and 
adjacent to the area. The late schistosity (S2 ) postdates the late mafic dikes, and is 
attributed to shearing and recrystallization accompanying superimposed greenschist 
metamorphism. The late schistosity (83) is interpreted as developed approximately 
normal to the direction of compression and is tentatively correlated with the Hudsonian 
orogeny of late Lower Proterozoic age.

Slip Surfaces

In addition to bedding and the two schistosities, several additional foliations of more 
restricted distribution can be recognized or inferred.

In the vicinity of the Pete Lake Fault, a north-trending foliation is developed locally 
which may be related to initial movement along the Pete Lake Fault.

A preferred northeast direction for the late mafic dikes in the northeast granitic 
area suggests a pre-existing foliation roughly parallel to the later post-dike schistosity 
(82).

In the sedimentary rocks, in proximity to the Quetico Fault in the southeastern part 
of the area, steeply dipping slip surfaces strike approximately N65W. Predominantly 
right-hand separations were noted.

Slip surfaces involving cataclastic deformation (cataclasis, mylonitization) are wide 
spread, but are developed best in the vicinity of the late northeast-trending faults and 
the Quetico Fault. They predate and postdate carbonatization, postdate silicification and 
iron sulphide metasomatism, and in part postdate goethite-hematite ore formation and 
lamprophyre dike emplacement. More than one period of cataclasis is indicated inasmuch 
as carbonatization preceded goethite-hematite ore formation. Cataclastic deformation is 
correlated primarily with the development of the northeast-trending faults and tentatively 
assigned a late Proterozoic (Grenville?) age with later readjustments possibly extending 
into the Paleozoic Era.

LINEATION

Lineations include crenulations, drag folds, rodding structures, grooves and, rarely, 
slickensides and mineral orientation. Linear elements are grouped together and plotted 
on Figure 4. Although no attempt is made to relate the lineations to individual 
S-surfaces, most involve the earlv schistosity (Si) and, therefore, postdate it.
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Within or adjacent to the Quetico Fault zone, lineations have a dominantly east-west 
strike with variable angles of plunge to the east or west. The lack of any consistent 
plunge is in accord with a complex, repeated, and variable movement pattern along the 
Quetico Fault.

In the Steep Rock Block, east of the Samuel Fault lineations display an arcuate 
distribution. Bearings range from west-northwest in the south to southwest in the 
north, all with moderate to steep angles of plunge. This arcuate pattern is indicative of 
refolding, presumably around the axis of the Strawhat Lake Synform. It is noted, however, 
that they involve the Si-schistosity and depart from the dominant southerly plunge that 
is indicated by the distribution of lithologic units around the Atikokan Syncline.

Lineations in the vicinity of the Samuel Fault have moderate to steep angles of 
plunge in southwest or northwest directions. This is in accord with both steep and 
oblique movements along the fault whereby the northwest side moved up and southwest 
with respect to the southeast side.

FOLDS 

Atikokan Syncline

The Atikokan Syncline dominates the structure of the Steep Rock Block. The 
approximate position of the axial trace is indicated in Figure 5. Its curvature reflects 
refolding along the Strawhat Lake Synform. The presence of stratigraphically younger 
rocks southward along the axial trace and the northward concavity of the main lithologic 
contacts are indicative of a moderate plunge to the south. Folding is centred around a 
restricted accumulation of felsic pyroclastics suggesting a lithological control. Both east 
and west limbs are repeated by faults.

Folding initially occurred prior to the early (pre-dike) faults and is tentatively 
related to folding and metamorphism during the Kenoran orogeny. It is probable that 
the fold pattern was accentuated by refolding by the Strawhat Lake Synform.

Marsh Lake Syncline

The Marsh Lake Syncline in the southeast, involves the rocks in the area bounded 
on the northwest by the Atikokan Fault and the Pete Lake Fault offset, on the north 
east by the Bigger Lake Fault, and on the south and southeast by the Quetico Fault 
(North Branch) and the Marsh Lake Fault. The axial trace (Figure 5) parallels the trace 
of the Atikokan Syncline and its curvature indicates refolding by the Strawhat Lake 
Synform. The appearance of stratigraphically younger units to the southwest suggests a 
moderate plunge in this direction. By right-lateral compensation for the Atikokan Fault, 
the block dominated by the Marsh Lake Syncline can be effectively rotated into position 
so as to form the southern extension of the Atikokan Syncline. The close match in 
lithology, parallelisms in axial traces, and similarity in directions of plunge support 
such an interpretation. Alternatively, it might be the result of localized folding 
accompanying early (pre-dike) faulting.
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Strawhat Lake Synform

The Strawhat Lake Synform involves all the rocks of the Steep Rock Block. The 
approximate position of the axial traces, offset by the late northeast-trending faults, is 
indicated on Figure 5. The synform folds the Atikokan Syncline and the Marsh Lake 
Syncline. As no axial plane cleavage has been identified, folding is probably by flexural- 
slip. A moderate to steep plunge to the west-northwest is suggested.

There are two possibilities to explain the relative time of formation of the Strawhat 
Lake Synform. (1) Folding was coincident with the formation of the early (pre-dike) 
arcuate faults. Acceptance of this theory would suggest that the granitic contact (in the 
northeast) would have controlled this fold (and fault) pattern and folding would be 
attributed to compression from the west-northwest, approximately parallel to the axial 
trace of the synform. In this situation, the arcuate pattern in the Witch Bay-Walter Bay 
area would be the expected offset extension of the synform east of the Samuel Fault. 
(2) Folding postdates the early arcuate faults and is related to north-northeast-south- 
southwest compression, normal to the axial plane, probably coincident with the main 
left-lateral separation of the late northeast-trending faults and accompanied by thrusting 
along the Quetico Fault. This would have involved the granitic rocks in the northeast, a 
feature consistent with their highly deformed nature.

The writer suggests that both theories accounted for the formation of the Strawhat 
Lake Synform, with the first predominating. The granitic contact, which trends approxi 
mately N10W in the north, corresponding to the direction of the Steep Rock Group in 
the Middle Arm and Wagita Bay, and concave facing westward in the south initiated the 
fold and fault (pre-dike) pattern developed under west-northwest compression. Subse 
quently, localized north-northeast to south-southwest compression accompanying later 
faulting (post-dike) accentuated the Strawhat Lake Synform east of the Samuel Fault by 
further compression of the north and south limbs, the former limb being rotated through 
a 30 to 35 degree arc to its present N45W position. This would explain the accentuated 
curvature of the limbs east of the Samuel Fault and the arcuate pattern displayed by the 
lineations near the Strawhat Lake Synform east of the Samuel Fault, and in addition 
would account for the change in strike of the Steep Rock Group to the east and west of 
the Samuel Fault.

Folds in Falls Bay

Mining operations in Falls Bay have revealed a complex fold pattern. Fundamentally, 
an S-shaped pattern outlines the main ore zone which can be resolved into an antiform 
and a synform, the axial traces of which trend northeasterly between the Island and 
Centre zones and the Centre and North Mink zones, respectively. The folds plunge 
approximately S35W at an angle of 60 degrees. Deviation from the S-pattern occurs at 
the extreme northern part of Falls Bay (the Lime Bay zone) where a complex anticlinal 
and synclinal structure involves the ore zone. These structures have axial traces approxi 
mately N80W. In the Centre zone, an earlier anticlinal fold was refolded into the later 
S-shaped pattern.
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Barr Lake Syncline

The Barr Lake Syncline involves the rocks northwest of the Rawn Lake Fault. The 
north-trending axial trace is outlined by a noticeable reversal of dips of foliation to the 
east and west, marked divergence in foliations locally along the axial trace, and a 
parallel stratigraphic sequence to the east and west. Top determinations on graded 
bedding were too few to substantiate the structure.

Folds in the Southern Sediments

An imbricate fold pattern, around on axis trending N80E has been suggested for 
the rocks south of the Quetico Fault (Hawley 1929). This could not be confirmed but is 
suggested by some reversals in top determinations. Anomalous strikes, as would be 
expected along the axial planes, were not observed.

FAULTS

Introduction

The Steep Rock area lies at the intersection of two main fault systems, termed the 
Quetico Fault system and the Steeprock Fault system1 by R. N. Parkinson (1962). The 
Quetico Fault system has been traced for several hundred miles (see Pye and Fenwick 
1965; Davies and Pryslak 1967) in an east-west direction; the Steeprock Fault system 
can be traced for approximately 50 miles in a N35E direction (see Pye and Fenwick 
1965). In addition to these east and northeast sets, an arcuate north set concave facing 
toward the east and a N12W set are represented.

A complex and prolonged history of repeated fault movement is indicated which 
includes offsetting, folding, and rejuvenation of earlier faults. Faulting occurred over an 
interval of sufficient duration to accommodate granitic intrusion, at least two ages of 
dike emplacement, superimposed dynamothermal metamorphism, and later dynamic 
metamorphism. An intervening period of dike intrusion (the late mafic dikes) serves in 
an approximate way to distinguish earlier (pre-dike) and later (post-dike) faults. The 
entire fault pattern is consistent with a persistent but repeated field of uniaxial com 
pression orientated approximately N54E to S36W, which approximately corresponds to 
the northeast orientation of Proterozoic structural trends. Some of the earlier faults may 
reflect, in part, Archean east-west trends, probably attributable to north-south com 
pression.

Faults have been mapped primarily on the basis of lithologic discordance. Where 
stratigraphic units are markedly truncated, the faults can be determined fairly accurately. 
However where faults closely parallel the bedding, their position usually can only be 
approximated. Shearing, because of its prevalence, is of limited use and can be deceptive. 
As mainly a late phenomena, zones of shearing may cut across earlier faults, and,

*Not to be confused with the Steep Rock Lake Fault, to be described later. 
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although shearing marks most late faults, the intensity of shearing need not be indicative 
of the magnitude of movement. Similarly, topography, strongly influenced by late 
shears, may be deceptive as a fault indicator, especially for early faults invaded by mafic 
dikes. Thus, some faults may be markedly sheared, others not; some definite shear zones 
may involve little displacement or may cut across earlier major faults; and some faults 
may be topographic highs, others topographic lows.

The characteristic features of individual faults commonly change along strike. Part 
of a fault zone may be carbonatized, others not; parts may be brecciated, sheared, or have 
mud seams or gouge; shearing may be prominent or unrecognizable; dikes may follow a 
fault, diverge from it and be truncated by later faults; strike faults may pass into oblique 
faults; and parts of earlier faults may have been reactivated and even became part of a 
later divergent fault zone.

Quetico Fault System

The Quetico Fault system is represented in the map-area by the Quetico Fault and 
Quetico Fault (North Branch), an earlier offset counterpart to the north.

The Quetico Fault (North Branch) is pre-dike but was reactivated by post-dike 
movement along a zone of shearing which continues eastward to and past the south end 
of the Southeast Arm. Recognizable separation on the highway east of Marsh Lake on 
the eastern extension of this shear zone is approximately 250 feet and left-lateral.

The deviation of the Quetico Fault (North Branch) from the main Quetico Fault is 
a late feature that is probably related to the time of refolding of the Strawhat Lake 
Synform and the formation of the Samuel Fault. Subsequent reactivation of the Quetico 
Fault system bypassed the infolded or infaulted Quetico Fault (North Branch) to the 
south isolating the intervening wedge of sediments. The mafic volcanics and dikes and 
minor granitic lenses within the fault zone south of Atikokan must be regarded as fault 
horses derived from the east rather than an indication of a tongue of Keewatin green 
stone at a core of an anticline as suggested by Moore (1939, p. 17).

The Quetico Fault system is believed to have been active from pre-Kenoran times 
to late Proterozoic and possibly early Paleozoic times. Early mafic dikes (pre-granitic) 
occur along the fault zone in the southeastern part of the area and probably along this 
fault to the east (See Hawley 1929, p- 10). Irregular rhyodacitic lenses in immediate 
proximity to the fault zone in the extreme southeastern part of the area suggest that the 
fault may have localized volcanic "feeders". On the other hand, late fault movements 
postdate the second stage of regional metamorphism (Hudsonian?) and lamprophyre dike 
emplacement (probably 1,000 to 1,200 m.y.). Since Paleozoic faults for the Shield are 
known (e.g., in Michigan; James et al. 1961), a similar age for final readjustment on the 
Quetico Fault is possible.

The net slip and directions of movement on the Quetico Fault system are not 
known. The steep dips and relatively straight fault trace suggest dominantly strike-slip 
movement. Structural analysis of the major features in the area favour dominantly 
right-lateral movement. These, however, are probably post-granite, Proterozoic trends. As 
regional Archean trends are east-west and parallel to the strike of the fault, early move 
ments were probably vertical and compressive. Lineations and cleavage orientations in 
the vicinity of the fault indicate a complex history involving numerous readjustments 
along different directions and, as pointed out, over a considerable period of geologic 
time. The Quetico Fault system, therefore, is classified as a fundamental fault primarily
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exhibiting right-lateral wrench fault tectonics. Hawley (1929) similarly suggested 
dominantly right-lateral strike slip for the Quetico Fault, but based much of his 
argument for determining sense of movement on the northeast schistosity, a regional 
feature not directly related to movement on the Quetico Fault. L. Kaye (1967) suggests 
left-lateral separation for the Quetico Fault of about 10 miles to the east on the basis 
of apparent lithologic offset.

Bigger Lake Fault

The Bigger Lake Fault is of interest in that it is probably the oldest fault in the 
Steep Rock Block. Truncated by the Atikokan and Marsh Lake Faults it has been offset 
by the Strawhat Lake Fault and by numerous minor late faults south of Strawhat Lake. 
The fault separates a west-facing succession repeated by the Strawhat Lake Fault in the 
north, from a synclinally folded sequence (the Marsh Lake Syncline) in the south.

Arcuate North-Trending Fault Set

The Steep Rock Lake, Marsh Lake, Strawhat Lake, Atikokan, Dismal Lake, and 
Apungsisagen Lake Faults are the major faults that make up an earlier (pre-dike) 
arcuate set. These faults strike east-northeast in the south and north-northwest in the 
north. Their curvature to the east conforms to the northeast granitic contact. The net 
result is an imbricate sequence of crescent fault slices with cuspate terminations in the 
north and south. The faults have moderate to steep dips to the west. Although net 
slips could not be determined, a vertical separation with west side up relative to the 
east side can be inferred from the stratigraphic distribution of rock units. Left-lateral 
separations of about 2.5 miles, 5 miles, and 0.6 miles are indicated respectively, for the 
Dismal Lake, Atikokan, and Strawhat Lake Faults. It is not possible to determine 
whether horizontal or vertical movements predominated because the rocks involved 
plunge to the south.

These arcuate faults are interpreted as high-angle thrusts, formed approximately 
normal to compression from the west-northwest. The fault pattern is clearly controlled 
by the contact of the northeast granitic buttress, an effect first advocated by Hawley 
(1929). Although departing from the trend of the later northeast fault (described later) 
because of the "buttress effect", these arcuate faults can be fitted into the same stress 
pattern and, therefore, are regarded as related, with both the arcuate and northeast sets 
representing parts of the main Steeprock Fault system. The arcuate faults are regarded 
as late Archean, predating the mafic dikes and postdating the granitic rocks in the 
northeast (Kenoran).

Pete Lake Fault

The Pete Lake Fault, striking N12W, differs in orientation from the other faults in 
the area, but may be part of a poorly developed regional set (see Pye and Fenwick 1965).

The Pete Lake Fault is steeply dipping or vertical, pre-dike, and offsets the arcuate 
north-trending faults. Separation on the Atikokan Fault is left-lateral, approximately
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2,500 feet. The fault is regarded as a strike-slip fault complementary to the Quetico 
Fault system and developed under west-northwest to east-southeast compression.

Northeast-Trending Fault Set

The northeast-trending fault set includes the Rawn Lake, Bartley, and Samuel Faults 
as well as numerous minor faults parallel to these larger ones. The faults parallel the 
Steeprock Fault system and are either related to or part of this zone. They depart from 
their N36E strike as the Quetico Fault is approached, gradually curving to the west to 
join the east-west Quetico Fault. Left-lateral separations of 2.3 miles and l mile are 
indicated, respectively, for the Samuel and Bartley Faults; separation on the Rawn Lake 
Fault probably greatly exceeds these distances as no direct correlation of rock units on 
either side of the fault could be made in the area mapped. Lineations in the vicinity of 
the Samuel Fault suggest dominantly oblique movement whereby the west side moved 
up and to the south with respect to the east side; some indication of vertical movement 
is also present. The faults are nearly vertical with dominantly steep dips to the west.

The faults are a late feature in the area and exhibit cataclastic deformation. They 
postdate the late mafic dikes and offset the earlier arcuate north-trending faults. At least 
in part, they postdate lamprophyre dike emplacement and some readjustment occurred 
after goethite-hematite formation. Faulting is tentatively regarded as late Proterozoic in 
age (Grenville?) with final readjustment possibly extending into the Paleozoic.

The fault pattern fits admirably into M. A. Chinnery's (1966, Figure 4, p. 182 ) Type 
D mode of secondary faults formed under uniaxial compression. A vertical component 
may be indicative of high-angle reverse faults developed normal to the direction of 
compression. The compression direction would be approximately the same with either 
pattern (see Figure 6).

Proposed Stress Patterns

Theoretical models which account for the main fault patterns in the Steep Rock 
area are diagramatically illustrated in Figure 6 with the direction of greatest horizontal 
compressive stress indicated. It is noted that one recurring direction of greatest stress, 
approximately N54W, can account for the major structures. The main consideration in 
determining the type of faulting is the position of the other stress directions. When the 
smallest stress direction is vertical, fault patterns in Figure 6c and 6d would be 
expected; when the intermediate stress direction is vertical, fault patterns in Figure 6a 
and 6b would result. Although depth of burial may be considered as primarily determin 
ing the position of the smallest and intermediate stress directions, existing faults (such 
as the Quetico Fault) must be an additional factor, especially in their proximity. Thus, 
the marked left-lateral separations on the northeast and arcuate north-trending sets, 
departing from expected reverse fault tectonics, may be attributed to the influence of the 
Quetico Fault and, therefore, their close correspondence of Chinnery's model (Type D) 
reproduced in Figure 6b.
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UNCONFORMITIES 

Introduction

Unconformities have been proposed at three stratigraphic intervals in the area. (1) a 
nonconformity separating the Steep Rock Group from underlying volcanics and the 
southeast granitic body; (2) an erosional disconformity between the Dolomite and 
Ashrock Formations (Roberts and Bartley 1943a, b, c) or between the Dolomite 
Formation and Manganiferous "Paint Rock" Member (Jolliffe 1955; 1966); and (3) an 
angular unconformity between the southern sedimentary sequence and either the volcanics 
or the volcanics and the Steep Rock Group to the north. These three previously pro 
posed unconformities are considered in turn and discarded for reasons cited below.

Nonconformity

The author's rejection of a nonconformity between the Steep Rock Group and the 
granitic batholith in the northeast represents a significant departure from interpreta 
tions made by most other geologists who have worked in this area. The contact in 
question is denoted on the geological maps as the Steep Rock Lake Fault, so named by 
Hawley (1929) and recognized by Lawson (1912). This fault is between Falls Bay and 
the south end of the Southeast Arm. The contact is exposed at widely separated intervals 
throughout its length. At no place is it welded, except where intervening mafic dikes are 
present. Shearing invariably is present but seldom pronounced. The contact is sharp and 
can readily be outlined, except at the north end of Wagita Bay. Here, granitic rocks 
intrude arkosic grit and phyllite which are similar to parts of the Conglomerate Forma 
tion, and as such the marked contrast in lithology present elsewhere does not serve as 
a guide.

Advocates for an unconformity cite the presence of a "basal conglomerate", repre 
sented by the Conglomerate Formation, developed intermittently upon the granitic rocks; 
granitic fragments in the conglomerate as denoting derivation from the underlying 
granitic rocks; the distinct lithology of the Steep Rock Group, with abundant carbonate 
and "fossil" forms; and, the proper sequential position of stratigraphic units confirmed 
on the basis of graded bedding in the Conglomerate Formation.

