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The Western Lake St. Joseph area, about 200 miles north-northwest of Port Arthur is 
about 650 square miles in area. More than half this area is underlain by two large masses 
of granitic rock, one of which has been dated at 2,420 m.y. These two masses are thought to 
be responsible for the complex structure of the area.

92- O.D.M. 3902 91' 90'

Figure l — Key map showing location of 
map-area. Scale, l inch to 50 miles.

The granites have invaded a pile of volcanic and clastic rocks. Along the southern part 
ot the area a thick sequence of pelitic and psammitic metasediments is tightly folded and 
much injected by pegmatitic and granitic material. In some places the granitic material 
exceeds m amount the host schists and gneisses. To the north of these rocks is a complicated 
sequence of volcanic and sedimentary rocks. The basal portion of this sequence consists of 
up to 8,000 feet of basaltic to andesitic flows and pyroclastic rocks, mainly flows. Towards 
the east, west, and north boundaries of the area, these basic rocks become thinner and may 
contain silicic volcanic rocks. Above the basic volcanic rocks lie up to 10,000 feet of 
intermediate to silicic flows and pyroclastic rocks, overwhelmingly the latter. These beds thin 
rapidly away from the centre of the area and may not extend to the area boundaries. Above 
both basic and silicic rocks are about 1,500 feet of sedimentary rocks: greywackes, quartrites, 
chloritic phylhtes, magnetite-hematite-chert beds and pebble beds, most of which have been 
derived from the volcanic pile. This entire assemblage has been folded three times. The first 
deformation produced a set of sub-isoclinal to isoclinal folds having marked plunge depressions 
and marked curvatures of axial surfaces. Cutting across these early folds is a pervasive 
cleavage, movement on which yielded a second set of folds developed in the limbs of the first 
During this deformation material was transported along trajectories inclined steeply to the 
horizontal, so that the subsurface extension of the mapped structures is now probably deeper 
than might be expected. A final deformation produced a set of folds of local significance 
only, coupled with a zone of dislocation about 0.5 miles wide and more than 20 miles long, 
oriented east and west along the southern shore of Lake St. Joseph. Metamorphism reached 
the level of the amphibolite facies.

Sulphides in the area are almost always disseminated; those seen by the writer were of no 
economic significance. Perhaps a little more interesting are the numerous pegmatitic bodies 
found in pelitic metasediments along the southern shore of Lake St. Joseph. Tourmaline, 
mica, and feldspar are abundant.

Of major importance are the magnetite-hematite beds ("banded iron formation") now 
held by Lake St. Joseph Iron Limited. Reserves of concentrating-type material have been esti 
mated at 240 million tons, grading about 35 percent iron. Exploitation of this deposit, like so 
many other such deposits of this type in northwestern Ontario, waits on favourable economic 
conditions.





By 

P. M. Clifford1

INTRODUCTION

The Western Lake St. Joseph area, described in this report, has its centre about 
70 miles northeast of Sioux Lookout, and about 60 miles southwest of Pickle Lake. 
From both these places it is easily accessible by float plane. Alternatively it may be 
reached by boat or canoe from Doghole Bay, at the east end of Lake St Joseph, on 
Highway 599, which connects Pickle Lake to the Trans-Canada Highway at Ig 
nace. The mapped area is bounded by longitudes 90 040'W and 91 045'W, by lati 
tudes 50053'N and 51 005'N, and comprises about 650 square miles.

Exploration. The area contains a large part of a major Keewatin volcanic-sedimen 
tary belt in which occur extensive iron deposits. Mineral exploration has been spo 
radic. Claims were staked on the iron formation, and exploration of them carried 
out prior to 1921 (see Bruce 1922a, p. 24), but the most significant work has been 
that of the mid-fifties. At that time Lake St. Joseph Iron Limited staked 73 claims 
in the iron deposits and performed extensive trenching and drilling. No commercial 
exploitation of these deposits has occurred, but the company still retains the claims. 
No significant sulphide mineralization has been recorded by any work in the area.

Field Work. This report presents the results of a mapping program in the area dur 
ing the summers of 1963 and 1964. The program had as its purpose the establish 
ment of the detailed geology of the area, in an effort to evaluate further its eco 
nomic potential, with particular reference to the iron formation. Preliminary exam 
ination of the aerial photographs enabled most inland areas of outcrop to be 
outlined, and traverses were then arranged to cross as many of these outcrops as 
possible rather than along arbitrarily and regularly spaced grid lines. This method 
saves considerable time and effort. Examination of all shoreline exposures, however, 
provided the bulk of the information. The data were plotted on air photographs 
and base maps at a scale of four inches equivalent to one mile, compiled by the 
Cartographic Unit, Geological Branch from maps of the Forest Resources Inven 
tory, Ontario Department of Lands and Forests. Where local detail warranted it,

Department of Geology, McMaster University, Hamilton, Ontario. Manuscript received 
by Chief Geologist, 17 March 1966.



Western Lake St. Joseph Area

mapping was at eight inches equivalent to one mile, approximately. Considerable 
attention was paid to the sequence of lithic types in the accumulated volcanic rocks, 
and to their relationships, and also to details of the structural geology, both cogent 
factors in the genesis and distribution of the iron deposits.

Acknowledgments. In 1963, R. H. Ridler, and in 1964, J. M. Brown and R. J. 
Griffis performed ably as senior assistants, and were responsible for much inde 
pendent mapping. Junior assistants R. J. Griffis, B. van der Kamp and E. Macor- 
itto in 1963, and J. E. Lewis and J. Wilson in 1964, fulfilled their duties cheerfully 
and efficiently. Thanks are due to the personnel of the Ontario Department of 
Lands and Forests at the Pickle Lake base, who ensured that the parties were sup 
plied and transported. Ridler, Griffis, and T. M. Seward carried out some of the 
petrographic study which is incorporated in this report.

Topography and Resources. The area is mostly covered by water, of which the 
largest body is Lake St. Joseph itself, or by Pleistocene and Recent moraine and 
fluvial deposits. Outcrop occupies less than 15 percent of the area, and most of 
that is in ground underlain by granitic rocks. The maps (back pocket) show outcrop 
occurrences. Shoreline exposure is generally good, but inland outcrops are usually 
very sparse indeed.

Relief is low, with the area being characterized mainly by ridges of glacial 
material. Long sinuous eskers and more ovoid drumlins usually have their long 
axes trending northeast to southwest, roughly parallel to the orientation of glacial 
striae. "Chatter-marks", roche moutonnee shapes, and drumlin forms suggest that 
transport was generally to the southwest. Many ridges transverse to this direction, 
as in the country to the south of the lake, are probably terminal moraines, indicat 
ing local stillstand of the ice front. Glaciofluvial conditions are suggested by two 
occurrences of rhythmically-layered clays (? varved clay) and by fan-formed fea 
tures in muskeg (? outwash fans). The majority of the islands and the major inland 
outcrops have been glacially modified to roche moutonnee or crag-and-tail forms.

Glaciation and structure control drainage. In areas heavily blanketed by glacial 
material, either the drainage is thoroughly chaotic, or it follows fluting in that 
material. Jointing in the granitic areas produces angular lake outlines, and long nar 
row channels: for example, the water courses to the east of the Cat River (West 
Channel). Elsewhere, shorelines commonly trend parallel to whichever planar 
structure is strongest. In many of the smaller islands, a well-defined cleavage is the 
controlling feature, while on Island 84* (Eagle Island) the shoreline is almost 
everywhere parallel to bedding. Generally, volcanic rocks and granites form notice 
able outcrops, while the pelitic schists and gneisses of the southern part of the area 
are poorly exposed.

The area has no permanent settlement. Indians engaged in fishing are essentially 
transients. Accordingly, there is now no agriculture, though when the Ontario

*For convenience, reference frequently will be made to specific islands by number; the 
numbers used correspond to legal survey numbers and are shown on maps 31 e, 3 If which 
accompany Bruce's report (Bruce 1922a). All numbers used in the present report are given 
on the accompanying maps, 2156, 2157, 2158, 2159, and 2160 (back pocket).



Department of Lands and Forests occupied the base near Root Portage, some 
crops for family consumption were grown. Commercial fishing is the main liveli 
hood for the Indians who roam the area in the summer months. Of recent years, 
the size of the catch seems not to have met expectations, to judge by the comments 
of some of the Indians. They net pike, whitefish, and pickerel, and sell these to 
entrepreneurs at Pickle Lake and elsewhere.

Power development on the lake is not feasible. Neither the outlet channels nor 
the tributaries have sufficient fall. However, dams at the east and west ends of the 
lake, the latter connected to an old glacial overflow channel now bulldozed open, 
allow the lake to be used as a storage area for power plants elsewhere. From the 
point of view of people working on the lake, this results in some inconvenience. 
The opening and closing of the dams lead to wide fluctuations in lake level, with 
consequent hazards to boats and canoes in the form of submerged trees and rocks, 
and large atfeas of floating and mobile water weeds.

Previous Geological Work. The earliest mention of the region around Lake St. Jo 
seph is by Bell (1886) but he and other geologists prior to 1920 were engaged 
only in the most general reconnaissance work. None of these early workers recog 
nized the iron formation. Other reconnaissance in the area includes that of Dyer in 
1932 (Dyer 1933) which covered Lake St. Joseph as far west as longitude 
91 003'W, and the surveys by officers of the Geological Survey of Canada under 
the "Roads to Resources" program in Ontario (Duffell, MacLaren, and Holman 
1963; Prest 1963), which dealt with bedrock and surficial geology, together with 
geophysical and geochemical investigations in the Lake St. Joseph area as far south 
as 51 000'N latitude. More detailed studies in adjacent regions are those of Harding 
(1935) in the Cat River-Kawinogans Lake area, which includes portions of Bamaji 
and BlackStone lakes, and the survey by Goodwin (1965) in the Pashkokogan 
Lake-Eastern Lake St. Joseph area. These two studies are concerned with north 
ward and eastward continuations of the volcanic-sedimentary material found in the 
Lake St. Joseph area. Also of interest is the work by Hudec in the Highstone 
Lake-Miniss Lake area (Hudec 1965) which deals with the southerly continua 
tion of the injection complex of the Lake St. Joseph area.

Most relevant, however, is the study in this area by Bruce (1922a,b). In 1921, 
he "was instructed by the Ontario Department of Mines to examine the ore depos 
its and the associated rocks of that region . . . ," (Bruce 1922a, p. 1). He mapped 
all the shoreline and islands of Lake St. Joseph and many of the adjacent lakes, and 
made sundry inland traverses. Since the conclusions in this report differ markedly 
from those of Bruce at some points, it is desirable to outline his main results.

In brief, Bruce recognized a succession in which lowermost paragneisses were 
overlain by indifferently metamorphosed greywacke, arkose, and quartzite and also 
chlorite and sericite schists. In the upper part of this assemblage iron-bearing beds 
appeared. Younger than these metasedimentary rocks were acidic extrusions, suc 
ceeded by basic flows. He interpreted the structure as being ". . . a syncline pitch 
ing eastward . . ." (Bruce 1922a, p. 13) flanked by an anticlinal area south of 
Lake St. Joseph. He also adopted the hypothesis that the iron minerals now found 
were originally deposited "as hydrated iron oxides or as carbonate" (Bruce 1922a, 
p. 28). Tp the first two of these conclusions, the present author takes exception. 
The third is arguable.
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GENERAL GEOLOGY

Among the most conspicuous features of the geology of northwestern Ontario 
are the belts of volcanic and associated sedimentary rocks which lie within vast 
areas of granitic material. One such belt runs from Uchi Lake in the west, through 
Lake St. Joseph and thence eastward, roughly parallel to the Albany River, to the 
Paleozoic-Archean unconformity of the James Bay Lowlands (O.D.M. Map 
2024). In the Lake St. Joseph area, the prevailing trend is east-west, but at John 
ston Bay a north-south belt links it with the Fry Lake east-west belt. The volcanic 
and sedimentary rocks here are flanked or injected by granitic rocks, not necessarily 
of the same kind or origin. Dating by the potassium-argon method on biotite 
from an eastward extension of one of these granites gives an age of 2,420 m.y. 
(Lowdon 1962, p. 79). All Precambrian sedimentation and vulcanicity in the area 
had ceased by this date.

If one small outcrop area had to be selected as typifying the area as a whole, 
Island 334 and some of its neighbours would be the best choice. There, volcanic 
rocks, both basic and intermediate to acidic in composition, are interlayered with 
volcaniclastic rocks. Also present are iron oxide-bearing beds, and conglomerates 
which are later than the other lithic types. The only major lithic types missing are 
the preponderantly pelitic rocks of the southern shore and the post-depositional 
synkinematic granites. Relationships between the volcanics and volcaniclastic rocks 
are locally vague, in that the boundary is not always easily defined. Moreover, it is 
possible that some of the volcanic rocks as recorded here are actually tuffs. The 
two rock types commonly look alike.

One of the key propositions of the interpretation offered here, is the simultaneity 
of vulcanicity and earlier sedimentation; others are the local character of much 
of the volcaniclastic sedimentation, and the very close connection between the em 
placement of the granitic bodies and at least the earliest, perhaps the entire, defor 
mation of the volcanic-sedimentary assemblage. Because of the rather complex time 
relationships involved, the major lithic types are described only approximately in 
order of decreasing age; subsequent synthesis outlines the actual temporal relation 
ships.

It will be noted that the map shows a wide variety of sedimentary rocks (some 
metamorphosed). In places the map terminology lumps metamorphic and sedimen 
tary rocks together. In some places, a rock is thoroughly metamorphosed, and 
though a parental sedimentary rock may easily be inferred, it seems desirable to 
retain the field designation. Elsewhere, though deformation and recrystallization 
have occurred, the original character of the rock is still clear and the name given 
refers to primary lithology. Thus some "biotite schists" here belong to an early sed 
imentary formation, while some "pillow lavas" are still pillowed. Strictly, they may 
be low-grade actinolitic schists, but it would be absurd to accept their metamorphic 
state as the guiding descriptive factor when they were always treated as volcanic 
rocks in the field.

The layered rocks are here described as they have been observed in field and 
laboratory, under two main headings: metasediments and metavolcanics. Commonly 
their non-metamorphic or low metamorphic state is described, followed by a 
brief outline of metamorphic or structural modifications. A subsequent section 
deals with the stratigraphic organization of these rocks.

The numbers before rock names in Table l refer to the symbols designating 
these rocks on the accompanying Maps 2156 to 2160 (back pocket).



Table l TABLE OF LITHOLOGIC UNITS

CENOZOIC 

RECENT
Lake and stream alluvium, muskeg.

PLEISTOCENE
Clay, sand, gravel.

Unconformity 

PRECAMBRIAN
GRANITIC ROCKS

6a Massive granite, usually crosscutting.
6b Aplitic pods, and tongues of 6a.
6c Gneissic granite.
6d Migmatitic and "lit-par-lit" injection granite.
6e Massive or gneissic granite with abundant xenoliths.
6f Pegmatite; quartz vein.

BASIC INTRUSIVE ROCKS
5 a Massive coarse-grained amphibolite (metadiorite). 
5b Hornblende-biotite-feldspar rock (meta-ultramafic rock?). 
5c Massive actinolite-chlorite-epidote "amphibolites", presumed sills within 3 

and 4.
METAVOLCANICS1

Silicic Metavolcanics 
4a Silicic flows. 
4b Silicic tuffs.
4c Silicic lapillistone and lapilli tuff. 
4d Pyroclastic breccia and agglomerate, silicic. 
4e Pyroclastic breccia and agglomerate, notable mafic component.

Basic To Intermediate Metavolcanics 
3 a Basaltic flows.
3b Pillowed and autobrecciated basic and intermediate flows. 
3c Andesitic tuff. 
3d Andesitic lapilli tuff. 
3e Andesitic agglomerate.

