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SURFICIAL GEOLOGY

INTRCPUCTION

LOCATION: The map-area for Operation Ignace-Armstrong, as indicated in the key 
map, is bounded by Latitude 49O00' anil 51 OOQ'N and Longitudes 89O00'W and 
90630'W, (Areas I and XI), Latitudes 490 00' and 49Q45'N and Longitudes 900 30' 
and 92000'W, (Area III), Latitudes 480A5' and 490 15'N and Longitudes 92 000' and 
93D00'W, (Area IV). The enclosed area totals approximately 15,000 square miles 
(38,850 square km).

The shape of the map-area, combined with a generally east-west road system, 
prevented the establishment of an effective centralized base of control for 
Operation Tgnacp-Armstrong. Consequently, the map-area was broken into four 
parts with mapping in each area being done under the direction of one of the 
four party chiefs assigned to the project (index map). Mapping in each of the 
areas was undertaken in a somewhat independent fashion with each party chief 
having the assistance of one senior geological assistant. The geological sum 
maries for each of the respective areas has been prepared by the party chief 
responsible for mapping.

Outcrop density Is highly variable within the map-area, varying from al 
most non-existent to almost continuous outcrop. A number of areas of meta- 
sedirnents-metavolcanics within the map-area have undergone previous detailed or 
reconnaissance mapping. Reference to this previous work will be made during 
the brief discussion of each of the belts.

A greater emphasis was placed on the granitic rocks of the area during this 
helicopter operation than has been done during past operations. This emphasis 
was in keeping with the fact that coverage already existed in most of the meta- 
sedimentary-raetavolcanlc belts and that the largely unknown areas are of
granitic composition.

CEMERAL GEOLOGY: The main project area incorporates parts of several struc 
tural subprovinces of the Superior Province.

AREA II F.W. Breaks

1. Caribou Lake-Pikitigushi River Belt
2. Fashkokogan Lake-Mlsehkow River Belt
3. Savant Lake Belt

AREA II: R.P. Sage

k, Kearns-Garden Lakes Belt
5. Bo Lake-Heaven Lake Belt
6. Bo Lake-Heaven Lake and Lac des Iles Area
7. Lac des Iles Area
8. Obonga Lake Belt -
9* Hilltop-Mountairy Lakes Area

AREA in: G. Stott

10. Raleigh Lake Belt
11. Phyllis Lakt? Belt *
12. Upsala-Firesteel River Belt
13. Chartrand Township Belt
14. Notman Belt
15. Victoria Lake Belt
16. Press Lake Belt

AREA IV! G.M. Mcwilliams

17. Otukamamoan Lake Arm of the Wabigoon Subprovlnce
18. Seine River Belt
19. Lower Manitou Lake Belt
20. Smirch Lake Group

The boundaries between the above belts are arbitrary and selected only for 
mapping convenience. Extremities of the belts have been previously Indicated 
(Ayres et al. 1971a,b). Geological and boundary modifications have been made 
In most of the metavolcanic-rnetasedimentary belts. A small part of the Uchi 
Subprovlnce is present In the northwestern corner of Area I covering a part of 
the Pashkokogan Lake metavolcantc-metasedlmentary belt. Approximately one- 
third nf Area I Is covered by the English River Subprovince with small parts 
of the Wabigoon Subprovlnce being present along the southwestern and eastern- 
central margins. All of Areas II, III and IV lie within the Wabigoon Sub 
province.

MARGINAL MOTES

General Geology i The map-area Incorporates segments of the English River, 
Wabigoon, and Uchi structural-lithologic subprovinces of the Superior Province. 
Parts of three metavolcanic-metasedlmentary belts straddle the area boundaries, 
namely, the Pashkokogan Lake-Sturgeon Lake Belt, and the Caribou Lake-Piki- 
tigushi River Belt.

Previous Work; Relatively little previous mapping has been undertaken within 
the survey area, exclusive of the three aforementioned belts. Detailed map 
ping (l inch = k mile; 1:15,840) has focused upon the following areasi 
Pashkokogan Lake (Goodwin 1965), Smye, Jutten, McGillis, and Poisson Townships 
in the Savant Lake Belt (Bond 1972a,b; 1973a,b), Vanesaa Lake area, Sturgeon 
Lake Belt (Trowell 1974). Semi-detailed geological mapping have Involved the 
Caribou Lake-Pikitigushi River Belt (Gussow 1940), the Savant Lake Belt (Moore 
1928) and the Pashkokogan Lake-Rockcliff Lake area (Dyer 1933). A recent re 
connaissance geological survey included 1,575 sqiinre ml 1 PS (2,534 sq. km) of 
the present area,' west of Longitude 90000' (Skinner 1968).

