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Foreword

The metavolcanic-metasedimentary sequences of the Huronian Supergroup represent 
fluviatile, marine and glacial paleoenvironments and have been studied by many re 
searchers since very early in the history of Canadian geology. The early interest fo- 
cussed on regional mapping and paleoenvironmental interpretations. The supergroup 
is also important from an economic point of view. It contains the uranium deposits of 
Elliot Lake. Minor gold is known to be associated with some clastic metasedimentary 
units of the supergroup.

The present report is the result of a paleoenvironmental study designed to improve 
our understanding of the mineral potential of the rocks of the Huronian Supergroup in 
the Cobalt Embayment northeast of Sudbury.

V.G. Milne
Director
Ontario Geological Survey
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Abstract

The study area covers parts of ten townships in the area immediately northeast of Sud 
bury. The area is underlain by Early Proterozoic rocks of the Huronian Supergroup, 
which rest unconformably on Archean granitic and mafic metavolcanic basement 
rocks. The Huronian Supergroup has been intruded by Nipissing gabbro bodies, the 
Sudbury Igneous Complex and olivine diabase dikes.

Stratigraphic mapping of the Huronian Supergroup was carried out. The distribu 
tion of the formations was examined, and sedimentary depositional features inter 
preted. Petrographic studies of the main rock types present in each formation were 
done. Investigations into the potential for paleoplacer gold deposits within the Huro 
nian Supergroup were also carried out.

A model involving deposition at the northern margin of an elongate basin at a 
rifted continental margin is proposed for the lower half of the Huronian Supergroup. 
The upper half of the succession was deposited in a more open continental margin envi 
ronment, after the initial rift was filled by the deposits of the lower part of the succes 
sion. Deposition involved cyclic sedimentation of glacial-marine and glacial deposits, 
shallow to deep marine pelitic deposits, and fluvial to marine tidal shelf arenite depos 
its. The potential for paleoplacer gold deposits in these deposits is low, except for with 
in braided fluvial deposits at the base of the succession in the northern part of the area. 
These deposits are poorly exposed and of limited extent; exploration of them will be 
difficult.



Resume

La region etudiee couvre une partie de dix cantons dans la region directement au 
nord-est de Sudbury. Le substratum rocheux de la region est forme de roches du 
Proterozoi'que inferieur faisant partie du Supergroupe Huronien, reposant de facon 
discordante sur les roches granitiques et metavolcaniques mafiques du socle Archeen. 
Le Supergroupe Huronien a ete penetre par les massifs de gabbro du Nipissing, le 
Complexe igne de Sudbury, et par des dykes de diabase a olivine.

La cartographic stratigraphique du Supergroupe Huronien a ete realisee. La dis 
tribution des formations a ete examinee, et les caracteristiques des depots sedimentair- 
es ont ete interpretees. Des etudes petrographiques sur les principaux types de roches 
presents dans chaque formation ont ete faites. Des etudes sur la presence possible de 
paleoplacers auriferes dans le Supergroupe Huronien ont aussi ete conduites.

Un modele impliquant une accumulation sedimentaire le long de la marge nord 
d'un bassin, de forme etiree, situe sur un fosse central est suggere pour la moitie 
inferieure du Supergroupe Huronien. La moitie superieure de la serie s'est formee 
dans une marge continentale plus ouverte suite au remplissage du fosse central par les 
sediments de la partie inferieure de la serie. Les couches sedimentaires ont ete forme- 
es par une sedimentation cyclique de depots glaciaires et glacio-marins, de depots argi- 
leux marins profonds et peu profonds, et de depots d'arenites fluviaux et de littoral 
marin. Le potentiel pour des paleoplacers auriferes est faible sauf pour ce qui est des 
depots de rivieres anastomosees en tresse, a la base de la serie dans la partie nord de la 
region. Les affleurements de ces depots sont peu frequents et d'etendue limitee; ce 
que n'en facilite pas 1'exploration miniere.

Stratigraphy, Paleoenvironment and Economic Potential of the Huronian Supergroup 
in the Southern Cobalt Embayment, by R.L. Debicki; Ontario Geological Survey, Mis 
cellaneous Paper 148, 154p. ISBN 0-7729-6135-2.



Introduction

The study area lies in the southern Cobalt Embayment 
and is located immediately northeast of the City of Sud 
bury. It includes parts of McKim, Neelon, Dryden, Gar 
son, Falconbridge, Street, Maclennan, Scadding, Davis 
and Rathbun townships. Access is provided by Highways 
69 and 17, as well as municipal and regional roads. Addi 
tional access is provided by cottage roads, company 
roads on Falconbridge Limited property and abandoned 
exploration and logging trails.

This project was undertaken to obtain a better un 
derstanding of the stratigraphy and paleoenvironment 
of the Huronian Supergroup in the southern Cobalt 
Embayment, and to determine whether paleoenviron- 
ments that might host paleoplacer gold mineralization 
are present (Mossman and Harron 1983). The area of in 
vestigation is shown in Figure 1.
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Stratigraphic Mapping

Existing geological maps and reports were used to select 
traverse lines giving the best possible exposure across 
individual formations. Areas where repetition of a sec 
tion occurs due to previously known folding and faulting 
(Dressler 1984a, 1986) were avoided, as were areas 
where a section was disrupted by Nipissing gabbro intru 
sions. Areas where well-developed Sudbury Breccia bo 
dies were reported were also avoided, although breccia 
was found along some traverse lines. Where large brec 
cia bodies were encountered, measurement of the 
stratigraphic section was terminated. Faulting, Nipis 
sing gabbro intrusions, Pleistocene glaciofluvial out 
wash deposits, and industrial and residential develop 
ments disrupted and obscured parts of the succession 
through much of the southern Cobalt Embayment area, 
so that uninterrupted sections across entire formations 
were present in only a few places. The locations of the 
traverse lines are indicated on Figure 2. They are also 
shown, along with the traverse numbers, on Figure 3 (see 
back pocket).