METASEDIMENTS1
2a Cherty iron formation, dominantly magnetite.
2b Cherty iron formation, dominantly magnetite-hematite.
2c Cherty iron formation, with notable pyrite.
2d Amphibole-garnet rock (equivalent to metamorphosed low-grade iron

formation?).
la Arkose, greywacke, quartz wacke.2 
Ib Argillite, phyllite.8 
le Black argillite ("Keewatin slate"). 
Id Chert.3 
le Pebble beds.4 
lg Biotite-feldspar-quartz schist, staurolite-biotite-feldspar-quartz schist,

almandine-biotite-feldspar-quartz schist.5 
Ih Biotitic quartzite, biotitic gneiss.5

NOTES:
Subdivision is lithologic only. Lithologies given here imply also their metamorphic equivalents.
2Material derived mainly from the volcanic rocks 3 and 4.
"Almost invariably associated with the iron formation 2.
4Mostly younger than all other metasediments.
"Probably the oldest sedimentary rocks.



Western Lake St. Joseph Area

Metasediments

Stretching across the entire southern margin of the area are rocks presumed to 
represent original arenites, argillites, and mixtures of the two. They now appear as 
psammitic to pelitic schists and gneisses metamorphosed to intermediate grades.

At Churchill Lake (cf. Hudec 1965, Map 2064), these rocks are mainly 
coarse-grained biotite-quartz-plagioclase gneisses, or locally, schists, with the plagio 
clase having a composition in the range of An25-4o- Quartz and feldspar com 
monly occur in augens or larger segregations. Biotite flakes up to 10 mm in diam 
eter are fitted about these segregations. Large porphyroblasts of garnet occur though 
not in great numbers. Layering is visible but crude. Intruded along this layering are 
numerous rather large pegmatitic bodies consisting overwhelmingly of potash feld 
spar, quartz, and muscovite, with tourmaline a common, if sparse, accessory. Con 
tacts between gneiss and pegmatite may be either concordant or discordant and the 
shapes and sizes of these pegmatites can vary widely. These "injections" are distin 
guished from the "segregations" mentioned previously by their characteristic pink 
ish feldspar.

Very coarse, heavily injected gneisses of this type have been found at the south 
ern limits of the area, and for varying distances north. To the north the total 
amount of injected material falls off, though individual pegmatites may be exceed 
ingly large. As the injection falls off, so the fabric of the host rock becomes more 
apparent. Banding is much more prominent, and, where the composition is psam 
mitic, preserved sedimentary structures show that the metamorphic banding is 
roughly parallel to bedding. Recrystallization becomes less, and graded and 
crossbedded units have been seen close to the southern shore of Lake St. Joseph. 
The lithology generally is more varied, with alternating psammitic and pelitic units 
easily recognized. In the thicker homogeneous units recrystallization never seems to 
have reached the intensity of that found in the southern part of the area. The na 
ture of the plagioclase changes to about An10 or less. Garnet is still present as 
many small crystals rather than the fewer but much larger porphyroblasts of the 
area to the south. At the transition zone between these rocks and other clastic rocks 
a marked flow cleavage destroys any primary fabric, giving rise to the "peculiar 
ropy appearance" and "gash veins of quartz" remarked by Bruce (1922a, p. 8).

In general then, these rocks are dominantly pelitic in nature, particularly in 
their southernmost exposures, with more abundant psammitic material near the 
south shore of Lake St. Joseph. Scanty and not very reliable evidence suggests that 
the sequence becomes younger from south to north. Metamorphism and injection 
have resulted in wholesale recrystallization; metamorphic level, as indicated by 
plagioclase feldspar compositions, tends to fall from south to north. These pelitic 
metasediments are, so far as outcrop permits the inference, continuous with the 
quartz-biotite gneisses which Dyer saw at Miniss Lake, and which he termed the 
"Miniss Series" (Dyer 1933, p. 5-7). More recently, these rocks have been 
mapped, though not necessarily continuously, for some 30 miles to the south of this 
area (Hudec 1965, p. 9). They are always overwhelmingly pelitic to semi-pelitic in 
composition, and commonly are injected.

Beds of these metasediments are found interlayered with other rocks. From the 
western boundary, east to a point due south of Island 84, interlayering is with the 
clastic rocks associated with the main outcrops of the iron formation. Local mixing



has occurred, and it is difficult in some places to recognize the contacts between the 
various beds; this is particularly the case in Island 361, and its neighbours west 
from Island 84. Interlayering with tuffs of intermediate composition, and probable 
mixing, have yielded what is now a chlorite phyllite or schist. No comparable rocks 
have been observed to the east, but exposure is rather poor, so they may well exist.

From (he western boundary to Island 84 more clastic rocks outcrop roughly 
parallel to), to the north of, and locally interlayered with, the dominantly pelitic 
metasediments already described. In general, they are less uniformly metamorphosed 
than the rocks to the south (some rocks are hardly metamorphosed at all), and 
much mor s variable in nature. The most striking member of this group of rocks is 
the iron formation.

These rocks occur in a zone which extends in a strip from the western boundary 
of the area, east to Island 84, where it widens considerably. The contacts of 
these with other rocks are arbitrarily drawn locally, due to similarity of lithology, 
mixing, and later structural and metamorphic complications.

As a rule these rocks display one or more of the following characteristics:
 they are fairly well layered, even when not markedly metamorphosed;
 they show rapid lithologic changes in a vertical sense, particularly toward 

their inferred tops, where most of the chemical sediments appear;
 they are characterized by lateral facies change, especially at the highest lev 

els.
In addition, chemically deposited material or its metamorphic equivalent seems 

to be confined to this group, and, in a sense, may be used as an indicator where 
lithologic types become very much alike. Thus the garnet-biotite-hornblende rocks 
found sporadically along the south shore of the lake belong to this group, though 
there may be material which is more like the rocks found in the south part of the 
area.

There
their low-sedimentary or low-metamorphic state, though it is rarely practicable to
map units 
rable from

are at least five distinguishable lithic types which are described below in

of each type due to the thinness of the beds. The only type always sepa- 
the remainder is the oxide type (iron formation).

The most common rock type in this group is greywacke. The greywacke is 
usually a buff to grey rock, medium- to coarse-grained for the most part and rather 
poorly layered compared to other members of the group. Many of these rocks were 
termed ar Loses or feldspathic arenites in the field, because of their obvious feldspar 
content. Bruce (1922a, p. 9) described arkoses as being particularly associated 
with the iron-bearing beds. Petrographic examination suggests that true arkoses are 
rare, and that these rocks are feldspathic greywackes or greywackes, in the sense of 
Pettijohn (1957, p. 301-305). The principal mineral is quartz, followed by feld 
spar. Quartz is angular, probably still clastic in habit, to sub-rounded. Feldspar, 
exclusively albitic, is also angular and usually larger than the average grain size. 
These larje clastic grains are embedded in a fine- to very fine-grained matrix of 
chlorite, sericite, and biotite, together with material which is undeterminable. This 
matrix makes up about 25 percent of the rock. None of the thin sections and hand 
specimens examined contains any lithic fragments, though certain sections contain 
aggregates of mica, chlorite, and other minerals which might represent such frag 
ments. Accessory minerals include zircon, apatite, and sphene. Iron oxides become 
more plentiful as mean grain size decreases and sorting increases. Calcite occurs in 
all greywackes examined, but only in a few cases does it constitute more than five
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Photo 1 —Thin section of slightly sheared quartz wacke, on Island 184.
ODM7549

Photo 2 —Thin section of well sheared feldspathic wacke, on Island 184.



Photo 3 - Crossbedding in feldspathic arenite s, Island 84.

percent of the rock. In nearly all these rocks some small amounts of sulphides, 
widely disseminated, can be seen. At one locality malachite and azurite have devel 
oped, presumably at the expense of copper-bearing sulphides.

Variations in this rock type are mainly in terms of fabric (Photos l and 2). 
Bedding thickness may vary quite rapidly; a thick bed may give way to several 
thinner units, usually with a concomitant reduction in mean grain size. Graded and 
crossbedding may occur (Photo 3) though the latter is not very common. There 
are also cut-and-fill structures and load cast structures ("flame structures") well 
displayed in a two-foot thick unit exposed on the south shore of the eastern bay of 
Island 84; and load cast structures are also to be seen on Island 88 (Photo 4) and 
in metasddiments on islands close to the north shore of the lake. Possible ripple- 
marks of wavelength about six inches, amplitude one inch, have been noted on Is 
land 133, about one mile west of Island 84.

One variation of greywacke is worth comment. Some beds have a coarsely spot 
ted appearance, leading to their designation as spotted greywacke. Petrographic 
examination shows that the "spots" are composed of aggregates of quartz grains. 
These aggregations may themselves be clastic with respect to their present position, 
but the grains within an aggregate are usually thoroughly interlocked, giving an 
impression of having been completely recrystallized at some stage in their history. 
The rest of the rock is much like all the other greywackes.

In the greywackes, the matrix can be described as argillaceous, and commonly 
is metamorphosed before the clastic grains are affected. Hence, in units where the 
very coarse material is suppressed entirely, there develop schistose or phyllitic 
rocks which are roughly equivalent to matrix material alone. They occur as very 
thin layers of well-laminated material, constituting a relatively small portion of the 
clastic rocks as a whole, and being concentrated in the upper half of the sequence.
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ODM7552 
Photo 4 —"Flame" or "load cast" structures in unmetamorphosed graded greywacke beds. Island 88.

ODM7553
Photo 5-Pebble beds in outcrop, Island 140. Note varying degrees of deformation and the wacke 

interbed*.
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ODM7554
Photo 6 — Hand specimen of pebble beds from Island 187. Pebbles deformed in Phase II folding are 

here further folded into a Phase III structure.

In some places they form a fine-grained upper part to an underlying greywacke 
unit, the cjontact being gradational. Elsewhere the contact may be quite sharp in 
deed.

Micas and chlorite make up well over 50 percent of these rocks. Biotite is the 
most important of these, but white mica also occurs in abundance. Quartz, usually 
very fine-drained, is the most abundant mineral after the phyllitic minerals. Feld 
spar content is small to non-existent. A typical phyllite or schist contains magnetite 
in rather large quantities; in one case, about 15 percent of the rock is magnetite, 
and the unit verges on the composition of some of the oxide layers.

A compositional change in another direction produces the pebble beds. These 
occur both above and between the main oxide levels, but are best developed at the 
top of the) sedimentary pile. These beds are essentially lithic fragments in a fine 
grained matrix roughly the same as the matrix of the greywacke; the matrix is 
usually little more than 10 percent of the rock in the most spectacular beds. In the 
pebble beds below the oxide horizons, the pebbles rarely exceed one half inch in 
their longest dimension, and the matrix may constitute more than 50 percent of the 
rock. The lithic fragments are mainly tuffaceous and flow material of silicic compo 
sitions, with subordinate amounts of pelitic and quartzo-feldspathic material. 
Above the main oxide units, the pebble beds contain fragments from all the litholo- 
gies mentioned previously, plus pieces from the oxide units themselves, and some 
chloritic aWl amphibolic fragments. In these upper pebble beds, the pebbles are 
commonly much larger than elsewhere, reaching many inches in length (Photos 5 
and 6). Also the amount of matrix drops markedly, and may be less than ten per 
cent. In ajll pebble beds, the matrix consists of chlorite, biotite, white mica, and

11
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small fragments of quartz; and is in many cases laminated due to later deformation. 
The pebbles also have been deformed by flattening and stretching. The amount of 
strain seems to be related to the degree of lamination possessed by the original 
rock. Well-layered material may be strained several hundred percent while non- 
layered material such as porphyritic rhyodacite is strained hardly at all.

A somewhat unusual carbonate schist occurs in a few localities, for example, on 
Island 184. Beds of this rock are quite soft, and weather deeply. The carbonate is 
mainly calcite, though some siderite, and possibly some ankerite is present. Car 
bonates comprise about 60 percent of the rock, and a further 25 to 30 percent is 
composed of biotite and chlorite; the remainder is a fine-grained aggregate of quartz, 
plagioclase, carbonate, and chlorite. Carbonate has been observed in virtually all 
the clastic rocks of this group. In this carbonate schist there seems little doubt that 
the carbonate is primary, and, since carbonates in other rocks occur freely dissemi 
nated or in bands conformable with bedding (except in rare instances), it is there 
judged to be primary as well.

The most interesting members of this group of rocks are the oxide beds, com 
monly referred to as "banded iron formation". They are here termed "oxide beds" 
because their typical components are quartz, hematite, and magnetite. They are 
quite distinctive in physical appearance, because of the purple-grey and white alter 
nation of iron oxides and quartz. In areas where this aspect has been modified by 
metamorphism, the typical disturbance of a compass is still found, albeit somewhat 
less intense, and the rock density is abnormally high. On the basis of these charac 
teristics, certain garnet-amphibole-biotite rocks are interpreted as being metamor 
phosed impure iron formation. Typically, the oxide beds are made up of alternating 
layers of magnetite (-hematite) with scant quartz, and quartz with scant magnetite 
(-hematite). Such layers are themselves interlayered with beds of clastic material, 
variously greywacke, phyllite and, rarely, pebble beds. The proportion of oxide 
beds to non-oxide beds in those areas mapped as "iron formation" varies from a 
high of 20 to l down to a low of l to 10, beyond which the rock has been given 
another name. An average ratio for all material mapped as "iron formation" is 
about l to 2. These varying ratios suggest rather rapid facies changes within the 
oxide beds, and in fact the variations can be extreme. Along strike, oxide layers 
may thin and vanish, or thicken quite abruptly, or they may persist virtually un 
changed for a few hundred yards. An individual magnetite-hematite bed may sud 
denly acquire several quartz-rich partings and so continue as finely striped ribbon 
rock, so beautifully displayed at the head of the eastern bay on Island 84.

Changes across the strike are equally varied. Contacts of iron oxide layers 
against clastic layers range from gradational over several inches down to abrupt, as 
seen in the field. In thin section, many clastic types have measurable quantities of 
iron oxide, particularly in the finer-grained beds. A few specimens contain pyrite 
and pyrrhotite. An interesting feature is the apparent inverse relationship between 
grain size and iron oxide content in the oxide layers. Where the quartz grains are 
quite large, they commonly have minute grains of magnetite within them. The size 
of quartz grains falls quite markedly in an adjacent layer, and the amount of mag 
netite increases by a factor of two or three. The first layer is the white quartz layer, 
while the second corresponds to the iron oxide layer alone (Photos 7 and 8). Pre 
sumably the magnetite grains completely enclosed in the quartz of the quartz layer 
acted as nuclei for the recrystallization of the quartz from its assumed chert-like 
original nature. Gross illustrates a comparable texture as typical of Algoma-type
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ODM7555

Photo 7 —Thin section (plane light) of magnetite-chert layers from Island 184. Note variation in 
magnetite content.

ODM75S6

Photo 8-Same thin section (polarized light) as Photo 7, above. Note that grain size of quartz is 
inversely proportional to amount of magnetite.
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iron formation (Gross 1965, Plate VI). So far as outcrop permits the inference, 
these beds are more or less continuous from Island 84, where they are best devel 
oped, through a chain of islands to Island 383, about seven miles west of Island 84.

On Island 84, sequence indicators show that the oxide beds, which form vir 
tually all the shoreline, are at approximately the same stratigraphic level and can be 
treated for convenience as one member, disposed in opposed limbs of a syncline. 
The oxide:clastic ratio here is about 3 to l as an average, but outcrops in the 
northern part of the island have been estimated at 20 to 1. Individual oxide layers 
may reach 12 inches in thickness, and assemblages of such layers may accumulate 
to more than 10 feet with no intervening clastic material. On the eastern shore of 
the island, individual layers reach 6 to 8 inches in thickness with accumulations up 
to 20 feet, having only thin clastic partings within them. In the same area, however, 
feldspathic greywacke bands commonly have very thin, though very persistent iron 
oxide layers within them. Two miles west, individual layers are as thick as those on 
Island 84, but accumulations are much thinner and clastic layers are both thicker 
and more common. Moreover, the nature of the interlayered clastic material is 
undergoing changes concomitantly. On Island 84, the interlayered material is quite 
varied, with noteworthy amounts of phyllitic material as well as beds high in chlor 
ite. About two miles west of this, on Islands 162 and 166, the amount of phyllitic 
material has decreased, while the amount of greywacke has increased. The layering 
in this area is rather coarser than that on Island 84.