Caribou Lake-Smoothrock Lake Area (l)

The easterly trending Carlbou-PIkitigushi River Belt formerly mapped by 
Gussow (1940) bifurcates Into two narrow arms, which enter into the east- 
central part of the map-area. These segments will subsequently be denoted as 
the Caribou Lake Belt and the Campbell Lake Belt. The Caribou Lake Belt ex 
tends 8 miles (12 km) southwest from Kellar Island and reaches a maximum width 
of 1^ miles (2.4 km). Amphibolitlzed, massive to foliated, fine- to medium- 
grained mafic metavolcanics constitute the major rock type; mafic volcanic 
rocks of greenschist facies rank are scarce and always confined to the central 
part of this narrow belt. Two narrow (about 100 m and 30 m; 330 feet and 98 
feet) previously unmapped, felsic metatuff units were delineated. The nar 
rower unit, situated near Kellar Island, was previously interpreted by Gussow 
(1940) as part of the surrounding granitic batholithlc complex. This unit 
stratigraphlcally underlies lean chert-magnetite iron formation that Is rel 
atively common In the immediate area. A small, lensoid, quartz-feIdspar 
porphyry stock, located 1^ miles (2.4 kin) southwest of Kellar Island, maximum 
dimensions 2 miles (3.2 km) by \ mile (0.8 km) appears to bc a synvolcanlc 
Intrusion rather than a phase of the surrounding granitic complex as Inter 
preted by Gussow (l940, p.8). A few fine-grained felsic fragments of pos 
sible volcanic origin occur within this body- Mapping in the Campbell Lake 
Belt was restricted to a few helicopter stops within the major units delin 
eated by Gussow. This belt appears to terminate between Rove Lake and Lone- 
breast Bay (Smoothrock Lake) although exposures here are exceedingly sparse.

Two relatively large, previously unknown, metagabbroic stocks occur In 
proximity to the Caribou Lake Belt. The largest stock, maximum dimensions 
7 miles (11.2 km) by 5 miles (8.0 km), is situated between Outlet Bay on 
Caribou Lake and Caribou Bay on Smoothrock Lake. The second stock is located 
on Caribou Lake approximately 5 miles (8 km) east from the entrance of Outlet 
Bay. Both plutons are remarkably similar In texture, grain size, bulk comp 
osition, magnetic susceptibility, and age relations, and doubtlessly are 
consanguineous. Sparse xenoliths of amphibolitized mafic metavolcanlcs and
 mall pods of altered ultramafic rocks, maximum dimensions 100 feet (30 m) 
by 200 feet (60 m), are present In both stocks.

Ihese plutons are discernable on aerial photographs by virtue of blocky 
hills produced by erosion selectively acting on numerous transecting major 
Joint systems. Along contacts with bordering granitic batholithlc complexes, 
both plutons display pervasive injection by at least three granitic phases.

A spectacular exposure of massive ovoid anorthostttc gabbro occurs on Outlet 
Bay (Caribou Lake), very near commencement of the Caribou River. Detailed map 
ping indicated this rock type to be confined to a north-trending dike (maximum 
dimensions 2,000 feet by 500 feet; 610 m by 153 m) terminated along the north 
and south respectively by a possible fault along Outlet Bay and by the Outlet 
Bay metagabbroic pluton. Blocky subhedral to ovoid plagioclase megapheno- 
crysts commonly 4 to 6 Inches In diameter (10 cm to 15 cm) typically comprise 
about 65 percent of the rock. Matrix consists of a medium- to coarse-grained 
assemblage of plagioclase, chlorite, hornblendcj and calcite. Age relation 
ships indicate this rock to be the oldest in the immediate area. Preliminary 
work by Stone (1974) Indicates that each ovoid consists of a single plagio 
clase crystal with a composition of ATIQQ. Many areas of the ovoids show per 
vasive polygonization.

Along the southwestern shoreline of Caribou Lake, a third previously 
unknown early mafic pluton was delineated. Predominantly, this stock consists 
of massive, medium- to coarse-grained, pinkish-white weathering, anorthositic 
gabbro. Some exposures display trachytic alignment of rhomboidal shaped 
purple to grey plagioclase laths. The pinkish hue observed In many outcrops Is 
related to varying intensity of potash feldspar alteration. Strained rock 
slabs indicate diminutive, delicate "lace-like" transecting fractures of K- 
feldspar within the plagioclase grains. Certain zones as along the southeastern 
flanks of this pluton show fine-grained, recrystallized equivalents of the an 
orthositic gabbro. This rock type possibly is related to zones of shearing. 
Ovoid to streaky mafic clots are composed of biotite, chlorite, hornblende and 
rare relict pyroxene. Along the southeastern margins of the stock, a coarse 
grained grass-green to dark black-green (fresh surface) hornblendite phase Is 
notable.

The Smoothrock Lake area, situated within the Wabigoon Subprovince, is 
dominantly a granitic terrain consisting of at least ten differing granitic 
phases.

Observed age progression of plutonic emplacement within this area appears 
qualitatively similar to that established by detailed mapping of Ayres '(1974) 
in the North Trout Lake Batholith of northwestern Ontario. Several small stocks 
of massive to weakly foliated medium-grained metadiorite represent: the earliest 
plutonic phase observed. Local phases of massive mafic to ultramafic pods and 
lenses are Intermittently present and possibly represent cognate xenoliths de 
rived front earlier more mafic differentiates. The presence of sparse fine 
grained biotite metagreywacke xenoliths Implies a generation of the dlorltic 
stocks subsequent to development of a sedimentary cover sequence.

An overwhelming abundance of leucocratic, foliated and massive phases of 
hornhlende-blotite and biotite trondhjemite is generally characteristic of the 
granitic terrain. The late phases display potash enrichment and relatively 
low colour index (usually less than 5). Massive, unmetamorphosed fine- to 
medium-grained brick orange (fresh surface) mesozonal dikes of biotite quartz 
monzonite to granite were generated on a wide scale relatively late In the 
plutonic history of the area.