Features including bed thickness, rock colour and 
composition, grain size and shape, and postdepositional 
deformation were measured and recorded. Structures 
including parallel and cross-bedding, ripple cross-lami-

Figure 1. Key map showing location of the southern Cobalt Embayment. Scale 1:1 584 000.
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Figure 2. Simplified geological map of the southern Cobalt Embayment.

nations, flute marks, pebble abundance, rock type and 
orientation were also measured and recorded. Stereo 
graphic projections were used to determine the direc 
tion of flow during deposition of units bearing cur 
rent-generated features.

Diagrammatic stratigraphic columns for most of the 
traverse lines are included in Appendix 1. A few sections 
were not plotted because of structural complexity en 
countered while measuring the section, or because the 
traverse was done to check a specific site rather than to 
measure a section. The numbers of the sections which 
cross each formation, and the part of each formation 
crossed, are listed in the introduction to Appendix 1. An 
explanation of the chart used to plot the stratigraphic 
columns is also in this introduction. The stratigraphic 
columns indicate general rock type, grain size, bed 
thickness and most depositional features. Other signifi 
cant characteristics are described in comments on the 
chart.

Petrographic and Geochemical Analyses

Modal analyses were done on 85 thin sections prepared 
from samples belonging to the Huronian Supergroup. 
Rock names were assigned using the classification of 
Young (1967) shown in Figure 4. Phyllosilicates of ob 
vious detrital origin are included with lithic fragments in

this classification. In addition, two samples of Nipissing 
intrusive rocks were modally analyzed. The locations of 
the samples are indicated on Figure 5 (see back pocket). 
The samples which have undergone modal analysis are 
listed in Tables l, 2, 4, 6, 8 and 10 of Appendix 2, where 
they are subdivided according to formation and listed 
numerically. Also included in the tables are the modal 
analyses, the final map legend number and the field 
name of each rock.

Samples which have undergone whole rock geo 
chemical analysis and trace element geochemical analy 
sis are also indicated on Figure 5. Whole rock geochemi 
cal analysis was done on 26 samples from the Huronian 
Supergroup, one sample of Nipissing intrusive rock, and 
one sample of quartz-carbonate vein material. Tables 3, 
5, 7, 9, 11 and 12 of Appendix 2 list the results of the 
whole rock geochemical analysis. The samples are sub 
divided according to formation. Trace element geo 
chemical analysis was done on 63 samples from the Hu 
ronian Supergroup, two samples of Nipissing gabbro, 
two samples of Archean basement rock, seven samples 
of quartz vein stockworks, eight samples of quartz and 
quartz-carbonate veins, and nine samples of metasoma 
tite and skarn. Table 18 of Appendix 2 lists the results of 
the trace element geochemical analysis. The samples 
are subdivided according to formation or rock type.
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General Geology

Geological mapping of this area has been done by a sedimentary and intrusive rocks of the Grenville Prov-
number of workers, including Fairbairn (1939), Thorn- ince. Nipissing gabbro intrusive bodies, which occur
son (1961), Grant etal. (1962), Innes (1978) and Dressler throughout the Huronian succession, have been
(1982, 1984a, 1987). omitted from the map.

Stratigraphic, sedimentologic and petrographic stu- The Huronian Supergroup is an Early Proterozoic 
dies of the Huronian Supergroup in areas adjacent to assemblage of sedimentary and volcanic rocks, which 
the southern Cobalt Embayment were described in re- overlaps northward onto a basement of Archean rocks 
ports by Meyn (1973), Card et al. (1977), Card (1978) and of the Superior Province. The sequence was deposited 
Dressler (1982, 1984b, 1986). The stratigraphic se- between 2500 Ma, the minimum radiometric age of 
quence established and used by these workers is listed in Archean felsic plutonic basement rocks, and 2150 or 
Table 1. 2160 Ma, the radiometric age of intrusive Nipissing gab- 

The general distribution of the various groups pres- bro bodies ân Schmus 1965; Fairbairn et al. 1969). Di- 
ent in the southern Cobalt Embayment is indicated on rect radiometric dating of Huronian sedimentary and 
the simplified geological map shown in Figure 2. The volcanic r̂ s suggests that they were deposited approx- 
Huronian Supergroup is located within the Southern """^y 2300 Ma (Fairbairn et al. 1969; Knight 1965). 
Province. It is bounded on the north by exposures of un- Southwest of Wanapitei Lake, the Huronian suc- 
derlying Archean granitic, metasedimentary and meta- cession includes, from the base upwards, rocks of the 
volcanic basement rocks of the Superior Province; on Stobie, Copper Cliff, McKim and Ramsay Lake forma- 
the northwest by exposures of the Sudbury Igneous tions. Along the west shore of the lake, however, those 
Complex and Creighton, Murray and Skead plutons; formations are absent. Strata here correlate with the 
and on the southeast by structurally juxtaposed meta- Matinenda Formation and unconformably overlie Arch-

TABLE 1. STRATIGRAPHY OF THE HURONIAN SUPERGROUP.