A further two miles west, on Island 184, greywacke constitutes over 60 percent 
of the sequence at the level at which oxide beds occur, and phyllitic material is not 
much more abundant than the oxide beds. The oxide beds now constitute less than 
10 percent of the local sequence. Layers are thin, usually less than one inch, and 
accumulations do not exceed four feet. In addition the layers in some cases contain 
clastic material, diluting the oxide layer considerably. Such layers commonly give 
way to greywacke or phyllite along strike.

The most westerly occurrence of such oxide beds, on Island 383, is in an im 
pure accumulation of about six feet of oxide and clastic layers, where the oxide 
layers are less than one inch thick.

Correlation of oxide beds is extremely difficult even in exceptionally well- 
exposed areas. On Island 84 the thick layers seem roughly equivalent, and the 
general equivalence of these with the accumulations about two miles west seems 
plausible. Thereafter, the sedimentary facies changes, allied to increasingly struc 
tural complications, render any correlations insecure in the extreme. The assumed 
continuity, together with estimates of oxiderclastic ratios, are given in the accom 
panying figure (Figure 2).

These descriptions of lithologic types apply only to those outcrops where meta 
morphism is weak or non-existent. These are mostly in and near Island 84. To the 
east, rocks of this group (metasediments) are uncommon, though they are trace 
able to the eastern boundary. To the west these rocks can be followed to the west 
ern boundary and the metamorphic changes are better observed in the west The 
most obvious changes are those of fabric. For example, highly argillaceous rocks 
rapidly develop a phyllitic or schistose character, together with a distinct increase in 
grain size. Quartz-rich layers in the oxide beds become coarsely crystalline; so do 
iron oxide-rich layers, though to a lesser degree. In some iron oxide layers, the ox 
ide takes the form of micaceous hematite as well as granular magnetite, and the 
rock becomes a kind of phyllite.
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Mineralogical changes are most noticeable in two lithologic types, argillaceous 
layers and argillite-rich zones in the greywackes, and in impure oxide beds. The 
argillaceous layers or argillite-rich greywackes give way to impure pelitic schists 
characterized by large mica plates and partially recrystallized quartz and feldspar. 
Increasing metamorphism gives rise to schists which develop metacryst? of alumi 
nous silicates. Common assemblages are: staurolite-almandine-quartz (-biotite- 
plagioclase), staurolite-quartz-plagioclase, almandine-biotite-quartz, and normal bio- 
tite-quartz-plagioclase schists. As Goodwin (1965, p. 11 and Photos 3, 4, and 5) 
points out, the aluminous metacrysts commonly protrude from the weathered sur 
face and are easily recognized.

Development of these minerals in graded beds leads to staurolite-rich layers 
with metacrysts up to three inches long in the upper part of the bed, while the 
quartzo-feldspathic lower part remains at a much smaller grain size, an example of 
reversal of graded bedding by metamorphism. At lower grades or in slightly less 
aluminous compositions the staurolite does not develop, its place being taken by 
almandine, chlorite, or biotite. If a cleavage develops transverse to the grading, it is 
commonly much better displayed in the upper part of the graded bed, due to this 
noteworthy growth of phyllitic minerals. Both metacryst and cleavage development 
serve as sequence indicators in the more metamorphosed rocks.

A thin zone or layer of graphite-bearing schist occurs within metamorphosed 
equivalents of these rocks on the shore of Lake St. Joseph near the entrance to 
Root Bay (see Map 2157, back pocket). Presumably they represent carbonaceous 
argillites similar to the argillite lenses seen elsewhere. They give rise to a noticeable 
magnetic anomaly, which was investigated by Selco Exploration Co. in the summer 
of 1964. The graphitic schist contains sulphides also, but no encouraging metal 
content has been found to date.

Oxide beds which consist of little else but iron oxides and silica, as is the case 
with the thicker bands, merely recrystallize as the metamorphic grade increases. 
Less pure beds develop amphibole or biotite laminae at the contact of the oxide 
band with adjacent phyllitic material, or within the oxide layer itself. Locally garnet 
may also appear. Commonly, however, only one mineral occurs in such a position.

Certain lenses of magnetite-almandine-hornblende-quartz rock, or magnetite- 
almandine-biotite-quartz rock are found scattered sporadically in some of the 
southernmost exposures of these rocks. These still have sufficient magnetic attrac 
tion to deflect a compass needle somewhat, and they are always quite dense. They 
are interpreted as metamorphosed impure oxide beds, or, perhaps better, iron oxide- 
rich greywackes. The flanking rocks are usually the metamorphic equivalent of feld 
spathic greywackes. Comparable material also occurs on the shore of, and north of, 
Johnston Bay. There the rocks are a thoroughly mixed assemblage of basic and 
silicic volcanic rocks, together with sedimentary lenses.

Metavolcanics

The central part of the Lake St. Joseph area is underlain by volcanic rocks. 
Where most fully developed, the total thickness is at least 18,000 feet. Elsewhere, 
as towards both east and west boundaries, the thickness may fall to less than 2,500 
feet. These variations in thickness seem dominantly to reflect original variations. 
The effect of tectonic activity has been exclusively to thin the sequence. The rapid
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reduction in thickness in the western part of the area is linked with intense shear 
ing. Equally intense flattening, and hence thinning, of the volcanic rocks against the 
Bamaji-Blackstone Granite is very obvious and probably has reduced the thickness 
of the contiguous 500 to 1,000 feet by a factor of 4 or 5. Moreover, the granite has 
engulfed unknown amounts of volcanic rock, as indicated by sundry inclusions, 
some of considerable size. At a reasonable estimate, the volcanic rocks must have 
approachejd 25,000 feet in maximum thickness prior to deformation. Compositions 
range from basaltic through andesitic to rhyolitic, and there are wide variations hi 
physical type.

BASIC TO INTERMEDIATE METAVOLCANICS

At least 8,000 feet of basic to intermediate volcanic rocks outcrop from the 
contact of the Bamaji-Blackstone Granite eastward towards Island 84 (see Maps 
2156 to 2160, back pocket). The original thickness must have been greater, per 
haps up tcj* 15,000 feet, but the lower portion has been partly obliterated and much 
thinned by the Bamaji-Blackstone Granite. From this maximum exposed develop 
ment, these volcanic rocks can be traced over the remainder of the area. To the 
west, these rocks rapidly become less than 2,000 feet thick, due to flattening as 
well as original variations, but they persist to the western boundary of the area. In 
the other direction, late folding has forced the volcanic rocks to strike north into 
Johnston Bay; there they are inflected over the axial surface of an early syncline,
and strike first southeast and then east to the eastern boundary, becoming thinner
in that direction. This thinning was almost entirely due to original changes in thick 
ness. According to published data (Goodwin 1965, p. 21, and Maps 2091 to 2094; 
Harding 1935, p. 62 and Map 44f; O.D.M. Maps 1958B and 2024) these basic 
volcanic rocks are traceable into comparable rocks in the Lake Pashkokogan, Fry 
Lake, and Papaonga Lake areas respectively, but there is in this recorded conti 
nuity no Necessary conclusion that the rocks in this area are of the same age or the 
same source as those elsewhere.

Two things are noteworthy about these volcanic rocks. First, they are over 
whelming y effusive in character, with most of the rocks having all the charac 
teristics ol: flow material; there are many varieties but evidence of the primary fabric 
persists tt rough all but the most intense recrystallization and strain. Second, their 
response to deformation changes rapidly from place to place; where units are thick 
and massive, folds are usually large and have smooth open profiles; where units are 
thinner, and presumably much better layered originally, they are more drastically 
folded, and they accept a penetrative cleavage much more readily.

Simple flows can be recognized in many places. The best locations are close to 
the Bamaji-Blackstone Granite south of the rapids where the Cat River (East 
Channel) enters Johnston Bay; in some outcrops found in the burnt-over area on 
the north shore of Lake St. Joseph; in some islands east of Island 84; and close to 
the easterp boundary. Most of these are in the lowest known parts of the sequence. 
These rocks are typically layered, of moderate thickness, and may lack notable in 
ternal structures. In several places where such flows have been recognized, they are 
vesicular or amygdaloidal, and their original nature is quite clear. Many areas of 
basic to intermediate volcanic rock, however, possess no internal structure, but they
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ODM7536 
Photo 9 — Banded hematite-chert, interstitial to pillows with vesicles near the rims, on Island 276.

ODM7537

Photo 10 —Highly vesiculated pillows, with concentric zoning and narrow marginal zones, on Island 88. 
Note lack of interpillow material. Pillowed flow rests on massive flow shown in upper left.
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ODM7538 
Photo 11 - Pillow breccias on Island 37. Rounded masses, somewhat modified by shearing.

also are regarded as simple flows, though they cannot with certainty be ascribed to 
any one physical type.

Pillowed flows are exceedingly common, and have proved invaluable in helping 
to establish sequence (see below). Excellent pillows, up to eight feet across, occur 
on Island 264. They have selvages up to three inches wide, but internally they lack 
any structure. On an island nearby, pillows in a flow about 2,000 feet lower in the 
sequence are smaller, rarely exceeding five feet in diameter. They have narrow 
selvages, and are highly vesicular close to the rim. In both these occurrences, note 
worthy interstitial material occurs, commonly rich in silica and iron (Photo 9). On 
Island 88, a quarter mile east of the northern part of Island 84, pillows in the high 
est flow in the formation are small, dominantly subspherical to ovoid, and have rel 
atively little interstitial material. They are also remarkable for the multitude of ves 
icles each pillow contains; these vesicles, together with what appears to be selvages, 
occur in sets disposed concentrically with respect to the margin (Photo 10). Pre 
sumably this is the result of a discontinuous solidification process. Many other 
occurrences of pillowed flows have been noted. Some of them are recognizable only 
with difficulty, due to the intense flattening and possible stretching which has 
occurred. This is best seen at or close to the contact with the Barnaji-Blackstone 
Granite, where pillows, normally subequant, assume shapes where one dimension 
may be up to 60 to 80 times the other.

Pillow breccias are also common in the area. These are relatively peculiar 
rocks. They consist of pillow-like bodies embedded in a fine-grained matrix, but 
with enough matrix to keep the pillows from touching each other. The amount of 
matrix may reach 50 percent of the rock. The pillows may be smoothly rounded in 
profile (Photo 11), or they may have convoluted margins (Photo 12). They may
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ODM7539
Photo 12 —Pillow breccias on Island 38 with convoluted masses. 

Note "free-floating" character of some masses.

on the other hand be cracked, perhaps even fragmented (Photo 13). They have 
been noted in association with compact pillowed flows and with fine-grained mate 
rial, looking much like the matrix of the pillow breccia. The precise nature of the 
matrix is not clear; it could be recrystallized tuff or recrystallized lava. Pillow 
breccias were first systematically described by Henderson (1953), and more re 
cently have been recorded in British Columbia (Carlisle 1963). In the latter paper, 
it is noted that commonly the pillow breccias lie immediately on top of normal pil 
lowed sequences, and that the pillow breccia may grade (laterally?) into tuff beds. 
The first relationship has been noted at Lake St. Joseph, but not the second. Illus 
trations to both these papers can be matched by exposures in the Lake St. Joseph 
area.

Flow breccia is recognized in a few localities. Some units seem to be autobrec- 
ciated, while others show signs of brecciation caused by later flows. While these 
metavolcanics are overwhelmingly effusive in nature there are sundry layers of 
acidic pyroclastic material. Tuff beds occur near "The Narrows" 1 and also in the

Un this report "The Narrows" refers to the channel southwest of Island 475 (see Bruce 
1922a, Map 3 le, and Map 2159, back pocket).
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ODM7540 
Photo 13 —Pillow breccias on Island 37 with fragmented masses.

area near Benmeen Lake near the eastern boundary of the map-area, there linking 
with comparable rocks in the Doran Lake area (see Goodwin 1965, Map 2095). 
One unit of lapillistone is particularly noteworthy. It is seen just south of the 
boundary of the Carling Granite, about three miles north of "The Narrows", and 
extends eastward for over four miles. It contains lapilli of silicic composition within 
a more basic matrix. When metamorphosed, this becomes a feather amphibolite, 
the matrix converting mainly to amphibole, leaving the lapilli as quartz-feldspar 
aggregates. What appear to be systematic variations in the proportions of amphi 
bole to quartz-feldspar as this unit is traced eastward, suggest that the unit becomes 
progressively depleted in lapilli and augmented in tuffaceous material in that direc 
tion. This may imply derivation of this material from a source lying west of the 
present district boundary, with transport from west to east.

Tuffaceous beds also occur in the area north of Root Lake where they are also 
included as a part of the basic to intermediate metavolcanic sequence.

The interpretation of these intercalations is that they represent material added 
from sources which were not those responsible for the bulk of the volcanic rocks of 
Western Lake St. Joseph area. Their presence then would suggest other volcanoes 
active at the same time as the Western Lake St. Joseph volcanic centre.
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About 1,000 feet north of Island 240, on what is now an island, and also on 
the mainland 3,500 feet east and northeast of Island 240, there are outcrops of 
metadiorite, comprised mainly of hornblende, plagioclase, and epidote. The fabric 
of the rock, however, is not massive, but fragmental. The fragments have no pre 
ferred size or orientation and they are enclosed in a matrix of fine-grained amphi 
bole and feldspar. In the exposure north of Island 240, this rock is in contact with 
basic volcanic rocks and the contrast in fabric is striking. The most easterly outcrop 
is in contact with unbrecciated metadiorite, and the separation of the two rocks is 
quite clear. These outcrops are interpreted as explosion breccia or agglomerate. 
They are unique in the area and are closely associated with diorite, elsewhere 
(see section on "Basic Intrusive Rocks") tentatively regarded as a solidified mag 
ma chamber which supplied the basaltic lavas.

The explosion breccia to the north of Island 240 has associated with it a large, 
somewhat irregular piece of massive white chert. Both chert and breccia contain 
pyrite, now much rusted. The chert and sulphide occurrences support the idea that 
the breccia is in some way connected with the vent or vents from which much of 
the volcanic activity came.

The best exposures of the basic to intermediate volcanic rocks are found mainly 
in the islands in the central area of Lake St. Joseph. Accordingly, while the out 
crops themselves are quite revealing, lateral equivalence of a unit on one island 
with a comparable unit on another is not demonstrable. Locally, various types of 
basic or intermediate flow rocks can be seen to be complexly interlayered. This 
complexity when combined with the structural disturbances known to have 
occurred, means that no definite internal stratigraphy for the rocks can be given, 
though tentative sequences are given elsewhere in this report (see Table 3).

None of the volcanic rocks show an original igneous mineralogy, due to the 
subsequent regional recrystallization and deformation. The rocks now range in 
appearance from thick massive layers, only slightly altered, through sericite schists 
to massive amphibolide rocks which locally may be gneissic. Except where recrystal 
lization and deformation have acted on a well laminated or very fine-grained rock to 
produce a finely cleaved sericite schist, as near the southern shore of the lake, 
enough of the original aspect is retained to make recognition possible. Moving into 
areas of greater metamorphism, for example westward towards Root Lake, recog 
nition of the precise nature of the parent rock, other than that it is of basic to 
intermediate composition, becomes virtually impossible.