This rock type also appears as irregular phases often Intermingled with 
widespread pegmatitic units of approximately similar bulk composition. Plu 
tonic bodies of varying size were delineated in the Granite Lake Area, in the 
Armstrong vicinity, and along the southern shore of Smoothrock Lake. These 
plutons possibly represent source centres of the ubiquitous dikes of Identical 
composition. In many outcrops, pegmatitic dikes and masses of similar comp 
osition crosscut this rock type.

A large stock of distinctive, white-weathering massive, coarse-grained to 
pegmatitic, leucocratic equigranular to locally porphyritic muscovlte-blotlte 
quartz monzonite was delineated In the Lonebreast Bay-Cutlet Bay area of Smooth 
rock Lake. This small batholith, known as the Smoothrock Lake Pluton, appears 
to represent a mesozonal, late-tectonic, unmetamorphosed body crosscut only by 
the aforementioned pegmatitic phase. Several areas of this pluton contain 
xenoliths and screens of fine-grained biotite metagreywacke. Several ages of 
fine- to medium-grained foliated to massive concordant amphibolite dikes were 
mapped In the Smoothrock Lake area. These dikes are Injected to varying de 
grees by granitic dikes and agmatized along their margins. The original host 
rocks appear to have undergone thorough reworking. Nevertheless, such dikes 
are still traceable for distances up to two miles (3 km). These dikes appear 
quite old, possibly marking an event of cratonic stabilization prior to the 
Kenoran Orogeny.

Younger amphibolite dikes were recognized by virtue of discordant relations 
with foliated biotite trondhjemite rocks. Occasionally, evidence of chilling 
has been preserved. Siicb dikes are particularly abundant between Brockway and 
Funger Lakes and may be related to the mafic metavolcanlc-metagabbrolc units 
and proxlmally situated to the south.

Several small slender amphibolitized mafic metavolcanic belts were delin 
eated in the Smoothrock Lake area. These belts tend to be heavily Injected by 
several granitic phases, fading out along their margin Into agmatite and stro- 
matic migmatite zones. Several small pods of intensely altered ultramafic 
rocks occur locally in the two belts in the Almas Bay-Outlet Bay area. One 
outcrop of highly deformed mafic pyroclastic rock was encountered on Outlet Bay.

Economic Geology and. Mineral Exploration: The Caribou Lake-Smoothrock Lake 
area has been the scene of sporadic mineral exploration predominantly concerned 
with a search for gold-bearing quartz veins.

In 1954, massive pyrrhotlte-pyrlte and minor chalcopyrite was discovered 
by A. Fayolle on a small lake between Campbell Lake and Caribou Lake (Assess 
ment Files Research Office, Ontario Division of Mines, Toronto). This mineral 
ization, occurs wltKln a narrow conglomerate-quartzlte metasedlmentary unit 
and garnetiferous amphibolitic metavolcanlcs, apparently controlled by an 
arcuate contact with a quartz-feldspar porphyry subvolcanic intrusion. The 
mineralized zone is approximately 2,000 feet in length (610 m) and up to 150 
feet In width (45 rn) (Assessment Files Research Office, Ontario Div. Mines, 
Toronto).

Development work performed by A. Fayolle involved 14 diamond drill holes 
totalling 156 feet (47.5 m) and 535 feet (163 m) of trenching. During 1955 to 
1957 Kennco Explorations Limited conducted an airborne electromagnetic-magnetic 
survey over the area (156 square miles; 251 square kilometers), carried out 
detailed geological mapping, geochemical surveys, and limited diamond drilling. 
(Assessment Files Research Office, Ontario Division of Mines, Toronto). No 
economically important mineralization was delineated.

In 1956, Central Manitoba Mines Limited carried out ground electromag 
netic-magnetic surveys over the area of abundant Iron formation near Kellar 
Island. Three drill holes (not shown on map) totalling 611 feet (186 m) 
Intersected very lean, uneconomic iron formation (Assessment Files Research 
Office, Ontario Division of Mines, Toronto). Numerous, scattered, minor 
occurrences of disseminated to patchy pyrite, pyrrhotite, and, in a few places, 
chalcopyrite were encountered in the Caribou-Smoothrock Lakes area. Thirty- 
one samples, selected by the author, containing sulphide mineralization were 
analyzed by the Mineral Research Branch, Ontario Division of Mines, for gold, 
silver, and fiome Sampled additionally for copper and nickel. The large majority 
of these samples revealed only trace to nil amounts of the above metals. The 
highest gold assay registered 0.03 ounce gold per ton from a grab sample,
 elected by the author, of felsic metatuff located near Kellar Island, and the
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best copper assay, 0.12 percent copper from amphibolite containing sparse 
pyrrhotite and chalcopyrite on Smoothrock Lake. Minor sulphide mineralization 
is not uncommon within the two rnetagabbro stocks in the Caribou Lake area, and 
usually consists of fracture controlled pyrite and ancillary pyrrhotite. Mafic 
metavolcanic rafts within these stocks, as exemplified by the Caribou Bay 
occurrences (Smoothrock Lake), are commonly mineralized with disseminated to 
patchy pyrite and pyrrhotite. The late C, Manefy of Armstrong, reputedly 
Investigated mineralization in this area In the 1950s by shallow diamond dril 
ling and trenching (J. Friesen, Armstrong, personal communication).