HURONIAN SUPERGROUP
Cobalt Group

Bar River Formation - sandstone, siltstone
Gordon Lake Formation - siltstone, argillite, sandstone
Lorrain Formation - sandstone, minor conglomerate and siltstone
Gowganda Formation - conglomerate, argillite, siltstone, sandstone

Local Disconformity

Quirke Lake Group

Serpent Formation - sandstone, siltstone, limestone, conglomerate 
Espanola Formation - limestone, dolostone, siltstone, sandstone 
Bruce Formation - conglomerate, sandstone, siltstone

Local Disconformity

Hough Lake Group
Mississagi Formation - sandstone, siltstone, argillite, conglomerate
Pecors Formation - siltstone, argillite, sandstone
Ramsay Lake Formation - conglomerate, sandstone, siltstone

Local Disconformity

Elliot Lake Group

McKim Formation - argillite, siltstone, sandstone
Matinenda Formation - sandstone, siltstone, argillite, conglomerate
Copper Cliff Formation - rhyolite, dacite, felsic intrusions, porphyry, crystal tuff, 
pyroclastics, minor metabasalt and metasediments
Stobie Formation - metabasalt, fragmental mafic metavolcanics, mafic schist, 
metasediments
Salmay Lake Formation - metabasalt, fragmental mafic metavolcanics, metasediments 
Elsie Mountain Formation - metabasalt, minor metasediments
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can basement. A major change in the depositional histo 
ry of the Huronian Supergroup clearly takes place in the 
southern Cobalt Embayment.

Because of the areal distribution of the formations 
of the Huronian Supergroup in the southern Cobalt 
Embayment, no complete section is present in any one 
area. No true total cumulative thickness can be deter 
mined.

Much of the Huronian Supergroup consists of cycli 
cal repetitions of tripartite sequences of conglomerate, 
siltstone and wacke, and arenite. This cyclicity has led to 
the stratigraphic subdivisions used to describe the Huro 
nian succession. The lowermost group is the only one 
which does not include the tripartite sequence.

Four formations of the Elliot Lake Group are pres 
ent in the study area. They comprise a sequence approx 
imately 2850 m thick consisting of mafic volcanics (Sto 
bie Formation), felsic volcanics (Copper Cliff Forma 
tion), wacke and arenite (Matinenda Formation), and 
wacke and siltstone (McKim Formation). The Stobie 
Formation consists of massive and pillowed mafic meta- 
volcanic flows, with rare mafic lithic tuffs and pyroclastic 
breccias. Locally derived monomictic orthoconglomer 
ate and rare lenses of polymictic orthoconglomerate are 
also present. The Copper Cliff Formation is made up of 
quartz-feldspar crystal tuff, massive to flow-banded rhy 
olite and lapilli tuff to pyroclastic breccia. The Matinen 
da Formation consists of poorly sorted, discontinuous 
beds of wacke, arenite and pebble conglomerate. The 
McKim Formation consists of medium-bedded grey 
wacke and thinly bedded siltstone. Sedimentary struc 
tures characteristic of turbidites are present in the 
McKim Formation.

The Hough Lake Group consists of a tripartite se 
quence, approximately 3750 m thick, of conglomerate 
(Ramsay Lake Formation), siltstone to wacke (Pecors 
Formation) and arenite (Mississagi Formation). The 
Ramsay Lake Formation consists of massive- to paral 
lel-bedded polymictic paraconglomerate and pebbly 
wacke. Massive thickly bedded subarkose is present at 
the top of the formation in McKim Township. The Pe 
cors Formation consists of thinly bedded siltstone, 
wacke and quartz-feldspar sandstone. Sedimentary 
structures characteristic of turbidites and fluvial depos 
its are present at various places in the Pecors Formation. 
The Mississagi Formation consists almost entirely of 
thickly bedded medium- to coarse-grained cross-bedded 
arkose to feldspathic wacke, with minor amounts of in 
terstratified massive- to parallel-laminated siltstone 
and fine-grained wacke. The sedimentary structures 
present in it are characteristic of fluvial deposits.

The Quirke Lake Group is approximately 2500 m 
thick. It repeats the cycle of conglomerate (Bruce For 
mation), siltstone and wacke (Espanola Formation), and 
arenite (Serpent Formation) seen in the Hough Lake 
Group. The Bruce Formation consists of massive, 
sparsely pebbled polymictic paraconglomerate to pebbly 
wacke, with interstratified massive and rarely cross- 
bedded, fine- to medium-grained arkose. The Espanola

Formation consists of limestone, parallel-laminated ar 
gillite, calcareous siltstone, siltstone to wacke and ar 
kose. The Serpent Formation consists of massive to 
rarely cross-laminated, medium to thickly bedded ar 
kose and subarkose.

In the study area the Cobalt Group is approximately 
1250 m thick. It again repeats the cycle of conglomerate, 
siltstone and wacke (Gowganda Formation), and arenite 
(Lorrain Formation). The Gowganda Formation con 
sists of polymictic paraconglomerate to pebbly wacke, 
siltstone to pebbly siltstone, and wacke to arkose. Silt 
stone to pebbly siltstone is the predominant rock type. 
The amounts of wacke and arkose increase near the top 
of the formation. The Lorrain Formation is made up of 
arkose, subarkose, silty micaceous arkose and wacke. 
Cross-bedding is rarely present, but is highlighted in 
places by graded foresets, and by concentrations of he 
matite along the foresets.