Although the evidence is impressive when the contact is viewed in total, a fault 
origin appears most likely. The contact is curvilinear rather than straight or irregular. It 
closely conforms to the intrusive contact of the granitic batholith and parallels the early 
arcuate north-trending faults. Major truncation of the overlying units is evident in the 
Little Falls-Southeast Arm area where the Dolomite and Conglomerate Formations are 
absent; minor truncation of bedding can be observed in many of the isolated lenses of 
the Conglomerate Formation along the contact and especially in Conglomerate Bay. 
Sedimentary and tuffaceous relicts intruded by the granitic rocks adjacent to the contact 
in question and inclusions in the granitic area indicate that the granitic contact is dipping 
steeply away from the batholith, roughly parallel to the attitude of the Steep Rock Group. 
Assuming the existence of a nonconformity, this structural relationship would require 
the unlikely situation of tilting the granitic batholith twice: once, from an original 
steep position upon intrusion to a horizontal position subsequent to deposition of the
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Steep Rock Group; and, secondly, tilting of the Steep Rock Group and the granitic 
batholith to its present position from the horizontal. Further, if the Steep Rock Group- 
granitic contact is a nonconformity, the same unconformable relationship should, but 
does not exist between the Steep Rock Group and the underlying units in the Steep Rock 
Block. Arguments in favour of conformable relationships in the Steep Rock Block have 
been presented in the section on the stratigraphy. Finally, the nature of the contact is 
similar to that along sections of many of the other early faults, where the paucity of 
deformational features can be attributed in part to masking by subsequent mafic dike 
intrusion and superimposed metamorphism, though they mainly reflect the original 
character of the fault zones.

Erosional Disconformity

Roberts and Bartley (1943a, p. 17) postulated an erosional disconformity between the 
Dolomite Formation and the Ashrock Formation (the intervening pyritic formation and 
goethite-hematite zones were regarded as hydrothermal) on the basis of fragments near 
the base of the "ashrock", which could equally be of tectonic or intraformational origin, 
the "disconnected distribution of the limestone", which since has been shown to be a 
continuous unit, and on the transition from a sedimentary to a volcanic succession. 
Jolliffe (1955; 1966) places an erosional disconformity at the base of the manganiferous 
"paint rock" on the basis that the "paint rock" represents an Archean residual soil. The 
writer, however, cites evidence (see section on "Economic Geology") that the manganifer 
ous "paint rock" is part of a later superimposed alteration aureole.

Lithologic continuity throughout the Steep Rock Group, however, suggests that no 
marked unconformity is present in this succession. In this respect it is noted that chert 
which forms part of the Dolomite Formation is also present in the Pyritic and Ashrock 
Formations; bedded or disseminated syngenetic pyrite occurs throughout the Steep Rock 
Group, including the Conglomerate Formation; and carbonate which forms the bulk of 
the Dolomite Formation also occurs in the Pyritic Formation (e.g., at Strawhat Lake) 
and forms the matrix for the pyroclastic "ashrock".

Angular Unconformity

The contact between the metasedimentary rocks in the south and the Steep Rock 
Block to the north is regarded as a fault represented by the Quetico Fault system, rather 
than an angular unconformity as had been proposed by some geologists. Truncation of 
stratigraphic units occurs at both sides of the fault, although it is less pronounced in the 
southern sedimentary rocks. Conglomerate in the southern sediments is sporadic and 
not basal. Further, there is extensive deformation along the entire zone.

METAMORPHISM 

INTRODUCTION

The Steep Rock area has undergone a complex, polymetamorphic history which 
involves contact metamorphism, two dynamothermal metamorphisms, and repeated
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dynamic metamorphism and metasomatism. In addition to aiding in understanding the 
geological history, metamorphism places certain restraints on any interpretation of the 
origin of the goethite-hematite deposits and on the nature of the contact between the 
Steep Rock Group and the granitic body in the northeastern part of the map-area.

MINERAL ASSEMBLAGES AND METAMORPHIC GRADE

The equilibrium mineral assemblages in the metamorphosed rocks throughout the 
area correspond to all or part of one of the following:

Albite-epidote-actinolite-chlorite-carbonate-quartz
Albite-epidote-chlorite-muscovite-carbonate-quartz-microcline
Albite-stilpnomelane-actinolite-chlorite-carbonate
Stilpnomelane-chlorite-tremolite-calcite
Chlorite-talc-carbonate
Stilpnomelane-minnesotaite-magnetite-quartz
Chloritoid-muscovite-chlorite-quartz
Calcite-dolomite-quartz-muscovite
Pyrite-dolomite-quartz- (siderite) (?)

All these assemblages comply with, and in part are indicative of, the quartz-albite- 
muscovite-chlorite subfacies of the greenschist facies of regional metamorphism as 
defined by F. J. Turner and J. Verhoogen (I960) and followed by H. G. R Winkler 
(1967). These authors place the upper boundary of this subfacies at the first appearance 
of biotite by the reaction:

Muscovite + chlorite = biotite 4- chlorite

As biotite does not occur as part of the equilibrium assemblages, this upper limit was 
not attained. However two other reactions which closely correspond to this upper 
boundary (Turner and Verhoogen I960) were in part exceeded. These are:

Chlorite 4- calcite 4- quartz = actinolite 4- HaO 4- CO2 
Dolomite 4- quartz 4- H2O = tremolite 4- calcite 4- CO2

Examples in the area that bridge these two reactions are: (1) the intermediate to mafic 
flows (2, 2a) and mafic tuffs (Ib) are chloritic whereas the mafic volcanics (l, la) are 
actinolitic; the late mafic dikes that intruded the Dolomite Formation, which are 
extensively contaminated by carbonate, are chloritic whereas these same dikes elsewhere 
are actinolitic; and, the association of tremolite-calcite is common in the "ashrock" 
matrix but dolomite-quartz is stable throughout the Dolomite Formation. An additional 
variable that influences the two reactions concerned is the availability of CO2 (Hutton 
1940; Turner and Verhoogen I960). As the examples cited are lithologically controlled, 
it can be concluded that the CO2 content was determined by rock composition rather 
than by irregularities in the overall metamorphic environment.

Although exact absolute temperature and pressure conditions cannot be assigned to 
specific facies, an approximation of their values is available. Winkler (1967) places the 
lower boundary of the quartz-albite-muscovite-chlorite subfacies at approximately 400 0C. 
As the mineral assemblages indicate that the upper limit of this subfacies is approached, 
450 0C is believed to be a reasonable level for temperatures during metamorphism in the 
Steep Rock area. Pressure estimates during metamorphism are less reliable, but the
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presence of chloritoid and stilpnomelane is consistent with Winkler's (1967) Barrovian 
facies series of regional metamorphism for which pressures of about 2 to 6 kilobars 
might be expected (Winkler 1967, Fig. l, p. 4).

RELICT FABRICS AND MINERALS

In polymetamorphic areas, considerable reliance must be placed on relict textures, 
structures, and minerals in interpreting the metamorphic history. Since in regional 
metamorphism the grade not only controls the mineral assemblages, but also the grain 
size and the degree to which primary fabrics are preserved, these features when present 
as relicts provide insight into earlier metamorphisms which otherwise may be obscured 
through subsequent events. It can be shown, for example, that in the greenschist facies 
fine-grained sandstones, mafic volcanics, and iron formations still preserve much of their 
primary textures, such as relict clastic grains, colloform pyrite, or granule textures in 
taconite iron formation. Within the amphibolite facies, these same rocks would recrystal- 
lize with crystalloblastic textures and it is only the coarser grained fabrics such as 
phenocrysts, rock fragments, or medium- to coarse-grained igneous textures, that would 
persist into or beyond this facies. On the other hand, chert and cherty iron formation 
increase progressively in grain size with increasing metamorphic grade.

In the Steep Rock Block, clastic sediments with a grain size less than 0.02 mm have 
completely recrystallized. As such, the phyllites, tuffs, and most of the matrix of the 
coarser grained elastics do not preserve relict grain outlines. However the coarser clastic 
particles (e.g., in the greywackes and conglomerates), most of the primary igneous 
textures, colloform and spheroidal textures in pyrite, and delicate flow layering and 
pumice fragments in the "ashrock" are still preserved. The grain size of the recrystallized 
chert (0.01 to 0.02 mm) is well within the size range for the greenschist facies. Relict 
minerals represent primary rock constituents and include pyroxene and hornblende in 
the mafic dikes, pyroxene in the mafic volcanics, and probably much of the quartz and 
some feldspar in the clastic metasediments. These features indicate that the rocks within 
the Steep Rock Block, though possessing two distinct schistosities that indicate two 
periods of dynamothermal metamorphism, did not at any time exceed greenschist meta 
morphic conditions. Since these features persist up to the Steep Rock Lake Fault, in 
immediate proximity to the northeast granitic batholith, it clearly can be concluded as 
a corollary that the contact represented by this fault is not an intrusive one as suggested 
by Hicks (1950).

In the sedimentary sequence south of the Quetico Fault, as in the Steep Rock Block, 
clastic grains exceeding 0.02 mm are still preserved as relict primary grains. As such, 
greenschist metamorphic conditions were not exceeded in these rocks though schistosities 
indicate two periods of dynamothermal metamorphism.

Northwest of the Rawn Lake Fault, especially in the northern part, the meta 
morphosed rocks were more extensively recrystallized than within the Steep Rock Block. 
Mafic volcanics have a crystalloblastic texture, mainly nematoblastic. In the arkosic grits, 
only grains (and rock particles) larger than 1.0 mm are preserved with relict outlines, 
with the bulk of the rock possessing a lepidoblastic texture. The tuffaceous rocks are 
coarser grained (0.03 to 0.06 mm) than in the Steep Rock Block. Further, the primary 
textures in the mafic dikes are completely or partially destroyed. These features are
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more consistent with an amphibolite metamorphic grade than the greenschist mineral 
assemblages which the same rocks possess. As these features are developed in proximity 
to a granitic body immediately northwest of the area and as the degree of recrystallization 
decreases to the southwest, it is inferred that the rocks bear the textural imprint of an 
earlier, higher grade contact metamorphism and have subsequently been retrograded to 
greenschist grade. The local but rare preservation of metamorphic biotite supports such 
an interpretation.

Northeast of the Steep Rock Lake Fault, the granitic, volcanic, and sedimentary 
rocks and the late mafic dikes all have lower greenschist facies mineralogy. That the 
granitic rocks must have been retrograded, although preserving much of their primary 
textures, is evident. Similarly the volcanic and sedimentary rocks, occurring as inclusions 
or immediately adjacent to this granitic batholith, must have been retrograded from an 
earlier higher metamorphic grade. This is further substantiated by their relict crystal 
loblastic (mainly granoblastic or decussate) fabrics, paucity of relict primary fabrics, and 
local relicts of metamorphic hornblende. The late mafic dikes (intrusive into the 
granitic rocks), however, have undergone only greenschist metamorphism and still 
preserve relict primary textures even in the fine-grained varieties.

DYNAMIC METAMORPHISM

The effects of dynamic metamorphism can be seen on all the consolidated rocks in 
the area, but are accentuated along the northeast-trending set of faults and the Quetico 
Fault. Features range from undulatory extinction in quartz or strained carbonate grains, 
through various degrees of cataclasis, to the development of mylonite, fault gouge, or 
breccia along fault zones. The dynamic effects postdate dynamothermal metamorphism 
and can be directly related to the late faults or fault movements.

METASOMATISM

Metasomatism affected the rocks to various degrees and at different times. The main 
types recognized are briefly outlined below with their position in the geological sequence 
of events indicated to the extent this has been established.

Carbonatization

Carbon dioxide metasomatism, evident in the form of carbonate, was common 
throughout the area and involved all rock types. The carbonate occurs as complete 
replacements, disseminations, or fracture fillings over irregular areas preferentially 
located in the proximity of faults. The main areas are outlined on the accompanying 
map.

Secondary carbonate is mainly ankeritic but locally is calcitic. Quartz in the form of 
veins, irregular network of stringers, disseminated grains or crystals in vugs, is com-
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monly present in the more extensive carbonatized zones. Mariposite is a distinctive 
assessory mineral, especially in the northwestern part of the area. Locally, disseminated 
pyrite is present in minor amounts.

Much, if not most of the secondary carbonate, postdates dynamothermal meta 
morphism as it does not enter in the metamorphic mineral assemblages. For example, if 
the disseminated carbonate in the greywacke was primary or pre-metamorphic, calcium- 
bearing silicates such as epidote or amphibole would be expected. Most of the carbonate 
has been involved in cataclasis; some as in the dolomite breccia is later. Minor carboniza 
tion is associated with the late mafic dikes. Some might be expected as a result of 
metamorphism or granitic intrusion. Possibly the mariposite-bearing zones belong here.

Quartz Veins

Quartz veins, with or without carbonatization, are numerous throughout the area, but 
are usually small and scattered. They are most common near faults in the more felsic 
rocks, but are not restricted to these areas. The majority are barren, others may contain 
minor amounts of carbonate, mariposite, chlorite, or pyrite. Feldspar is a common 
constituent near or in the granitic rocks. One vein, 3,500 feet northeast of the Caland 
Mine (4), contains galena, sphalerite, chalcopyrite, and pyrite.

Many of the veins can be related to the late faults or the regional northeast schistosity. 
Quartz and quartz-feldspar veins are especially numerous in the Middle Arm, in the 
vicinity of the Samuel Fault. Quartz veins are also locally numerous along the late 
extension of the Quetico Fault southeast of Atikokan. In the granitic area, many quartz 
veins have a preferred northeasterly trend including the mineralized galena-sphalerite 
vein.

Silicification

Silica metasomatism, distinct from the quartz veins, is closely associated with iron 
sulphide metasomatism in the southeastern part of the area along or adjacent to the 
Quetico Fault. Here, "cherty" irregular zones of very fine grained quartz and epidote 
replace mafic volcanics and dikes and clastic sediments. The replacement of rocks on 
both sides of the Quetico Fault indicates a post-fault origin for silicification. The silicified 
zones, however, are involved in cataclasis and, at least in part, predate carbonatization.

Iron-Sulphur Metasomatism

Irregular zones of magnetite-pyrite or pyrite occur closely associated with silicifica 
tion in the southeastern part of the area. The magnetite-pyrite occurs east of Little Falls 
as replacements in an early mafic dike; pyrite as a minor constituent, with magnetite or 
alone, is more extensively distributed and occurs within the mafic dike as well as in the 
metasediments west of Little Falls.
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Feldspathization

Locally, the mafic inclusions in the northeastern granitic body have been extensively 
feldspathized during intrusion. Relict feldspar porphyroblasts are still preserved, though 
recrystallized to fine-grained aggregates during superimposed metamorphism.

Hydration

The retrogressive nature of the second period of dynamothermal metamorphism, 
especially northwest of the Rawn Lake Fault and east of the Steep Rock Lake Fault 
implies that abundant water was introduced to form the more hydrous mineral 
assemblages.

SUMMARY OF METAMORPHIC HISTORY

The Steep Rock area bears the imprint of repeated metamorphism and metasomatism. 
The earliest metamorphism is dynamothermal and of greenschist grade with progressive 
effects, presumably to an amphibolitic grade, as the granitic batholiths are approached 
in the northeastern part of the area, immediately northwest of the area, and south of 
the Quetico Fault and some distance to the southeast. The age of the progressive effects 
with respect to dynamothermal metamorphism was not established. The decussate fabric 
of the host rocks adjacent to the southeast granitic body suggests that, here, progressive 
effects were later.

A second dynamothermal metamorphism under greenschist conditions coincided 
with the development of a northeast regional schistosity and is separated from the earlier 
metamorphisms by an interval of mafic dike emplacement. This second metamorphism is 
retrogressive where earlier higher metamorphic conditions prevailed. However available 
information suggests that adjacent areas were not as intensively affected. This implies 
that in the Steep Rock area, as a localized zone of major dislocation, structural conditions 
promoted the influx of water necessary for retrogression.

Dynamic metamorphism followed and its effects are widespread in the area but are 
clearly accentuated in proximity to the late northeast-trending faults and the Quetico 
Fault.

The main metamorphisms are provisionally correlated with major periods of 
deformation and orogeny. As such, the earliest dynamothermal metamorphism and 
granitic intrusions are correlated with the Kenoran orogeny, the superimposed dynamo 
thermal metamorphism with the Hudsonian, and the main period of dynamic meta 
morphism with the Grenville orogeny.
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Steep Rock Lake Iron Area

ECONOMIC GEOLOGY 

INTRODUCTION

As of 1967, the largest production of iron ore in Ontario, has come from the Steep 
Rock area. The first shipment of iron ore was made in 1944; shipments have continued 
since that time. In addition to iron, aggregate in the form of sand, gravel, and crushed 
rock is the only other commodity mined. Occurrences of pyrite, manganese, and lead 
and zinc are known in the area and some exploration for gold has been undertaken.

IRON

The iron occurrences in the area are classified as:
1. Iron formation.
2. Goethite-hematite deposits in iron formation.
3. Glaciofluvial gravels bearing goethite-hematite.
4. Replacements of magnetite-pyrite.

Iron Formation

The iron formation is of the Algoma type and ranges in composition from pyrite 
to pyrite-carbonate to carbonate. The carbonate may be calcite, dolomite, or siderite. 
Parts are cherty, and parts are relatively free of silica. The iron formation is strati- 
graphically confined to the Pyritic Member of the Ashrock Formation and to the Pyritic 
Formation. In the Pyritic Formation, the iron formation has been extensively altered to 
goethite-hematite and the original character cannot be determined. It seems probable, 
however, that pyrite was more extensive than is preserved, that siderite was present 
possibly together with other carbonate minerals, and that much, if not most, was an 
aggregate of pyrite and carbonate. Some cherty and aluminous sediments were present 
but not in appreciable amount and these are still preserved. In addition to these 
varieties, magnetite-chert iron formation is present locally, in minor amounts, in the 
Ashrock Formation.

The varieties of iron formation have been described in more detail in a previous 
section of this report. It has also been inferred that the maximum accumulation of iron 
formation (and the Dolomite Formation) corresponds to the deepest portion of a 
depositional basin and that maximum deposition occurred in proximity to eruptive 
centres, following the accumulation of a mafic to felsic differentiated sequence. These 
features suggest a probable volcanic derivation for the iron (and carbonate).

Goethite-Hematite Deposits in Iron Formation

Zones of goethite-hematite are being mined by Steep Rock Iron Mines Limited (13) 
in the Middle Arm and by Caland Ore Company Limited (4) in the Falls Bay area.
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Photo 5 - Upper right and lower left, pyritic iron formation, containing pyrite, calcite, and 
siderite from south end of Strawhat Lake. Upper left and lower right, partly 
altered hematite-pyrite samples, from Middle Arm (Steep Rock Lake). Note 
textural similarities.

Goethite-hematite also occurs beneath the waters of the West Arm and Strawhat Lake 
(Quebec Cartier Mining Company property 10). These deposits are described briefly 
below and for a more detailed account the reader is referred to the accompanying reports 
on the individual properties.

The deposits comprise most of the Pyritic Formation, within which they range from 
O to 300 feet in thickness, have a strike length of at least 5.7 miles, and are known to 
occur in one drill hole to a depth of 1,700 feet. In addition, goethite-hematite deposits 
occur in the Pyritic Member of the Ashrock Formation over a discontinuous length of 
2,000 feet and up to 200 feet in thickness in the South Roberts Pit area.

The deposits consist of an intricate mixture of goethite (dominant) and hematite. 
Many of the deposits are brecciated giving the ore a rubbly texture. Slickensided 
fragments are common. Some of the ore is hard "lump", some is earthy, and most is 
vuggy. Botryoidal, fibrous, radiated, stalactitic, and drusy forms were noted.

When the pyrite-carbonate iron formation is compared with pyrite-goethite samples 
from partly altered zones and some of the goethite-hematite "lump" ore, the same 
intricate textures that the pyrite-carbonate samples display can be observed in relict 
form in the others, except that the pyrite is altered to hematite and the carbonate to 
goethite. In most of the ore, however, more complex textural relationships are devel 
oped. Replacement or veining of hematite by hematite or goethite, or goethite by
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Photo 6 - Pyritic "ash roc k". Left, partly altered to hematite; right, goethite layers in kaolinized 
metasediment. From Middle Arm (Steep Rock Lake).

goethite or hematite can be observed. Also pyrite may be replaced by goethite. These 
textural relationships indicate a more complex process of deposition, solution, oxidation, 
and replacement than can be traced through the various stages of alteration.

Minor constituents in the ores include quartz and kaolinite, and less commonly 
chalcedonic quartz, manganese oxides, and carbonaceous zones. Conformable layers of 
siliceous (recrystallized chert) and aluminous (kaolinite, quartz, hematite) sediments up 
to 50 feet thick are present and altered mafic and lamprophyre dikes broadly conform 
able to bedding or following pre-existing northeasterly shears, are common.