In the least altered basic effusive rocks, which are found mainly in the centre 
and towards the eastern margin of the area, the major minerals observed are: 
chlorite, epidote, and actinolite, with minor biotite, quartz, and plagioclase (Anio 
or less). This assemblage corresponds to the quartz-albite-epidote subfacies of the 
greenschist facies. Quartz and biotite are the least common of these minerals. The 
proportions of the remainder fluctuate somewhat from unit to unit, presumably in 
response to subtle chemical variations. Locally, recrystallization may be so weak 
that igneous texture is still easily discernible.

Increasing metamorphic level results in the appearance of almandine garnet and 
hornblende at the expense of chlorite, biotite, and actinolite. The feldspar is also 
different, being oligoclase-andesine in place of albite. A typical assemblage in John 
ston Bay is hornblende-almandine-quartz-plagioclase (-epidote). This corresponds 
to the staurolite-almandine subfacies of the almandine amphibolite facies. No high 
er level has been recognized.
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ODM7541
Photo 14 —Silicic pyroclastic breccia at "The Narrows" with the 

fragments in a matrix of more basic composition. 
Movement plane outcrops parallel to arm of Brunton 
compass; layered material occupies a position equiva 
lent to bedding as measured nearby.

SILICIC METAVOLCANICS

Contrasting with the basic to intermediate metavolcanics are dominantly silicic 
rocks, produced largely by explosive activity. The lowest unit of an obviously ex 
plosive origin occurs within the effusive sequence, about 1,500 feet below the in 
ferred base of the main explosive sequence. It is there overlain by phyllitic meta- 
sediments, the one certain unit of basic to intermediate fragmental rock, and a 
pillowed unit. Thereafter about 10,000 feet of silicic fragmental rocks or silicic 
flow rocks outcrop eastward to within a quarter mile of Island 84. Lateral equiva 
lents are traceable westward along Lake St. Joseph and thence to the western 
boundary of the area, though there is an interruption that occurs just east of Root 
Bay and continues for about 12 miles to the west, which may be ascribed to either 
non-deposition or post-depositional erosion. These exposures of the silicic metavol 
canics are relatively homogeneous in the sense that little if any basic rock or sedi 
mentary material is interlayered with it. Thickness decreases rapidly to less than 
1,500 feet at the western boundary. The silicic metavolcanics extend into Johnston 
Bay, where they are intricately mixed with basic to intermediate metavolcanic units 
and with local lenses of sedimentary material. From there a unit continues, thinning
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ODM7542

Photo 15 —A silicic agglomerate of angular to slightly rounded 
fragments of lapilli tuff in a more basic tuffaceous 
matrix. Island 112.

rapidly, past the east shore of Island 84 where it is involved in intricate double fold 
ing, thence to Island 17, from where it proceeds no more than one mile west- 
southwest, after which it is no longer seen.

A wide range of lithologic types occurs within the silicic metavolcanics. Con 
tacts between these types are not always sharp, and layering within lithologic types 
is rare. Nonetheless, a layered pattern within the sequence as a whole can be dis 
cerned.

Pyroclastic breccia and agglomerate* and their highly tuffaceous varieties in 
clude all those rocks composed mainly of fragments over 2.5 inches in diameter. 
Such rocks are quite common in the area. Where most conspicuous, in the lower 
and middle parts of the sequence, there are units up to 100 feet thick, composed of 
fragments up to 12 inches across (as seen in a horizontal exposure) embedded in a 
relatively homogeneous matrix of tuff. In most units, the compositions of fragments 
and matrix appear to be about the same, as judged from colour and mineralogy, 
but there are localities where the matrix is clearly a little more basic than the frag 
ments. In such cases, the resulting rock is quite striking (Photo 14). The fragments 
are variously angular, or rounded as an original feature, and may be further round 
ed tectonically (Photo 15).

^Terminology used in this section follows the classification of volcaniclastic rocks pro 
posed by Fisher (1961).
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ODM7543

Photo 16-Hand specimen of lapillistone from Island 371. Note slight drawing out of lapilli in move 
ment plane, which is parallel to straight edge.

Lapillistone and lapilli tuff are moderately plentiful in the area. The fragments 
range from about 2 inches across down to 0.1 inch, and are enclosed in a close- 
packed matrix customarily of sand size material (Photos 16 and 17). These rocks 
also form units up to 70 feet thick, but are usually somewhat  thinner. With some 
exceptions the matrix is approximately the same composition as the fragments.

Tuffs constitute over half the silicic volcanic sequence either as matrix to frag 
mental rocks, or as coherent units. Grain size corresponds roughly to sandstone and 
siltstone, though it may have been modified by recrystallization. Some lapilli are 
usually present in minor amounts. Composition is invariably silicic; tuffs corre 
sponding to the basic to intermediate matrix material reported before, have not 
been seen in separate units.

Layering in these pyroclastic units is highly variable, as might be expected. The 
breccias and agglomerates are hardly bedded at all, and have little if any sorting. In 
addition, outcrop pattern suggests that their cross-section is prismatic, as opposed 
to the more tabular cross-section of the lapillistone and the blanket nature of the 
tuff units. Bedding is best seen in tuff units, a few of which are so well-bedded that 
water deposition seems likely (Photos 18 and 19). Attitudes of bedding reported 
from these rocks are therefore approximations for the most part; in the coarse frag- 
mentals, the attitude is usually that of a contact. There is, however, a well-defined 
gross pattern in the silicic metavolcanics which accords well with the pattern devel 
oped in adjacent rocks.
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ODM7544

Photo 17 — Contact between agglomerate with tuff matrix and 
intermediate tuff with scattered lapilli, at "The 
Narrows"; contact measured as bedding.

Autoclastic breccias are thought to be present in two places. The first is half a 
mile west of Island 84, where tuffs have been fractured in an erratic fashion, and 
fragments of the tuff, both rounded and angular, now lie in irregular fashion within 
a darker much finer-grained matrix (Photo 20). The major fracture planes and 
the breccia seem in no way related to the layering, the later schistosity, the joint 
sets, or the gross shape of the tuff unit. The fracture planes penetrate the tuff for 
only a few yards beyond the actual brecciated material. The matrix is extremely 
fine-grained, and corresponds to tuffisite in Fisher's scheme (Fisher 1961, p. 1411, 
1412). The best interpretation to be placed on this occurrence is that it represents 
a diatreme, a gas-drilled hole in which the host rock is fractured and comminuted 
by the gas streaming in the hole.

The second locality is in rhyodacite flow rocks on Island 212. There the rhyo 
dacite has been irregularly fractured, and again the fragments are embedded in a 
tuffisite matrix. Fracture planes are not obvious within the main body of the 
rhyodacite. This occurrence might be a diatreme or it might be flow breccia, or it 
might be the result of fracturing by gas expansion within the flow, while the 
flow was still hot and perhaps not entirely solidified.

The silicic metavolcanics range in composition from andesitic through dacitic to 
rhyolitic, mainly the first two. Original mineralogy is hardly present anywhere,
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ODM7545 
Photo 18-Well layered tuffs, possibly waterlaid, Island 123.

ODM7546
Photo 19-Close-op of outcrop in Photo 18 (Island 123). Note "load cast" structures just to left 

of pen.

27



Western Lake St. Joseph Area

ODM7547 
Photo 20 — Brecciated tuff rone on Island 123, interpreted as of diatreme origin.

though most of the rocks, even the highly deformed varieties, may still contain rel 
ict corroded quartz and plagioclase. The tuffaceous portion of these rocks now ap 
pears as an assemblage of sericite-albite-quartz (-orthoclase), all of these minerals 
occurring in varying proportions. There are rare occurrences of amphibole and gar 
net as the composition tends to the andesitic and the metamorphic intensity in 
creases. For the most part, however, these silicic metavolcanics do not appear in 
those areas which have undergone the greatest metamorphism. Consequently, most 
tuffs now appear as quartz-sericite schist where the late cleavage is intense, or as 
sericitic or schistose matrix enclosing partially modified fragments. Some of the 
more blocky and bouldery units are relatively little altered, and the fragments may 
then be identified as quartz porphyry, rhyodacite, tuff, and other lithic types.

"Flows" are found within the silicic metavolcanics. These flow1 rocks are most 
abundant on the islands in the narrowing western portion of the lake, but have been 
noted also on Island 17, half a mile southeast of Island 84. Some of the flows 
demonstrably post-date at least a portion of the silicic metavolcanics, though since 
fragments of comparable material occur in lapilli tuffs in the upper third of the se 
quence, the flows must have been emplaced during the explosive activity. Evidence 
for their age relationships to the tuffaceous and other rocks is most strikingly dis 
played on Islands 375 and 383 (Figure 3). In both places, silicic flow rock is in 
trusive into tuffs, now sericite schists. On Island 375, the rhyolite-quartz porphyry, 
which is locally autobrecciated, has sharp but irregular contacts against the meta- 
tuff; it also contains tuff fragments. The southern edge of the flow, which is its top, 
has numerous mafic schistose clots aligned parallel to the contact. This suggests

14'Flow" is perhaps an over-generalization for all these rocks. Some probably are intrusive 
in part.
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Figure 3 — Sketches showing the intrusive contact relationships between silicic flows 
and tuffs (Island 375).

mechanical incorporation of tuff and perhaps andesite from nearby. At Island 383, 
the flow is again autobrecciated, and encloses fragments of mafic material.

True flows have been seen on Island 212 and in adjacent islands; on Island 
374, about one mile west of Island 212; and on Island 208, a quarter mile north 
east of Island 212. These rocks are white to pale yellow-green in colour, aphanitic 
and even glassy-looking. A banding is common in all these occurrences and is 
regarded as due to flow. Joint planes in these rocks are customarily curved and ir 
regular, not in any way related to regional joint patterns. Except at some marginal 
areas, no signs of shear have been seen. In section, they are uniformly exceedingly
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ODM7548
Photo 21 —Thin section, silicic ("porphyry") flow rock from Island 207.

fine-grained, with the exception of a very few phenocrysts of quartz, which are in 
variably corroded (Photo 21).

The occurrence of these flows within tuffaceous rocks of the silicic metavolcan- 
ics where these rocks are thinning from 3,000 feet to about 1,000 feet suggests that 
these "flows" might be interpreted as flank eruptions, well down the slope of the 
original volcano, rather in the fashion of the flank eruptions of Mt. Mazama (Wil 
liams 1942, particularly p. 37-38, 47-54).

CHEMISTRY OF THE METAVOLCANICS

Thirteen analyses of volcanic flows and pyroclastic rocks have been performed 
and are presented as part of Table 2. The bracketed figures here refer to estimated 
altitudes in feet below an arbitrary datum, taken at the base of the Upper Clastic 
Rocks (see Table 3).

Analyses 3 and 4, for flows at the present base of the Lower Volcanics, are of 
basaltic rocks. Thereafter, the analyses show increasingly silicic composition as the 
pile is ascended, until with analysis 11, for the highest sampled extrusive from the 
main volcanic vent, rhyodacitic to rhyolitic material is met Analyses 13 and 14 are 
from presumed flank eruptions and are decidedly silicic. Analysis 2 is of a basalt 
flow apparently high in the sequence. As has already been pointed out, however, 
the Lower Volcanics outcrop in both limbs of the early fold, while the Upper Vol 
canics are very poorly represented in the east limb of the fold. Hence this basalt 
may well be "stratigraphically" equivalent to the rocks represented in analyses 3 
and 4. In any case, the datum used is, in part at least, a surface of depositional 
discontinuity and probably diachronous. This means that the figures should merely
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Western Lake St. Joseph Area

be taken as implying relative age, remembering that the internal structure of a vol 
cano is not as well-ordered as the figures and the use of a datum might imply.

Inferred Stratigraphy

The layered rocks described above contain many evidences of their original na 
ture, such as relict igneous fabric. They also contain a multitude of sequence indi 
cators which have been used to infer their stratigraphic succession (see Table 3, p. 
32 and Figure 4, facing p. 56).

Table 3 SEQUENCE IN THE WESTERN LAKE ST. JOSEPH AREA (SIMPLIFIED)

CENOZOIC:
RECENT:

Lake and stream alluvium, muskeg.
PLEISTOCENE:

Clay, sand, gravel.

Unconformity 
PRECAMBRIAN:

GRANITIC ROCKS: (rock types 6a-f) 
Quartz-feldspar veins. 
Granodiorite. 
Granodiorite gneiss. 
Aplite.

Intrusive Contact
Quartz-feldspar-mica-tourmaline pegmatite. 
Quartz-feldspar-mica "lit-par-lit" material.

UPPER CLASTIC ROCKS: (rock types la-e and 2a-d): (1,500 to 2,000 feet). 
Pebble beds.
Oxide beds (magnetite, hematite, quartz). 
Argillites and phyllites. 
Wackes and feldspathic arenites.

VOLCANIC ROCKS:
Upper Volcanics (rock types 4a-e): (max. thickness 10,000 feet).

Dacitic and rhyolitic pyroclastics invaded by rhyodacitic "flows". 
Lower Volcanics (rock types 3a-e): (max. thickness 8,000 feet).

Basaltic and andesitic flow rocks invaded by basaltic andesite dikes, and by 
diorite. Some pyroclastic beds.

MAIN CLASTIC ROCKS (rock types la-h): (perhaps 7,000 feet). 
Argillites and arenites, now metamorphosed.

Within the dominantly pelitic metasediments along the southern shore of the 
lake, some arenaceous beds appear to be graded. The grading is not well defined 
and is rare, and, in view of known structural complications, the writer is unwilling 
to place much reliance on it. It suggests that these rocks become younger to the 
north.
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If this is the case, then the zone of interlayering of these rocks with other clastic 
rocks can be interpreted as an upward transition from these pelitic rocks into the 
more varied assemblage of the central strip of the area. This interpretation is ac 
cepted here, and finds abundant support in the host of sedimentary structures ob 
served in these Upper Clastic Rocks. Crossbedding occurs in arenites west of Island 
84. On Island 84, graded bedding, scour-and-fill structures, and load casts abound, 
particularly in the outcrops along the east shore. They all suggest that, in general, 
these clastic rocks become younger from the shore to the interior of the island and 
that the oxide layers (iron formation) occupy a zone high up in this assemblage of 
clastic rocks, and that the coarser conglomerate horizons lie higher still.

This generalized sequence can be sustained in the islands for up to seven miles 
west of Island 84. Thereafter, increasing metamorphism has obliterated virtually all 
such structures.

The volcanic rocks lie below these Upper Clastic Rocks. In the upper or silicic 
portion of the sequence graded bedding and load casts in waterlaid tuffs one mile 
west of Island 84 support this interpretation. In the lower or basic to intermediate 
metavolcanics of the sequence pillow lavas are plentiful and indicate a progressively 
younger age from the contact with the Bamaji-Blackstone Granite to the Upper 
Volcanics.

In addition, one may point to a variety of features, which, while in no way con 
clusive, do suggest a particular succession in the area. For example, the volcanic 
rocks range from basic to acidic in nature. Therefore, in this area, one might expect 
that the sequence of eruption would probably have been from basic to acidic, in 
conformity with a generalized differentiation trend. Again the high level conglomer 
ates must clearly be later than the silicic volcanics and either contemporaneous with 
or later than the oxide layers, because they contain pebbles of these rock types.

The writer, therefore, would suggest that the layered rocks of the Western Lake 
St. Joseph area display a coherent stratigraphy. It is relatively easy to relate this to 
emplacement of igneous rocks. The conception of the stratigraphic succession in 
the area is given in the sequence in Table 3.

Correlation with other areas is difficult or impossible, beyond the most broad 
of generalizations. Volcanic units are continuous from the eastern part of the West 
ern Lake St. Joseph area, east into the Doran Lake and Eastern Lake St. Joseph 
area (Goodwin 1965, p. 20). But no useful equivalence can be established between 
the two areas beyond this. Of course, if each major area of clastic and volcanic 
rocks is to be associated with its own volcanic centre, it is unlikely that detailed 
correlations could ever be made, since each volcano behaved independently, and 
may well not have co-existed as active volcanoes.