DEPOSITIONAL ENVIRONMENT OF THE 
HURONIAN SUPERGROUP

According to Card et al. (1977), Huronian rocks record 
rapid deposition by facies migration of mainly immature 
clastic sediments derived from a dominantly felsic plu 
tonic terrane to the north. A variety of depositional en 
vironments has been suggested for the Huronian Super 
group. These include deposition on a passive margin 
facing south or southeast, an aulacogen opening to the 
east, or a simple elongate graben. Recent suggestions 
include deposition in a rifted margin (Fralick and Miall 
1981), and deposition in a left-lateral strike-slip con 
trolled pull-apart basin related to oblique subduction 
(Long 1986).

Results obtained from this study suggest that, at 
least for the Elliot Lake and Hough Lake groups, the 
depositional environment was submarine, and at the 
northern edge of a rifted margin. The boundary be 
tween terrestrial and submarine conditions crossed the 
southern part of the area now occupied by the Sudbury 
Igneous Complex, and continued across northernmost 
Falconbridge Township. The graben created by the 
rifted margin was filled by the end of the deposition of 
the Hough Lake Group. Deposition of the Quirke Lake 
and Cobalt groups represents deposition of two gla 
cial-marine to fluvial cycles of more widespread distri 
bution.

An unconformity at the base of the Gowganda For 
mation shows that the Serpent Formation underwent 
gentle folding and erosion prior to the deposition of the 
Gowganda Formation. Approximately 20 km north of 
the southern Cobalt Embayment area, Sauerbrei and 
Phipps (1983) report an unconformity of greater magni 
tude where the Gowganda Formation rests directly on 
the Mississagi Formation, and the entire Quirke Lake 
Group is missing.

The Stobie and Copper Cliff formations represent 
parts of a mafic to felsic volcanic sequence deposited 
along a rifted continental margin. Matinenda Forma 
tion deposits were laid down at the end of the volcanism,

8
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and lie north of the limit of marine conditions. They 
were deposited in a braided fluvial environment. Depos 
its of the McKim Formation are marine, and were de 
posited from a variety of sediment gravity flows. A sub 
marine fan, possibly at the mouth of an estuary opening 
from the north, was the source of many of the flows.

The Ramsay Lake Formation was deposited in a gla 
cial-marine environment. Much of it was deposited by 
debris flows. The decreasing thickness of the formation 
from south to north (Card et al. 1977), plus the inferred 
presence of a rifted continent to the south raise the pos 
sibility that the deposits of this formation were derived 
from the south. If the original rifted continent was rela 
tively homogeneous in composition, petrographic stu 
dies could neither confirm nor contradict this. The are- 
nites present at the top of the Ramsay Lake Formation 
in the southern Cobalt Embayment were deposited in a 
shallow marine environment, and may consist of re 
worked glacial-marine deposits. The Pecors Formation 
appears to have been deposited from sediment gravity 
flows and in channels of a submarine fan. The lower 
most and uppermost parts of the Mississagi Formation 
may have been deposited in a shallow marine environ 
ment such as was postulated for the Mississagi Forma 
tion in the Sudbury-Espanola area (Card 1969; Palonen 
1971). The main part of the Mississagi Formation in the 
southern Cobalt Embayment appears, however, to have 
been deposited in a fluvial environment, as was noted by 
Wood (1980).

The Bruce Formation appears to have been depos 
ited in a glacial and glacial-marine environment. The 
thickest section of the formation in Falconbridge and 
Dryden townships is more than 1000 m thicker than the 
greatest thickness reported elsewhere, and may repre 
sent deposition of basal till at the grounding line of a 
shelf glacier. The Espanola Formation was deposited in 
a shallow tidal marine environment; the Serpent For 
mation may have been deposited in a similar environ 
ment.

Controversy has surrounded recent interpretations 
of the role of glaciation in the deposition of the Gow 
ganda Formation (Sharpe 1985; Eyles and Miall 1984). 
Recent interpretations suggest that the formation con 
sists of debris flows, grain flow deposits, thinly bedded 
turbidites, and pelagic marine shelf sediments (Miall 
1983); and that in the Cobalt Embayment it consists of 
deep water deposits with little direct glacial influence 
(Long and Colvine 1985). In the study area the Lorrain 
Formation appears to have been deposited in a braided 
fluvial environment.

PALEOFLOW DIRECTIONS - 
HURONIAN SUPERGROUP

Paleoflow data from eight of the formations present in 
the southern Cobalt Embayment are summarized in 
Figure 6. The number of measurements from each for 
mation is indicated at the centre of each rose.

Data from the McKim Formation shown on Figure 
6 indicate that flow during deposition was generally to 
the west, but with a wide range of flow directions. How 
ever, in central McKim Township distinct differences 
exist between flow directions in turbidite beds of proxi 
mal and distal facies. Flow in proximal turbidites ap 
pears to have been northward and southward in central 
McKim Township, possibly directed from the margins to 
the centre of a long, narrow, east-trending basin. Row 
in the distal turbidites was westward, along the axis of 
the basin. Figure 7 shows that this relationship is best 
developed in the southernmost part of the area. To the 
north, in the Cambrian Heights area of northeastern 
McKim Township, flow directions in both proximal and 
distal turbidites are to the south-southwest. The depos 
its in this area are typical of those of the midfan regions 
of submarine fans (Lowe 1979; Walker 1984), and likely 
represent the deposits of one of a number of fans sup 
plying detritus to the McKim Formation.

One paleoflow indicator was found in the Ramsay 
Lake Formation, and is shown on Figure 8. It was pres 
ent in a broad, cross-bedded channel, and may be of only 
local significance. Flow was to the northwest.