A small island in Lonebreast flay (Smoothrock Lake) contains possible sul 
phide facies iron formation. The exposures mainly consist of polycrystalline 
fine- to medium-grained quartz (85 to 90 percent) interbanded with thin mafic 
unfits up to l inch in thickness (2.54 cm). The mafic component is comprised of 
biotite, actinolite, and garnet which registered no magnetic attraction. In 
tense limonitic staining and gossan development is prevalent over the island. 
Occasional streaks and local masses of pyrite and pyrrhotite were observed 
within the quartz. A grab sample of the mineralization analyzed by the Mineral 
Research Branch, Ontario Division of Mines revealed only traces of gold and 
silver. An emission spectrograph!c analysis reported no significant quantities 
of any economically Important metals.

PBshkoko^an Lake-Misehkow River Belt (2)

This belt, which is located in the extreme northwestern corner of the 
project area, has been mapped by Dyer (1933), and Goodwin (1965). Lakeshore 
mapping was carried out along Pashkokogan Lake, Greenbush Lake, Thelma Lake, 
and the Payne River. The major rock types consist of mafic to intermediate 
metavolcanlcs and a diverse assemblage of metasediments. Only a small propor 
tion of felsic to Intermediate metavolcanics (2-3 percent) appear to be present 
contrary to the relatively higher abundance indicated by Goodwin's (1965) 
mapping. Felsic metavolcanics form several narrow bands along Pashkokogan and 
East Pashkokogan Lakes and consist of massive to foliated rhyolite and dacite 
flows and pyroclastic deposits ranging from tufl to agglomerate. Most of the 
metasediments are contained within three discrete units, which are partly to 
completely enveloped by metavolcanics. The largest unit trends southwest for 
7 miles (li km) through the map-area and appears to merge with metasediments 
of the English River Subprovince in the region between Medcalf Lake and the 
southwestern extremity of Pashkokogan Lake. Metagreywacke is the most prevalent 
rock type, commonly associated with local units of arkose, polymictic conglom 
erate, and argillite. Metasediments additionally occur as relatively minor 
intercalations within the metavolcanics. The Pashkokogan Lake Misehkow River 
Belt has been Intruded by four late tectonic granitic stocks consisting of 
massive to weakly foliated, equigranular, biotite granodiorite to quartz mon 
zonite. Stratigraphic relationships between this belt and the bordering English 
River Subprovince could not be resolved due to a lack of outcrop In the Green 
bush Lake area and the presence of a cataclastic zone along the southern shore 
of Pashkokogan Lake.

Economic Geology j.nd Mineral Exploration; A lithium-bearIng granitic pegmatite 
occurs on South Pashkokogam Lake. A chip sample across 50 feet (15 m) reg 
istered 1.25 percent LI^O and traces of cesium and berylium (Goodwin 1965, 
p.54-55). Recently, in 1970, Selco Exploration Company Limited conducted ground 
electromagnetic and magnetic surveys over a total of 127 claims in the Green- 
bus h-Pashkokogan Lakes area, followed by limited diamond drilling (Assessment 
Files Research Office, Ontario Division Mines, Toronto). In 1972, the Hanna 
Mining Company contracted an airborne magnetic survey over approximately 38- 
square miles (98.4 square km). Seventeen drill holes totalling 4,165 feet 
(1470.3 m) focused on an 84 claim-block between Pashkokogan and Medcalf Lakes 
within the airborne survey area (Assessment Files Research Office, Ontario 
Division Mines, Toronto).

Savant Lake .Belt (3)

Brief attention was directed towards that part of the Savant Lake Belt, 
exclusive of the recent detailed mapping of Bond (l972a,b; I973a,b), viz 
Savant and Benner Townships and several of the narrow branches protruding from 
the main belt. Mapping was largely confined to the shoreline of Savant Lake. 
Fine-grained massive to foliated, chloritic mafic metavolcanlcs represents the 
major rock type. Pillow structures and pillow breccia are relatively common. 
Only a few narrow units of felsic meLavolcaiiics were noted. In the ElwuuU- 
Seldom Lakes area a large mass of metasediments comprised of arkose, greywacke, 
and local conglomerate was delineated. The extreme northern branch of the 
Savant Lake Belt was extended beyond Koval Lake.

Economic Geology and Mineral Exploration; For Information on the economic 
geology of Poisson, McGillis, Jutten, and Smye Townships, the reader is referred 
to the recent preliminary maps of Bond (I972a,b; 1973a,b). A moderate amount 
.of exploration activity has occurred in Savant and Benner Townships. Between 
1959 and 1963 a diamond drilling program by Northern Canada Mines Limited 
(20 holes totalling 3,283 feet; 984.9 m) on several claim groups in southeastern 
Savant Township indicated several mineralized zones. Best assays registered 
3.20 ounces silver per ton, 0.18 ounce gold per ton, 3.70 percent lead, 3.OB 
percent zinc, and 1.20 percent copper over 10 feet (3.0 m) (Assessment Files 
Research Office, Ontario Division Mines, Toronto). In 1962 a magnetometer 
survey covered 27 claims, and shortly after, Interest in this exploration area 
by Northern Canada Mines Limited appeared to diminish.