"Buckshot", the local term for pisolitic ferruginous lateritic material, has been 
recognized in the Errington Mine area. It occurs as irregular pipe-like bodies that are 
roughly elliptical in plan, and similar pisolitic structures are rarely developed in some of 
the aluminous sediment. Three main bodies of "buckshot" are present; one near the 
"ashrock"-ore contact, one in the goethite-hematite deposits, and one at the manganifer- 
ous "paint rock"-dolomite contact. They are up to 90 feet in width and 200 or more 
feet in length. The "buckshot" zones contain numerous pisolite and (or) goethite with 
minor amounts of maghemite in a matrix of kaolinite (dominant), gibbsite, chalcedony, 
quartz, goethite, and hematite. Pisolites and oolites form from 5 to 60 percent of the 
rock volume and are of two distinct generations. The early generation is a well rounded, 
concentric concretionary variety. Some of these concretions contain a massive angular, 
hematitic nucleus and average approximately 3 mm in diameter and they may be 
broken or fractured. The later generation are larger (up to several cm in diameter), 
more irregular in outline, and vary from completely concentric structures to vague or 
well-defined rims with a core that is argillaceous, ferruginous, or contains an aggregate 
of the earlier generation forms. As such, they closely resemble replacement type pisolites.
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That brecciation preceded both generations of pisolite formation is indicated by the 
presence of angular fragments in the zones, some of which exceed 2 feet in diameter, 
and with pisolites developed in the fragments and the matrix. A period of early breccia- 
iton is further substantiated by the extreme angularity of many of the hematitic nuclei of 
the first generation pisolites.

WALL-ROCK ALTERATION

The goethite-hematite deposits are part of a more extensive alteration aureole that 
involves the footwall and hanging-wall rocks to various degrees. The alteration extends 
outwards from the Pyritic Formation-Dolomite Formation contact to a maximum width 
of nearly 2,000 feet in the South Roberts pit area, and is essentially continuous over the 
entire strike length of the Pyritic Formation. Alteration of the footwall rocks is mainly 
confined to the Dolomite Formation where a characteristic manganiferous "paint rock" 
is developed. In local areas, this alteration extends through the Dolomite Formation into 
the Conglomerate Formation and the granitic batholith. Alteration of the hanging-wall 
rock is not as marked as that of the footwall and roughly approximates the contact of 
the Pyritic Formation with the Ashrock Formation. A notable exception is in the 
South Roberts pit area where the alteration includes the entire section of "ashrock", 
including the Pyritic Member as well as some of the volcanic rocks in faulted juxta 
position to the west. Similarly, at the north end of Falls Bay, the alteration extends 
across the Samuel Fault into the granitic rocks.

The altered wall-rocks, commonly referred to as "paint rock", range from white 
through various shades of yellow, brown, and red to dark grey or black. The rocks are 
soft and friable. Relict structures are commonly preserved. Mineralogically, the altered 
wall-rocks reflect their original composition, but also have common characteristics. 
Alteration of the "ashrock" converted stilpnomelane, chlorite, calcite, magnetite (titan- 
iferous?), pyrite assemblages mainly to quartz, kaolinite, goethite, and hematite, through 
a marginal light green chlorite, quartz, hematite facies. Alteration of the footwall 
Dolomite Formation converted dolomite, calcite, quartz, and secondary ankerite to the 
manganiferous "paint rock" composed mainly of quartz (and chert), goethite, hematite, 
pyrolusite, illite, and kaolinite with some cryptomelane, manganite, muscovite, apatite, 
and carbon.

When the mineralogical and chemical (Table 4) changes are compared between the 
pyritic host and the goethite-hematite deposits, the "ashrock" and its altered equivalent, 
and the dolomitic marble and the manganiferous "paint rock", it is apparent that the 
changes are similar, making due allowance for difference in the original rock composition. 
In summary, chemically K2O, Na2O, CaO, MgO, S, and CO2 are removed, 'Fe2 + and 
Mn^ are oxidized to Fe3 *, Mn3 H- and Mn4^; Fe2O3 is in part added and in part 
concentrated, and H2O is added. Mineralogically, the aluminous silicates (stilpnomelane, 
chlorite, muscovite, and feldspar) are mainly converted to kaolinite although some 
muscovite remains, to illite (indicating partial retention of K2O) formed in the mangani 
ferous "paint rock", and to gibbsite developed in the "buckshot" zones; carbonate is 
removed or replaced by goethite (or hematite) with the manganous component oxidized 
to manganite and pyrolusite; and magnetite and pyrite are oxidized to hematite (or 
goethite). Quartz is essentially preserved, except in the "buckshot" zones, where gibbsite 
forms.
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Photo 7 - Slickensided goethite-hematite. Falls Bay, Steep Rock Lake.
ODM8505

ORIGIN OF THE ORE DEPOSITS

The common pattern in chemistry and mineralogy of the rocks in the alteration 
aureole indicates that the alteration of the wall-rocks and the ore deposits are related, as 
is so strongly suggested by their direct spatial association.

The time of alteration postdated brecciation and carbonatization of the dolomitic 
marble, coincident with the main period of movement on the northeast-trending faults, 
and predates the latest period of deformation, since the ore is brecciated and slicken- 
sided. It follows that the alteration postdated emplacement of the unmetamorphosed 
lamprophyre dikes and the metamorphosed late mafic intrusions, and as expected these 
are altered where they occur in the aureole and have been involved in brecciation of the 
dolomitic marble. Further, the alteration must postdate metamorphism as goethite and 
the clay minerals (kaolinite, gibbsite, illite) would not be stable in the greenschist facies 
of metamorphism.

By regarding the hematite-goethite deposits as a secondary alteration product of iron 
formation the question arises as to whether these deposits are the result of meteoric or 
hydrothermal aqueous solutions, whether the solutions migrated downwards or upwards. 
The writer regards the alteration as the result of downward migration of meteoric waters 
for the following reasons.
1. The alteration is restricted to the protore iron formation and its immediate vicinity, 
indicating a stratigraphic and, therefore, compositional control. Structures may have 
facilitated the alteration process but there is no indication that they were the primary 
factor.
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2. The extensiveness, e.g., a strike length of 5.7 miles, and the duration over which 
alteration took place denote the availability of an abundant, continuing, and widespread 
source for the solutions which is more readily visualized as being of meteoric origin.
3. The more extensive alteration of the footwall rocks can be explained as an indication 
that the direction of transport was downwards with the rocks underlying the iron 
formation being the most highly affected. However compositional and porosity factors 
were undoubtedly contributing features in this regard.
4. The lateritic processes displayed by the "buckshot" zones and the low temperature 
mineral paragenesis strongly favours, if not confirms, a meteoric source.
5. A favourable comparison can be made between these deposits and other secondary 
deposits for which a meteoric source is indicated by their known termination with 
depth (see below).

The Steep Rock ore deposits are similar in mineralogy, composition, and texture 
to the goethite-hematite ores of the Old Helen Mine in the Michipicoten area (see 
Collins and Quirke 1926). Further, kaolinitic alteration and pyritic sands also accom 
panied the Michipicoten deposit. The only notable differences are the structure of the 
ore and possibly the character of the host rock. In the Steep Rock area, much of the ore 
is brecciated, whereas it was not in the Old Helen Mine. This is attributable to the 
effects of late Precambrian faulting which did not involve the Michipicoten orebody. 
The indications are that in the Steep Rock area the protore contained various proportions 
of pyrite and siderite as well as calcite; at the Old Helen Mine, pyrite and siderite are 
the main minerals and are segregated into definite units. The presence of calcite is not 
critical if one considers that the solutions in both areas must have been strongly acidic, 
due to their reaction with pyrite, and that under these conditions iron is readily soluble 
and could be transported to replace the calcite.

The Steep Rock ore deposits are believed to be equally related, in process of forma 
tion, to the Lake Superior soft ores, with the main differences being in the composition 
of the host rock and the corresponding difference in the composition of the acting 
solutions. Water permeating the silicic taconites of the Lake Superior region produced 
neutral or slightly alkaline solutions which essentially resulted in the ores forming 
through laterization (i.e., leaching of silica with the oxidation and concentration of the 
iron).

In conclusion, the writer considers the origin of the goethite-hematite deposits in 
the Steep Rock area a result of secondary alteration of a pre-existing pyrite-carbonate 
iron formation by downward percolating meteoric waters. Initial alteration by acidic 
solutions remobilized some iron which replaced the carbonate and removed the alkali 
and carbonate constituents. As alteration progressed the solutions approached neutrality 
giving rise to lateritic processes in zones of active migration wherein silica was leached, 
gibbsite was formed, and pisolitic structures developed. These latter are the "buckshot 
zones". Alteration probably began in late Precambrian times and continued intermittently 
to the present.

This interpretation that the goethite-hematite deposits are a secondary alteration 
product is similar to the views expressed by Bartley (1939b), J. W. Gruner (1956), Moore 
(1938; 1939) and F. G. Smith (1942), but differs in detail, particularly in the nature of 
the host rock. The interpretation differs from the syngenetic theories or their modifica 
tions advocated or supported by G. Dann (1952), W. J. Huston (1956), Jolliffe (1955; 
1966), D. T. A. Symons (1967), W. G. Wegenast (1954), and Wright (1959; 1965). 
These fail to account for the proper position of the deposits in the geological time 
sequence including the metamorphic history of the rocks. The residual origin proposed
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by Smith (1893) has been shown through mine development to be untenable. A 
replacement origin favoured by Bartley (1948), F. Enns (1951), Hicks (1950), Roberts 
and Bartley (1943a, b, c), and Tanton (194lb; 1946) fails to explain the stratigraphic 
features and the low temperature mineral paragenesis of the deposits e.g., gibbsite and 
goethite.

Glaciofluvial Gravels Bearing Goethite-Hematite

Extensive Pleistocene deposits of sand and gravel which contain goethite-hematite 
fragments underlie the central part of the area on ground held by The Hennepin Mining 
Company Limited (5), J. A. Mathieu Limited (7), G. E. Pattison Estate (9), Rawn Iron 
Mines Limited (11), and Steep Rock Iron Mines Limited (13). This unusual kame deposit, 
which contains economic concentrations of goethite-hematite derived from the main ore 
zones to the north by glacial scouring, is described in more detail under "Pleistocene 
Deposits" and the "Canadian Charleson Mine" (7, 9, 11) in other sections of this report.

A significant contribution, especially from the point of view of locating ore deposits 
in glaciated areas or determining, if possible, extensions of the main Steep Rock ore 
zones could be located, is the recognition and study of the distribution of the boulder 
and pebble trains of Steep Rock ore in the area and vicinity. Dreimanis, in his abstract 
(Dreimanis 1956, p. 28) notes:

A systematic survey of the area, south, east, and west of Steep Rock has 
revealed one large and at least two smaller boulder and pebble trains of Steep 
Rock ore, the larger one trending for more than 22 miles south-southwest. . . . 
The principal transporting agent of ore boulder and pebbles . . . has been 
glacial ice of the Wisconsin ice age. The earliest ice-flow direction may have 
been from north west, the next, probably a long lasting one, from the north 
east, and the latest one in the Steep Rock area—from north-northeast. These 
changes in ice-flow direction may be responsible for the great width of the 
boulder train (10 miles) through its northern portion.

Replacements of Magnetite-Pyrite

The western extremity of the Atikokan Iron Range occurs in the southeastern part 
of the area. This range, composed chiefly of magnetite and pyrrhotite as lenses and 
irregular masses in gabbroic dikes emplaced along the Quetico Fault, extends eastward 
for 16 miles to 2 miles east of Sapawe Lake (see Hawley 1929).

In the area, fine- to coarse-grained, disseminated to massive magnetite occurs on 
claims held by Northern Iron Ore Mines Limited (8), and are described in the section 
on properties. Pyrite in subordinate amounts occurs with this magnetite and also is 
found alone in scattered areas along the Quetico Fault over a strike length of 8,000 feet 
west from Little Falls. Silification of mafic dike rock, sediments, and mafic volcanics 
occurs with or without pyrite or magnetite, but seems to be closely associated with these 
minerals. Carbonatization is extensive. The paragenetic sequence has not been established, 
but work to the east (Hawley 1929) established magnetite as an early replacement product 
and pyrite as later. Pyrite was observed to vein silicified sediment in the area. Carbonat 
ization at least in part is later.
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MANGANESE

Manganese, in the form of pyrolusite, cryptomelane, and manganite, occurs in the 
manganiferous "paint rock" and in minor amounts usually as fracture fillings in the 
goethite-hematite zones proper. An exception is the Strawhat Lake goethite-hematite 
deposits in which manganese may make up to 14 percent of the iron deposit.

The manganiferous "paint rock" has been intensively studied by Huston (1956; 
Jolliffe 1966). Huston (1956, p. 27) estimates that about 132 million tons of manganifer 
ous "paint rock", calculated to a depth of 1,000 feet, occurs in the Middle Arm and 
Falls Bay areas. He further estimates (1956, p. 35) an average manganese content, as 
determined for the B-l zone, to be 3.78 percent. In dealing with the possibility of 
beneficiating this low-grade manganiferous "paint rock", Huston discusses two metal 
lurgical processes which have been tried on test samples to produce a commercial 
concentrate. These were pyrometallurgical tests conducted by the Mines Branch, Ottawa, 
and hydrometallurgical tests conducted by the Ontario Research Foundation.

BASE METALS

The only significant base metals occurrence is a quartz vein carrying galena and 
sphalerite, located on claim FF3203 at the south end of Lower Basin "A", on ground 
held by Caland Ore Company Limited (4), under lease from Steep Rock Iron Mines 
Limited (13). This occurrence was described by Moore (1939, p. 33-34) as follows:

The vein strikes northeast-southwest and dips 75" to SO 0 S.E. It has been 
exposed with pits and trenches for 185 feet from a pit on the lake shore, where 
it disappears beneath the lake, and it ranges from a series of stringers in 
schisted greenstone to a vein nearly 12 feet in width, at a point 50 feet from 
the shore. The gangue is mostly crystalline quartz with a small amount of 
brownish weathering carbonate. The metallic minerals are amber-coloured 
sphalerite, galena, pyrite, and chalcopyrite, the last two in small quantities. 
The sphalerite and galena cany enough metal at some places to make up 6 to 
7 percent of the vein, but the mineralization is far from uniform ana is so 
distributed in patches that there is not enough of the base metals in a vein 
of this size to make a mine. A sample taken by the writer and assayed by the 
Provincial Assayer gave no gold and only a trace of silver.

Trace amounts of galena were observed in a cherty host rock 500 feet east of the 
split in the railway spur on claim X868, and trace amounts of chalcopyrite were 
reported in drill core from northeast of Walter Bay (former Walter Lake) and in the 
Marsh Lake area.

The previously described galena, sphalerite, chalcopyrite, and pyrite-bearing quartz 
vein in granodiorite is of interest in that it follows a regional northeast foliation direc 
tion. This suggests a much later (probably Hudsonian) age for the mineralization than 
that of the enclosing rocks.

NONMETALLICS

Pleistocene kame and morainal deposits throughout the area have been sources of 
sand and gravel either directly or as a byproduct of iron ore mining (see Canadian 
Charleson Limited properties 7, 9, 11). Steep Rock Iron Mines Limited (13) has been
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mining the dolomitic breccia on Elbow Point (daim G630) as a source of crushed 
stone for marketing as railway ballast.

A few minor asbestos veins were observed in the mafic volcanic flows south of 
Strawhat Lake; drilling northeast of Walter Bay (former Walter Lake) intersected some 
veins in a metaperidotite dike.

DESCRIPTION OF PROPERTIES 

Andowan Mines Limited (1)

Andowan Mines Limited holds three patented claims FF3419, FF3420, FF3696 
immediately south of Apungsisagen Lake at the western boundary of the area. A ground 
magnetometer survey was made of the property and a limited amount of shallow drilling 
is reported1 to have been done near the north boundary of the claim group. Slate and 
iron carbonate were intersected in drill core.

Andowan Mines Limited [circa 1959] (2)

In 1959, Andowan Mines Limited held survey claims FF4268 and FF3984, located 
along the Atikokan River in the southwestern part of the area. A ground magnetometer 
survey was made but no economic mineralization was uncovered. The ground is now 
open.

Butler Bros. Exploration [circa 1942] (3)

In 1942, Butler Bros. Exploration held an option on the Owens claim group, then 
situated in the central part of the area near the west boundary. Three diamond drill 
holes were put down between Walter Bay (former Walter Lake) and Rawn Lake (see 
Geological Map 2217, back pocket) for a total of 1,968.5 feet. The rocks intersected are 
intermediate to felsic volcanics, in part tuffaceous, and interbedded phyllite. Much of 
the sediment was reported to be pyritic and some graphitic. Traces of chalcopyrite were 
noted. A two-foot section of massive pyrite was intersected in one of the southern drill 
holes. The northern drill hole terminated in metaperidodite containing veinlets of 
asbestos.

Canadian Charleson Mine [1964] (7, 9,11)

HISTORY OF EXPLORATION AND DEVELOPMENT

The Canadian Charleson Limited property consisted of 19 claims covering an area 
of 1,450 acres. Leases on the 19 claims were secured in 1952 by Charleson Mining 
Company, from the owners, J. A. Mathieu Ltd. (7), C. E. Pattison (9), and Rawn Iron

Assessment files, Resident Geologist's office, Kenora.
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Photo 8-View of open-pit looking northeast, Canadian Charleson Limited (7, 9, 11). Ice contact gravels 
in foreground.

Mines Limited (11). In April 1955, Canadian Charleson Limited was incorporated, 
equally financed by Charleson Mining Company, Skubic Brothers Company, and Oglebay 
Norton Company. In December I960, Oglebay Norton Company acquired interests of 
the two other companies, resulting in Canadian Charleson Limited becoming a wholly 
owned subsidiary.

The potential of the gravel deposits as a source of iron ore was recognized after 
Steep Rock Iron Mines Limited opened up some pits for sand and gravel (Photo 8). In 
1954, eight gravel pits were bank sampled and a 90-foot shaft was sunk. In 1955 and 
1956, an exploration program consisting of diamond drilling, auger drilling, and pit 
sampling was carried out and beneficiation tests were run. Work on the plant was 
started in 1957 with operations beginning in June 1958 (Photo 9). Mining was carried 
out during the spring, summer, and fall seasons until late 1964, exclusive of 1961 and 
1963. At the end of the 1964 season, the mine was shut down. Plant and equipment 
were disposed of and the leases terminated. Final shipments were made from stockpiles 
in 1965.

Three 34-cubic yard and one 24-cubic yard scrapers were used to mine and haul 
the sand and gravels. This crude was dumped on a scalping screen where the plus l inch 
oversize went directly to rejects and the minus l inch entered as plant feed. The 
recovery plant was a jig plant modified by spirals and hydrosizers with a capacity of 375 
tons per hour.
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Photo 9- Detail of modified jig plant of Canadian Charleson Limited (7, 9, 11).
ODM8507

The products obtained were iron oxide (goethite-hematite) concentrates recovered as 
a coarse fraction (minus l inch plus Yi6 inch) and a fine fraction (minus Ŝ Q inch plus 
65M), coarse tailings (minus l inch plus ^g inch) recovered for aggregate, unbenefici- 
ated fine tailings (minus 3̂ 6 inch) pumped into a tailings pond and in part reclaimed 
as fill and concrete sand, and oversize rejects (plus l inch) in part used as railway ballast.

GEOLOGY

The iron-bearing sands and gravels are described briefly under Pleistocene Deposits. 
Their distribution is indicated on Figure 7. The deposit attains a maximum depth of 
250 feet. Because of bedding irregularities, individual beds can seldom be traced for 
more than a few tens of feet.

RESERVES, GRADE, PRODUCTION

Prior to development the company estimated reserves on the basis of exploratory 
drilling and bench sampling as follows:
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Iron Ore Percent 
Crude Concentrates Wt. Ree.

J. A. Mathieu Ltd. Se Rawn 15,000,000 2,100,000 14
Iron Mines Ltd. Se. Hennepin
Mining Co. Ltd. (3572 to
3575; 3917 to 3921; 3951;
3952; X868)
G. E. Pattison Estate (S Pt. 24,000,000 4,320,000 18
HW727; S Pt. HW726)
Steep Rock Iron Mines Ltd. 7,000,000 1,260,000 18
(N Pt., HW727; NW Pt.,
HW726)

Total 46,000,000 7,680,000 16.7

The fragments of iron oxides are distributed throughout the deposits but are more 
favourably concentrated in some parts than in others (see diamond drill data, Figure 7). 
Further, the percent of iron is dependent upon grain size, being most favourably 
concentrated in the coarser fractions as follows:

Silt:
Fine sand: 
Sand: 
Gravel:

Production statistics are reproduced in Table 5. It is noted that approximately 6.7 
million tons of crude was mined producing 0.78 million tons of iron ore concentrate for 
an average weight recovery of approximately 12 percent.