Paleoflow directions in the Pecors Formation are 
also shown on Figure 8. They are generally to the south- 
west, with some flow to the southeast and northeast. 
The depositional environment of the Pecors Formation 
appears complex. Proximal and distal turbidites as well 
as apparent fluvial deposits are present in the forma 
tion. All these features are, however, compatible with 
deposition in a submarine fan (Lowe 1979; Walker 1984). 
Steep-sided channels filled with pebbly wacke present at 
places within the Pecors Formation may also be found in 
a submarine fan environment. The different paleoflow 
directions in turbidites of the Pecors Formation may re 
flect deposition from different lobes of the submarine 
fan, while the paleoflow directions present in the "flu 
vial" deposits of the formation reflect deposition from 
incised channels on the fan.

Paleoflow directions from the Mississagi Formation 
show a preferred unimodal orientation on Figure 6. Fig 
ure 9 shows that there are, however, local variations in 
paleoflow directions with location, and with level within 
the formation. Bimodal flow present in the lowermost 
and uppermost, more pelitic parts of the formation may 
indicate deposition in a fluvial-deltaic or shallow marine 
environment with southeast-flowing depositional cur 
rents and southwest-flowing longshore currents. Anom 
alous paleoflow directions in the uppermost part of the 
Mississagi Formation south of Ashigami Lake may re 
flect local depositional constraints. The deposits of the 
main part of the Mississagi Formation in the southern 
Cobalt Embayment have unimodal southwest paleoflow 
directions. They appear to have been deposited by a 
Platte-type (Ethridge 1980) shallow braided stream.

A few paleoflow directions were determined from 
arkose interbeds in the Bruce Formation. They are sum 
marized on Figure 6, and are also shown on Figure 10. 
They show no preferred orientation. The Bruce Forma 
tion appears to have been deposited beneath a grounded
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Figure 6. Summary ofpaleoflow data from the Huronian Supergroup of the southern Cobalt Embayment.

ice shelf, with some glacial-marine deposits present 
near the top of the formation.

Paleoflow directions in the Espanola Formation are 
also shown on Figures 6 and 10. They are to the south 
and southwest. The deposits appear to have been laid 
down in a shallow-water environment with input from 
turbidity currents, and near the top of the formation, 
during periodic subaerial exposure.

Data from the Serpent Formation shown on Figures 
6 and 10 indicate paleoflow was mainly to the east- 
northeast. Weak flow to the northwest was also present. 
These flow directions are almost opposite to those of 
most of the Mississagi Formation, but are the same as 
the anomalous paleoflow directions found in the Missis 
sagi Formation south of Ashigami Lake. The few pa 
leoenvironment indicators observed in the Serpent For 
mation make interpretation of a depositional environ 
ment difficult, but the formation may have been depos 
ited in a shallow tidal shelf setting.

Paleoflow directions obtained from arenites in the 
Gowganda Formation are also shown on Figures 6 and

10. The paleoflow directions are bimodal to the south 
and east-northeast. The arenites were likely deposited 
in a shallow marine environment during the early and 
late stages of Gowganda deposition.

Data from the Lorrain Formation shown on Figures 
6 and 10 indicate that paleoflow was to the south, with 
weak bimodal flow to the southwest. The arenites of the 
Lorrain Formation appear to have been deposited by a 
shallow braided stream.

Rotation of paleoflow directions due to rotation of 
large blocks of strata by forces related to formation of 
the Sudbury Breccia and the Sudbury Structure is not 
thought by the author to have been widespread. Two ar 
eas several hundred metres across surrounded by Sud 
bury Breccia were found to have drastically different pa 
leoflow directions than was normal for their respective 
formations. Values from those areas were not included 
in the compilation ofpaleoflow data. The data compiled 
come from widely distributed geographic points, have 
fairly consistent patterns, and show no evidence for ro 
tation.
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STRATIGRAPHY AND PETROGRAPHY 
OF THE HURONIAN SUPERGROUP

ELLIOT LAKE GROUP

Two discontinuous volcanic to volcanosedimentary 
units, and two sedimentary units of the Elliot Lake 
Group are present in the southern Cobalt Embayment. 
Both units consist mainly of volcanic rocks, but both 
have increasing amounts of interbedded volcaniclastic 
and clastic rocks as the top of the formation is ap 
proached. The Stobie and Copper Cliff formations ap 
pear to be part of a major mafic to felsic volcanic cycle 
grading from mafic flows to felsic flows and pyroclastic 
rocks. Modal analyses from these formations are listed 
in Table l of Appendix 2. The sedimentary units consist 
of basal conglomerate and associated arenite and 
wacke, and proximal to distal turbidites and other rocks 
formed by sediment gravity flows. The Matinenda and 
McKim formations are found in different parts of the 
southern Cobalt Embayment. Modal analyses from 
these formations are listed in Table 2 of Appendix 2.

Table 3 of Appendix 2 lists whole rock geochemical anal 
yses for samples from the Elliot Lake Group.

Stobie Formation

INTRODUCTION

Rocks of the Stobie Formation form an east- to north 
east-trending belt in McKim, Blezard, Garson and 
southern Falconbridge townships, and a north-trending 
belt in northern Falconbridge and Maclennan town 
ships. They consist of dark green to dark grey basalt that 
weathers dark grey-green, with minor amounts of da 
cite, siltstone, wacke, subarkose, breccia and conglom 
erate. The formation is at least 1240 m thick in central 
Falconbridge Township, but it appears to thin rapidly in 
the southern part of the township before thickening 
again in Blezard Township. It also thins rapidly and dis 
appears in central Maclennan Township.