More recently, limited diamond drilling programs by both the International 
Nickel Company of Canada Limited (1968-1969) and Dome Exploration (Canada) 
Limited (1969-1970) encountered minor mineralization in Benner and Savant Town 
ships (Regional Geologist's Files, Ministry Natural Resources, Thunder Bay). 
During 1971-1972, New Cinch Uranium Limited conducted a ground magnetic- 
electromagnetic survey over 36 claims in southeastern Savant Township. Nine 
diamond drill holes totalling 4,216 feet (1281.7 m) probed a finely banded to 
massive chert-magnetite iron-formation mineralized with moderate to high 
amounts of pyrite and pyrrhotite accompanied by minor chalcopyrite and sphal 
erite. (The above information from Assessment Files Research Ottice, Ontario 
Division Mines, Toronto).

English River Subprpyince

Rocks of this subprovince underlie approximately one-third of the map-area. 
The principal lithologic groups comprise a wide variety of granitic rocks and 
English River-type metasandstone (including associated metatexitlc migmatites), 
present In roughly equal proportions. The vast bulk of the metasandstone and 
derived migmatite Is confined to a large, continuous, east-west-trending belt, 
averaging about ten miles (16 km) in breadth. This belt is apparently open 
along the eastern and western margins of the map-area. Numerous granitic 
plutonic masses of variable dimensions and areal extent, Interrupt the meta 
sedlmentary "cover" sequence throughout the mapped extent.

Prevailingly, the English River metasandstones consist of fine-grained 
(usually 0.5 mm to l mm), light brown-weathering, foliated to gneissic, garnet- 
biotlte-quartz-plagioclase rocks of greywacke bulk composition. Potassic 
feldspar is notably absent from the mineral assemblage; this attribute Is a 
universal Idiosyncrasy of greywackes, regardless of their geological age 
(Pettijohn 1963). The relatively high colour index (20 to 30), dominance of 
biotite In the mafic fraction, and fine grain size constitute reliable field 
criteria In distinguishing these rnetasandstones from most Early Precambrian 
(Archean) granitic rocks. Thin beds of Intercalated arkose (less than six 
Inches thick, 15 cm) which represent the only primary structure observed were 
encountered In the Hood Lake-Grayson Lake area, and at certain exposures along 
Whitewater Lake. This rock type is characterized by a relatively low colour 
Index (less than five), and a white to apple green fresh surface coloration.

Primary textures have almost been completely obliterated by metamorphic 
reactions, structural overprinting, and development of anatectic granitic 
mobilizate. Dominance of biotite in the metagreywackes possibly reflects An 
originally significant quantity of argillaceous material. Pelitic units, 
however, are notably absent In the field.

Closely associated with the metasediments are various amounts of dis 
tinctive massive, earthy-white-weathering, medium-grained to pegmatitic, 
highly leucocratic, weakly recrystallized granitic mobilizate. A salient fea 
ture of these rocks, which vary greatly in potash feldspar to total feldspar 
ratios (quartz monzonite to trondhjemite), is the ubiquitous presence of wine- 
red garnet. In many Instances, this mineral Is present to the mutual exclusion 
of other mafic minerals. Muscovite, black tourmaline and green apatite repre 
sent the most frequent accessory minerals. It is to be stressed that these 
granitic rocks are unique to the English River Subprovlnce and never occur in 
the absence of English River type metagreywacke. Morphologically, the mobil 
izate typically occurs in the form of l it-par- lit Injections generally varying 
in width from 6 inches to 10 feet (15 cm to 3 m), Imparting a banded appearance 
to many exposures. In the Greenbush Lake area, and elsewhere, coarse-grained 
to pegmatitic mobilizate have amalgamated or collected into "pools" forming 
small granitic stocks identical in character to material comprising the lit- 
par- lit dikes. Such bodies contain variable quantities of metagreywacke xeno 
liths, screens, and streaky to clot like unmelted residue of the anatectic 
process. The latter are often characterized by the assemblage biotite-garnct- 
quartz.

It is generally possible, within the area, to trace various stages of 
migmatltic development, based upon abundance of granitic mobilizate and pro 
gressive degradation of the metagreywacke paleosome. Incipient stages of 
migmatization are characterized by exiguous volumes (less than five percent) 
of thinly to delicately banded (5 mm to 5 cm), highly leucocratic (colour index 
less than one) mobilizate, granodiorite to trondhjemite in composition. Rel 
atively advanced stages are reflected In a high proportion of granitic mobil 
izate (70 to 80 percent), often replete with ragged vestigial fragments and 
mafic clots best described as "restite".

Mafic rock types of volcanic and intrusive origin are notably scarce within 
the English River Subprovtnce. Along the southern shore of Goldsborough Lake, 
a narrow fine-grained foliated amphibolite band of dubious origin about 1\ miles 
in length (4 km), represents the largest such unit mapped. Along Whitewater 
Lake, amphibolite occurs both as xenoliths and Intercalations within rneta- 
greywacke-meta-arkose screens within the Whitewater Lake Pluton. One exposure 
dramatically displays thinly bedded, fine-grained, white-weathering arkose 
(less than one inch (2.5 cm) thick) within amphibolite of similar grain size. 
Preservation of delicate microbeds of laminations of arkose coupled with re 
markable continuity and constant bedding thickness for both components argues 
for a sedimentary derivation. The amphibolite possibly originated as a mafic 
greywacke or metamorphosed pelltlc-carbonate melange.