The Ntiniss Series of Dyer, to which the Main Clastic Rocks are here attached, 
were regarded by Dyer (1933, p. 6-7) and Bruce (1922a, p. 12-13) as older than 
the immediately associated volcanic rocks. Similar views have been entertained for 
other areas some distance away. However, Bruce later modified this view to one 
adopted by the present writer: "Chronologically, the ancient sediments (i.e. the 
Miniss Series) and the lava flows are in part contemporaneous1, but the lower sed 
iments of the northern areas probably are much earlier than the period of volcanic 
activity" (Bruce 1927, p. 781) -as a result of wider acquaintance with these 
rocks. The term "Couchiching" may be applied to these rocks, but as a quasi- 
lithologic term, having no temporal implications.

1 (Emphasis by the author Ed.)



Western Lake St. Joseph Area

Basic Intrusive Rocks
Dikes occur in certain parts of the area. They are found in all levels of the meta- 

volcanics but are most abundant at, or close to, the contact between the Lower 
and Upper Volcanics. No such dikes penetrate the clastic rocks.

These dikes are a puzzling group of rocks. They are never very wide, and are 
customarily of irregular geometry, swelling and diminishing, or with irregular mar 
gins. Some are cleaved as the adjacent rocks are cleaved, though they do not neces 
sarily extend parallel to cleavage; others lack cleavage entirely, though they may be 
much distorted by passive slip on cleavage in the flanking rocks. On Island 285 and 
nearby, the dikes ramify through pyroclastic and flow rocks impartially and without 
particular pattern. In these cases, the dikes commonly contain fragments of the in 
vaded rocks. On other islands, dikes having one trend are cut obliquely by a second 
dike, which is in turn cut by a third dike showing the first trend. They consist over 
whelmingly of secondary minerals, mainly calcite, chlorite, and saussurite, together 
with a little quartz, and in general are uninformative as to the nature of the parent 
rock. Chemical analysis (Table 2, No. 18) suggests a silica-poor andesite.

Sills are interlain with flow rocks of the Lower Volcanics and appear conform 
able. They are usually thick and massive actinolitic amphibolites. In thin section, 
they appear uniformly coarse-grained or, in some cases, porphyritic, these being rel 
ict igneous textures. A few crystals of clinopyroxene have been observed, but the 
common mafic mineral is a pale amphibole, which appears to be primary. These 
two minerals form all the porphyritic phase of the porphyritic rocks. They may be 
partially to completely altered to chlorite, the alteration being visible on all crystal 
margins. The groundmass is highly altered to a saussuritic aggregate, but there are 
a few areas of recognizable plagioclase, whose composition is An^so. Stellate 
aggregates of amphibole penetrate the saussuritized groundmass. There are also 
rather large anhedra of sphene. Both texture and field relations suggest basic intru 
sions of roughly dioritic composition. They are best displayed on Island 49 (and 
possibly also on islands to the northwest) where they occur interlayered with pil 
lowed and simple flows, and possible autobreccias. Comparable rocks have been 
noted on an island (once part of the mainland) a quarter mile north of Island 276, 
and on Islands 214 and 229, four miles west of Island 84. None of these sills dis 
plays any internal structure; none is found beyond the Lower Volcanics.

Diorite plutons occur within basic volcanic rocks in several places: along the 
north shore of Lake St. Joseph, in the islands three miles northeast of Island 84, 
and close to Carling Island; east of Miniss Bay the dioritic plutons occur in the 
metasediments. They are coarse-grained to pegmatitic in texture, and commonly 
show segregation of the feldspathic from the mafic components. In thin section, the 
freshest samples are composed of andesine and a vividly pleochroic, fibrous amphi 
bole. The habit of the amphibole suggests that it may be secondary, but if this is 
the case, crystal outlines do not indicate the nature of the primary phase. In the 
majority of cases, the andesine is much altered to a saussuritic aggregate. A note 
worthy part of the rock is composed of granophyric intergrowths.

These diorites are recognized as such by their internal fabric, mineralogy, and 
overall form, which is irregular. Also worth comment are two features which indi 
cate their relationships to other rocks.

First, the diorite northeast of Island 84 has produced chiastolite hornfels in so- 
called "Keewatin slates". These are here thin lenses of black argillite locally 
interbedded with members of the Lower Volcanics. Now they contain a multitude of
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metacrysts of chiastolite, much altered to white mica. The presence of chiastolite 
suggests a temperature of about 5000C for the metamorphism of these rocks, 
which accords well with temperatures calculated according to the procedure given 
by Jaeger (1959).

Second, the diorites are surmounted by a bouldery conglomerate, whose most 
common members are of pelitic or basic volcanic composition.

These two features suggest that the diorites were intruded into the rocks of the 
Lower Volcanics when these were cool, and that subsequent erosion unroofed the 
diorites. Exactly when this erosion occurred is not determinable. Unroofing of dio 
rites, presumed to be solidified magma chambers, has been recorded from the Aleu 
tian volcanoes (Coats 1956). There the unroofing occurred at the termination of a 
dominantly effusive stage of volcanic activity. Possibly an analogous interpretation 
holds here. Certainly the lack of silicic material in the conglomerate suggests com 
pletion of this erosive stage prior to the inception of explosive activity.

Another type of basic intrusive rock is found on some islands in the centre of 
Blackstone Lake and on the mainland nearby. Here the exposures are of a coarse- 
grained hornblende-biotite-feldspar rock. This unusual rock type forms the "black- 
stone" from which the lake is named and is believed to have been of ultramafic 
origin.

Granitic Rocks
Two large plutons of granitic rock lie to the northeast and northwest of the 

main volcanic-sedimentary area. These plutons have been termed, by the writer, the 
Carling Granite and the Bamaji-Blackstone Granite respectively.

The Carling Granite outcrops on Carling Island, and on both shores of Lake St. 
Joseph in the vicinity of Carling Island, and it can be traced westward. Its southern 
margin is in contact with basic volcanic layers and is roughly concordant with 
them. This granite can be mapped westward on the south shore of the lake until the 
lake narrows and swings south; thereafter the contact lies wholly on the north 
shore. It gradually veers from its generally east-west orientation to a north-south 
orientation about two miles northeast of Johnston Bay.

This granite is dominantly a massive, relatively unlayered body where it has 
been examined in any detail, but it is characterized, particularly in the area around 
Carling Island, by plentiful xenoliths. These are mostly pelitic or basic plutonic 
material. The granite is dominantly a biotite-plagioclase-orthoclase-quartz rock 
where the feldspars may locally appear as a porphyritic phase. The colour is pink 
for the most part but there are white and grey facies, which seem to be less rich in 
potassic feldspar. A continuation of this 'body some miles to the east has been dated 
by the potassium-argon method at 2,420 million years (Lowden ei al. 1962, p. 79, 
analysis GSC 61-136).

The Bamaji-Blackstone Granite has been examined in somewhat more detail. 
Compared to the Carling Granite it is decidedly inhomogeneous. In the area of 
Blackstone Lake it is mainly a massive pink to white coarse-grained granite. At its 
margins, the fabric is coarsely gneissic to well layered, perhaps due in part to shear 
ing. Also, in the flanking basic volcanic rocks near the margin are numerous 
apophyses or detached masses of fine-grained alaskitic material. Gneissosity is also 
common at numerous places in the interior of the pluton, particularly close to the 
larger inclusions.

Inclusions are common, ranging from the small and almost completely digested
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up to the large pieces of metavolcanics which, in the southern arm of Roadhouse 
Lake for example, may exceed one-quarter mile long, and which may still retain 
pillow structures in their interior. Also worth noting are areas of xenolithic granite 
where the xenoliths are of very well-banded granitic gneisses of about the same 
composition as the main granite.

At Blackstone Lake, as mentioned earlier, the "blackstone" is a hornblende- 
biotite-feldspar rock, of exceptionally coarse grain. Feldspar occurs interstitial to 
the mafic minerals and constitutes no more than five percent of the rock. The pecu 
liar composition and textures suggest an ultramafic body, enveloped in the granite. 
Hybridization has occurred to yield a dioritic-looking fringe to the mafic-rich body.

Other minor bodies of granite have been found in the vicinity of Benmeen Lake 
and also a few miles west of Benmeen Lake.

In marked contrast to the plutons described above is the migmatitic granitic 
material of the southern part of the area. Quartzo-feldspathic material, probably 
injected, is plentiful throughout the dominantly pelitic schists and gneisses of the 
Main Clastic Rocks. This injected material varies in quantity and nature of its dis 
tribution. In the Dawson Lake area, well over 50 percent of the exposures are 
describable as granitic rather than sedimentary in nature, but there is usually suf 
ficient metasedimentary material visible to permit the continuity of the Main Clastic 
Rocks to be inferred. Elsewhere, the average amount of granitic material decreases 
generally to the north and west, and appears more and more as thin veins within 
the metasediments. Finally, close to the south shore of Lake St. Joseph, the injected 
material appears as irregular but large pegmatitic bodies. Some may be concordant, 
but the majority of them seem to be transverse to the major planar structure, 
and to have been deformed as a result of slip on the planar structure in the host 
rocks.

The injected material in the far south consists of quartz, plagioclase, potassic 
feldspar, and muscovite in the main, with accessory tourmaline. Material farther 
north, as it becomes more pegmatitic also acquires more tourmaline, until, in the 
northernmost pegmatites it is a very conspicuous component. Very coarse graphic 
intergrowths of quartz and plagioclase also become common in these pegmatites.

STRUCTURAL GEOLOGY

Faulting and Folding
The area has been affected by three phases of folding and a phase of disloca 

tion. "Phases" here refers to geometrically separable sets of structures; no implica 
tion is intended of well-defined periods of movement. The initial description applies 
only to the west half of the area.

DEFORMATION, PHASE I

The first phase of movement produced a major syncline with its core now in 
the Upper Clastic Rocks (see Table 3), its northern and western limb entirely in 
the volcanic rocks, and its southern and eastern limb in the Main Clastic Rocks and 
the Lower Volcanics.

This asymmetry in distribution of rock types is peculiar at first sight. The 
interpretation of the stratigraphy, however, provides a sound explanation. The main

36



North

58
77

D 51 76

Trace o/ bedding, attitude indicated.

Trace of axial surface of first (Ft) 
folds.

Trace and attitude of axial surface 
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Figure 5 — Sketches showing patterns of folded folds (see also Photo 22).
ODM 3542
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ODM7557

Photo 22 - Phase l isoclinal folds deformed into Phase M highly distorted folds. Quartz lenses oblique 
to layering are equivalent to cleavage of Phase M. In magnetite-chert oxide beds on 
Island 84.

synclinal axial surface developed in approximately the position where the volcanic 
rocks were thinning rapidly or did not exist. The consequence is that the major fold 
has in its limbs two dissimilar "facies". This may well have been accentuated some 
what by faulting, but the effect of such dislocation is secondary to the effect of in 
itial distribution of rock types. Evidence for this large fold, and for attendant small 
er folds aligned roughly parallel to it are found in sedimentary structures in the 
Upper Clastic Rocks and in pillowed structures in the Lower Volcanics. With few 
exceptions, these structures are unequivocal, and demonstrate the existence of the 
major syncline, flanked to the southeast by small anticline-syncline pairs. The 
southern limb of the syncline is the northern limb of a suspected anticline.

So far as can be judged, the axial surface of the major syncline, the best dis 
played of all, is approximately vertical, but it undergoes extravagant inflections in 
strike; in the far western part of Lake St. Joseph, it is roughly east-west. Proceed 
ing towards the east, the axial surface is stepped to the south in a series of Z-profile 
folds until Island 162 (Fish Island) is reached. Thereafter, the axial surface con 
tinues with no apparent disturbance to Island 84, where it undergoes two large 
swings, eventually turning northwesterly into Johnston Bay.

There is no definitely identifiable cleavage associated with this phase of folding, 
and certainly no cleavage of this generation in the Upper Clastic Rocks. Linear 
structures are also few, the only certain ones being associated with minor folds of 
this generation. These minor folds plunge southeasterly in Johnston Bay, and var 
iously to east or west in the area west of Island 84. On Island 84, their orientations 
box the compass.
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Bamaji-Btackstone Granite. Trace of axial surfaces of second (Fi) folds.

Plunge of first (Ft) folds.

Upper Volcanics.

Upper Clastic Rocks.

Trace of axial surfaces of first (Fi) folds.

Geological boundary, 
definite, indefinite.

Rough position of granites 
not yet exposed at this stage.

Present boundary of granites.

Figure 6 — Schematic maps of the structural evolution of the area, l — Termination of Phase l. Note
curvature of axial surfaces, and plunge depression. M — Termination of Phase II. Earlier folds have been

thrown into folds of varying style. Resultant plunge variations are shown in Figure 7.
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DEFORMATION, PHASE II

The reason for the erratic behaviour displayed by structures of Phase I defor 
mation lies in the Phase II deformation. This produced the ubiquitous, well- 
developed cleavage. Slip on this cleavage, which varied widely in amount and sense 
from place to place, led to the disturbance of the earlier folds into folds which 
plunge steeply to the east. This deformation has particularly interesting results be 
cause a slip surface may cut both limbs of the earlier folds twice. The consequence 
is that the limbs of the earlier folds become markedly refolded (Photo 22 and Figure 
5) and that all minor structures are refolded with them. For any one slip surface 
there can develop four differently oriented linear structures, all belonging to Phase 
II deformation, together with thoroughly distorted linear structures inherited from 
Phase I deformation. Elongated pebbles in conglomerates, elongated clasts in pyro 
clastic beds, and elongated pillows in pillowed flows all lie within the slip surfaces or 
cleavages, but do not necessarily coincide with Phase II lineations caused by cleav 
age intersecting bedding. These elongated items constitute a fifth orientation of a 
linear element of Phase II deformation, and are taken to indicate axes of material 
transport for this phase of folding. Deformed early lineations, analysed by the 
method suggested by Weiss (1959) and amplified by Ramsay (1960), indicate 
transport axes which are roughly coincident with those mentioned above.

The nature of the Phase II deformation indicates the geometry of the early syn 
cline. It must have been a fold which was centrally depressed, and which was 
formed originally with an axial surface bent through at least 30 degrees.

The inferred development of these two sets of folds is illustrated in Figure 6. 
Figures 7 and 8 show the generalized trends of minor and major structures for both 
phases of deformation.

DEFORMATION, PHASE m

Both these phases produced folds which affect the entire area. The third phase 
of folding produced kink folds in the well-laminated rocks near and along the south 
shore of the lake. These are always rather small, causing only local and trivial 
adjustments in regional trends of other structures. Plunges are always steep but of 
variable azimuth; they are, however, of no use for structural interpretation. The 
significant feature of these folds is the conjugate nature of their axial surfaces. Any 
one set of laminae may be kink folded first into a dextrally rotated form, and then, 
the same set of laminae may be folded into a sinistrally rotated form. The result is 
a conjugate fold set. Several such sets occur hi this area, and they all indicate that 
the maximum compression responsible for these folds was oriented horizontally and 
east-west, with minimum compression horizontal and north-south.

DISLOCATION

The dislocation zone is clearly later than all other movements in the area. It 
indicates a brittle response of the rocks to stresses, and it may be concluded that 
what is seen now is essentially a shallow-level feature, but of considerable extent. It 
coincides with the Lake St. Joseph Fault zone, postulated by Parkinson (1962, p. 
92-93) on the basis of air photo studies. No comparable zone extends far to the
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east, so far as can be ascertained; and no inland outcrops, farther than a mile from 
the west end of the lake, show any sign of such disruption. It seems, therefore, that 
though large, this zone does not compare in size with such features as the Murray 
Fault or the Larder Lake Fault. In this zone, there is no evidence for any overall 
sense of movement. In addition, the amount of displacement is unknown. The brittle 
nature of the faulting, the local evidences for interlayering of the Main Clastic 
Rocks with younger rocks, the occurrence of iron oxide-rich beds south of the 
zone, quite comparable to the main oxide beds north of the zone, and the occur 
rence of rocks allocated to the Mlain Clastic Rocks on both sides of the zone and 
within the zone all suggest that cumulative movement was not very great, and cer 
tainly not upwards of 10 kilometres in a vertical sense.