PETROGRAPHY

In central Falconbridge Township, the Stobie Formation 
consists mainly of massive basalt flows. Pillows up to

11



OGS MISCELLANEOUS PAPER 148

12



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

i

."3

I"3
c: 
oSP

13



OGS MISCELLANEOUS PAPER 148

O

S- 
8 
o

3 
OJ

4 
l
•E

.o 

.a

•3
c o

14



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

Photo 1. Beddingplane surface of Stobie Formation pillowed basalt (dark) with irregularities in surface filled by siltstone (light). Tra 
verse 27, central Falconbridge Township.

1.5m across are present in a few places (Photo 1). Both 
the massive and pillowed flows can be found with or 
without vesicles or quartz-filled amygdules. Most of the 
amygdules are 5 mm across or less, but some are up to 5 
cm and rarely as much as 15 cm across.

Flow top breccias are present in the uppermost 
parts of a few of the massive basalt flows. The breccias 
consist of angular fragments of basalt up to 20 cm across, 
in a basaltic matrix. Flow banding is visible in the mas 
sive basalt immediately below the breccia in some 
places.

A sequence of dark grey weathering, massive grey 
dacite approximately 80 m thick is present near the base 
of the formation. Rare beds of mafic pyroclastics are 
present in the upper part of the formation and contain 
tuff breccia with fragments up to 10 cm across, and lapilli 
tuff in isolated units approximately l m thick.

Dark grey dacite present near the base of the forma 
tion consists of a very fine-grained intergrowth of pla 
gioclase microlites and micaceous minerals. The micro- 
lites show poorly developed trachytoid texture, and are 
clouded by alteration. Rare plagioclase phenocrysts up 
to l mm long are present, as are glomerophenocrysts of 
orthoclase with minor microcline. Irregular, monocrys- 
talline quartz grains up to 0.5 mm across, and ragged 
grains of biotite up to 0.5 mm across are also present.

Siltstone to fine-grained wacke and rare subarkose 
occur as interflow sediments in the middle and upper 
portions of the Stobie Formation. They are light to dark 
grey on weathered and fresh surfaces, and are massive 
to finely laminated. The subarkose contains faint

cross-laminations in a few places. Bed thicknesses range 
up to 20 cm, but most beds are discontinuous and less 
than 5 cm thick. Some beds fill irregularities in the sur 
face of the underlying flow. Minor syndepositional 
slumping is present in the siltstone and wacke.

Siltstone in the Stobie Formation contains parallel 
laminations l to 20 mm apart. Augite laths up to 0.2 mm 
long, in part replaced by chlorite, are oriented parallel 
to the laminations. Chlorite is also present in aggregates 
up to 2 mm across, with altered possible actinolite. 
These aggregates crosscut the laminations in the silt 
stone and are of metamorphic origin.

Rare intraformational breccia and polymictic ortho 
conglomerate are present in the middle and upper por 
tions of the Stobie Formation. The intraformational 
breccia occurs as beds 0.5 to 3.5 m thick consisting of 50 
to 60 percent angular to subangular locally derived vol 
canic and siltstone fragments in a silty matrix. The frag 
ments are up to 10 cm across, but most are 5 to 6 cm. 
Some clasts are orientated parallel to bedding. At one 
location in central Falconbridge Township, a sandstone 
dike 30 cm across crosscuts, but is confined to, a 3 m 
thick bed of intraformational breccia.

The conglomerate occurs in beds 3 to 10 m thick 
consisting of 50 to 60 percent subangular to round frag 
ments of granite, quartz, mafic volcanics, arkose and 
schistose metasediments in a silty to sandy matrix. The 
clasts are up to 30 cm across, but most are 4 to 10 cm. 
Oval and elongate clasts commonly show well-devel 
oped imbrication. The characteristics of pebbles and 
cobbles from one bed of this orthoconglomerate are 
shown in Figure 11. One conglomerate bed grades
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upward over 3 m to a fine- to medium-grained, light 
grey, massive sandstone with rare clasts.

Modal analyses of rocks of the Stobie Formation are 
presented in Table l of Appendix 2 and whole rock geo 
chemical analyses in Table 3 of Appendix 2.

Copper Cliff Formation

INTRODUCTION

Felsic metavolcanics (Photo 2) of the Copper Cliff For 
mation form a northeast-trending belt in McKim, Ble 
zard and Garson townships. The lower part of the Cop 
per Cliff Formation and the contact between the Cop 
per Cliff Formation and the underlying Stobie Forma 
tion are not exposed. The Copper Cliff Formation is 
made up of quartz-feldspar crystal tuff and felsic lithic 
tuff to tuff breccia, with minor amounts of flow banded 
rhyolite, subarkose, wacke and intraformational con 
glomerate, which are pink to pale grey on their fresh 
surfaces and pink to tan on their weathered surfaces. 
The thickness of the exposed section is 300 m in McKim 
Township, but the formation thins under overburden in 
Blezard Township, and disappears in southern Garson 
Township.

PETROGRAPHY

Quartz-feldspar crystal tuff is the most common rock 
type in the Copper Cliff Formation. It is massive, with 
quartz phenocrysts up to 1.5 mm and feldspar pheno- 
crysts up to 2.0 mm in size. The flow banded rhyolite is 
very similar in appearance to the crystal tuff, except that 
poorly to well-developed flow banding is present.

In the quartz-feldspar crystal tuff, quartz occurs as 
equant subhedral to euhedral monocrystalline and poly- 
crystalline grains l to 4 mm across. Potassic feldspar is 
present as equant subhedral to euhedral grains l to 2 
mm across, and plagioclase is present as elongate subhe 
dral to euhedral grains l to 2 mm long (Photo 3). The 
quartz and feldspar phenocrysts make up 5 to 20 percent 
of the rock. They are enclosed by a quartzofeldspathic 
allotriomorphic granular matrix, with grains less than 
0.1 mm across.