Iron formation units comprised of alternating magnetite and metasandstone 
me3obands are spatially restricted to the northern fringes of the map-area In 
proximity to the Uchi Lake Subprovince. These units are largely interpreted 
from aeromagnetic data, although four exposures of lean Iron formation were 
located by the present survey.

It is probable that migmatitlc rocks were generated during the Kenoran 
Orogeny. Metamorphic rank is believed by the writer to generally be middle to 
upper amphibolite facies, si though diagnostic, minerals aid-Ing in assessing 
and subdividing metamorphic facies are nota bly lacking In the field.

The southern boundary of the English River Subprovince appears largely 
tectonlcally controlled, and In part marked by a major southeast-trending 
cataclastic zone (Pashkokogan Lake-Kenoji Lake cataclastic zone). Within the 
map-area, this structural feature follows along the southern shoreline of 
Pashkokogan Lake, thence swinging southeasterly along a prominent photolineament 
extending from Shoe Lake to Kenoji Lake. Presence of this zone has been inter 
preted from aeromagnetic data, (Flip 2.1048, Assessment Files Research Office, 
Ontario Division of Mines, Toronto; and ODM-GSC I960a,d,e) photo-Interpretation, 
and Intermittent observation of cataclastic rocks. A spectacular occurrence 
of heterollthologlc ductile fault breccia was encountered along this zone mid 
way between Kenoji and Takeoff Lakes. A wide variety of granitic and occasion 
al amphibolitic fragments ranging in length from 2 inches (5 cm) to three feet 
(0.9 m) exhibit various strain effects, and are separated by a highly ductile 
matrix of comminuted quartzo-feldspathic material.

Southeastwards from Outlet Bay (Smoothrock Lake) topographic and aero 
magnetic evidence of the cataclastic zone(s) becomes obscured, respectively by 
extensive glacial overburden and erratic magnetic expression (ODM-GSC l960b,c). 
Possibly, this cataclastic zone Is coincidental or controlled In part by the 
northern contact of the Campbell Lake metavolcanic-metasedlmentary belt. One 
exposure of highly sheared, pink, leucocratic biotite quart? monzonite is 
situated proximal to this contact along the northern shore of Campbell Lake. 
West of longitude 90 DO 1 southern limits of the English River Subprovince is 
somewhat subjectively defined. The boundary here Is construed to curve sharply 
southward near Musklga Lake from the aforementioned major fault zone and 
thence merging with the Savant Lake Belt.

East of this boundary and south of the Pashkokogan Lake-Kenoji Lake cata 
clastic zone metasediments and derived migmatite similar in mineralogy and 
composition to that found In the English River Subprovlnce are Insignificant 
In volume.

Structural trends within the English River Subprovince are predominantly 
east-west. Foliate to gneissic structures constitute the chief structural 
elements apparent In the English River metasandstone and migmatite. Occasion 
ally, small scale Isoclinal folding of gneissosity is apparent. Macroscopic 
folds are rarely evident. In the Burntrock Lake area, metasedimentary mig 
matite appears to have symmetrically folded about an east-west-trending axis. 
In the Hood Lake-Grayson Lake area a noticeable south- to southeast-trending 
flexure In foliation is apparent and may reflect macroscopic folding or warping 
In foliation imposed by forcible intrusion of granitic bodies.

The extent of Keweenawan Nipigon diabase has been considerably Increased 
by the present survey, particularly In the Whitewater Lake area. In the south- 
central map-area a curious concentric pattern of diabase distribution is 
striking. One tentative explanation Is that diabase intrusion in this area, 
at least, was controlled fundamentally by several ring-like fractures.

A small exposure of dolomitic limestone and minor chert overlain by Nip 
igon diabase on the southeastern shoreline of Caribou Lake represents the most 
northerly situated occurrence of Sibley Group sedimentary rocks found to date.

Economic Geology and Mineral Exploration! Mineral exploration has been minimal 
and desultory In the English River Subprovlnce to date. Sulphide mineral oc 
currences are notably rare, as is the presence of rock types of potentially 
economic Importance. An assay of a grab sample of foliated amphibolite min 
eralized with disseminations and stringers of pyrrhotite and pyrite (located 
at the head of Outlet Bay, Smoothrock Lake) taken by the writer registered 
0.01 ounce silver per ton, (Analysis by the Mineral Research Branch, Ontario 
Division of Mines).

In 1958, Panther International Mining Conoany Limited probed several air 
borne electromagnet!c conductors In the Goldsborough-Kenojl Lakes area. Five 
holes totalling 1,120 feet (336.0 m) encountered disseminated to massive 
pyrrhotite, pyrite, and minor chalcopyrite. Highest assays revealed 0.04 
percent nickel over 0,5 feet and 0.04 percent copper over 3.7 feet (l.l m) 
(Assessment Files Research Office, Ontario Division Mines, Toronto).