It should be noted that the pegmatites have not been seen north of the fault 
zone. No explanation for this restriction can be offered at this time.

Shearing is common throughout the volcanic-sedimentary pile and at granite 
contacts, but is of no regional significance.

To the east and west of the central portion of the area, structural patterns sim 
plify rapidly to one where the only definite thing that can be said is that the rocks 
are schistose or gneissose, and that the layering is vertical or nearly so.

ANTIFORMAL STRUCTURE

The existence of a large antiformal structure lying well south of Lake St. Jo 
seph has been suggested by Bruce (1922b, p. 40) on the basis of some changes in 
trends of gneissosity in Shekak (now Churchill) Lake. A similar trend change in 
rocks a few miles west of Root Lake, beyond the west boundary of the Lake St. 
Joseph area, may represent the same fold. Both "closures" indicate antiformal folds 
plunging to east and west respectively, and they both occur in the Main Clastic 
Rocks. Though not demanded by other data, a large domal antiform in such a posi 
tion does not conflict with the interpretation offered here or to any of the facts on 
which that interpretation is based.

GEOLOGICAL DEVELOPMENT OF THE AREA

In view of the complexities revealed in this study it seems advisable to present 
an evolutionary sequence for the area, as this has been inferred from the data.

EARLY STAGE

In the earliest stages we may envisage rivers flowing from a continental mass 
(whose position is unknown) and bringing to the Lake St. Joseph area vast quanti 
ties of clastic material. The dominantly pelitic nature of this material suggests pos 
sibly a mature landscape and thorough weathering. The depth of water in which 
these sediments were deposited is unknown. At some stage, effusive volcanic activ 
ity commenced, with much of the basic lava probably emitted into water, This activ 
ity produced a large platform of basic flows which were locally under water as indi 
cated by the sedimentary lenses now found within flows of the Lower Volcanics.
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All these lenses are of material which has derived from a source other than the 
basic lavas. Erosion followed, dissecting the pile, and revealing dioritic bodies with 
in the pile. These plutons may represent the magma chamber from which the basic 
lavas derived.

Renewed volcanic activity, this time overwhelmingly explosive in nature, result 
ed in the production of a stratiform cone of silicic pyroclastic material upon the 
platform of basic lavas. By now, the volcano was standing well above sea level.

FORMATION OF OXIDE LAYERS

Cessation of volcanic activity permitted steady degradation of the volcanic pile 
to yield the variegated sediments of the Upper Clastic Rocks. Erosion was probably 
fairly vigorous, to judge by the poor sorting and coarse grain size of the lower units 
within this sequence, and deposition was probably fairly rapid, so that water was 
trapped within the sediments.

These sediments probably developed in zones flanking the volcano; and it was 
within these zones that the oxide beds were deposited. Presumably the zones were 
areas of restricted circulation permitting the establishment of appropriate Eh-pH 
conditions for the precipitation of the iron oxides. There are no clues to the exact 
derivation of the iron. Goodwin (1962, p. 568) and numerous other workers have

Figure 9 — Schematic composite palaeosections of the Western Lake St. Joseph area, showing 4 stages 
in the depositional history, l — Marine sedimentation producing the Main Clastic Rocks, accompanied 
by formation of a shield-like pile of basic volcanic rocks — the Lower Volcanics. H — The volcanic pile 
has been invaded by a dioritic pluton. Subsequent erosion has degraded the pile, unroofed the diorite, 
and produced a conglomerate lens. Marine sedimentation continues. Ill — Renewed volcanic activity has 
produced a conical heap of pyroclastic rocks, the Upper Volcanics, subjected lo penecontemporaneous 
erosion. The eroded material (Upper Clastic Rocks) is deposited in an area of increasingly(?) restricted 
circulation around the edge of the pile. Flank eruptions of silicic lava and dikes penetrate various levels 
of the pile. Marine sedimentation continues. IV — Volcanic activity ceases. Erosion degrades the volcanic 
pile; the eroded material continues to accumulate in areas marginal to the pile. Marine sedimentation 
continues.
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suggested a fumarolic origin, where the iron occurs in post-volcanic gaseous ema 
nations, though all allow that this explanation need not be of general application. 
The associations in this area are taken by the author to imply that the iron oxides 
were released dominantly by weathering processes from basic portions of the pile. 
On this hypothesis, put forward in its essentials by such people as Alexandrov 
(1955, p. 459-460), James (1954, p. 279-281) and Sakamoto (1950), a logical 
explanation is afforded of the sedimentary sequence in the Upper Clastic Rocks 
which commences with silicic material, and becomes noticeably chlorite-bearing, 
sericite-bearing, and oxide-rich towards the top of these rocks. This could corre 
spond to the initial weathering of the silicic volcanic rocks, later followed by weath 
ering of more basic material.

Subsequent to the deposition of the oxide beds, erosion of all members of the 
sequence yielded the pebble beds.

INTRUSION OF GRANITES

At this point, we can envisage a heterogeneous pile of clastic sediments, prob 
ably largely consolidated in the southern section of the area, intertonguing with a 
wedge of basic and silicic volcanic rocks, and watersoaked epiclastic sediments to 
the north. Into this pile the Carling and Bamaji-Blackstone Granites began to rise 
diapirically. The increase in temperature led to rapid mineral growth in appropriate 
lithologies, particularly in the drier materials, as shown by the poikiloblastic stauro 
lite and garnet. The emplacement of these granites led to the formation of the 
early folds, caught, especially in Johnston Bay, between the two masses. Continued 
upward movement of the granite led to internal slip and flow within the pile as in 
dicated by later cleavage, distorted linear structures, and deformed pebbles and 
boulders. Final adjustments produced the kink folds.

OTHER INTRUSIONS AND METAMORPHISM

This sequence of events is shown diagrammatically in Figures 6, 9, and 10. 
Certain odds and ends have no certain place. For example, emplacement of the 
diorites and their thermal metamorphism of adjacent rocks must have occurred 
some time after all basic volcanic activity had ceased, and the rocks had cooled 
somewhat. The migmatitic injection of the Main Clastic Rocks probably is synkine 
matic with respect to the second phase of folding, representing the results of ana 
texis associated with a temperature culmination whose earlier effects were staurolite 
growth. Nearly all staurolites are pre-kinematic with respect to the second phase of 
folding.

VOLCANIC SUB-SEQUENCE

Within this sequence of events, a sub-sequence is discernible within the two vol 
canic divisions. Initially, lavas were fluid, as shown by their extensive distribution. 
They were at this stage basaltic (Table 2, analysis 2). Progressively, composition 
tended towards the andesitic and the lavas contained increasing quantities of gas at 
solidification. After a period of quiescence and erosion, dominantly explosive activ 
ity set in. At the beginning, material still had an andesitic matrix but contained
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more silicic material in small lapilli. Then the size of fragments increased so that in 
the middle of the sequence blocks were several feet wide and of unknown length. 
At this point explosion must have been violent but producing material which was 
deposited fairly close to the vent, to judge by fragment size. Activity continued ex 
plosively culminating in extensive ash and lapilli falls. Chemical analyses match this 
sequence. Table 2 shows a general trend towards the more silicic material as the 
pile is ascended. The dike (Table 2, analysis 18) probably represents the composi 
tion of material at a moderately late stage in the activity when the explosive mate 
rial consisted of rhyodacite lapilli in a more basic matrix. Rhyolite and rhyodacite 
"flows" occurred as flank eruptions quite late in the volcanic activity as shown by 
their intrusive relationships.

AEROMAGNETIC COVERAGE

An aeromagnetic survey of the map-area was carried out in 1959 by Spartan 
Air Services. The results are available as Maps 901G, 902G, 911G, 912G of the 
Aeromagnetic Series published jointly by the Ontario Department of Mines and the 
Geological Survey of Canada.

The most noticeable feature is the magnetic high (greater than 75,000 gam 
mas) which marks the position of the oxide-bearing Upper Clastic Rocks. The ex 
tension of this anomaly to east and west is minor and suggests that no other impor 
tant occurrence of magnetic iron ore has been missed in the map-area. A notewor 
thy point is that the anomaly as a whole is offset eastwards from the surface 
outcrop of the iron ore. This may indicate eastward extension of the ore at depth, 
which is in accord with the structural interpretation already given.

Another noticeable feature is the magnetic relief associated with various fea 
tures. The western part of the Carling Granite is characterized by undulating mag 
netic relief. The eastern part, however, where xenoliths are somewhat more com 
mon, has a mild domal arrangement. The contact with adjacent rocks is well 
defined by the trend of the magnetic contours and by the marked change in 
magnetic relief in non-granitic terrain. Comparable remarks apply to the Bamaji- 
Blackstone Granite, with the modifications that the contact is not clearly defined 
and that there are more local irregularities. The latter point can perhaps be 
ascribed to the presence of the large inclusions such as the ultramafic body in 
Blackstone Lake, which is marked by a local high.

To the south of Lake St. Joseph, the heavily injected area is marked by a zone 
of very low relief in the west. Changes in the magnetic relief which occur eastward 
have no obvious explanation.

One further point seems worth making. If the Lake St. Joseph area is any use 
ful guide, then the location of rather narrow or irregular, but long zones of high 
magnetic relief coincides with areas of volcanic and sedimentary rocks which have 
been severely folded. In the Lake St. Joseph area, and to the east, west, and north 
of it, the known areas of intensely deformed volcanic and sedimentary material are 
all marked by the most intense anomalies. These anomalies are elongate, narrow, 
commonly sinuous locally, and of high magnetic relief, even in the absence of iron 
ore. By contrast the east-west aligned, elongate but broad, high anomaly about 10
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miles south of Lake St. Joseph, beyond the present map-area, (on Map 901 G), is 
underlain by gneisses probably comparable to the Main Clastic Rocks.

ECONOMIC GEOLOGY

The map-area contains extensive deposits of low-grade concentrating-type mag- 
netitic iron formation, elsewhere referred to as oxide beds. Other than this, only 
disseminated sulphides were found by the writer's field party.

Sulphides

Throughout the volcanic-sedimentary rocks there are numerous zones of only 
local significance containing sulphides. Such zones are most common in the basic 
metavolcanics, less so in the silicic metavolcanics, and uncommon in other rocks.

In these zones the concentration of sulphides is, with one exception, low, with 
the actual minerals being well disseminated through the zone. Such zones are 
usually conformable to the enclosing rocks. They contain pyrite and pyrrhotite, 
rarely magnetite. One zone, on an island about half a mile north of Island 155, is 
much richer in sulphides. However, analyses of all samples showed no gold or only 
traces, and insignificant amounts of copper and nickel.

Iron Deposits

LAKE ST. JOSEPH IRON LIMITED (1)*

Lake St. Joseph Iron Limited owns a group of claims in the island-dotted por 
tion of Lake St. Joseph. The claims lie between 91 0 00'W and 91 0 15'W longitude, 
occupying an irregular area covering several islands and the intervening lake bed 
(see Maps 2158 and 2159, back pocket). As of September, 1962, 84 claims were 
held in the name of Richard Staines, whose address is identical with that of Lake 
St. Joseph Iron Ltd. The claims are numbered as follows:

Pa: 16695, 16697-16702, 16704-16705, 16707-16710, 16713-16729, 
16731-16753, 16755-16766, 16857-16860, 16862-16863, 16865, 16868, 
16871, 16874, 16883, 16912, 17192-17196, 17198, 17202. (All numbers 
inclusive.)

The centre of the claim group is about 65 air miles north-northeast of Sioux 
Lookout, and about the same distance southwest of Pickle Lake. Access is by float 
plane. Alternatively, boats may travel 70 miles from the east end of Lake St. Jo 
seph, where Highway 599 runs, linking Pickle Lake with Savant Lake on the Cana 
dian National Railway, and Ignace on the Canadian Pacific Railway and the 
Trans-Canada Highway.

*Number refers to Property No. on Maps 2158 and 2159 (back pocket).
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History

The earliest recorded hint of the deposits is by the geologist (John E. Davison) 
attached to Ontario Exploration Party No. 9. "At 16 miles [from Root Portage] 
. . . an area of great magnetic variation extends for 10 miles . . . no apparent 
cause was found, as the adjoining schist showed no traces of magnetite." (Davison 
1900, p. 240.)

Bruce (1922a, p. 24) records the staking of claims by one Jabez Williams, and 
the drilling of deposits on Island 162, this taking place in the early 1900s. Bruce 
and, later, Dyer (1934, p. 11-12, 17) comment on the iron formation, Bruce giv 
ing a general description of the deposits, accompanied by theorizing as to their ori 
gin (Bruce 1922a, p. 10-13, 23-32). The Consolidated Mining and Smelting Co. 
of Canada Ltd. (now Cominco Ltd.) explored the deposits in 1932, engaging in 
trenching and diamond-drilling on the major outcrop areas.

Lake St. Joseph Iron Limited which is controlled by St. Lawrence Columbium 
and Metals Corporation, in part via Antiquois Mining Corporation, in 1956 com 
menced surveys in the Lake St. Joseph area, confirming and extending known mag 
netic anomalies by dip-needle survey. Diamond-drilling was carried out simul 
taneously. Further diamond-drilling was completed during the winters of 1957-58 
and 1958-59. Some 12,000 feet of core resulted from these projects. Survey work 
completed the requisite assessment work.

Drilling was carried out on Islands 84, 162 and the island just west of Island 
184, to judge by the remains of drill rigs and heaps of abandoned core. In addition, 
beneficiation tests were performed on samples of the oxide material. The writer 
is indebted to Lake St. Joseph Iron Ltd., for supplying a copy of the engineer's 
report on the company's property.

General Geology

The iron formation is synonymous with the "oxide beds" referred to earlier in 
this report. It forms an integral part of the Upper Clastic Rocks (see Table 3), 
which is the top-most stratigraphic unit recognized in the area.

Beneath the Upper Clastic Rocks are silicic and basic volcanic materials. Both 
older than and contemporaneous with them, are the metasediments of the Main 
Clastic Rocks, which, like adjacent silicic pyroclastics, interfinger and perhaps 
hybridize with the Upper Clastic Rocks. Folding has caused considerable local 
thickening of the iron formation, and probably has developed rather greater 
extension in depth than might be expected.

Volcanic Rocks

With one exception, basic volcanics do not appear anywhere in contact with the 
Upper Clastic Rocks. The exception occurs on the north shore of Island 334 and 
the island immediately to the east, where a thin lens of pillowed volcanics appears 
within the metasedimentary materials.

Tuffaceous members of the Upper Volcanics outcropping immediately to the 
west of Island 84 are well-banded for the most part, although containing horizons 
of lapillistone wherein the lapilli are greatly stretched. Locally it is difficult to dis 
tinguish lapilli tuffs from impure arenites of the Upper Clastic Rocks.
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ODM7558
Photo 23 —Core sample from drill holes on island 84 ("Eagle Island"). 

Sample 1: Note contortion in layering. 
Sample 2: Note coarse layers and crosscutting quartz-filled "gashes" which correspond to

the position of the cleavage formed in the second fold phase.
Sample 3: Consists of wacke material derived from the Upper Volcanics and is character 

istically coarse-grained and rather massive.
Sample 4: Note fine chert-magnetite laminations, together with other lithologies. 
Sample 5: Note finely laminated material lying on coarser clastic material.

Main Clastic Rocks

Micaceous phyllites and schists locally are interbedded with some units of the 
Upper Clastic Rocks along the southern shore of Lake St. Joseph. Admixtures of 
material from a continental source and from an increasingly basic volcanic source 
yield chloritic phyllites which in many respects are intermediate between the nor 
mal phyllites of the two clastic sequences.