I CANADIAN CHARLESON LIMITED PRODUCTION AND SHIPMENT 

STATISTICS,* STEEP ROCK LAKE IRON AREA

Iron Ore
Crude Aggregate Shipments Shipment Value 

(Millions of tons) (Thousands of tons) (Thousands of tons) (Thousands of dollars)
1958
1959
1960
1961
1962
1963
1964
1965
Total

0.5
1.6
1.5

1.4

1.7
* * * *

6.7

65
96
179

97
. * . *

136
. . . .
573

44
201
125
20
134
21
204
35
784

385
1,598
1,035
194

1,229
201

1,447
312

6,401

* Source from references in text.
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The composition of the ore shipped was as follows:
Natural Fe 54.8 to 56.3

Fe 57.4 to 58.5
SiO2 5.09 to 6.25
A12 O3 1.08 to 1.17
Mn .49 to .64
P .030
CaO .18
MgO .36
S .015
LO. 7.24
Moisture 3.18 to 4.72

Mining was selective, with only the higher grade portions of the deposit being 
worked. When these were exhausted, operations ceased. (Bartley (1964), Harrington 
(1959), Janes and Elver (1959), Elver (I960; 1961; 1963), Elver and Wittur (1962), 
Witnur (1964; 1965), Gauvin and Schneider (1967), and company reports and plans).

The Hennepin Mining Company Limited (5) 

LOCATION

The Hennepin Mining Company has a group of 21 claims covering 4,399 acres in 
the southeastern half of the map-area, in the vicinity of Atikokan, Dismal Lake, 
Strawhat Lake, and Marsh Lake. This includes claims X815 to X819, X859 to X868, 
X870 to X873, G323, and G324.

HISTORY OF EXPLORATION

The area covered by this claim group was mapped geologically by Moore (1939) in 
1937 at a scale of l inch to l mile, and in part by Bartley (1939b) in 1938 at a scale of 
l inch to V4 mile.

T. W. Gibson (1904, p. 42-43) records two diamond drill holes put down in 1902 
to 1903 on claim X864 for a total of 800 feet of drilling. Their location and results are 
not known to the writer.

In 1943, the Butler Bros. (3) held an option on the Hennepin ground and carried 
out ground magnetometer surveys in the following areas:

1. Southwest of the south end of Strawhat Lake to the Seine River, including 
Bigger and Marsh Lakes.

2. Northwest from the north end of Strawhat Lake for 9,000 feet.
3. In the Atikokan-Wetfoot Lake area.
This work was followed by 3,553 feet of diamond drilling in five holes in the 

vicinity of Marsh Lake.
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ECONOMIC GEOLOGY

Exploration in the Hennepin claims was undertaken in a search for iron ore 
deposits. Drilling in the Marsh Lake area indicated an extension of "ashrock" but failed 
to disclose any goethite-hematite deposit.

In the drill hole 1,400 feet northeast of Marsh Lake, carbonate was intersected 
between 545 and 590 feet at the "ashrock" contact with clastic metasediments. This 
carbonate may be indicative of the Dolomite Formation.

Massive pyrite was intersected in the two drill holes immediately south and west 
of Marsh Lake, between 1,210.2 and 1,223.0 feet in the northwestern drill hole and 
between 125.6 and 132.6 feet in the southwestern one. Both occurrences are in 
"ashrock".

The northwestern corner of claim X868 contains iron-bearing sand and gravel, 
described under the Canadian Charleson Mine (7, 9, 11).

Maki Claim [circa 1954] (6)

On former claim FF7658, which was located on the block of ground immediately 
north of patented claims FF3489 and FF3488, 2,500 feet west of Atikokan, two holes 
were diamond drilled, 80 feet and 161 feet due north of the bend in the Atikokan 
River. In the two core lengths of 80 feet and 81 feet respectively, no mineralization was 
reported.

J. A. Mathieu Limited (7) 

(See Canadian Charleson Mine)

Northern Iron Ore Mines Limited (8) 

LOCATION AND OWNERSHIP

Northern Iron Ore Mines Limited, a subsidiary of the Hanna Mining Company 
Limited, holds patented mining claims E109, El 10, El 11, and El 18 in the southeastern 
part of the area, east of Little Falls.

HISTORY OF EXPLORATION

In 1909, four trenches were dug and two holes were diamond drilled. Core lengths 
of 241.5 and 242 feet were attained for a total footage of 483.5 feet. All the work was 
done on claim El 11, except for one trench on claim El 10.

In 1914, ground magnetometer and topographic and geological surveys were carried 
out by E. Lindeman (Lindeman and Bolton 1917) at a scale of l inch to 400 feet. Moore 
(1939) mapped the property in 1937 at a scale of l inch to l mile.
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ECONOMIC GEOLOGY

The mineralization of interest is magnetite-pyrite, which occurs as disseminated and 
massive replacements of an early metagabbroic dike. The dike, which strikes east- 
northeast intrudes mafic volcanics to the north and is in fault contact with meta- 
sediments to the south. Granodiorite intrudes and terminates the dike to the east and 
faults disrupt the dike to the west. The dike is sporadically silicified and mineralized 
throughout its length but the most highly mineralized areas occur near its eastern 
extremity.

The main mineralized zone is approximately 1,000 feet long in which irregular 
pockets of magnetite and pyrite are concentrated. Widths of these pockets differ but 
probably do not exceed 50 feet

Analyses1 obtained from trench sampling of the three most westernmost trenches 
(see Geological Map 2217, back pocket), are as follows from west to east:

Trench No. 3: horizontal width 10 feet; 44.37 percent Fe, 0.140 percent P, 
23.60 percent SiO2,1.73 percent S.

Trench No. 2: horizontal width 45 feet; O to 30 feet; 42.71 percent Fe, 0.097 
percent P, 23.14 percent SiO2,4.75 percent S. 
30 to 45 feet; 55.91 percent Fe, 0.106 percent P, 10.66 percent 
SiO2,4.18 percent S.

Trench No. 1: horizontal width 16 feet; 42.57 percent Fe, 0.195 percent P, 
19.96 percent SiO2, 9.05 percent S.

Whereas the westernmost drill hole failed to intersect any significant amount of 
mineralization, the easternmost hole intersected an aggregate horizontal width of 26 
feet in three sections as follows:

From 26.51 feet to 68.51 feet; 37.59 percent Fe, 0.052 percent P, 22.79 percent 
SiO2,4.77 percent S.

From 110 feet to 117 feet; 45.60 percent Fe, 0.008 percent P, 18.91 percent 
SiO2, 5.18 percent S.

From 174.5 feet to 184.5 feet; 51.97 percent Fe, 0.210 percent P, 9.99 percent 
SiO2, 6.90 percent S. (Hawley (1929); F. Mille (1908); Moore (1939); 
Lindeman and Bolton (1917); Company plans and sections).

G. E. Pattison Estate (9) 

(See Canadian Charleson Mine)

1From Company plans and sections, on file Resident Geologist's Office, Kenora. 
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Quebec Cartier Mining Company (10) 

(Strawhat Lake Deposit)

LOCATION

Quebec Cartier Mining Company holds two patented lots, X858 and X857, which 
cover most of Strawhat Lake and the immediate vicinity.

HISTORY OF EXPLORATION

In 1902 to 1903, the Oliver Iron Mining Company stripped and trenched the 
pyritk gossan at the southeast end of Strawhat Lake and drilled four holes for a total of 
800 feet. Cherty and pyritic units were intersected. An additional hole, drilled in 1909, 
terminated in goethite-hematite. In 1938, the area was mapped by Bartley (1939b), at 
a scale of l inch to *4 mile, and, in 1940, by Tanton (1941a), at a scale of l inch to 
600 feet. In 1943, Frobisher Exploration Company Limited held a lease on the property 
and undertook 4,340 feet of drilling. Of the 14 holes attempted, 5 were discontinued due 
to drilling difficulties. The shoreline and immediate vicinity were remapped in 1951. In 
1952, 81 vertical holes (scout) were drilled to explore the lake bottom. Of these 55 
were drilled in 1952 and 26 in I960. Maximum bedrock penetration was 30 feet, drilled 
in 17 to 50 feet of water and passing through 5 to 175 feet of lake sediment. Seven 
holes were abandoned before penetrating bedrock.

ECONOMIC GEOLOGY

Exploration drilling beneath the waters of Strawhat Lake outlined goethite-hematite 
zones in a pyrite-carbonate-chert host. The host rock, regarded as pyritic iron formation, 
is correlated with the Pyritic Formation of the Steep Rock Group (Le., the protore for 
the bulk of the Steep Rock Lake goethite-hematite ore deposits) on the basis that it is 
underlain by carbonate (i.e., the Dolomite Formation) and overlain by "ashrock" (i.e., 
the Ashrock Formation). Positive identification that this carbonate is sedimentary and 
not a secondary replacement, however, has not been made. Drill intersections were 
logged as limestone, cherty breccia, and limestone breccia; large float boulders of 
dolomite occur at the southeast shore of Strawhat Lake, therefore a sedimentary origin 
for the carbonate is considered most likely. If not, the pyritic unit may be the strati 
graphic equivalent of the Pyritic Member of the Ashrock Formation.

The pyritic iron formation occurs within a northwest-trending fault sike which is 
bounded on the northeast by the Marsh Lake Fault and on the southwest by the 
Strawhat Lake Fault. (Figure 8). The faults, as high-angle reverse faults with some 
left-lateral separation, repeat a southwest-facing stratigraphic succession.
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The pyritic iron formation attains a maximum thickness of 200 feet. It is truncated 
by the Marsh Lake Fault to the south and north, and invaded medially by a mafic dike. 
A strike length of approximately 4,000 feet is represented. The unit is a mixture of 
pyrite and carbonate with distinct cherty facies. It ranges from predominantly pyrite, to 
predominantly carbonate (calcite, siderite, or both), to predominantly chert. An avail 
able partial composite analysis of this rock is presented in Table 6.

Goethite-hematite zones occur over a major part of the iron formation. Drill log 
data, based mainly on sludge recovery, indicate that the zones are composed of soft 
extremely porous material ranging in colour from yellow-brown to dark brown to 
red-brown. Fragments of hard goethite and hematite were rare. Manganese oxides were 
noted, in part as vug fillings and with botryoidal structures. Siliceous fragments were 
observed in cherty sections. Chemical data (Table 6) indicate that the zones are of 
Bessemer (low phosphorus) ore grade, parts are manganiferous, parts are highly 
siliceous, and parts are sulphurous. Varieties intermediate to the iron formation contain 
visible pyrite with a corresponding higher sulphur content.

ORIGIN OF THE GOETHITE-HEMATITE DEPOSITS

The goethite-hematite deposits are regarded as secondary deposits, resulting from 
supergene oxidation of pyrite-carbonate-chert iron formation. The deposits lack strict 
stratigraphic continuity and are confined to and grade along and across strike into iron 
formation. Their composition reflects the nature of the protore to some degree, with 
silicic facies of the protore recognizable in the oxidized zones (see Figure 9) and the 
oxidized manganiferous facies probably reflecting the original siderite content of the 
protore. Unlike the Steep Rock and Caland ores, these deposits appear to be extremely 
soft and porous and show marked chemical variations, especially in the manganese 
content. (Gibson (1904); Tanton (19l4a); Bartley (1939b) and Company plans and 
drill data.)

Rawn Iron Mines Limited (11) 

(See Canadian Charleson Mine)

F. J. Regan (12)

F. J. Regan holds a group of patented claims in the southern part of the area which 
includes claims FF5758, FF5759, FF5760, FF5762, FF5763, and FF5939-

In 1951, Andowan Mines Limited (l) undertook a drilling program on claim FF5758. 
Six drill holes were put down (see Geological Map 2217, back pocket) for a total of 666 
feet. The rocks intersected were interbedded greywacke and phyllite locally veined by 
quartz and pyrite. A gold assay of 0.70 oz. per ton was obtained1 from a 4-foot section of 
drill core.

1Data from assessment files, Resident Geologist's office, Kenora. 
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Steep Rock Iron Mines Limited (13) 1

INTRODUCTION

Steep Rock Iron Mines Limited holds claims which cover the entire area of Steep 
Rock Lake and includes adjacent areas. The description, herein, is mainly confined to the 
Middle Arm where mining operations by the company are or have been undertaken. The 
description is based almost entirely on published and company reports. No systematic 
examination of the mine areas was undertaken by the writer.

HISTORY OF EXPLORATION AND DEVELOPMENT

In 1891, H. L. Smyth (1891) first noted the presence of hematite boulders in the 
vicinity of Steep Rock Lake. In 1897, Wm. Mcinnes (1899), in 1903, W. G. Miller 
(1903), and, in 1925, T. L. Tanton (1927) further corroborated Smyth's observations 
and recommended that the source of iron ore lay beneath the waters of Steep Rock 
Lake. Dip needle surveys were conducted, prior to 1930, by J. E. Marks and, in 1930 
to 1931, by Jules Cross. The latter led to drilling by Steerola Exploration Limited 
during the winter of 1937 to 1938 at which time ore, in place, was intersected. 
Magnetometer and electrical surveys were carried out during 1938 and 1939 (Brant 
1939). In February 1939, Steep Rock Iron Mines Limited was incorporated with 
ownership of more than 7,000 acres, including the entire area of Steep Rock Lake. In 
May 1945, full-scale mining operations began by open-pit from the "B" or Errington 
Mine and continued to 1952. Underground mining began in 1953 from the Errington, 
1,250 foot, 5-compartment shaft with levels opening at 750, 900, and 1,100 feet. In 
1953, open-pit mining was begun from the "A" or Hogarth Mine located 6,000 feet 
north of the Errington, and continued to 1962. The 1,480-foot Hogarth shaft was sunk 
in 1958 but has been on a standby basis since 1961. Open-pit mining began in 1962 
from the "G" or Roberts Mine, located between the Errington and Hogarth Mines. 
Open-pit mining was initially carried out from the South Roberts Pit and included the 
Roberts No. 2 zone. All mining by Steep Rock Iron Mines has been confined to the 
Middle Arm area of Steep Rock Lake.

In 1949, an agreement was reached with Inland Steel Company of Chicago to 
develop the "C" or Falls Bay Mine under a 99-year lease on a royalty basis. Inlands' 
Canadian subsidiary, The Caland Ore Company (4), began its first shipment in I960.

In addition to the above mining developments, exploration of the area included an 
aeromagnetic survey and some gravity work. Exploration drilling was carried out in the 
Southeast, Middle, and West Arms of Steep Rock Lake. As a result the "H" zone has 
been outlined at the north end of the West Arm.

In 1966, Steep Rock Iron Mines Limited entered into a joint venture agreement 
with The Algoma Steel Corporation Limited, whereby Algoma acquired title to open-pit 
ore in the Roberts and Hogarth Mines to a depth of 350 feet with Steep Rock Iron 
Mines to deliver 22 million gross tons of pellets at a minimum annual rate of 1,100,000 
gross tons. To meet this obligation Steep Rock Iron Mines built a pellet plant with an 
initial capacity of 1,350,000 tons per year. The plant was completed in 1967.

Manuscript received by the Director, Geological Branch, December 30, 1969. 

72



GEOLOGY

The geology in the Middle Arm of Steep Rock Lake is illustrated, in plan (Figure 
10, see Chart B, back pocket), and by Sections A and B (Figures 11, 12, see Chart B, 
back pocket). All were prepared by A. W. Jolliffe. The rock units presented are described 
as they occur from east to west, interpreted by Jolliffe as probably from oldest to 
youngest. The description is abstracted from Jolliffe (1966, p. 84-93) unless otherwise 
indicated.

Granitic Complex

"The pre-Steeprock complex . . . is made up mainly of granitic and dioritic 
gneisses that in places carry greenstone schist inclusions. Innumerable dikes cut the 
complex and show various orientations but most strike about parallel to the north 
easterly-trending regional foliation. Altered gabbro and lamprophyre are the common 
dike-rock types. The majority are pre-Steeprock in age; others extend up through the 
Dolomite Formation but are truncated by the disconformity at the base of the Orezone 
Formation; relatively few cut the Orezone".

Steep Rock Group

CONGLOMERATE FORMATION

"Conglomerate occurs at intervals at the base of the Steeprock Group. A recon 
structed section . . . suggests that its greatest thicknesses, exceeding 600 feet, coincide 
with depressions in the pre-Steeprock surface. Pebbles and boulders in it match the 
granitic, dioritic, basic dike, and vein quartz types found in the underlying complex. 
Minor arkose, grit, and greywacke occur, commonly in massive, ill-defined, and lenticular 
beds. Where this formation is absent, the dolomite resting on the granitic complex 
holds scattered quartz grains and small pebbles".

DOLOMITE FORMATION

"This formation is up to more than 1500 feet thick. Its continuity along strike . . . 
is interrupted . . . where the Manganiferous Paint Member of the Orezone rests directly 
on the granitic complex or on the basal Conglomerate. Most of the formation shows 
well-defined beds ranging from less than an inch to several feet thick that appear 
'welded* together yet show little evidence of recrystallization. Inter-banded chert makes 
up about 5 percent of the formation and stands in relief on outcrops. On freshly-broken 
surfaces or on newly-stripped outcrops, most of the well-bedded carbonate is greyish 
and very fine-grained. Such outcrops speedily weather to a buff or brown colour as a 
result of oxidation of ferrous and manganous constituents".

"The Dolomite Formation has been systematically sampled only in the vicinity of 
the Errington Mine. Here it ranges from almost pure calcitic material to dolomite, with 
all varieties carrying significant quantities of iron and manganese . ..".
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"Breccias of rather striking appearance occur at intervals within the Dolomite 
Formation, particularly where the Steeprock Group diverges from its normal north 
westerly trend. Fragments in the breccia are angular, range from a fraction of an inch 
to more than 20 feet across, and are mainly fine-grained carbonate, in part showing 
bedding. Non-carbonate fragments are almost wholly chert and basic dike material. The 
matrix commonly makes up less than 10 per cent of the breccia, and is coarsely 
crystalline, ankeritic, and vuggy. The breccia seems unquestionably to be of local 
derivation, produced where the formation was sharply flexed, and all stages in its 
development are apparent"....

OREZONE FORMATION

Manganiferous Paint Member: "The northeastern or foot-wall side of the Orezone is 
made up largely of incoherent to unctuous, rudely-banded to fragmental material that is 
commonly below ore grade. In places it holds more or less continuous highly siliceous 
bands which include massive chert, disconnected chert fragments of all sizes and shapes, 
as well as white powdery siliceous material. The member is extremely variable in thick 
ness (from a few feet to about 1000 feet); in chemical and mineralogical composition; 
and in color and other physical characteristics. . .."

"The contact between the Manganiferous Paint Member and the underlying Dolomite 
Formation is sharp and extremely irregular. Delicate thin banding in the lowermost foot 
or so of the Manganiferous Paint commonly lies parallel to this irregular surface, but 
bedding in the Dolomite is truncated by it. In places, isolated blocks of Dolomite appear 
to be completely surrounded by the Manganiferous Paint. On a very broad scale the 
main contact lies parallel to the general northwesterly strike and steep southwesterly 
dip common to all members of the Steeprock Group, but the stratigraphic relief on the 
contact may be as much as 1000 feet, where the Manganiferous Paint rests directly on 
the underlying Conglomerate or granitic complex. In the latter cases, the granite shows 
alteration to a chalky, loose rubble, a feature not noted in it elsewhere".

"Minerals identified in the Manganiferous Paint are, in approximate order of 
decreasing abundance: quartz and chert, goethite, hematite, pyrolusite, illite, kaolinite, 
cryptomelane, manganite, gibbsite, muscovite, apatite, and carbon. Dolomite and calcite 
occur close to the base of the Manganiferous Paint or where the latter contains blocks of 
underlying Dolomite Formation. Gibbsite was identified along with illite and quartz in 
the matrix of pisolitic hematitic material that occupies a salient of Manganiferous Paint 
into the Dolomite on the 700-level of the Errington Mine. This appears identical with 
the so-called 'Buckshot' that is found mainly near the top of the Goethite Member at 
this mine". .. .

Goethite Member: "The boundary between the Manganiferous Paint and Goethite 
Members is a chemical or mineralogical one, yet is quite abrupt. Despite its marked 
variability, almost all samples from the Paint carry more than 0.5 percent manganese 
and show iron/manganese ratios of less than 70, whereas, in the Goethite Member, 
samples of both ore and waste rarely exceeded 0.3 percent manganese, and the iron/ 
manganese ratios are commonly greater than 200."