The International Nickel Company of Canada Limited Intersected pyrrhotite- 
pyrlte mineralization within garnetiferous metagreywacke in a drill hole l 
mile il.6 km) south of Dawn Lake. (Assessment Files Research Office, Ontario 
Division of Mines, Toronto).
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GEOLOGICAL AND MINING SYMBOLS METAL AND MINERAL REFERENCE

Glacial fluting, 
drurnlinoidal ridges

Glacial striae

V l

Minor moraine

Small bedrock outcrop 

Area of bedrock outcrop

Bedding 3 top unknown; 
(inclined, vertical) *

ing, top (arrow) from 
j grain gradation; (inclined, 
vertical overturned)

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

Lava flow; top in direction 
of arrow. Top overturned

Bedding, top (arrow from 
crossbedding; (inclined)

Gneissosity 3 (horizontal, 
inclined, vcrcical)

Foliation j (horizontal, 
inclined, vertical 3 dip 
unknown) most often used 
to describe schistosity

Banding; (horizontal 3 
inclined, vertical)

Lineation with plunge

Schistosity (inclined, 
vertical)

Geological boundary 
observed

Geological boundary s 
position interpreted

D1a

Geological boundary, deduced 
from geophysics

Lineament or fault 

Drag folds with plunge

Anticline, syncline, witVi 
plunge

Drill hole with rock codes

Fault

Shear Zone

Geophysically extrapolated, 
greenstone-grariite contact 
beneath overlying 
Keweenawan diabase and 
Sibley Forrration

Mineral occurrence 

Pit or quarry

Ag ...... Silver
as b . . . . . Asbestos
asp ..... Arsenopyrite
Au ...... Gold
ba * . . . . . Barite
bn . . . . . . Borni te
cp ...... Chalcopyrite
cr . . . . . . Chromi te
Cu ...... Copper
gf ...... Graphite
gn . . . . . . Galena
hem . . ( . . Hematite
Li . . . . . . Li thium
mag . . . . . Magnetite

ml ,,.,.. Millerite
mo . . . . . . Molybdenite
Ni ...... Nickel
Pb ...... Lead
pent ..,. Pentlandite
po ...... Pyrrhotite
Pt ...... Platinum ,
py ...... Pyrite
qv t..... Quartz vein
S ....... Sulphide mineralization
sp ...... Sphalerite
tour .... Tourmaline
Zn .*.... Zinc

ROCK AND ROCK TEXTURE REFERENCE

ms *.*.... Massive
fol ...... Foliated
gn .. . *.. . Gneissic
eg ....... Equigranular
in eq .*.. in Equigranular 
Trdj ...,. Trondhjemite 
Mz ....... Monzonite

Qraz ...... Quartz monzonite
Di ....... Diorite
Q Di ..... Quartz diorite
Gdi ...... Granodiorite
Sydi ..... Syenodiorite
Gb ....... Gabbro
An ....... Anorthosite

AA

AB

AE

AC

AD
AA

AF

AG/
AF

AH
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CENOZOIC
QUATERNARY

PLEISTOCENE AND RECENT
Till, clay, sand, gravel

Unconformity

PRECAMBRIAN
LATE PRECAMBRIAN*1 

_____KEWEENAWAN DIABASE
12 12 Unsubdivided

    12a Diabase sills 
12b Diabase dikes

Intrusive Contact

MIDDLE PRECAMBRIAN 
SIBLEY GROUP

     11 Unsubdivided 
11 lla Shale

lib Limestone, dolomitic limestone
Ile Sandstone, siltstone, silty mudstone
lid Conglomerate

Relationship Unknown

_____MAFIC INTRUSIVE ROCKS
- n 10 Unsubdivided1 ' ' - 

lOa Diabase dikes 
lOb Larnprophyre dikes 
lOc Amphibolite dikes

Unconformity

EARLY PRECAMBRIAN^ 
_____LATE MAFIC INTRUSIVE ROCKS

9 9 Unsubdivided 1 
____ 9a Metagabbro

9b Metadiorite to quartz diorite
9c Anorthositic gabbro, gabbroic anorthosite } anorthosite
9d Norite, hypersthene gabbro
9e Ultramafic rocks and their altered equivalents
9f Olivine gabbro

____FELSIC INTRUSIVE ROCKS f
7 7 Unsubdivided 1

_____ 7a Massive
7b Foliated
7c Gneissic
7d Porphyritic or porphyroblastic
7e Sheared
7f Xenolithic (^757., granitic material)
7g Biotite and hornblende-biotite trondhjemite to quartz 

 diorite
7h Hornblende and hornblende-biotite trondh jemltc to quartz

_^ . "~ diorite
7i Biotite and hornblende-biotile granodiorite to quartz 

 diorite
7j Hornblende and biotite-hornblende granodiorite to quartz 

 diorite
7k Biotite and hornblende-biotite quartz monzonite
71 Hornblende and biotite-hornblende quartz monzonite
7in Biotite and hornblende-biotiCc granite
7n Hornblende end biotiLe-hornblende granite
7o Syenite
7p Pegmatitic, aplitic, masses and dikes
7q Diorite and syenodiorite
7r Hornblende quartz diorite (minor biotite)
7s Hornblende monzonite to syenodiorite
7t Muscovite
7u Muscovitfi-biotite quartz monzonite to granodiorite
7v Garnet and garnet-biotite quartz monzonite to granodiorite
7w Garnet and garnet-biotite graondiorite-trondhjemite