Upper Clastic Rocks

This consists of a lower portion, which is dominantly of an impure arenaceous 
character and an upper portion which contains impure arenites (greywackes), 
chloritic and carbonate schists and phyllites, pebble beds, and the oxide beds. In 
the areas where the oxide beds are most significant, metamorphism has had rela 
tively little effect. To the west, the level of metamorphism increases, but is nowhere 
very high within the property boundaries.

The oxide beds consist of alternating laminae of magnetite-rich and quartz-rich 
material; to these minerals there may be added biotite, chlorite, epidote, hematite, 
carbonate, and, in the far western areas, amphibole and garnet in certain layers.
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ODM7559 
Photo 24 — Thin section of magnetite-chert beds from Island 371, showing fine lamination.

Magnetite greatly exceeds hematite in the thin sections examined. Each of these 
minerals is quite fine-grained, rarely exceeding 0.5 mm in diameter, and commonly 
much less. Typical textures are illustrated from core samples and thin sections 
(Photos 23 and 24). These oxide beds form irregular thin layers or assemblages of 
layers within more arenaceous of phyllitic units, and, as a rule, grade into the ad 
jacent units both along and across strike. Their distribution is shown in Figure 2.

Structure

The oxide beds, in common with all other units in the area, have undergone 
much intense folding.

Island 84 displays most clearly the complications which exist. The bulk of the 
oxide beds form the shoreline of the island and outline two sets of folds. The first is 
the bigger of the two and is synclinal here. The western limb can be traced from 
small islands at the southwest extremity of Island 84 in an arc up to the northern 
tip of the larger island. There the oxide beds were abruptly inflected over the axial 
surface of the syncline, and became the eastern limb of that structure. This limb 
forms the eastern shoreline of the island and can be followed along the southern 
shore to the southwest corner again.

This distribution is substantiated by sequence indicators such as graded bedding 
and crossbedding. There is no doubt that the central portion of the island lies strati- 
graphically above the oxide beds.

From Island 84, the continuation of the two limbs of the fold, now north and 
south respectively, is somewhat conjectural due to the intermittent nature of the
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outcrop. Oxide beds on Island 162 are believed to belong to the southern limb, 
though sequence indicators are not entirely definitive. Thereafter, that limb is trace 
able via several extravagant inflections through the chain of islands to the west. 
These inflections have the effect of stepping the oxide beds off to the north, and it 
was these inflections which Bruce (1922a, p. 11, 31) used to determine his struc 
tural interpretations. The north limb is traceable with numerous interruptions 
through rocks and islands which lie north of Island 162. No recombination of these 
limbs has been observed within the oxide beds, but this probably occurs immediate 
ly north of Islands 184 and 334.

The inflections in the east and south limbs of the major syncline (and which 
presumably exist in the west and north limb) are due to later refolding by transport 
along near vertical axes within a transport plane whose average orientation is about 
east-west. This translation has resulted in marked local thickening of the sequence 
which is imposed upon thickening due to the early folding.

Local evidence for double folding has already been illustrated (Figure 5 and 
Photo 22). Further evidence lies in the widely varying plunges of linear structures 
and the rapid reversals of sense of "younging" seen in some areas. In general, all 
folds may be said to plunge steeply, but neither plunge values or azimuths are con 
sistent.

Iron Deposits and Their Relationships to Other Rocks

As has been observed elsewhere, the oxide beds actually consist of a set of 
iron-rich layers which, though generally consistent, may thicken or thin, may split, 
and commonly grade into adjacent material. The highest ratio of iron oxide beds to 
barren or clearly non-economic material is seen along the shore of the northern 
part of Island 84. The ratio falls somewhat in the southern part of that island, and 
thereafter falls steadily as the oxide beds and their associated rocks are traced west 
ward. The last outcrops of such beds of note, on the south shore of Island 383, 
show that iron oxide-rich layers are a trivial portion of the sequence.

Another feature of the distribution is the apparently homogeneous nature of 
lithologies in the northern and western limb, particularly on Island 84. This con 
trasts vividly with the heterogeneous nature of lithologies in the other limb. The 
southern limb shows a more variegated lithologic assemblage, more individual hori 
zons of iron-rich accumulations, and far more gradation from iron-rich material 
into barren material. Also the southern limb contains pebble beds between iron-rich 
beds, a feature absent from the northern limb, where, so far as one can tell, the 
pebble beds lie above the iron-rich beds. The impression given is that the iron-rich 
beds represent a peculiar facies which have a tendency to cyclothemic development 
as seen in the southern limb of the major syncline. Within this facies, the northern 
material is iron-rich essentially at one horizon only; going south, this one horizon 
splits into several iron-rich horizons, with intervening barren material. This may 
tentatively be interpreted as indicating that the source area for the iron lay to the 
north of the present position of the iron oxide-rich beds, with the major concentra 
tion of iron deposits occurring where circulation was most restricted or perhaps 
where the run-off from the volcanic pile first encountered sea-water. The analogy 
with a deltaic-littoral environment seems fairly clear.
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Tonnage Estimates

In 1959, Laurier Juteau, P.Eng., examined 72 of the 84 claims listed above, 
and in the following year he examined maps, logs, and diamond-drill sections. His 
report on the property (Juteau 1961), dated February 21st, 1961, indicates that 
there are about 300 million tons of iron oxide-bearing material mineable by open 
pit methods. His specific estimates are quoted from his report as follows:

To estimate the present indicated ore reserves, the author considers a tonnage factor of 
10 cubic feet per ton.
Eagle Island: [Island 84] A tonnage varying from 125,000,000 to 225,000,000 tons of iron ore 
is indicated on this island depending on the slope of a proposed pit and on possible depth of 
the pit. This tonnage must be increased if the ore under shallow water is workable by open 
pit mining. The average grade is 35'fa iron.
Fish Island: [Island 162] Here, for the same reasons, the indicated tonnage will vary from 
75,000,000 to 100,000,000 tons of ore averaging 3796 iron.
Wolf Island: [Island 175] A total of 15,000,000 tons is workable by open-pit mining with a 
grade of 359fc iron.

No dimensions are given for the potential open-pit orebodies.
Bathymetric surveys carried out by officers of the Fisheries Branch, Ontario 

Department of Lands and Forests in the summers of 1963 and 1964 show that 
Lake St. Joseph nowhere exceeds 130 feet in depth, and that, in the vicinity of the 
islands containing the iron formation, average depth is probably less than 50 feet. 
Should economics permit, draining of a portion of the lake would expose significant 
quantities of iron formation now lying between the islands and increase the avail 
able tonnage considerably.

Concentration Tests

Lake St. Joseph Iron Limited submitted two samples of potential iron ore from 
their property to the Mineral Processing Division of the Department of Mines in 
Ottawa for beneficiation tests. Several types of tests were run, but the only method 
which seemed acceptable was one involving roasting of the material.

In this method dry grinding is followed by roasting to convert hematite to mag 
netite. The resultant material is then re-ground wet to a fineness at which magnetic 
separation will yield an acceptable product. By this method, the Lake St. Joseph 
potential ore, which contains about 35 percent iron, can be converted to a product 
running about 67 percent Fe, and less than 6 percent SiO2 , capable of being 
pelletized. The concentration ratio of 2.0 to 2.5 is encouraging.

Pegmatites

At many places in the southern part of the area, but particularly in the upper 
most levels of the Main Clastic Rocks towards the western end of Lake St. Joseph, 
there are many pegmatites. These are quite coarse-grained, with individual potash 
feldspar crystals reaching 12 inches in diameter. Some of these pegmatites are 
zoned. None is very large, and their shapes which have resulted from late folding 
are usually highly irregular. They contain abundant potash feldspar, and muscovite,
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and lesser amounts of plagioclase and tourmaline. Beryl has been observed in one 
specimen on the south shore of Lake St. Joseph, about half a mile east of Dobie's 
2nd Meridian 1920 and half a mile north of Dobie's 1st baseline 1920 (see Map 
2158, back pocket). It is possible that these pegmatites might yield high quality 
feldspar, but their size and location prevent any thought of current exploitation.

Suggestions for Future Mineral Exploration

The occurrences of sulphides found by the writer's field party are not in them 
selves very significant. Nonetheless, it might well repay the effort to examine the 
basic volcanic rocks a little more closely for other signs of sulphide mineralization. 
Nearly all the known occurrences are in these basic volcanics.

No signs of extensive conformable sulphide mineralization have been seen, and 
unfortunately, the contact between the lower basic and upper silicic volcanic rocks 
is mainly beneath the waters of the lake. Perhaps geophysical methods might indi 
cate further sulphide mineralization of this type. To some degree the combination 
of volcanics and iron formation is comparable to the situation in the Bathurst, New 
Brunswick, camp.

It may be noted that the largest of the sulphide occurrences in the area is asso 
ciated with rocks which the writer tentatively regards as vent-filling agglomerates 
and the like. If such vents could be identified in other areas, perhaps they would 
show more extensive mineralization.
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Iron formation .................. 50, 53, 54
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Drilling on ........... ................ 50
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Island 229, rocks near .................... 34
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Island 276, rocks near ............... ..... 34
Island 285, rocks on ..................... 34
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Iron formation on .................. 15, 53
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Figure 4 The stratigraphic sequence in the 
Western Lake St. Joseph Area.
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Map 2156 
Root Lake Sheet

ONTARIO 
DEPARTMENT OF MINES
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D. P. Douglass, Deputy Minister J. E. Thomson, Director, Geological. Branch
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Scale l inch to 50 miles 

N.T.S. reference 52 0/4,52 J/13

LEGEND 

CENOZOIC*
RECENT

Lake and stream alluvium, muskeg. 

PLEISTOCENE
Clay, sand, gravel.

UNCONFORMITY

PRECAMBRIAN**
GRANITIC ROCKS

6 Undifferentiatcd.
6a Massive granite, usually cross 

cutting.
6b Aplitic pods, and tongues of 6a.f
6c Gneissic granite.
6d Migmatitic and "lit-par-lit" injection 

granite.f
6e Massive or gneissic granite with 

abundant xenoliths.
Bf Pegmatite; quartz vein.

BASIC INTRUSIVE ROCKS
5 Undifferentiated.f
Sa Massive coarse-grained amphibolite

(metadiorite).t 
5b Hornblende-biotite-feldspar rock,

(meta-u/tramafic rock ?). 
5c Massive actinolite-chlorite-epidote

"amphibolites," presumed sills
within 3 and 4. f

METAVOLCANICS3

SILICIC METAVOLCANICS

4 Undiffercnfiated.
4a Silicic flows,
4b Silicic tuffs.
4c Silicic lapillistone and lapilli luff.
4d Pyroclastic breccia and agglomerate,

silicic, f 
4e Pyroclastic breccia and agglomerate,

notable mafic component.f

BASIC TO INTERMEDIATE 
METAVOLCANICS

5 Undifferentiated.
3a Basaltic flows.
3b Pillowed and autobrecciated basic

and intermediate flows. 
3c Andesitic tuff. 
3d Andes/tic lapilli tuff.f 
3e Andesitic agglomerate.-^

METASEDIMENTSa
2a Cherty iron formation, dominantly

magnetite,f 
2b Cherty iron formation, dominantly

magnetite-hematite.f 
2c Cherty iron formation, with notable

pyrite, f 
2d Amphibole-garnet rock (equivalent

to metamorphosed low-grade iron
formation ?).

la Arkose, greywacke, quartz wacke."
1b Argillite, phyllite b
le Black argillite (Keewatin slate).?
1d Chert.cf
1e Pebble beds.df
1g Biotite-fe/dspar-quartz schist, 

staurolite-biotite-feldspar-quart z 
schist, almandine-biotite-feldspar- 
quartz schist, staurolite-almandine- 
bio tite - f e Id spar- q u a rt z se h i st.e

1h Biotitic quartzite, biotitic gneiss.e

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

**Bedrock geology. Outcrops and inferred extensions 
of each rock map unit are shown respectively in deep 
and light tones of the same colour. Where in places a 
formation is too narrow to show colour and must be 
represented in black, a short black bar appears in the 
appropriate legend block,

a Subdivision is lithologic only. Litho/ogies given here 
imply also their metamorphic equivalents.

b Material derived mainly from the volcanic rocks 
3 and 4.

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

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

Schistosity; (horizontal, inclined, 
vertical).

Gneissosity, (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.

Jointing; (horizontal, inclined, vertical).

Magnetic attraction.

Muskeg or swamp.

Trail, portage, winter road.

Building.

Surveyed line, with mileposts, approxi 
mate location only.

SOURCES OF INFORMATION

Geology by P. M. Clifford and assistants, 1963, 1964.

Ontario Department of Mines and Geological Survey 
of Canada, aeromagnetic maps 891G, 892G.

Preliminary map P299, Western Lake St. Joseph Area 
(West Half), scale 1 inch to y2 mile, issued 1965.

Cartography by P. A. Ralph, Ontario Department of 
Mines, 1967.
Base map derived from maps of the Forest Resources 
inventory of the Ontario Department of Lands and 
Forests, with additional information by P. M. Clifford.

Geology is not tied to surveyed lines.

The magnetic declination in the area was approxi 
mately 2" E, 1964.
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ONTARIO 
DEPARTMENT OF MINES

HON. ALLAN F. LAWRENCE, Minister of Mines 
D. P. Douglass, Deputy Minister J. E. Thomson, Director, Geological Branch

B a m a 11 — Blackstone Granite

Scale l inch to 50 miles 

N.T.S. reference 52 0/4,52 0/3, 52 J/13, 52 J/U

K

LEGEND

CENOZOIC*
RECENT

Lake and stream alluvium, muskeg. 

PLEISTOCENE
Clay, sand, gravel.

UNCONFORMITY

PRECAMBRIAN**
GRANITIC ROCKS

6 Undifferentiated.
6a Massive granite, usually cross 

cutting,
6b Aplitic pods, and tongues ofSa.f
6c Gneissic granite.
6d Migmatitic and "lit-par-lit" injection 

granite.
6e Massive or gneissic granite with 

abundant xeno/iths.
6f Pegmatite; quartz vein.

BASIC INTRUSIVE ROCKS
5 Undifferentiated.
5a Massive coarse-grained amphibolite

(metadiorite).f 
5b Hornblende-biotite-feldspar rock,

(meta-ultramafic rock?).f 
5c Massive actinolite-chlorite-epidote

"amphibolites," presumed sills
within 3 and 4.f

METAVOLCANICSa
SILICIC METAVOLCANICSf

4 Undifferentiated,
4a Silicic flows.
4b Silicic tuffs.
4c Silicic lapillistone and lapilli tuff.
4d Pyroclastic breccia and agglomerate,

silicic. 
4e Pyroclastic breccia and agglomerate,

notable mafic component.

BASIC TO INTERMEDIATE 
METAVOLCANICS

3 Undifferentiated.
3a Basaltic flows.
3b Pillowed and autobrecciated basic

and intermediate flows. 
3c Andes/tie tuff. 
3d Andesitic lapilli tuff.f 
3e Andesitic agglomerate.f

METASEDIMENTS*
2a Cherty iron formation, dominantly

magnetite,f 
2b Cherty iron formation, dominantly

magnetite-hematite.f 
Bc Cherty iron formation, with notable

pyrite.f 
2d Amphibole-garnet rock (equivalent

to metamorphosed low-grade iron
formation ?).

1a Arkose, greywacke, quartz wacke.b
1b Argillite, phyllite b
1c Black argillite (Keewatin slate).f
1d Chert. cf
1e Pebble beds.df
lg Biotite-feldspar-quartz schist, 

staurolite-biotite-feldspar-Quartz 
schist, almand/ne-biotite-feldspar- 
Quartz schist, staurolite-almandine- 
b iolite -fe/dspa r-quartz se h i st.e

1h Biotitic quartzite, biotitic gneiss.e

Graphite.