"Most of the Goethite Member is of ore grade. Calculations made on analyses of ore 
shipments indicate that goethite is usually from two to five times as abundant as
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DRY ANALYSIS AND MINERAL CONTENT OF GOETHITE-HEMATITE ORE1 IN STEEP 
BOCK LAKE IRON AREA

Analysis1, Dry

SiO*
ALQ,
Fe
MgO
CaO
P
S
Mn
L.O.I.

percent

4.63
1.47

59.56
0.09*
0.10*
0.029
0.030
0.23
8.04

Mineral Content
calc'd percent

Goethite
Hematite
Kaolin
Quartz
Pyrolusite
Vivianite
Magnesite
Calcite
Pyrite

71.09
20.98
3.73
2.90
0.36
024
0.19*
0.18*
0.06

^-Calculations by A. W. Joffiffe, March 30, 1964.
•—Average for total shipment of 1,033,315 tons from Steep Rock Iron Mine Limited in 1963.
•—Approximate values.

hematite; together, these two minerals make up more than 90 percent of the ore 
material, with quartz and kaolin accounting for most of the balance. Local variations in 
the relative proportions of these four minerals may be substantial. The goethite shows 
all variations from hard blue-black lumps to soft, brown, limonitic' material, and 
includes rare tiny crystals projecting into vugs, colloform types and a golden-yellow 
variety (xanthosiderite). All yield typical goethite X-ray powder patterns. Similarly, the 
hematite ranges from earthy to lump material and includes rare specularite; it is most 
prominent along and near waste bands".

"The ore is usually remarkably uniform over distances measured in tens or even 
hundreds of feet. Banding is rare and is nowhere well-developed. The most character 
istic feature is a ubiquitous breccia structure with hard, dark, angular lumps, commonly 
less than an inch across, set in a lighter-colored, porous, friable matrix".

"Waste bands in the Goethite Member are of two main types, cross-cutting and 
conformable. The former are generally tabular masses of incoherent clayey material 
thought to represent altered dikes of post-Orezone age. The conformable waste bands lie 
parallel to the Orezone contacts. They are commonly only a few feet wide but some can 
be followed for hundreds of feet along strike or down the dip. Some show mild breccia 
tion. Most of them are light in color, thinly bedded, and include both aluminous and 
cherty materials. The former carry scattered grey and reddish pisolites. . . . These 
sediments intercalated with the ore may show staining by hematite along bedding planes 
but none of them bears any resemblance to typical Precambrian banded cherty iron 
formations".

"An irregular, stock-like body of material locally termed 'Buckshot' occurs near the 
top of the Goethite Member at the Errington Mine. . . . This rock is made up of dark 
pisolites and fragments of hematite in a lighter-colored matrix containing kaolinite and 
gibbsite. The relatively high titania content of this material supports its identification 
as a pisolitic ferruginous bauxite. Although the 'Buckshot' is a relatively minor facies as 
compared with other units of the Orezone Formation, some tens or hundreds of 
thousands of tons of it have already been disclosed in the Errington Mine, so its 
occurrence can hardly be regarded as 'freak' M1 . .. . ^

1For a detailed account of the "Buckshot" the reader is referred to "The character and 
origin of the Steeprock Buckshot; a ferruginous pseudo-!aterite"j R. A. Riley 1970, M.Se. thesis, 
Queen's University, Kingston.
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Pyrite Member: . . . "The pyrite occurs in comfortable lenses sporadically distributed 
along and near the contact between the Orezone and overlying Ashrock. The only excep 
tions are in the eastern part of the Errington Mine area . . . where their anomalous posi 
tions may be due to deformation. The uppermost parts of these lenses, i.e. adjoining the 
Ashrock, are commonly competent, well consolidated, and relatively uniform. However, 
most of the pyrite is found stratigraphically below this, associated with or contained in 
well-bedded sediments. The latter resemble the conformable sedimentary waste in the 
Goethite Member and differ from it only in pyrite content. In addition, some bands of 
apparently quite normal goethite-hematite breccia ore, contiguous to the above, contain 
various proportions of pyrite".

"Adjacent to or between the pyrke-bearing cherty and aluminous sediments are 
bands up to about 10 feet thick that consist of sandy, greenish, unconsolidated material. 
Pyrite grains in these range from microscopic to about an inch across and are accom 
panied by variable amounts of chert, goethite, hematite, and carbonaceous material, all 
in loose fragments and showing about the same size range as the pyrite".. . .

"Practically all pyrite in the Steeprock Orezone shows typical colloform features; 
this applies equally to coarse massive varieties as to finer grains. Some of the larger 
fragments show radiating fibrous pyrite terminating in rounded boundaries. Under the 
hand lens the pyrite has a dull aphanitic appearance; under the microscope this is seen 
to represent a cryptocrystalline mosaic. In addition, concretionary forms with well- 
defined concentric zoning are not uncommon." . ..

ASHROCK FORMATION

"The uppermost formation of the Steeprock Group is mainly composed of a rather 
unusual pyroclastic rock. In several places this contains one or more basic lava flows, most 
of which show pillow structures. The formation is nearly 900 feet thick at the 
Errington Mine. ..."

"The ashrock is typically a green-black fragmental rock of picritic composition.. . . It 
is massive to schistose, and is composed of closely-packed, round to subangular frag 
ments of very fine-grained black material, commonly less than an inch across. Other types 
of fragments that have been noted include: recognizable volcanic bombs up to a foot 
across, granite, carbonate, and chert; but these are all very rare. In hand specimens the 
only minerals that can be identified are scattered crystals of pyrite and white flecks of 
calcite, both in the matrix and present only in some places. Magnetite may occur in the 
ashrock which causes a moderately intense magnetic anomaly. Faint suggestions of 
sorting and layering can be seen in ashrock outcrops near the Errington Mine but 
nowhere else."

Jolliffe (1955, p. 385) states that ". . . contrasting types of alteration are found in 
the ashrock. In one, the typical dark green color becomes red or brown with the 
development of hematite or limonite accompanied by a net increase in iron content 
and a corresponding decrease in silica. This change is ascribed to the oxidizing effects 
of meteoric waters, but is not necessarily wholly related to the present erosion surface 
or water table. In another type of alteration the rock becomes bleached to a very 
light-green color but still retains its fragmental appearance... ."

Recent drilling has outlined a series of discontinuous pyrite lenses in the "ashrock". 
The lenses probably represent a once continuous unit that is structurally disrupted con 
sidering the degree of deformation the unit has undergone. No detail study of this unit 
has been undertaken. At least one pod of hematite-goethite completely surrounded by
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pyrite has been noted. Probably related are the orebodies at the western part of the 
South Roberts Pit. However JolHffe (1966, p. 90), tentatively regards these orebodies as 
"an isolated fault block derived from the Orezone".

Post-Steep Rock Volcanic and Sedimentary Rocks

"As may be seen on the Errington Mine section .. ., the first 700 feet above (?) i.e. to 
the southwest of the Ashrock is marked by an assemblage of tuffs, flows, and sills. These 
are all sheafed and altered and contain no clear-cut lithologic units that might serve as 
markers. Furthermore, a careful search along the Errington Mine cross-cuts and conveyor 
raise failed to reveal any structures whereby the direction of the original tops of flows or 
beds could be established. Farther southwest, the next 500 feet of section is made up of 
additional flows, tuffs, and sills, including several clastic sedimentary members. . . . The 
bedding and contacts of these display the same strikes and the same steep dips as do the 
Steeprock Group formations. . . . However, . . . well-defined grain gradations . . . indicate 
that the original tops here face northeast;

Drill Hole El 1-10

In 1953, Steep Rock Iron Mines drilled hole Ell-10 from the 1,100-foot level of the 
Errington Mine (see Figure 13, Chart B, back pocket). This hole intersected the ore zone 
at some 2,000 feet below the ore at surface. A recent study of the core was completed by 
A. W. Jolliffe. The following is abstracted from a written communication by A. W. 
Jolliffe, dated June 28, 1969.

"By far the deepest intersection of the ore-bearing member at Steep Rock Lake . . . 
some 2,000 feet below the ore at surface . . . is in drill hole Ell-10, put down in 1953 
from the 1,100-level at the Errington Mine".

"The drill-hole confirmed the extension of this member to significant depth and lends 
strength to the premise that elsewhere in the Steep Rock Lake area, if the geological 
evidence is equally favourable, similar extension of the ore-bearing member to similar 
depths can be projected with confidence".

"The intersection suggested an above average width for the B-1 zone as well as 
increased rock competency (as indicated by relatively high core recovery), but it also 
revealed some chemical and mineralogical departures from 'normal' SRIM ores".

"Detailed mineralographic study shows that these differences all stem from the fact 
that the Ell-10 core contains coarse-grained dolomite and calcite veining and cementing 
the iron ore minerals. In other words the introduced carbonate in the ore at depth is 
matched in every respect by vugs and voids in the ore nearer surface. The most probable 
explanation is that the 'normal' SRIM ores represent material that originally was like that 
in the El l-10 intersection but from which the carbonate has been leached away" (see 
Table 8).

"A systematic search of drill-hole logs revealed only two instances where material 
similar to that of Ell-10 intersection may have been encountered . . . in drill-holes 
E11-103 and El l-106, near the east end of the Errington 1100-level. Both are interpreted 
as isolated atypical occurrences.
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Table 8 | PARTIAL ANALYSES OF CARBONATE-RICH ORE* m STEEP ROCK LAKE IRON AREA

Iron
Phosphorous
Silica
Manganese
Alumina
Sulphur
Lime
Magnesia
Ignition Loss
Chromium
Arsenic

(1)
percent
49.1
0.023
3.38
0.35
1.08
0.021

15.0
6.14
3.62
0.013
0.032

(2)
percent
46.2
0.022
1.58
0.21
0.73
0.008

'7.20
4.56

(3)
percent
37.7
0.020
1.07
0.33
0.50
0.008

14.l'
5.96

(4)
percent
60.0

0.028
4.12
0.43
1.32
0.026
7.90
0.15
0.10
0.016
0.039

(5)
percent
59.2

0.029
5.63
0.21
1.30
0.038
7.8
0.15
0.10
0.025
0.033

(1) Drill hole Ell-10, 226-foot intersection, elev. 800 to 1,000 feet below sea level.
(2) Drill hole Ell-103, 50-foot intersection, elev. 167 feet above sea level.
(3) Drill hole Ell-106, 70-foot intersection, elev. 270 to 335 feet above sea level.
(4) Recalculated value for (1) after reducing the total carbonate content to about 0.5 per cent.
(5) For comparison, average content, total SHIM shipments, 1961 to 1966, inclusive, 6.8 million tom.
•The intersection in drill hole Ell-10 and its bearing on the depth potential of the Steep Rock Lake iron 

ore area (A. W. Jolliffe 1969, written communication).

"Geological considerations indicate that no significant tonnages of the carbonate- 
cemented ore of the Ell-10 type are to be expected within the next 1,000 feet below the 
levels mined to date. . . . Local lenses of carbonate-rich ore may occur at higher levels".

Jolliffe concludes that the mineralogical character of the core "lends further support 
to the hypothesis that the Steep Rock ores were deposited as a goethite-hematite bed in 
Archean times". The one sample of core examined by the writer (Shklanka) contained 
carbonate, with no microscopic evidence of deformation, cementing slickensided goethite- 
hematite fragments. In this respect it is similar to the carbonate veining much of the 
dolomite breccia. However the carbonate in the dolomite breccia is mainly ankerite not 
dolomite and crustification textures are common. It, therefore, seems most likely that 
the carbonate in the core is not related. Alternatively, it could be a result of precipitation 
from surface waters which derived carbonate from the Dolomite Formations. However 
Jolliffe (1969, written communication) notes that ". . . The normal SKIM ore is porous 
and friable, with convex colloform aggregates and needle-like crystals of goethite pro 
jecting into open vugs. The core material, in its most compact facies, is virtually non- 
porous, and the needles or colloform surfaces of goethite project into or abut against 
solid dolomite or calcite vein filling. In other words, the carbonate filling in the drill core 
seems about equivalent in both volume and spatial relations to the vugs and pore spaces 
of typical SRIM ore near surface."

Structure

Little detailed structural information is available on the Middle Arm. The following 
account is taken from Jolliffe (1955, p. 386-387).

". . . the various members of the Steeprock group strike generally northwesterly 
and dip steeply to the southwest. The structure is regarded, tentatively, as homoclinal 
with successively younger formations encountered towards the southwest. The unconform-
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able relations with the granitic complex, grain gradations within the basal conglomerate 
and grits, shapes of 'algal' structures in the limestone and dolomite, the erosional dis 
conformity at the base of the orezone, and the pillow shapes in the ashrock flows unite 
in supporting this view. However, the grain gradations on Float Ore 'Island' indicate the 
reverse, and, at the moment, no reasonable way out of the impasse is evident. . .."

"Most faults in the area strike northeasterly, dip steeply, and are younger than 
members of the Steeprock group (including the iron ores). Movements along these have 
been dominantly lateral and have, resulted in left-hand strike separations. . . . The gently 
sinuous courses followed by these faults across areas of moderately high relief imply 
steep dips and this inference is supported by such direct measurements as are avail 
able.

"Some thrust faults dipping moderately to the south have been encountered in the 
underground workings...."

". .. the present findings concerning the structural history of the area are in closest 
agreement with those of Smyth . . . that the group was first tilted to its present steep 
southwesterly dip and then compressed from the northwest. This produced a regional 
northeasterly-trending foliation in suitable members of the hanging-wall rocks, in some 
bands of aluminous sediments within the ore . . . , and in the pre-Steeprock granitic 
complex. Also ascribed to this period of compression are the relatively sharp flexures that 
are marked by local attenuation of the 'orezone' and brecciation of the carbonate. . . ."

The writer's (Shklanka) mapping indicates a prominent earlier period of faulting, 
predating the northeast-trending set. This period accounts for the arcuate, north-trending 
faults in the general area. The two main faults that belong here, which are found in the 
Middle Bay area, are the Steep Rock Lake Fault, which separates the conglomerate unit 
from the granitic complex and which has previously been interpreted as an unconformity; 
and the Atikokan Fault, which separates the "ashrock" from the volcanic complex to the 
west, recognized by Jolliffe as a structural irregularity on the basis of top determinations. 
Related to these faults are numerous shears and minor faults throughout the Steep Rock 
Group which approximate the strike.

Ore Reserves

In 1967, the potential ore reserves were estimated at 337,000,000 tons, calculated to 
a depth of 1,700 feet, for areas operated by Steep Rock Iron Mines Limited. In addition 
190,000,000 tons, calculated to a depth of 1,700 feet were estimated to be present on 
ground leased by Caland Ore Company Limited (4), This is a total of 527,000,000 tons, 
with an estimated pellet production of 405,000,000 tons. Further, there is an estimated 
273,000,000 tons of lean ore averaging 30 percent iron from which 82,000,000 tons of 
pellets could be produced. (Steep Rock Iron Mines Limited, Annual Report, 1967.)
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The Caland Ore Company Limited Deposit (4)
By 

J. R. Mcintosh

ABSTRACT

The Caland deposit (4) is located in the Falls Bay area of Steep Rock Lake, approxi 
mately two miles northeast of the Errington Pit of Steep Rock Iron Mines Limited. It is 
a faulted segment of the Steep Rock deposits and, as such, the chemistry, mineralogy, and 
structure of the ores and their geological setting are similar.

The range has produced direct shipping Bessemer ore since 1945, of which Caland 
now mines 2.5 million long tons annually. In order to improve its products Caland 
recently constructed a drying-screening-pelletizing plant with an annual capacity of one 
million long tons of pellets and 1.2 million long tons of plus ^/IQ inch coarse ore.

The S-shaped ore deposit is 8,600 feet long, conformable with the bordering volcanics 
and sediments of the Steep Rock Group and is centred in an alteration aureole in which 
the rocks have been decarbonatized, desilicified, and oxidized. Contacts with the overlying 
"ashrock" and underlying chert or "paint rock" are generally sharp and well defined. The 
ore deposit passes into a well-banded chert and goethite iron formation, grading 30 to 
40 percent iron, which in turn grades into a thinly banded, carbonaceous hematite-silicate 
iron formation. The six ore zones of Bessemer grade consist of a porous and friable mix 
ture of goethite and hematite with small percentages of silica and kaolin as waste con 
stituents. There is no visible bedding within the ore and little evidence of any appreciable 
slumping.

The uppermost member of the Steep Rock Group consists of intermediate to felsic 
lava flows, which commonly are extensively carbonatized and locally pillowed. An ultra 
mafic black "ashrock", invaded by mafic intrusions, underlies these volcanics and over 
lies the ore zone. The "ashrock" has a well-developed pyroclastic texture and locally may 
be pyritic in the immediate vicinity of the ore. A narrow hematitic selvage zone, several 
feet in width, may be present at the ore-"ashrock" contact, indicating the introduction of 
ferric iron.

Underlying the ore is a grey to yellowish brown porcelaneous chert. It is discontinuous 
and is regarded as a direct chemical precipitate. Below the chert lies the manganiferous 
"paint rock," which is not a true stratigraphic member, but rather is believed to be the 
result of weathering and alteration, in situ, of a siliceous, manganiferous, and ferruginous 
carbonate. The poorly developed sorting and banding is indicative of little or no trans 
portation during decomposition. This incoherent mixture of iron and manganese oxides, 
quartz, carbonate, and kaolinite protrudes into the underlying carbonate and may pene 
trate as far as the granite. Contact with the overlying ore is sharp, whereas with the chert 
and carbonate the boundaries are commonly gradational. There does not appear to be 
any discordance with the overlying rocks.

The carbonate is well banded to massive, ranges from a calcitic limestone to an 
ankeritic dolomite, and at several locations is well brecciated. This breccia is believed to 
be of tectonic origin. The upper surface of the carbonate is regarded by some geologists
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to be a karst topographical profile and the "paint rock" to be residual soil derived from 
the erosional decomposition of a much greater thickness of carbonate.

Two narrow conglomerate bands within the Falls Bay area are believed to be of 
different ages. The conglomerate at the base of the carbonate is of limited extent and is 
believed to be derived from the underlying granite inasmuch as it contains quartz and 
granite-like pebbles. The second conglomerate because of its impurities and more 
angular quartz pebbles is regarded as younger.

The leucocratic granite contains numerous mafic dikes that display chilled margins. 
Where the alteration has penetrated into the granite, the granite is very soft and kaolin- 
ized. The contact between the granite and the Steep Rock Group is believed by the author 
to represent a nonconformity for in addition to the granite pebbles, the dikes do not 
continue into the clastic sediments; the schistosity in the granite is at an angle to the 
contact; there are no thermal metamorphic effects.

There are at least two ages of metamorphosed dark green mafic dikes, both of which 
are believed by the author to have been retrograded to the greenschist metamorphic grade. 
These dikes, commonly 200 feet in width or more, intrude along the hanging-wall, and 
extensively invade the ore in this area. They are commonly sheared and foliated, especially 
at their contacts and in proximity to the ore. Many of these dikes, especially the narrower 
ones, have been intruded along faults and other planes of weakness.

The rocks of the Steep Rock Group are sheared and foliated especially near the ore 
on the hanging-wall side. A series of northeast-trending, crosscutting en echelon faults 
offset the ore in blocks in the Mink zones. A second N35W to N55W fault set is of a 
younger age. Bleaching, brecciation, dikes, and the presence of goethite characterize the 
faults. Synclinal and anticlinal folds as well as small drag folds in the volcanics all 
plunge southerly with steep inclinations.

Of interest is the presence of an iron silicate, believed to be stilpnomelane, in the 
Steep Rock Group and the total absence of biotite in the rocks except in the granite and 
possibly in some late lamprophyre dikes.

Within the alteration zone the rocks are bleached, decarbonatized, and desilicified so 
that they are now soft and "punky". Close to the ore, the rocks become increasingly 
oxidized. All dikes within the ore are highly altered and ferruginous. The underlying 
carbonate becomes blackish with increasing amounts of manganese, iron, and silica and a 
corresponding loss of lime and magnesia. The granite where affected is soft and kaolin- 
ized. This aleration postdates the mafic intrusions and metamorphism.