 MIGMAT1TIC ROCKSh

6 Unsuhdividcdl
6a BiOtite-quartz-feldspar gneiss ^ hornblende (metasedimentary

migmatite, ^5^ and < 751!. granitic material) 
6b Hornblende-quartz-feldspar gneiss 4; biotite (metavolcanic

migmatite, ^570 and O57- granitic material) 
6c Agmatitic 6a 
6d Agmatitic 6b 
6e LIt-par-Lit injection gneiss ^257. and < 757, granitic

material) 
6f Garnetiferous

EARLY FELSIC TO INTERMEDIATE INTRUSIVE ROCKS
5 Unsubdivided 1
5a Quartz-feldspar porphyry
5b Feldspar porphyry
5c Quartz porphyry
3d Aphanitic to fine-grained felsic intrusive

EARLY MAFIC TO ULTRAMAFIC INTRUSIVE ROCKS** 
4 Unsubdivided* 
4a Porphyritic 
4b Metagabbro 0*357o mafic) 
4c Metadiorite to quartz diorite 
4d Anorthosi rp g^bht-n (22^-35*^ mafics) gabbroic anorthosite

(10-22^7, mafics), anorthosite (-e107. mafics) 
4e Ultramafic rocks, and related altered equivalents 
4f Serpentinite rocks 
4g Dike rocks 
4h Hornblendite

METAVOLCANICS AND METASEDIMENTS 
METASEDIMENTS

3 Unsubdivided 
3a Quartzite, arkose 
3b Greywacke 
3c Conglomerate
3d Slate, argillite, siltstone
3e fliotite-quartz-feldspar schist and gneiss (minor horn 

blende and/or sericite)
3f Migrnatized, 10 to 257D aranitic material 
3g Garnetiferous 
3h Blotite-sericite schist 
3m Chert (volcanic association) 
3n Chert and carbonate (volcanic association) 
3y Volcanogenic: sediments 
3z Seine River metaconglomerate 
3A Marble

IF Iron formation

METAVOLCANICS
Felsic to Intermediate Metavolcanics 

2 Unsubdivided 
2a Rhyolite to dacite flows 
2b Tuff and lapilli-tuff 
? c Agglomerate; breccia
2d Felsic pyroclastic with felsic fragments and mafic matrix 
2 e For phy r i L i. c fi ows , quar t x- f e l ri s pa r por phy ry 
2f Flow-banded

IF Iron formation

Intermediate to Mafic MetavoLcanlcs
I Unsubdivided 5

__ la Basalt to andesite, massive to foliated
Ib Basalt to andesite, pillowed
le Mafic tuff, agglomerate
.Id Mafic pyroclastic (mafic fragments in felsic groundmass)
le Layered amphibolite
If Massive amphibolite
lg Migmatized, (10 to 257.) granitic material
Ik Amygdaloidal flows
II Mafic dikes (possibly volcanogenic)

1 1m Porphyritic flows

'IF Iron formation

The letter "G" preceding a rock unit number, for example "Gl" indicates 
interpretation is based on geophysical data only.

The letter "C" preceding a rock unit number, for example "CI" indicates that 
the outcrop position and identification has been compiled from published 
and unpublished data, assessment, files, or outcrop maps made available to 
the project by several exploration companies; the outcrops were not ex-r 
amined.

The letter "D" preceding a rock unit number, for exairtple "DI" indicates 
that the lithology has been compiled from drill log data from assessment 
files, or drill logs made available to the project by several exploration 
companies; the cores were not examined.

Subdivisions of major rock units do not indicate age relations.

This is basically a field legend and may be changed as a result of sub 
sequent laboratory investigations.

Outcrops in unit 7 are coded with two letters, one Indicating texture, and 
the other rock type; e.g. 7bo describes a foliated syenttic rock.

The contacts between predominantly granitic and predominantly migmatitic 
terrains are based on geophysical data, therefore, outcrops of granitic 
rocks will occur in migmatitic areas and vice versa. Also, unit 6 pro 
visionally includes: some foliated granitic rocks; inclusion-rich areas 
of granitic rock; and metamorphosed granitic rocks.

Rock Identification based on airborne observation.

Age relations between units l, 2 and 3 are unknown.

Rock codes or symbols not found on this map will be found on other maps in 
the Operation Ignace-Armatrong.

Rock code 8, does not appear on maps in Operation Tgnace-ArmbLrong area. 

An "X" within an indicated outcrop area represents a data point. 

Age relations between units 10 and 11 unknown.

Large bold type letters are to designate dominant rock type. The large 
bold "6" is used to indicate early granitic foliated, snessic, 
and/or mixed rocks that enclose the later more massive granitic rocks 
indicated by the bold type "7".

Rocks coded as migmatite are followed by a series of rock codes indicating
rock types present in order of decreasing abundance. Xenolithic rocks
are coded "f" with xenolith rock type included within accompanying brackets

The Puddy Lake serpentinite may be prevolcantc and much earlier in age than 
the mafic rocks commonly found associated with most greenstone belts with 
which it has been coded.

The age relations between the anorthositic gabbro-anorthosite blocks found 
associated with the gneissic Lrondhjemitcs between the north end of Weaver 
Lake and Gillard Lake is uncertain.
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