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

**Bedrock geology. Outcrops and inferred extensions 
of each rock map unit are shown respectively in deep 
and light tones of the same colour. Where in places a 
formation is too narrow to show colour and must be 
represented in black, a short black bar appears in the 
appropriate legend block.

a Subdivision is lithologic only. Litho/ogies given here 
imply also their metamorphic equivalents.

b Material derived mainly from the volcanic rocks 
3 and 4.

c Almost invariably associated with the iron forma 
tion 2.

d Mostly younger than ali other metasediments. 

e Probably the oldest sedimentary rocks.

t'These rocks are mapped on some of the adjoining 
sheets (see index) of the Western Lake St. Joseph
Area.

-f/*/
v x f

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

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

Schistosity; (horizontal, inclined, 
vertical).

Gneissosity, (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.

Jointing; (horizontal, inclined, vertical).

Magnetic attraction.

Muskeg or swamp.

Trail, portage, winter road.

Building.

Surveyed line, with mi/eposts, approxi 
mate location only.

SOURCES OF INFORMATION

Geology by P. M. Clifford and assistants, 1963, 1964.

Ontario Department of Mines and Geological Survey 
of Canada, aeromagnetic maps 891G, 892G, 901G, 
902G.

Preliminary maps P298 and P299, Western Lake St. 
Joseph Area (East and West halves), scale 1 inch to 
y? mile, issued 1965.

Cartography by P. A. Ralph, Ontario Department of 
Mines, 1967.

Base map derived from maps of the Forest Resources 
inventory of the Ontario Department of Lands and 
Forests, with additional information by P. M. Clifford.

Geology is not tied to surveyed lines.

The magnetic declination in the area was approxi 
mately 2 s E, 1964.

NOTES

The shoreline (including islands) of Lake St. Joseph 
is shown as mapped by the geologist in 1963-64. It 
does not necessarily agiee with legal surveys of the 
area.
Only island numbers referred to in the report have 
been shown.
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ONTARIO 
DEPARTMENT OF MINES

HON. ALLAN F. LAWRENCE, Minister of Mines 

I). P. Douglass, Deputy Minister J. E. Thomson, Director, Geological Branch

Scale l inch to 50 miles 

N.T.S. reference 52 0/3, 52 1/U

f

LEGEND 

CENOZOIC*
RECENT

Lake and stream alluvium, muskeg. 

PLEISTOCENE
Clay, sand, gravel.

UNCONFORMITY

PRECAMBRIAN*"
GRANITIC ROCKS

6 Undifferentiated.
6a Massive granite, usually cross 

cutting,
6b Aplitic pods, and tongues of 6a.
6c Gneissic granite.
6d Migmatite and "lit-par-lit" injection 

granite.
6e Massive or gneissic granite with 

abundant xenoliths.
6f Pegmatite; quartz vein.

BASIC INTRUSIVE ROCKS

•:| 5 Undifferentiated.
5a Massive coarse-grained amphibolite

(metadiorite).f 
5b Hornblende-biotite-feldspar rock,

(meta-ultramafic rock ?). 
5c Massive actino/ite-chlorite-epidote

"amphibolites," presumed silts
within 3 and 4.

METAVOLCANICS3
SILICIC METAVOLCANICS

4 Undifferentiated.
4a Silicic flows,
4b Silicic tuffs.
4c Silicic lapillistone and lapilli tuff.
4d Pyroclastic breccia and agglomerate,

silicic. 
4e Pyroclastic breccia and agglomerate,

notable mafic component.

BASIC TO INTERMEDIATE 
METAVOLCANICS

3 Undifferentiated.
3a Basaltic flows.
3b Pillowed and autobrecclated basic

and intermediate flows. 
3c Andes/tie tuff. 
3d Andesitic lapilli tuff 
3e Andesitic agglomerate.

METASEDIMENTS"
2a Cherty iron formation, dominantly

magnetite. 
2b Cherty iron formation, dominantly

magnetite-hematite.f 
2c Cherty iron formation, with notable

pyrite.f 
2d Amphibole-garnet rock (equivalent

to metamorphosed low-grade iron
formation ?).

la Arkose, greywacke, quartz wacke." 
l 1b Argillite, phyllite.**

1c Black argillite (Keewatin slate).
1d Chert, c
le Pebble beds.d
1g Biotite-feidspar-quartz schist, 

stauro/ite-biotite-feldspar-quartz 
schist, a/mandine-biotite-fe/dspar- 
quartz schist, staurolite-a/mandine- 
biotite-feldspar-quartz schist.e

1h Biotitic quartzite, biotitic gneiss.6

be Beryl

**Bedrock geology. Outcrops and inferred extensions 
of each rock map unit are shown respectively in deep 
and light tones of the same colour. Where in places a 
formation is too narrow to show colour and must be 
represented in black, a short black bar appears in the 
appropriate legend block.

a Subdivision is lithologic only. Lithologies given here 
imply also their metamorphic equivalents.

b Material derived mainly from the volcanic rocks 
3 and 4.

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

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

Schistosity; (horizontal, inclined, 
vertical).

Gneissosity, (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.

Jointing; (horizontal, inclined, vertical).

Magnetic attraction.

Muskeg or swamp.

Trail, portage, winter road.

Building.

Surveyed line, with mileposts, approxi 
mate location only.

Property boundary, approximate loca 
tion -only.

Location of mining property.

LIST OF PROPERTIES

1. Lake St. Joseph Iron Ltd.

SOURCES OF INFORMATION

Geology by P. M. Clifford and assistants, 1963, 1964.

Ontario Department of Mines and Geological Survey 
of Canada, aeromagnetic maps 901G, 9Q2G.

Preliminary map P298, Western Lake St. Joseph Area 
(East Half), scale 1 inch to X mile, issued 1965.

Cartography by P. A. Ralph, Ontario Department of 
Mines, 1967.

Base map derived from maps of the Forest Resources 
Inventory of the Ontario Department of Lands and 
Forests, with additional information by P, M. Clifford.

Geology is not tied to surveyed lines,

The magnetic declination in the area was approxi 
mately 2" E, 1964.

NOTES

The shoreline (including islands) of Lake St. Joseph 
is shown as mapped by the geologist in 1963-64. It 
does not necessarily agree with legal surveys of the 
area.
Only island numbers referred to in the report have 
been shown.
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Map 2159

MINISS BAY SHEET
Lake St. Joseph

KENORA AND THUNDER BAY DISTRICTS

Scale l: 31,680 or l Inch to V2 Mile
2 Miles

Metres 1000 O
-i I-

3 Kilometres

Feet 1000 O 5,000 10,000 Feet

Scale l inch to 50 miles 

N.T-S- reference 52 0/3, 52 0/2, 52 J/14, 52 J/15

LEGEND

CENOZOIC*
RECENT

Lake and stream alluvium, muskeg. 

PLEISTOCENE
Clay, sand, gravel.

UNCONFORMITY

PRECAMBRIAN*"
GRANITIC ROCKS

6 Undifferentiated.
6a Massive granite, usually cross 

cutting.
6b Aplitic pods, and tongues of 6a.
6c Gneissic granite.
6d Migmatitic and "lit-par-lit" injection 

granite,
6e Massive or gneissic granite with 

abundant xenolith s.
6f Pegmatite; quartz vein,

BASIC INTRUSIVE ROCKS

5 Undifferentiated.
5a Massive coarse-grained amphibolite

(metadiorite). 
5b Hornblende-biotite-feldspar rock,

(meta-ultramafic rock ?). 
5c Massive actinolite-chlorite-epidote

"amphibolites," presumed sills
within 3 and 4.

METAVOLCANICS*
SILICIC METAVOLCANICS

4 Undifferentiated.
4a Silicic fiows.f
4b Silicic tuffs.
4c Silicic lapillistone and lapilli tuff.
4d Pyroclastic breccia and agglomerate,

silicic. 
4e Pyroclastic breccia and agglomerate.

notable mafic component.

BASIC TO INTERMEDIATE 
METAVOLCANICS

3 Undiffeientiated.
3a Basaltic flows.
3b Pillowed and autobrecciated basic

and intermediate flows. 
3c Andesitic tuff. 
3d Andesitic lapilli tuff. 
3e Andesitic agglomerate.

METASEDIMENTS*
2a Cherty iron formation, dominantly

magnetite. 
2b Cherty iron formation, dominantly

magnetite-hematite. 
2c Cherty Iron formation, with notable

pyrite. 
2d Amphibole-garnet rock (equivalent

to metamorphosed low-grade iron
formation ?).f

1a Arkose, greywacke, quartz wacke."
1b Argillite, phyllite.1' 

J 1c Black argillite (Keewatin slate).
1d Chert.c
le Pebble beds.a
1g Biotite-fe/dspar-quartz schist, 

stauro/ite-biotite-feldspar-quartz 
schist, al'mand'i'ne-biotite-feldspar- 
quartz schist, sfaurolite-a/mandine- 
biotite-feidspar-quartz schist.6

1h Biotitic quartzite, biotitic gneiss.6

**Bedrock geology. Outcrops and inferred extensions 
of each rock map unit are shown respectively in deep 
and light tones of the same colour. Where in places a 
formation is too narrow to show colour and must bc 
represented in black, a short black bar appears in the 
appropriate legend block.
a Subdivision is lithologic only. Lithologies given here 
imply a/so their metamorphic equivalents.
b Material derived mainly from the volcanic rocks 
3 and 4.

d Mostly younger than alt other metasediments. 
e Probably the oldest sedimentary rocks.

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

Lava flow; top (arrow) from pi l low s 
shape and packing,

Schistosity; (horizontal, inclined, 
vertical).

Gneissosity, (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.

Jointing; (horizontal, inclined, vertical).

Magnetic attraction.

Muskeg or swamp.

Trail, portage, winter road.

Building.

Surveyed line, with mileposts, approxi- t 
mate location only. \

Property boundary, approximate /oca- \ 
tion only. \

Location of mining property.

District boundary, approximate location 
only.

LHMM& B, ^

LIST OF PROPERTIES

1. Lake St. Joseph Iron Ltd.

SOURCES OF INFORMATION

Geology by P. M. Clifford and assistants, 1963, 1964.
Ontario Department of Mines and Geological Survey 
of Canada, aeromagnetic maps 901G, 902G, 911G, 
912G.

Preliminary maps P229 and P230, Central Lake St. 
Joseph Area (Western and Central sheets), scale 1 
inch to X mile, issued 1963.

Cartography by P. A. Ralph, Ontario Department of 
Mines, 1967.

Base map derived from maps of the Forest Resources 
Inventory of the Ontario Department of Lands and 
Forests, with additional information by P. M. Clifford.
Geology is not tied to surveyed lines.
The magnetic declination in the area was approxi 
mately 2" E 1964.

NOTES

The shoreline (including islands) of Lake St. Joseph 
is shown as mapped by the geologist in 1963-64. It 
does not necessarily agree with legal surveys of the 
area.
Only is/and numbers referred to in the report have 
been shown.

Index to the adjoining maps of the 
WESTERN LAKE ST. JOSEPH AREA

Map 2156
Root
Lake

Sheet

Map 2157
Roadhouse

Lake
Sheet

Map 2158
Blackstone

Lake
Sheet

•; : Map 2160
1 Benmeen
; Lake
; Sheet



Map 2160
Benmeen Lake Sheet

ONTARIO 
DEPARTMENT OF MINES

HON. ALLAN F. LAWRENCE, Minister of Mines ' 
D. P. Douglass, Deputy Minister J. E. Thomson, Director, Geological Branch

JOSEPH

Scale, l inch to 50 miles 

N.T.S. reference 52 0/2, 52 J/15

LEGEND

CENOZOIC*
RECENT

Lake and stream alluvium, muskeg, 

PLEISTOCENE
Clay, sand, gravel.

UNCONFORMITY

PRECAMBRIAN**
GRANITIC ROCKS

6 Undifferentiated.
Ga Massive granite, usually cross 

cutting.
6b Aplitic pods, and tongues of 6a
6c Gneissic granite.
6d Migmatitic and "lit-par-lit" injection 

granite.
6e Massive or gneissic granite with 

abundant xenoliths.
6f Pegmatite; quartz vein.

BASIC INTRUSIVE ROCKS

5 Undifferentiated.
5a Massive coarse-grained amphibolite

(rnetadiorite). 
5b Hornblende-biotite-feldspar rock,

(meta-ultramafic rock?). 
5c Massive actinolite-chlorite-epidote

"amphibolites," presumed sills
within 3 and 4,f

METAVOLCANICS*
SILICIC METAVOLCANICS

4 Undifferentiated.
4a Silicic flows.
4b Silicic tuffs,
4c Silicic lapillistone and lapilli tuff.
4d Pyroclastic breccia and agglomerate

silicic.t 
4e Pyroclastic breccia and agglomerate

notable mafic component.

BASIC TO INTERMEDIATE 
METAVOLCANICS

3 Undifferentiated.
3a Basaltic flows.
3b Pillowed and autobrecciated basic

and intermediate flows. 
3c Andesitic tuff. 
3d Andesitic lapilli tuff. 
3e Andesitic agglomerate.-^

METASEDIMENTS*
2a Cherty iron formation, dominantly

magnetite. 
2b Cherty iron formation, dominantly

magnetite-hematite.i 
2c Cherty iron formation, with notable

pyrite. 
2d Amphibole-garnet rock (equivalent

to metamorphosed low-grade iron
formation ?).f

1a Arkose, greywacke, quartz wacke."
l b Argillite, phyllite.1* f
1c Black argillite (Keewatin slate).
Id Chert o
le Pebble beds.df
1g Biotite-feldspar-quartz schist, 

staurolite-biotite-feldspar-quartz 
schist, almandlne-biotite-feidspar- 
quartz schist, staurolite-almandine- 
biptite-feldspar-quartz schist.e

1h Biotitic quartzite, biotitic gneiss.e

*Unconsolidated deposits, in general. Cenozoic 
deposits are represented by the lighter coloured and 
uncoloured parts of the map,
**Bedmck geology. Outcrops and inferred extensions 
of each rock map unit are shown respectively in deep 
and light tones of the same colour. Where in places a 
formation is too narrow to show colour and must be 
represented in black, a short black bar appears in the 
appropriate legend block.

a Subdivision is lithologic only. Litho/ogies given here 
imply also their metamorphic equivalents.

b Material derived mainly from the volcanic rocks 
3 and 4.
c Almost invariably associated with the iron forma 
tion 2.

d Mostly younger than all other metasediments. 

e Probably the oldest sedimentary rocks.

f These rocks are mapped on some of the adjoining 
sheets (see index) of the Western Lake St. Joseph 
Area.

SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical),

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

Schistosity; (horizontal, inclined, 
vertical).

Gneissosity, (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.

Jointing; (horizontal, inclined, vertical).

Magnetic attraction.

Muskeg or swamp.

Trail, portage, winter road.

Building.

Surveyed line, with mileposts, approxi 
mate location only.

Property boundary, approximate loca 
tion only.

District boundary, approximate location 
only.

SOURCES OP INFORMATION

Geology by P. M. Clifford and assistants, 1963, 1964.

Ontario Department of Mines and Geological Survey 
of Canada, aeromagnetic maps 911 G, 912G,

Preliminary maps P230 and P231, Central Lake St. 
Joseph Area (Central and Eastern sheets), scale 1 
inch to X mile, issued 1963.

Cartography by P. A. Halph, Ontario Department of 
Mines, 1967.

Base map derived from maps of the Forest Resources 
Inventory of the Ontario Department of Lands and 
Forests, with additional information by P. M. Clifford.

Geology is not tied to surveyed lines.

The magnetic declination in the area was approxi 
mately 2" E, 1964.

NOTES

The shoreline (including islands) of Lake St. Joseph 
is shown as mapped by the geologist in 1963-64. It 
does not necessarily agree with legal surveys of the 
area.
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