Early geologists believed that the ores were the result of hydrothermal replacement 
of the carbonate breccia. However the presence of a single ore zone, stratigraphically 
conformable with the footwall sediments, is strong evidence for a sedimentary environ 
ment. The presence of a well-banded sedimentary iron formation, over 100 feet in width 
and grading 30 to 40 percent iron, adjacent and on strike with the ore at its southern 
extremity and with transitional contacts must not be overlooked in any hypothesis on 
the origin of the ore. The author believes the protore was an iron formation consisting 
of bands of iron carbonate and chert. The author considers the ore was formed as a 
result of ferruginous and manganiferous solutions which acted upon the iron formation 
leaching away the silica and upgrading the iron content while depositing the manganese 
within the more receptive carbonate member of the Steep Rock Group. The fact that 
the tenor of the ore does not appear to change with depth is indicative of juvenile or 
ascending altering solutions. If the ore was the result of the work of meteoric waters one 
would expect that the silica content would increase with depth and the alumina and 
phosphorus would decrease.
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The Caltmd Ore Company Limited Deposit (4)
A Geological Description

By 
J. R. Mcintosh1

INTRODUCTION

LOCATION

The property of Caland Ore Company Limited is located in and surrounding the 
Falls Bay area of Steep Rock Lake, 8Vi miles from Atikokan at the end of Highway 622. 
The city of Thunder Bay lies 125 miles to the east and Fort Frances, Ontario is 80 miles 
to the west.
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Broderick, Chief Geologist of Inland Steel Company of Chicago, to Mr. E. Parry, Chief 
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maps and sections, to Dr. R. Shklanka, Ontario Department of Mines, for his stimulating 
discussions, to the late Mr. Hugh Roberts of Duluth, Minnesota, to Mr. Victor Wagner 
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contributions made through his earlier mapping. The author is indebted to the manage 
ment of Inland Steel Company of Chicago and Caland Ore Company Limited for per 
mission to publish this report.

GENERAL HISTORY

H. L. Smyth (1891) first recognized the possibilities of iron ore at Steep Rock Lake 
in 1891 when he studied the geology there. Win. Mcinnes confirmed Smyth's observations 
and predicted that the ore lay under the lake. W. G. Miller (1903) and T. L Tanton 
(1927) made further mention of the presence of iron.

The Precambrian stratigraphy of the area was of such interest that in 1913 the area 
was visited by the Twelfth International Geological Congress. A. C. Lawson (1912) did 
a preliminary survey of this area discovering what he believed to be fossils in the car 
bonate and to which Walcott (1912) gave the names Atikokania and A. irregular is. Re 
nowned geologists including Coleman (1898), Lawson (1885; 1912; 1913), Van Hise and 
Leith (1911), Uglow (1913), Moore (1938; 1939), Hawley (1929; 1930), Roberts and

1Geological engineer, Caland Ore Company Limited. Manuscript received by the Director, 
Geological Branch, May 1968.
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Bartley (1943a, b, c; Bartley 1939a, b; 1940; 1947; 1948; 1964) visited and reported on 
the area.

Two dip needle surveys were made for private interests in 1930 by J. E. Marks and 
Jules Cross. Another geophysical survey was conducted in 1938 by A. Brant (1939) for 
the Ontario Department of Mines.

Jules Cross was largely responsible for the initiation of a diamond drilling program 
to investigate anomalies obtained by his dip needle survey. Steerola Exploration 
Limited had been formed and drilling began during the autumn of 1937. The first holes 
showed that the magnetic deflections were caused by a magnetic tuff rather than from 
iron ore. However further drilling during the winter located the iron orebody.

Steerola Exploration Limited first drilled in Falls Bay in 1938 to 1940. Oliver Iron 
Mining Company explored the south end of Strawhat Lake in 1902 to 1903 and in 1909 
when they test-pitted and drilled four holes which encountered only sulphides. Five holes 
were drilled on the west shore of the West Arm by the claim owners, McKenzie and 
Mann.

Caland Ore Company Limited was formed in 1949 as a wholly owned subsidiary of 
Inland Steel Company of Chicago. In that year, Caland obtained an option from Steep 
Rock Iron Mines Limited to lease the orebody under Falls Bay. After exploratory drilling 
established considerable reserves of iron ore under the lake, a 99-year lease was signed 
on January l, 1953 which permitted Caland to proceed with development and mining. 
This property was to be a source of direct shipping, high-grade, iron ore for the Inland 
Steel Company's furnaces at Indiana Harbour, Indiana.

Open-pit mining began in 1959 in the Lime Bay zone where the ore was first 
exposed by dredging. From May I960, when the first ore was transported to the ore 
docks at Port Arthur, to the end of 1967, a total of 14,810,380 long tons were shipped.

DRILLING

Steerola Exploration Limited began drilling in Falls Bay during the winter of 1938 
and during two winters drilled 41 holes for a total of 17,243 feet. The longest hole, 
165-C, was drilled by Caland to a depth of 855 feet from the ice. It was often necessary 
to drill through 100 feet of water and 300 feet of silt before encountering ledge.

GENERAL GEOLOGY

TOPOGRAPHY AND GLACIAL GEOLOGY

The bedrock topography of the Falls Bay depression appears to have been pre 
dominantly the product of glacial erosion. The resulting shape suggests that the scouring 
action of the moving ice was particularly effective in areas underlain by soft rocks.

The eroded surfaces coincide only locally, and then principally on western slopes 
with the dip of the rock formations. Triangulation and South Islands which stand con 
spicuously above the general level appear to be erosional remnants and exhibit an asym 
metrical sawtooth cross-section and a more gentle slope facing west. On these islands, 
the resistant rock cap is rounded and polished and glacial striae are common.
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MAFIC AND ULTRAMAFIC INTRUSIONS

There are at least four ages of dikes which have intruded the Steep Rock Group. 
These are found principally in the southern half of Falls Bay in the hanging-wall rocks.

The dikes in the granite are narrow, aphanitic, dark green and show chilled borders 
which are commonly masked by shearing. They strike northeastward and tend to be more 
regular in outline in the granite along the footwall in Falls Bay than in the granite in 
the East Arm area. The footwall dikes commonly mark the location of faults. They do 
not cross the granite-conglomerate contact and have been altered to a soft, light green 
rock only where the granite has also undergone alteration. Two wide mafic intrusions of 
post-Steep Rock age intruded the Falls Bay area from the south. They are aphanitic, 
greyish green to dark green with phenocrysts or "eyes" of quartz. The matrix is rich in 
carbonate, chlorite, and amphibole. The latter may contain cores of pyroxene. One of 
these intrusions, which is 100 feet wide, strikes northwesterly through the South Shore 
Sump. Since the pebbles in the adjacent conglomerate are subparallel, their elongation 
during intrusion is suggested. The dike is massive in the centre but sheared at the con 
tacts, indicating it was forcibly intruded. This dike continues north through South Shore 
Island and interfingers with the ore, where it becomes soft and ferruginous suggesting 
post-dike alteration.

A second intrusion of similar age, up to 200 feet in width, strikes north from the 
railroad tracks along an "ashrock"-pillowed lava contact. It truncates the Extension Ore 
zone and sends narrow dikelets into the ore along faults and other planes of weakness. 
The bulk of the intrusion lies along the hanging-wall of the ore, invading the ore and 
extending through the North Mink zone. The intrusion is highly altered, being hematit- 
ized, reddish brown, soft and clayey, in the vicinity of the ore. Where these dikes are 
wide and in the ore, their centres are commonly a lighter red, showing that oxidation 
began at the contacts and moved inwards.

There are a few scattered narrow dikes of similar age crosscutting the Centre and 
Island zones. One, in particular, follows the footwall in the northern end of the Island 
zone.

Table 9 gives partial analysis of representative samples of these intrusions. Sample l 
is from the funnel-shaped projection in the South Mink Extension, whereas samples 2, 3, 
and 4 are from the main dike which invaded the hanging-wall of the North and South 
Mink zones.

Table 9 PARTIAL ANALYSES OF MAFIC DIKES IN STEEP ROCK LAKE IRON AREA

Fesia
A1O,
P*©,
MnO

Sample 1
percent
14.8
56.0
7.1
0.066
0.38

Sample 2
percent
14.1
44.1
20.3

0.036

Sample 3
percent
10.5
53.1
10.5
0.039

Sample 4
percent
16.7
53.0
10.1
0.023

Samples from this same dike taken at various distances from the ore show a small 
gain in iron but a considerable loss of silica, if the alumina is assumed to have remained 
constant (Table 10).
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Table l O l PARTIAL ANALYSES OF DIKE ROCK IN STEEP ROCK LAKE IRON AREA

Fesia
ALQ, 
MnO

DIKE 
REMOVED 
FROM ORE

Oxide 
percent 

10.5
52.7 
10.5 
0.13

DIKE CLOSE TO

Oxide 
percent 

11.2 
60.3 
14.8 
0.22

Calc'd 
percent

7.9 
42.8 
10.5 
0.16

ORE

Gain 
or Loss 
percent 
-2.6 
-9.9

0 
+ .03

DIKE AT ORE

Oxide 
percent

20.6 
38.0 
19.4 
0.22

Calc'd 
percent

11.1 
20.6 
10.5
0.12

Gain 
or Loss 
percent
± .6 
-32.1 

0 
- .01

A wide younger diabase abuts against the hanging-wall at the southern end of the 
Extension zone. It is dark green with well-developed diabasic texture, which is coarser 
grained in the centre and becomes finer towards the ore and to the south. It is highly 
chloritized, especially in the vicinity of the tuffs and is soft and oxidized in the vicinity 
of the ore. Because of this alteration it is difficult to distinguish between the various ages 
of dikes in these areas.

The final stage of intrusion appears to be narrow lamprophyre-like dikes. They are 
porphyritic with phenocrysts of olive-green epidote and blackish green hornblende in a 
dark green matrix of amphibole laths and feldspar. These lamprophyric dikes are found 
cutting both the quartz-bearing and diabasic intrusions as well as the intrusions lying 
within the granite. These narrow ultramafic dikes have not undergone retrogressive meta 
morphism as have all the other older dikes, indicating that the area underwent a low 
rank thermal metamorphism between the intrusions of the diabasic and lamprophyric 
dikes.

STEEP ROCK GROUP 

Lavas

The uppermost member of the Steep Rock Group consists of light to dark green, 
intermediate to felsic, lava flows. They are commonly carbonatized and are cut by 
numerous calcite-filled fractures or veinlets of quartz and pink feldspar. Some show 
banded or pillowed structures. Indications are that the tops of the steeply dipping flows 
face southwest.

On the east shore of the Hangingwall Sump, the lavas are soft, foliated, light brown, 
range from 50.5 to 63.0 percent SiO2, and are highly carbonatized. The main direction of 
foliation is due to the parallel development of muscovite. There is a second, poorly de 
veloped foliation, oblique to the first direction, which is marked by a preferred orienta 
tion of minerals as seen in thin section. This second direction of foliation was not 
detected in the field.

In the south near the East Arm, drag folds are prominent which plunge 60 to 70 
southwest and west-southwest. On the other limb of the fold, in the Centre zone near 
31,OOOE and 28,400N (see Chart A, back pocket), these flows, in addition to being highly 
carbonatized, become increasingly oxidized towards the hanging-wall of the ore. Here, 
the rocks are soft, dark reddish-brown and quickly crumble when unsupported on the 
pit benches.
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The flows on South Shore Island (31,800E, 28,500N, see Chart A, back pocket) have 
an intercalated lens of dark bluish grey tuff. Whether this lens has been infolded into 
its present position is uncertain. In this locality, the flows have been intruded by a dark 
green gabbroic dike, described earlier in the report, which exhibits chilled contacts and 
contains inclusions of the flows.

A finely banded volcanic rock is best seen to the south and southwest of the South 
Shore Sump. It strikes southeasterly, becoming more southerly at the railroad tracks, and 
has steep westerly dips of 65 to 75 degrees. There are numerous, narrow lenses of ptyg 
matic quartz and pink feldspar lying parallel to the bedding, as well as quartz-filled gash 
fractures which strike northeast and northwest and are offset as much as 2 inches in the 
direction of the banding. This rock becomes very siliceous at the contact with a wide 
gabbroic dike which strikes northeasterly through the South Shore Sump. The banding in 
this volcanic rock has been dragged so that it is parallel to the dike at the contact.

On the east side of the dike the volcanics are soft, buff, foliated, and carbonatized 
similar to those on the south side of the Hangingwall Sump. To the northeast, the con 
tact with the "ashrock" is gradational as the "ashrock" also is highly carbonatized.

Within the lava, although it may possibly be a tuff, there are several drag folded 
bands of black, ferruginous, pyritic chert, up to 12 feet wide which seems to be offset 
by faulting or folding.

In places, the flows exhibit pillows which are best developed on the South Shore 
Island. Here, all indications are that tops are to the southwest. This evidence is supported 
by grain gradations in the conglomerate at the foot of the railroad track. These felsic, 
pillow lavas are very fine grained, greenish grey, oxidized at their borders and, in the 
South Shore Island area, weather and disintegrate readily.

Tuff

This very fine grained, dark greyish green to bluish grey member of the Steep Rock 
Group lies between the uppermost lava flows and the underlying "ashrock". The one 
minor exception to this succession occurs in the Centre zone where the tuff lies directly 
on the ore, a feature which is due to faulting. The tuff is intermediate in silica content 
and most commonly exhibits slaty cleavage. Thin section examination shows that the 
groundmass has been altered to chlorite, stilpnomelane, and finely disseminated magnetite. 
The silica content of one sample was 59-6 percent and the alumina was 7.9 percent.

South of the Extension zone a wide gabbroic intrusion, which locally shows diabasic 
texture, transects the tuff. This intrusion exhibits chilled contacts, several millimetres 
wide, which are much lighter green than the interior. Near the contact, the tuff consists 
of alternating dark bands, less than Vi inch wide, and lighter, greyish green bands, up to 
10 inches wide. At the immediate contact, there is a 3-inch band of agglomerate in the 
tuff which contains elliptical, dark greyish green fragments up to l inch long in a lighter 
matrix. Pyrite is disseminated throughout but is concentrated in the fragments. Here, 
the groundmass, also, has been altered to stilpnomelane and contains finely disseminated 
magnetite. The intrusion, itself, is rich in plagioclase at the contact and contains scattered 
anhedral crystals of hematite and calcite. The foliation in the dike is due to the develop 
ment of chlorite.

In most places where it is near the ore, the tuff is bleached to a light bluish grey. 
However in a few places it has been differentially oxidized and altered to a grey rock, up
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I l l PARTIAL ANALYSES OF ALTERED, BLUISH, SLATY TUFF IN STEEP ROCK LAKE
II KONAREA

Fe
SiO2
ALOs
P205
MnO
L.O.I.

percent
7.5

47.7
6.4
0.044
0.15
8.9

percent
11.6
21.6
6.6
0.062
0.42

22.1

to 50 feet wide. Table 11 gives the analyses of two tuff samples from the northern end 
and western limb of the anticline at 29.000N and 32,OOOE (see Chart A, back pocket). 
These are compared with a relatively fresh sample of tuff, in Table 12. As shown in 
Table 12, if the alumina is assumed to remain constant during oxidation and alteration, 
there is a loss of silica and a corresponding, but lesser, gain in iron.

Table 12 PARTIAL ANALYSES OF TUFF IN STEEP ROCK LAKE BRON AREA

SLIGHT 
OXIDATION

Fe 
SiO*
ALOS
P2O5

MnO

Oxide 
percent 

6.4 
59.6 

7.9

'6.12

MODERATE OXIDATION

Oxide
percent

7.5 
47.7 
6.4 
0.044 
0.15

Calc'd 
percent 

9.2 
58.6 

7.9 
0.054 
0.18

Gain 
or Loss 
percent
+2.S 
-1.0 

0
-f" '.06

MARKED OXIDATION

Oxide 
percent 
11.6 
21.6 

6.6 
0.062 
0.42

Calc'd 
percent 
13.9 
25.9 

7.9 
0.074 
0.50

Gain 
or Loss 
percent

+ 7.5 
-33.7 

0
-t- ' '.38

The bedding in the tuff is particularly well developed in the South Island area. Here, 
the pyroclastic is foliated oblique to the bedding. The resulting lineation plunges 50 
degrees S32W which suggests that there is a possible anticlinal axis lying to the south 
which is not overturned. However, inasmuch as there have been several periods of shear 
ing, the major structure and the foliation could be of different ages.

The very uniform and regular bedding suggests subaqueous deposition.

Ashrock Formation

The ore is commonly overlain by an unusual, mafic, dark green to black "ashrock" 
which shows a well-developed pyroclastic texture and which is cut by narrow veinlets of 
quartz and calcite. The fragments are closely packed, lenticular, aphanitic, and generally 
average less than V2 inch in diameter. An exposure at the south end of the South Shore 
Sump, however, does contain fragments several feet across. Most exposures are homoge 
neous and lack any pronounced banding.

The thickness of the Ashrock Formation ranges from a few feet to over 1,200 feet 
with the greatest thickness occurring along the hanging-wall of the South Mink Ore 
zone. The "ashrock," to the southwest of this ore zone, grades into a fine-grained, black, 
carbonate-rich rock lacking any pyroclastic texture. Table 13 is an analysis of a typical 
black "ashrock" sample taken outside the zone of oxidation and alteration.
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Table 13 l PARTIAL ANALYSIS OF BLACK "ASHROCK" IN STEEP ROCK LAKE IRON AREA

percent
Fe 10.5 
SiO2 34.7 
ALO, 6.2paa o.oso
MjiO 0.31
CaO 20.0 approximate
MgO 6.0
L.O.I.______________________15.8___________________________

Thin section examinations of the "ashrock" show that much of the groundmass has 
been altered to green chlorite and stilpnomelane. The "ashrock" is also rich in dolomitic 
carbonate and contains minor amounts of chert, magnetite, and pyrite.

There are three principal types of alteration. Firstly, the "ashrock" may grade towards 
the ore into a soft, reddish brown, oxidized equivalent with the development of hematite 
and a corresponding loss of silica. Contacts with the ore are generally well defined, being 
commonly marked by an alteration zone or selvage of hematite, as much as several feet 
thick. Where this selvage zone is present, the adjoining ore, for several feet from the 
hanging-wall contact, is hard goethite lump or, much less commonly, hematite lump.

In the Island zone, irregularly shaped bands and masses of hematite are found in the 
"ashrock". These masses do not show any direct connection to the main orebody. Round 
and spindle-shaped inclusions of hematite are found in the "ashrock" on the south shore 
of the Hangingwall Sump; they are believed to be volcanic ejecta which have been com 
pletely replaced by hematite. In some of the ejecta, the original cellular structure is still 
partially preserved. This hematization is believed to be due to the effects of iron-bearing, 
oxidizing waters of either meteoric or juvenile origin which were not necessarily related 
directly to the present erosion surface or water-table.

Table 14

SLIGHTLY 
ALTERED

Oxide
percent 

Fe 10.6 
Sia 68.9 
ALa 3.5 
MnO 0.15

PARTIAL ANALYSES OF ALTERED "ASHROCK'

MODERATELY ALTERED

Oxide
percent
21.9 
53.2 
5.6 
0.22

Calc'd
percent
13.7 
33.3 
3.5 
0.14

Gain 
or Loss
percent

4- 3.1 
-35.6 

0 
— 0.01

IN STEEP ROCK LAKE IRON AREA

HIGHLY ALTERED

Oxide Calc'd
percent percent
24.3 10.0 
44.4 18.3 

8.5 3.5 
0.49 0.20

Gain 
or Loss
percent 
- 0.6 
-50.6 

0 
-f 0.05

Table 14 shows the relative gain or loss of the principal oxides in the "ashrock" if 
the alumina is assumed to remain constant during alteration. Although there is only 
a small gain in iron, most samples show a considerable loss of silica which is dependent 
in amount upon the degree of alteration. The manganese oxide remains essentially con 
stant. Reversals to the above situation have been noted.

In a second type of alteration, the matrix is soft and bleached light bluish grey or 
green, and the fragments are changed to a deep purple, which emphasizes its pyroclastic 
texture. This type of alteration is especially prevalent in the Centre zone. In thin section, 
the rock is rich in a platy silicate, probably stilpnomelane, which appears to be partly 
altered to hematite. The chemical analysis of a representative sample of this type of 
alteration is shown in Table 15.
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Table 15 l ANALYSIS OF ALTERED "ASHROCK" IN STEEP ROCK LAKE IRON AREA

percent
SiO 39.4 
AUG. 11.4 
Fe 12.0 
MnO 0.24 
PZOB 0.052 
MgO+CaO 25.0 approximate 
L.O.I.______________________15.4___________________________

In a third, but not too common, type of alteration, the matrix of the "ashrock" is 
altered and oxidized to greenish orange with the fragments remaining a contrasting 
purplish brown.

The "ashrock" in the vicinity of the carbonate at the south end of the orebody shows 
a fourth type of alteration. In this area, the "ashrock" has a mottled light green and white 
crystalline appearance. It is medium to fine grained and hard. It has lost its fragmental 
texture. It is rich in white carbonate and is crossed by numerous narrow white calcite 
stringers. Petrographic inspection reveals a crystalline equigranular matrix of calcite, 
dolomite, and minor amounts of quartz and disseminated pyrite, which are cut by 
numerous calcite stringers, and which, in turn, are cut by veinlets of greenish actinolite. 
The contact with the greyish white carbonate is unexpectedly gradational, which is further 
evidence that the Steep Rock Group has undergone carbonatization.