The lithic tuff and tuff breccia consist of subangular 
to subround fragments of rhyolite in a rhyolitic matrix. 
The fragments are sometimes difficult to distinguish 
from the matrix, but on some weathered surfaces the 
fragments are slightly lighter in colour than the matrix. 
Fragments range in size from 0.1 to 35 cm, but are most 
often between l and 8 cm. Local variations in fragment 
size and abundance define crude stratification.

The rhyolitic crystal-lithic tuff is very similar to the 
quartz-feldspar crystal tuff, but includes 20 to 70 percent 
lapilli and breccia fragments. The lapilli and fragments 
are of the same composition and texture as the matrix, 
but in the sample studied in thin section, the matrix of 
the fragments is coarser grained than the matrix of the 
rock surrounding them. The matrix surrounding the 
fragments consists of allotriomorphic granular quartz, 
potassic feldspar and plagioclase grains 0.1 to 0.2 mm 
across, with muscovite 0.1 mm across. Dark brown 
pleochroic biotite is also present in the matrix.

Arkose, wacke and rare intraformational conglom 
erate occur as discontinuous beds of irregular thickness 
in the upper part of the formation. Some beds fill de-

Photo 2. Copper Cliff Fonnation myolitic pyroclastic rock with fragments slightly lighter in colour than matrix. Traverse 53, central 
McKim Township.
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Photo 3. Plagioclase phenocryst with poorly developed antiperthitic texture in allotriomorphic granular matrix, Copper Cliff Forma 
tion. Crossed polarizers, field of view 2 mm across. Sample 86RLD-5302, Traverse 53, central McKim Township.

pressions in the surface of the underlying rhyolite hori 
zon. The arkose and wacke consist of varying amounts of 
very fine- to coarse-grained quartz and feldspar in a silty 
fine-grained matrix, and occur in massive to paral 
lel-laminated beds with laminations 0.5 to 3 cm apart. 
The conglomerate is matrix to clast supported, with 20 
to 60 percent clasts. It consists of subangular elongate 
clasts of rhyolite in a fine-grained wacke matrix. The 
clasts are usually less than 2 cm, but locally up to 50 cm 
across, and are oriented parallel to bedding. Poorly de 
veloped parallel lamination is present in the matrix.

Arkose to arkosic wacke in the Copper Cliff Forma 
tion are believed by the author to be derived from the 
volcanic rocks of the formation. They consist mainly of 
very fine-grained equant quartz, potassic feldspar and 
minor plagioclase grains. Quartz grains 0.5 to 5 mm 
across and rare potassic feldspar grains up to 0.25 mm 
across derived from phenocrysts in the rhyolites make 
up 5 to 10 percent of the rock. Muscovite is present as 
very fine to fine grains. In one sample, a poorly defined 
parallel fabric is defined by muscovite. In another, 
matted muscovite makes up as much as 70 percent of 
oval patches up to 3 mm across, but only 5 percent of the 
rest of the rock. It is most likely that much of the musco 
vite is a product of metamorphism. Poikiloblastic grains 
of chlorite from l to 5 mm across in one sample 
(86RLD-5306) may also be a product of metamorphism.

Units of massive to parallel-laminated arkose to 
wacke up to 15 m thick in the upper 100 m of the Copper 
Cliff Formation along Traverse 53 (see Figure 3) may be 
part of a thick transition zone from the Copper Cliff 
Formation into the overlying McKim Formation, or may

be part of the McKim Formation, with rhyolite juxta 
posed above it along a Sudbury Breccia body.

Matinenda Formation

INTRODUCTION

Rocks tentatively assigned to the Matinenda Formation 
are found in Maclennan Township in discontinuous 
patches south and southwest of Wanapitei Lake. The 
rocks are not clearly correlative with the Matinenda 
Formation, but because they are separated from the 
Mississagi Formation by parallel-laminated argillaceous 
siltstone, and because they form basal conglomerates, 
they have been assigned to the Matinenda Formation. 
They consist of pink conglomerate, arkose and wacke 
that weather pink to tan in colour. The patches of Mati 
nenda Formation rocks are less than 20 m thick. In 
places, they rest unconformably on Archean granitic 
rocks, while elsewhere they overlie Stobie Formation 
basalt. Where the Matinenda Formation overlies Arch 
ean granitic rocks, conglomerate rests on a scoured sur 
face of fresh granite in one place, while several hundred 
metres away, arkose rests on a discontinuous layer of 
coarse-grained quartzofeldspathic grus up to 10 cm 
thick over granite with weak supergene alteration to a 
depth of 3 m. Where the Matinenda Formation overlies 
Stobie Formation basalt, a poorly exposed patch of con 
glomerate up to 2 m thick rests on the top of the basalt.
PETROGRAPHY

The conglomerate occurs in lenses from 10 to 30 cm 
thick, and rarely as much as 60 cm thick. The lenses are 
from 2 to 10 m long. Where the conglomerate overlies
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Archean granitic rocks, it consists of oligomictic ortho 
conglomerate, with more than 90]per^ent white quartz 
clasts, minor dark grey quartz clasfs arid rare wacke and 
siltstone clasts in an arkosic to arkosic wacke matrix. The 
clasts are subangular to round, and usually less than 
5 cm across, although subangular to round clasts up to 
10 cm across and rare angular clasts up to 30 cm across 
are present. In the lowermost beds, a few granitic clasts 
up to 15 cm across are also present. Some conglomerate 
beds grade upward or laterally into medium-grained ar 
kose or wacke. Where the conglomerate overlies Stobie 
Formation basalts, it consists of polymictic paracon 
glomerate, with quartz, granite, siltstone and wacke 
clasts up to 15 cm across in a silty wacke matrix.