Pyritic Ashrock

Pyrite is disseminated throughout the "ashrock" and is only locally concentrated in 
discontinuous, conformable masses and lenses at the hanging-wall of the ore. There are 
two main varieties of pyritic "ashrock"; a hard, dense, massive variety and a soft, sandy, 
poorly consolidated aggregate. They commonly grade into one another. The ore under 
lying the pyritic zones is usually hematitic.

The hard massive variety of pyrite is a dark greenish grey rock which contains 
spherical and ellipsoidal oolites, from 3 to 4 mm in diameter, with sharply, circular, dis 
continuous rims of sulphide. The oolites, although commonly massive, generally have a 
black aphanitic matrix of carbonaceous material rimmed with crystalline pyrite. There is 
also much carbonaceous matter in the matrix of the rock or as irregular lenses.

The bulk of the pyritic ashrock is soft and irregularly banded with black, aphanitic, 
carbonaceous-rich lenses interfingering with grey to light green bands or lenses. The 
pyrite is essentially confined to the dark lenses. This rock contains more carbonaceous 
matter than the massive variety.

The pyrite, until recently, was believed to be hydrothermal. C. M. Wright (1959; 
1965) attributes a sedimentary origin to the pyrite on the basis of its uniform trace 
element content, combined with low cobalt and low arsenic contents, low cobalt-nickel 
ratios, and a negligible selenium content.

The pyrite probably terminated with the deposition of the fragmental volcanic 
material. This material, at first, was intimately mixed with the precipitating pyrite. With 
the continuation of volcanic activity, the sulphide deposition ceased. The oolitic and 
colloform textures of the pyrite indicate that it was deposited from colloidal solution.
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The weight of the overlying ash flattened and fractured the oolites. Subsequent folding 
and faulting further brecciated the pyrite, mechanically mixed it with the "ashrock" and 
probably caused some mobilization into dilation zones which were created by the defor 
mation.

Ore Zone

The Caland ore zone is a faulted extension of the Steep Rock Iron Range and, as 
such, is similar in lithology and structure to the ore zone of Steep Rock Iron Mines 
Limited. The Caland ore zone is in the shape of a large, S-type drag fold, 8,600 feet 
long, whose continuity is interrupted by folding and faulting only locally. The width 
ranges from a few tens of feet to 200 feet or more. The ore zone is conformable to the 
overlying "ashrock" and underlying sediments and has been affected by the same folds 
and faults. Dips range from 45 west to 70 west. The structure is generally monoclinal, 
except at the extreme north end where the ore is folded into a dome and in the North 
Mink zone where there is an antkline-syncline structure. There is no readily distinguish 
able bedding in the ore.

Contacts with the bordering sediments and Ashrock Formation are generally sharp 
and well defined with the exception of those with the chert. Where chert underlies the 
ore, locally there is a transition zone of earthy yellow limonite which becomes more 
siliceous towards the unaltered chert.

Ore zone minerals are goethite, limonite, hematite, quartz, chert, jasper, kaolin, 
pyrolusite (in part, polianite), vivianite, calcite, and magnesite (see Table 16). Although 
the relative proportion of goethite to hematite varies and locally hematite may pre 
dominate, the average composition is approximately 67 percent goethite, 21 percent 
hematite, with 5 percent kaolin and 5 percent quartz as included waste minerals. Man 
ganese content is generally low in the ore, rarely exceeding 0.5 percent and is in the 
form of black earthy pyrolusite. Some well-developed crystalline polianite has been found 
as fracture fillings in the lump ore in the north end of the North Mink zone. Finely dis 
seminated pyrite occurs locally in the ore at three known locations on the hanging-wall. 
Vivianite accounts for the negligible amount of phosphorus. Analyses from the deepest 
drill holes have shown that the tenor of the ore does not change with depth for at least 
800 feet below the surface. Mining, to date, supports this evidence.

The goethite ranges from a hard, very fine grained, metallic bluish black lump, most 
commonly occurring at the perimeters of the orebody, to fragments less than an inch

Table 16 DRY ANALYSIS AND MINERAL COIN 
IRON AREA

fTENT OF PIT-RUN ORE IN STEEP ROCK LAKE

Dry Analysis Mineral

PSO5
SiOa
MnO*
ALOt
S
CaO
MgO
L.O.I.
Fe

percent
0.017
7.36
0.20
1.98
0.01
0.20
0.29
8.08

57.10

Vivianite
Quartz
Pyrolusite
Kaolinite
Pyrite
Calcite
Magnesite
Goethite
Hematite

percent
0.01
5.02
0.32
5.03
0.02
0.36
0;61

67.3
21.0

Formula

Fe,(PCX)28HsO
SiO,
Mn02
AL(SfaOO(OH).
FeS2
CaCO*Mgca
HFeO2
FezOs
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across of the same hard fine texture in a matrix of earthy reddish hematite and brown 
limonitic goethite. Locally, goethite is found in acicular and colloform habits. Stalactitic 
and botryoidal goethite with an internal concentric or radial structure, is seldom present 
except as fracture fillings.

Hematite is very erratic in occurrence, forming from O to 85 percent of the mineral 
content of the ore. No stratigraphic or other geological control for its distribution is 
apparent. There is no evidence of increase in hematite with depth. It occurs mainly as a 
red earthy coating on the harder fragments in the brecciated ore. Locally, however, the 
hematite flaay be hard, very fine grained, bluish lump grading up to 65 percent in iron. 
This type was found in the northwestern end of the North Mink zone as a narrow selvage 
zone in the hanging-wall of the ore against the "ashrock".

For purposes of selective mining, to give a feed of uniform grade and structure, the 
ore is classified into three types: fine ore, breccia ore, and lump ore.

Goethite fine ore is composed chiefly of brown, finely granular and earthy goethite 
and earthy yellow limonite. Lesser amounts of soft red hematite, and hard blue hematite 
are invariably combined with this type. Goethite fine is remarkably uniform in grade and 
structure and is characterized by low silica, alumina, phosphorus, and sulphur. From 0.2 
to 0.7 percent manganese is rresent in areas adjacent to the footwall. Approximately 80 
percent ofj the particles are finer than fys inch. This ore type constitutes approximately 
50 percent of the entire orebody of which a large part is found in the Island zone.

Hematite fine ore consists chiefly of soft, earthy, red and blue hematite with a variable 
amount of fine goethite and granular chert. Although this ore type has a high iron 
content, it also has more moisture, silica, and alumina than the goethite fine ore. Approxi 
mately 85 percent of the ore fragments are finer than Ys inch. Large amounts of this ore 
are present only in the East Lime Bay and the South Mink zones.

Brecciated ore has physical and chemical characteristics which lie between those of 
the fine and lump ore and so can be considered as the average Caland ore type. It con 
sists of hard blue to brown fragments in a matrix of soft, fine-grained, earthy goethite, 
limonite, and hematite. Approximately 60 percent of this ore is finer than Ys inch. It is 
widespread and is especially abundant in the North Mink and Centre zones.

Goethite lump consists of hard, dense blue to brown, metallic goethite with numerous 
pores and vugs which are lined with crystalline quartz "teeth". Films of crystalline 
hematite or earthy manganese are common in the vugs or on parting planes. This ore 
type is very low in moisture and alumina and somewhat higher than average in iron and 
silica. Lump ore from the footwall areas is generally higher in silica content than lump 
from the hanging-wall side. Material larger than 4 inches is considered as lump. It grades 
into breccia ore and occurs most commonly at the perimeters of the orebody, especially 
along the hanging-wall, or adjacent to chert inclusions.

As previously mentioned, there are small, conformable, commonly banded lenses of 
chert and aluminous sediments within the ore. One of unusual continuity parallels the 
hanging-wall in the Island zone. Narrow, highly altered, mafic dikes crosscut the ore 
zone from the hanging-wall side and appear to follow faults and shears. They are espe 
cially prevalent within the southern half of Falls Bay.

Sugary, white kaolin is commonly found filling narrow fractures in the goethite lump 
in the Island zone. It seems to be restricted to the vicinity of the band of aluminous sedi 
ment.

As seen in plan and on Section A-A1 (Chart A, back pocket) the ore is interbanded 
with iron formation in the South Mink Extension zone. Where there is a considerable 
amount of iron formation, there is a transition zone of cherty goethite lump.
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ODM8509

Photo 11 - Banded sediment. White chert and alumina-rich bands interbedded with pink to red hematitic 
bands. Island zone Vz actual size.

Aluminous and Cherty Sediments

Bands of aluminous and cherty sediments are scattered within the ore. The most 
notable one, in the Island zone, is 15 to 20 feet wide and parallels the hanging-wall 
contact. These intercalated sediments are conformable, generally well banded and white 
with narrow pink and red ferruginous layers that denote the introduction of iron (Photo 
11). Texturally, the sediments are soft and clayey. Chemically, they are siliceous and 
somewhat more aluminous than the ore-cutting dikes. Table 17 gives a partial analysis 
of a representative sample.

Table 17 PARTIAL ANALYSIS OF ALUMINOUS SEDIMENT IN STEEP ROCK LAKE IRON AREA

Fe 
SiOz

MnO 
L.O.I.

94

percent
11.0
66.1 
4.32 
0.029 
0.23 
3.3



ODM8510

Photo 12-Iron formation. Narrow bands with irregular boundaries of reddish-brown goethite and white 
chert. Rock porous and vuggy. Centre zone hanging-wall, 720 ft. elevation, between the 
"ash roc k" and ore. Vz actual size.

Some narrow conformable bands of fine-grained, earthy chocolate brown sediment 
are found in the ore. They commonly approach ore grade, i.e., 50 percent iron. They are 
somewhat similar to the pisolitic sediments which are found in the ore at Steep Rock 
Iron Mines Limited but are much finer grained.

Iron Formation

A well-banded iron formation occurs within, underneath, and on strike with the 
ore at the southern extremity in the South Mink Extension zone. It consist of well- 
defined, regular bands, up to several inches wide, of hard, aphanitic, dark brown goethite 
and grey cjhert or, locally, jasper. The chert bands become progressively wider towards 
the footwall and grade into the chert member as the iron oxide content decreases. The 
iron formation is up to 100 feet thick at its widest point, at Section A-A1 (see Chart A, 
back pocket) where it dips conformably with the ore at 67 west. The iron content differs 
depending on its proximity to the ore, but is usually between 30 and 40 percent.

Contacts between the iron formation and the ore, at ledge, are usually gradational 
and become more so at depth. This is especially true where the lenses and remnants are 
found within the ore or where the iron formation and ore are on strike with each other.
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ODM8511

Photo 13 - Banded iron formation. Interbanded white chert and hard, dense, metallic, dark brown goethite. 
35 to 40 percent iron. South Mink Extension. Vz actual size.

In this latter situation, there is a transition zone of cherty goethite lump, or much less 
common, hematite lump between the two.

One narrow, 15-foot band of iron formation, within 15 feet of the ore, is rich in 
carbon which gives it a black colour.

There are numerous irregular remnants of iron formation within the ore in the 
South Mink Extension zone which are commonly surrounded by low-grade, "transition" 
zones. Where these remnants are lens-like they commonly strike across the trend of the 
ore. Section A-A1 (see Chart A, back pocket) shows a 30- to 60-foot band of iron forma 
tion within the ore. Within this lens of iron formation, there is a smaller elliptical mass 
of ore containing unreplaced iron formation.

A thin section of the well-banded variety of iron formation shows chert bands with 
disseminated hematite and goethite which are interbanded with crystalline goethite. 
Narrow quartz veinlets transect the rock (Photos 13, 14).

The iron formation, before it pinches out between the carbonate and the "ashrock", 
becomes a finely banded (less than ^i-inch bands) rock consisting of alternating layers of 
red hematite and light grey material with interspersed bands of black graphite. This iron 
formation is soft and heavy. The hematite-rich bands contain scattered grains of rounded
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Photo 14 - Banded iron formation. Alternating light grey bands of chert and dark red, carbon 
aceous hematite. South extremity of the South Mink Extension zone. Picture actual 
size.

clastic quartz and minor amounts of muscovite. The hematite has irregular boundaries and 
the quartz in the groundmass is iron stained. The lighter bands consist mainly of chert, 
preferentially aligned parallel to the banding. There is a small percentage of muscovite 
which is streaked with carbonaceous matter, some disseminated pyrite, and a few scattered 
grains of clastic quartz. This iron formation on the footwall side grades into a crudely 
banded sediment which is rich in pyrite, carbon, and chert. It in turn grades into a hard, 
light brown, irregularly banded, carbonate-rich iron formation.

Throughout the Extension zone, there are scattered remnants of iron formation which 
are not banded but rather have a mottled appearance. Their very irregular outlines sug 
gest that the goethite has replaced the chert. A thin section examination supports this 
evidence.

Iron formation is known to occur in the South Mink Extension zone. It is common 
to find remnants of iron formation throughout the orebody at the contacts especially with 
the footwall chert. These remnants are of very local extent but generally are not as well 
banded as the iron formation in the Extension zone. Although iron formation is men 
tioned in earlier geological reports of the area, it is described as a poorly banded, limo- 
nitic carbonate, with a lower iron content.
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ODM8513

Photo 15 - Pyrolusite. Crystalline, botryoidal pyrolusite lining vug in massive, ferruginous chert. Vz 
actual size.

Chert

A discontinuous layer of chert lies between the ore zone and the underlying "paint 
rock". It is up to 200 feet in width. Normally the chert is porcelaneous, grey to light 
yellowish brown. The chert-ore contact is usually irregular and sharp, although it may 
be gradational, locally, where the chert has been altered to a yellow limonite of subore 
grade. The contact with the underlying "paint rock" is commonly gradational and is 
marked by a gradual increase in manganese, which causes a blackening of the rock and 
the development of an earthy or clayey texture.

Chert also occurs in the ore as irregularly distributed, conformable bands or lenses 
and masses. The chert contacts may be either sharp or gradational. In the latter situation, 
massive chert grades into yellow, siliceous-rich limonite, which in turn, grades into limo- 
nitic ore and finally into goethite. These chert inclusions are usually narrow and of 
limited vertical and horizontal extent. Table 18 gives the analyses of two 6-inch wide 
lenses of chert, in the ore.

An apparent exception to the stratigraphic sequence exists along the northwestern 
side of the North Mink zone. Here, a lens of dense chert, up to 80 feet wide, cuts the ore 
zone and comes in contact with "ashrock". Subsequent drilling and mining has shown 
that this structure is the result of folding with the chert forcibly squeezed up through 
the ore into the "ashrock".

98



Table 18 PARTIAL ANALYSES OF TWO CHERT LENSES IN STEEP ROCK LAKE IRON AREA

percent percent
Fe 25.8 31.9 
SiO2 62.0 43.4 
AL03 0.73

Faulting and isoclinal folding in the Lime Bay zone has created a complicated struc 
ture that brought "ashrock" and chert into contact with each other. This structure is not 
fully understood to date, as there has been little mining in this area.

Manganif erous "Paint Rock"

The "paint rock" underlies either the chert or the ore itself. This manganese-rich 
rock is soft, earthy to clayey and is grey to black. It consists of a poorly sorted mixture 
of goethite, hematite, quartz, pyrolusite, manganite, carbonate, and kaolinite. Patches of 
soft red dike, and ochreous yellow limonitic earth, containing chert fragments as well 
as remnant patches of banded chert and ferruginous dolomite, are found engulfed in the 
"paint rock". Small concentrations of pyrolusite and lenses of hard goethite are less 
common (Photo 15).

The "paint rock" member is extremely variable in thickness and composition. It 
ranges in thickness from a few feet to a maximum of 400 feet. The "paint rock" along 
the footwall of the North Mink zone is well exposed and is of considerable extent. 
Locally, where the "paint rock" extends as far as die basal conglomerate, the granite is 
very soft and kaolinized. The contact with the overlying ore is generally sharp and is 
marked by an abrupt decrease in manganese. The contact with the overlying chert, when 
present, may be sharp or gradational as noted previously. The "paint rock"-carbonate 
contact is commonly sharp and highly irregular in that it is marked by protuberances of 
one into the other. There is a discordance between the two rock types on the west side 
of Triangulation Island of 25 degrees. Table 19 gives partial analyses of several repre 
sentative samples of "paint rock".

The "paint rock" is not considered to be part of the ore zone although locally the 
iron content may approach ore grade (50 percent Fe).

This manganiferous rock is not considered a true stratigraphic member, but is 
believed to be the result of in situ weathering and alteration of a siliceous, mangani 
ferous, and ferruginous carbonate. The poorly developed sorting and banding is indica 
tive of little or no transportation during decomposition. The chemical analyses of "paint 
rock" samples in Table 19 show that in contrast to the enrichment of iron, silica, and 
manganese relative to that of the parent carbonate rock, the lime and magnesia are 
sharply reduced. An increase in silica near the ore zone may indicate that the top layers 
of the original source rock were more siliceous.

Some geologists regard the "paint rock" as an ancient residual soil representing the 
accumulation of stable and insoluble products through the erosional weathering and dis 
solution of a much greater thickness of carbonate. The fact that the "paint rock" has up 
to 10 times as much manganese as the remaining carbonate would then indicate that 
much carbonate was altered to give the present thickness of "paint rock". However this 
theory presupposes that an unconformity exists between the "paint rock" and the over-

99



Steep Rock Lake Iron Area

Table 19 PARTIAL ANALYSES OF "PAINT BOCK*' IN STEEP ROCK LAKE IRON AREA

percent percent percent 
Fe 19.7 48.3 19.7 
SiO* 61.5 9.4 61.5 
AlsOs 0.44 6.2 0.44 
MnO 2.17 0.81 2.17 
CaO 0.63 . .. .
MgO 0.23 . .. . . .. .
P,05 
L.O.I.

lying rocks. Evidence of such an unconformity has not been seen. Further, this hypothesis 
ignores the fact that the hanging-wall rocks have also been altered adjacent to the ore. 
This zone of alteration decreases outward from the ore. Also, late mafic dikes that have 
cut the ore from the hanging-wall into the "paint rock" are also highly altered and 
oxidized, showing that this alteration took place after the deposition of the entire Steep 
Rock Group and the intrusion of the dikes. On the accompanying Chart A (back pocket) 
the approximate limit of alteration is marked. This limit is gradational but roughly 
parallels the orebody. Again, this alteration is not limited to the carbonate inasmuch as 
the granite is highly altered and kaolinized, where this decomposition has locally pene 
trated through the carbonate and basal conglomerate. Otherwise the granite is fresh.

There is sufficient evidence for slumping of the ore and chert, which would have had 
to occur if there had been a residual accumulation of manganese through the alteration 
of a greater thickness of carbonate. Therefore, if the "paint rock" is due to in situ, post- 
ore alteration of part or all of the carbonate then the combined thickness of the "paint 
rock" and carbonate must equal the original thickness of the carbonate. Further, inasmuch 
as the "paint rock" exists to considerable depth, at least to the present limit of our 
exploration, it is possible that the alteration could have been of hydrothermal rather than 
supergene origin. The altering solutions could have been ferruginous and manganiferous 
during their passage through the carbonate and iron formation at depth. The carbonate 
would provide a more favourable basic environment for the precipitation of the man 
ganese than would the more acidic iron formation. It is known that CaCO3 promotes 
the precipitation of Mn; also Mn can more readily substitute for the Ca ion than can Fe. 
Although there is no noticeable increase in Mn content within the ore from hanging- 
wall to footwall, there are numerous manganese coatings and films on ore fragments or 
lining cavities in the ore.

Carbonate

The carbonate member of the Steep Rock Group is a hard, aphanitic, well-banded 
to massive or brecciated rock which ranges in chemical composition from calcitic lime 
stone to ankeritic dolomite (Table 20) (Photo 16). Fresh surfaces are most commonly 
grey; weathered surfaces are white, grey, or buff, depending on the Fe content. Because 
of its greater hardness, areas underlain by carbonate are commonly conspicuously above 
the surrounding landscape; notably at Triangulation Island in the Island zone and at 
Dolomite Point at the Fairweather Dam. This member is up to 800 feet wide. Contacts 
between the carbonate and the overlying "paint rock" or between carbonate and "ash- 
rock" south of the Extension zone, are gradational and conformable. However at Tri-
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Photo 16- Dolomite breccia. Dark grey fragments of dolomite in a matrix of white calcite. 
3A actual size.

Table 20 PARTIAL ANALYSES OF CARBONATE IN STEEP ROCK LAKE IRON AREA

Total Fe

SiO*
ALO,
CaO
MgO
H2Oea
MnO

percent
1.3
0.80 

10.9
0.40 

42.8
4.3

38.1' 

0.73

percent 
1.2 
0.80 
4.8 
0.40 

41.4 
8.5 
0.50

0.80

L.O.I.
S

angulation Island there is an angular discordance between the carbonate and "paint 
rock". Remnant inliers of carbonate also lie within the "paint rock".

The banded variety of carbonate is hard and aphanitic, with narrow, white, grey, and, 
less commonly, black bands, less than two inches thick. The black bands are believed 
to be rich in carbonaceous matter. Narrow cherty lenses weather out in relief. A thin 
section shows the rock to contain mostly clastic carbonate with minor amounts of quartz.

The carbonate breccia overlies the banded variety with an irregular well-defined con 
tact. The breccia weathers a yellowish brown and exhibits a rugged pitted surface which 
contrasts markedly with the generally smooth surface of the carbonate that is not brecci-
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ated. The breccia consists of irregularly distributed, angular fragments of mafic dike, car 
bonate, and chert embedded in a recrystallized limestone matrix. The breccia fragments 
measure up to 50 feet across. However the great majority of them are less than a few 
inches in diameter. A 50-foot fragment of grey limestone can be seen on top of Tri 
angulation Island. Prismatic, clear quartz crystals and stalactitic goethite-lined cavities 
and vugs within the breccia.

This breccia is believed to be of tectonic origin, inasmuch as the fragments are 
invariably angular and neither show rounded corners due to magmatic absorption, nor 
metamorphic haloes characteristic of xenoliths. The noncarbonate fragments were derived 
from interbanded cherty layers and crosscutting dikes.

The bulk of the Steep Rock carbonate is regarded as of sedimentary origin.
The locally irregular contact with the overlying "paint rock", the rounded protuber 

ances of carbonate into the "paint rock" and conversely the protuberances of "paint rock" 
into the carbonate have led some geologists to believe that the contact is an ancient 
karst surface resulting from the effects of solution weathering.

Grit and Conglomerate

Two bands of conglomerate are present in the Falls Bay area and are believed to 
be of different ages.

One of these bands is exposed on the eastern slope of the North Mink zone and 
attains a maximum width of 20 feet. This coarse clastic rock is believed to be a basal 
conglomerate which is unconformable on the granite and, therefore, is the oldest mem 
ber of the Steep Rock Group. At the base, the conglomerate consists mostly of small 
white pebbles of quartz, which are less than l inch in diameter, and sparsely scattered 
pebbles of white chert, pink feldspar, and granite-like rock. The pebbles are cemented 
by a matrix of quartz grains. The conglomerate grades upward through a quartzitic grit 
to a carbonate.

Underground at the 1,000-foot level, the conglomerate is only a few inches thick 
and is separated from the altered granite by two inches of a fine-grained, reddish, slaty 
rock which is probably a dike.

This conglomerate is of limited extent in the Falls Bay area. It has been offset and 
dragged by cross-faulting. Bedding is always conformable to the erosional surface and 
there is no evidence of granitic intrusion or thermal effects. Dikes within the granite 
stop at the conglomerate.

Between the conglomerate and the carbonate there is a quartzitic grit, 10 by 50 feet 
thick, consisting chiefly of rounded to subangular quartz grains, less than Y2 inch in 
diameter, cemented by silica and ferruginous carbonate. It weathers to a friable, porous, 
mottled white and brown rock which effervesces with acid. The contact between the grit 
and overlying "paint rock" is sharp and well defined. The high degree of rounding and 
sorting and the high quartz content in the grit and conglomerate indicate protracted 
weathering, sorting, and abrasion of the source rock. Table 21 gives a partial analysis of 
this grit.

A second 50-foot wide lens of conglomerate is situated between the South Shore 
Sump and the raikoad tracks. It dips 75 southwest and grain gradations indicate that tops 
face southwest. It pinches out to the north and probably is faulted off to the south. The 
conglomerate is bounded by volcanics to the east and by a gabbroic intrusion to the 
west. The adjacent intrusion probably accounts for its termination to the north. This
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Table 21 l PARTIAL ANALYSIS OF QUARTZITIC GRIT IN STEEP ROCK LAKE IRON AREA

percent
Fe M 
SiOi 84.0 
ALOs 1.8 
MnO 0.29

7.90

conglomerate consists of colourless quartz and some pink feldspar and dioritic pebbles, 
up to 3 inches in diameter, in an aphanitic siliceous matrix of quartz with minor 
amounts of muscovite. Pebbles near the intrusive contact are commonly elongated parallel 
to it

Because of the greater impurity and the coarser, more angular pebbles, it is prob 
able that the latter conglomerate is younger. The presence of granite-like pebbles in both 
conglomerates indicates the presence of an older granite source.

GRANITE COMPLEX

There are two areas of granite within the immediate area of Falls Bay. One is on 
the footwall side of the North Mink zone, whereas the other is on the hanging-wall of the 
Island zone and the northwest shore of the East Arm. The footwall granite is believed to 
be of Laurentian age. The author's mapping has been confined to the footwall granite 
except for the area at the Samuel Fault.

This footwall batholith is normally a hard, grey, hornblende-biotite granite. Where 
it has been altered together with the "paint rock", it is white, kaolinized, and schistose. 
Table 22 gives a partial analysis of the footwall granite.

The granite in the East Arm area is reported to be lithologically different away from 
the Samuel Fault. Here, it is a hornblende-rich red granite.

Both areas of granite contain numerous aphanitic, mafic dikes which show chilled 
margins and occasionally an inclusion of what appears to be lava flow (30,OOON, 28,OOOE, 
Chart A, back pocket). The dikes in the footwall granite have a prevalent northeasterly 
trend, whereas those in the East Arm granite are east-west- to southeast-trending. 
Although the granite is sheared and foliated in the vicinity of the basal conglomerate, 
these shears conform to the overall fault pattern rather than to the contact. There is 
little visible shearing in the conglomerate or carbonate.

To the southeast of the Extension zone, the contact with the granite is covered by 
lacustrine material. Here, a narrow lens of granite which is dioritic at its western extrem 
ity, appears to have been faulted into the carbonate. As elsewhere, the dikes in the 
granite stop at the carbonate contact.

Table 22 l PARTIAL ANALYSIS OF GRANITE IN STEEP ROCK LAKE IRON AREA

percent
Fe 1.9 
SiO* 79.1 
A12O, 4.9 
MnO 0.09 
P,O, 0.011 
L.O.I. ________________________ 2.9 ____________________________
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STRUCTURE

INTRODUCTION

The Caland deposit is divided into six zones for operating purposes, namely; Lime 
Bay, Island zone, Centre zone, North Mink zone, South Mink zone and the Extension 
zone. The orebody, with the exception of Lime Bay, is essentially continuous through 
these zones for an overall strike length of 800 feet.

The surface outlines, length, width, and strike of these zones are best illustrated on 
Chart A (see back pocket). The ore deposit is conformable to the overlying volcanics 
and underlying sediments and is affected by the same faults and folds. Its true width 
varies from a few feet to a maximum of 300 feet, although locally it has been thickened 
by folding to widths up to 600 feet. Dips range from 45 to 80 west to southwest.

FOLDS

The ore deposit is monoclinal except in the Lime Bay zone and in the Centre zone- 
North Mink area. The rocks in the Lime Bay zone have been folded over a dome of 
carbonate (Section F-F1, Chart A, back pocket) so that the surface expression is now 
that of an elongated basin overturned on the north and east side. The Centre zone-North 
Mink area represents a series of partially overturned anticlines and synclines plunging 
south at angles up to 75 degrees. These folds have been truncated by faulting.

The evidence suggests that there were two periods of compression which deformed 
the rocks. The first force, in an east-west direction, folded the centre of the ore deposit 
into a series of anticlines and synclines. The second force which was along a north- 
south direction refolded the centre of the orebody into an S-shaped pattern and folded 
the Steep Rock Group against the granite buttress to the north and east in Lime Bay.

Small drag folds in the carbonatized volcanics south of the Hangingwall Sump plunge 
south and west at 60 to 70 degrees, conformable to the plunge of the major folds. The 
pillow lavas at South Island and to the northwest of the South Shore Sump have tops 
facing southwest. This is further substantiated by grain gradations in the conglomerate 
south of the South Shore Sump. The lineation formed by the intersection of the cleavage 
and bedding in the tuffs along the hanging-wall of the North Mink zone plunge S36W 
at 50 degrees, in conformity with the overall structural pattern.

FAULTS

The major structural feature of the area is the Samuel Fault which is exposed on 
the west side of Lime Bay. It strikes north-south to northeast and dips 45 to 60 west. 
It has a left-hand strike separation of approximately 12,800 feet. Minor faults branch 
off at acute angles from this parent fault. The "ashrock" adjacent to the fault is highly 
sheared whereas the granite rock is soft and kaolinized.

The rocks of the Steep Rock Group as well as the intrusion, particularly along 
the hanging-wall side of the ore zone, are sheared and foliated. As yet this fault com 
plex and its significance is not fully understood. In the Mink Point area, a series of en
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echelon cross-faults, striking N30E with steep dips, occur at intervals of 500 to 1,000 
feet with left-hand and right-hand separations. These faults offset the ore in blocks 
as shown by the displacement of the basal conglomerate.

The ore in the Centre zone is separated from the ore in the North Mink zone by an 
arcuate fault. The dip steepens from 10 northwest in the north to 60 northwest in the 
southwest. The horizontal separation appears to increase to the southwest also. A second 
fault, in this vicinity strikes N45E and displaces the ore on its south side to the north. 
This fault appears to truncate the folding. This would indicate that the block to the 
north formed by the intersection of these two faults is a horst. The ore in this block is 
much more hematitic than the ore in adjacent blocks. It is also pyritic along the hanging- 
wall on the northwest side. There is pyrite at depth along the hanging-wall ifl the 
Centre zone.

The Lime Bay zone is separated from the Island zone by an area of "ashrock"* and 
chert. This lithological discordance is probably the result of a cross-fault which post 
dates folding in the Lime Bay zone.

Most of the faults in the Falls Bay area are characterized by brecciation, dike intru 
sion, and drag folding of the hanging-wall rocks. Concentrations of crystalline manganese 
oxides and finely crystalline pyrite in nodules and as breccia cement, are distinctive 
indicators of faults. In both the hanging-wall rocks and the granite, some faults are 
marked by the presence of narrow bands, a few inches thick, of hard goethite. These 
bands are probably the results of deposition by meteoric waters.

The ore zone is characterized by the absence of well-defined bedding. Locally, the 
lump ore exhibits joint-like structures which are conformable to the hanging-wall or 
footwall contact and which may be relict bedding planes.

NONCONFORMITY

There is a difference of opinion among geologists, who have mapped or visited the 
Steep Rock area, as to whether or not a nonconformity exists at the contact of the Steep 
Rock Group with the granite. Some are of the opinion that the conglomerate has been 
faulted into contact with the granite.

The numerous dikes in the granite stop at the conglomerate contact. If the granite is 
post-Steep Rock, then why, at least in the southern half of Falls Bay, are the dikes so 
much more numerous in the granite, but relatively scarce in the elastics, carbonate, 
"paint rock", and ore zone?

The presence of granite pebbles in both conglomerates is strong evidence of an older 
granite.

At 30,OOON and 32,750E (Chart A, back pocket), a segment of the conglomerate- 
granite contact is faulted into the "paint rock" and has been exposed during stripping 
operations on several successive benches. Here, the granite is sheared and kaolinized. 
However the schistosity is at a high angle to the contact. At each bench, the contact 
with the granite is conformable to the bedding in the conglomerate or grit, and there is 
no evidence of any shearing.

There is little evidence of contact metamorphism or granitic intrusion in the Falls 
Bay, area inasmuch as the grade of metamorphism is of the greenschist facies. The car 
bonate would be highly susceptible to such effects.
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Steeprock Lake Iron Area
Chart A
The Caland Ore Deposit

PRECAMBRIAN

INTRUSIVE: DIABASE (Ob), DIORITE (Od), GABBRO (Dg), LAMPROPHYRE (DI)

VOLCANIC: ACID (Vi), INTERMEDIATE (V2), BASIC (V3), ACID PILLOWS (ViPj.

TUFF: LAPILLI TUFF (Ash), ACID TUFF (J).

ORE: > SOXFe, GOETHITE LUMP (Q\), HEMATITE LUMP (H\),

LEAN ORE: -W-50% Fe (L.O.).

ALUMINOUS A SILICEOUS SEDIMENT: (HI SEDJ.

IRON FORMATION: (\.f.) banded goethite and chert.

CHERT: (Ck) also occurs within the ore.

PAINT ROCK: > C.5% Mn, (Pt).

CARBONATE: f Cbl).

:"V-;;V.- GRIT or CONGLOMERATE: (Cg\).

Anticlinal axis with attitude of plunge.

f,*-v ^. ! '^•^"•f^f-'r
Synclinal axis with attitude of plunge.

Overturned syncline.

Area of bedrock outcrop.

Known geological contact.

————— Assumed geological contact.

Known fault with dip indicated.

Attitude of jointing.

Indicated direction of tops of pillows.

Tops of beds as indicated by grain size.

Drag fold with attitude of plunge.
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Chart A
The Caland Ore Deposit, Steeprock Lake Iron Area.
(from company plans 1968)



Steeprock Lake Iron Area
Chart B
Figures 10, 11, 12, 13

Former Lake Level (1263')

BM
R O B E

Hogarth (A-2) Shaft
j- r ""

South Roberts

Errington (B-l) Shaft

Figure 11
Section A through Hogarth mine

7;-.-V,7 ,j. 4. H- H- (See Figure 10)
** * w * * * j

Stratigraphic Profile

Sas/c flows and sills 

Tuff.

Chalky alteration in granite

SOUTHWEST

Errington Shaft(B-l)

former ta*e ieve/ (7 26^)
Mn paint member 

Goethite member

Post-Steepmck (?) volcanic and 
sedimentary rocks.

Dolomite. 

Granitic complex 

Conglomerate.

Figure 10
Geological Plan and Stratigraphic Profile of the Middle Arm 
area of Steeprock Lake, from plans of Steeprock Lake Iron 
Mines Limited 1969.

Figure 13
Projection showing the extent of mine workings and deepest 
drill hole intersections in the Middle Arm area of Steeprock 
Lake, from plans of Steeprock Lake Iron Mines Limited.

Colloform goethitic ore
in a course-grained 

dolomite matrix
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Map 2217
Steep Rock Lake Area

Scale l inch to 50 miles. 

N.T.S. reference 52B/12,528/13.

LEGEND

CENOZOIC*

RECENT
Swamp and stream deposits.

PLEISTOCENE 

Clay.

Sand, gravel.

Iron-bearing gravels.

UNCONFORMITY

PRECAMBRIAN6 

ARCHEAN
LATE MAFIC INTRUSIVE 

ROCKS

12 Undifferentiated.
1Sa Metagabbro.
12b Metadiorite, metaleucodiorite, meta-

leucogabbro. 
12c Metaperidotite.

INTRUSIVE CONTACT 

METAGRANITIC ROCKS6

11a Granodiorite.
11b "Hybrid" granodiorite.

EARLY MAFIC INTRUSIVE

-f 5V

10a Metadiorite.d 
Wb Metagabbro.

INTRUSIVE CONTACT

METASEDIMENTS AND 
METAVOLCANICSC 

CLASTIC METASEDIMENTS

9a Interbedded greywacke, phyllite and
arkosic grit.

9b Granitic conglomerate. 
9c Pebbly greywacke.

8a Granitic conglomerate.
8b Arkosic grit.
8c Greywacke.
8d Phyllite.
Be Pyritic phyllite.
Bf Graphitic phyllite.
8g Pebbly greywacke.
Bh Rhyolitic conglomerate.
81 Arkosic conglomerate.

CHEMICAL METASEDIMENTS
IRON FORMATION AND RELATED 

ROCKS
7a Pyritic iron formation,
7b Magnetite iron formation.
7c Lean or barren chert.

6 Dolomite, cherty dolomite.

DH ^Xo cr

MA

V;;': Mn Manganiferous "paint rock."

i^^^^ff_^j

G Goethite-hematite ore.

METAVOLCANICS
ASHROCK (ULTRAMAFIC 

PYROCLASTICS)

5a Lapilli tuff and tuff. 
5b Agglomerate.

FELSIC TO INTERMEDIATE META 
VOLCANICS

4 Rhyodacite.

3 Undifferentiated.
3a Felsic to intermediate tuff.
3b Felsic to intermediate tuff-breccia.

INTERMEDIATE TO MAFIC META 
VOLCANICS
2 Undifferentiated. 
2a Intermediate to mafic massive flows. 

possibly 3 in part.

MAFIC METAVOLCANICS
1 Undifferentiated.
1a Mafic flows.
1b Mafic tuff.

Breccia.

Carbonatized rock.

Silicified zone.

Au Gold.

Fe Iron, (magnetite)
Pb Lead.
S Sulphide mineralization.
Zn Zinc.

* Unconsolidated deposits. In general, Cenozoic de 
posits are represented by the lighter coloured and 
uncoloured parts of the map.

b Bedrock geology. Outcrop areas and inferred exten 
sions of each rock map unit are shown respectively in 
deep and light tones of the same colour.

c Rocks within these groups are subdivided lithologi- 
ca/ly and the order does not imply age relationships 
within the groups.

d Age relations with respect to 10b and H uncertain.

L. ———— - Trail.

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, ver 
tical).

Bedding, top (arrow) from grain grada 
tion; (inclined, vertical, overturned).

Lava flow; top (arrofr) from pillows shape
and packing.

Direction of paleocurrent.

Foliation; (horizontal, inclined, vertical).

Lineation with plunge.

Geological Boundary, observed.

Geological boundary, position inter 
preted.

Fault; (observed, assumed). Spot indi 
cates down throw side, arrows indicate 
horizontal movement.

Drag folds with plunge. 

Anticline, syncline, with plunge.

Drill hole; (vertical, inclined).

Drill hole; (projected vertically, projected
up dip).

Magnetic attraction.

Swamp.

Former shoreline.

Motor road. Provincial highway number 
encircled where applicable.

Other road.

IV,

Building. 

Built-up area. 

Open cut, gravel pit. 

Embankment. 

Adit, tunnel.

Surveyed line, with mitepQsts, approxi 
mate position only.

Township boundary, with mileposts, ap 
proximate position only.

Property boundary, approximate position
only.

Claim line, surveyed, approximate po 
sition only.

Location of'miningproperty;unsurveyed, 
surveyed- (See "List of Properties").

NOTES

The designating letters "FF" of the former mining di 
vision effort Frances, have been omitisd on this map 
from the numbers marking the mining claims now 
recorded at the office of the Kenora Mining Division.

Pit outlines as of 1964. 

Buildings as of 1965.

LIST OF PROPERTIES

1. Andowan Mines Limited.
2. Andowan Mines Limited, (circa 1959].
3. Butler Bros. Exploration, {circa 1942].
4. Caland Ore Company Limited.
5. Hennepin Mining Company Limited, The.
6. Maki claim, (circa 1954].
7. Mathieu, J. A., Limited*.
8. Northern Iron Ore Mines Limited.
9. Pattison, G. E., Estate.*

10. Quebec Cartier Mining Company.
11. ftawn Iron Mines Limited*
12. Regan, F. J.
13. Steep Rock Iron Mines Limited.

*ln part leased, in 1952, to Canadian Charleson Limited.
11964],
Dateinsquarebracketsindicatesyearoflastmajorwork.

SOURCES OF INFORMATION

Geology by R. Shklanka and assistants 1964, 1965. 
Geology is not tied to surveyed lines.

Company maps and reports. Mine geology and vicinity
modified from mine plans.
Map 48a, Atikokan Area, Map 48b, Steeprock Lake Area,
Ontario Department of Mines.
Paper 41-13, Figs. 1, 2, 3, 4, Geological Survey of
Canada.

Aeromagnetic maps 1133G and 1132G, Ontario Depart 
ment of Mines Geological Survey of Canada.

Preliminary map P. 343, Steeprock Lake Iron Area, 
scale 1 inch lo 1000 feet, issued 1966.

Cartography by D. V. Impey and assistants, Ontario 
Department of Mines and Northern Affairs, 1970.

Base map compiled from mine topographic maps, 
Forest Resources Inventory sheets, air photographs 
and additional information by Ontario Department of 
Mines and Northern Affairs.

Magnetic declination in the area was 4" East, 1965.
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