The arkose and wacke consist of poorly bedded and 
laterally discontinuous units 5 to 30 cm thick, which have 
vertical and lateral grain size gradations ranging from 
fine to very coarse.

The compositions of three samples are indicated on 
Figure 12. All three are sublithwacke. They range from 
fine grained with 5 percent granular material, to coarse 
grained. In places the sublithwacke contains a few sub 
angular to subrounded pebbles of white quartz and 
black chert. Pyrite is subrounded, and very fine to me 
dium grained. It appears to be concentrated in bands ap 
proximately l mm thick in beds without pebbles, and 
around the base of pebbles in pebbly beds. Trace 
amounts of carnotite are present, especially where py 
rite is also present. The sublithwacke contains 38 to 56 
percent angular to rounded quartz, with 17 to 32 percent 
monocrystalline quartz, and 6 to 28 percent polycrystal- 
line quartz. The monocrystalline grains range from 0.1 
to 2 mm across, and have abundant vacuoles and rare 
acicular and vermicular mica inclusions. They were like-

QUARTZ

Matrix ^-15"*

Matinenda Formation 

x McKIm Formation

FELDSPAR LITHIC FRAGMENTS

Figure 12. Composition of Matinenda and McKim formation 
wackes.

ly derived from vein quartz sources. The polycrystalline 
quartz grains r'ang;| from 0.2 to 3 mm, and are rarely up 
to 30 mm across. S'ome grains contain abundant fluid in 
clusions while others contain few. The polycrystalline 
quartz was likely derived from several sources, including 
vein quartz, granitic rocks and metasedimentary rocks 
such as recrystallized chert. The sublithwacke contains 
from O to 4 percent microcline, and from l to 2 percent 
plagioclase. The feldspar grains are subrounded and 
equant to oval, and range in size from 0.1 to 2 mm. Weak 
sericitic alteration is present in the microcline. The pla 
gioclase is strongly serialized. Lithic fragments of four 
types make up 11 to 16 percent of the sublithwacke. 
They occur in grains 0.2 to 10 mm across. Fine-grained 
granite fragments are most common. Massive siltstone 
and fine-grained sandstone fragments are also common. 
Subangular to subrounded feldspar-quartz-muscovite 
schist fragments, possibly derived from foliated granitic 
rocks are present, in places, as are mafic metavolcanic 
rock fragments. Two to 5 percent anhedral to euhedral 
opaque grains from 0.05 to 0.5 mm across, as well as 
smaller "specks" are present. Both types appear to be 
preferentially concentrated in interstitial areas. Brown 
micaceous matrix makes up 23 to 44 percent of the rock. 
Modal analyses of rocks of the Matinenda Formation 
are presented in Table 2 of Appendix 2.

McKim Formation

INTRODUCTION

Rocks of the McKim Formation form a northeast-trend 
ing belt from McKim Township across Neelon, Garson 
and part of Falconbridge townships. The formation is at 
least 1300 m thick in McKim Township, where the lower 
and middle parts of it are exposed. The McKim Forma 
tion thins under overburden in Neelon and Garson 
townships, and disappears in Falconbridge Township.

In McKim and part of Garson townships, the 
McKim Formation overlies the Copper Cliff Formation. 
The contact between the two is conformable and grada- 
tional. The McKim Formation overlies the Stobie For 
mation in part of Garson Township and Falconbridge 
Township, but that contact is not exposed.
PETROGRAPHY

The rocks of the McKim Formation consist of siltstone 
and fine- to coarse-grained wacke that are buff to 
grey-brown and grey-green on their fresh surfaces and 
buff to tan, grey and greenish grey on their weathered 
surfaces.

The siltstone and wacke of the McKim Formation 
are typical of the deposits of various types of sediment 
gravity flows, and represent proximal and distal turbi- 
dites, fluidized flows, grain flows and cohesive debris 
flows (classification after Lowe 1979). Proximal and dis 
tal turbidites (Photo 4) are the most common deposits. 
Coarser-grained material is more common in the lower 
part of the formation and in the eastern part of the area 
of exposure, while finer-grained material is more com 
mon in the upper part of the formation and in the west 
ern part of the area of exposure.
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Photo 4. Distal turbidite beds in McKim Formation with parallel lamination, and parallel lamination-ripple cross-lamination-paral 
lel lamination sequences. Traverse 60, Cambrian Heights area, north-central McKim Township.

Distal turbidites present in the McKim Formation 
consist of siltstone to fine-grained wacke in beds 2 to 30 
cm thick. Most beds are 3 to 10 cm thick, and have planar 
bed contacts without scour marks. Parallel-laminated 
wacke is present at the base of each bed. The paral 
lel-laminated wacke grades upward into ripple cross- 
laminated wacke in some beds, and the cross-laminated 
wacke rarely grades upward into parallel-laminated 
wacke. In rare cases, parallel-laminated argillite beds up 
to 5 mm thick are present between the distal turbidite 
beds.

Proximal turbidites present in the McKim Forma 
tion consist of fine- to coarse-grained wacke in beds 10 
to 130 cm thick. Most beds are 30 to 70 cm thick. Bed 
contacts are sharp to indistinct, and scours, flame struc 
tures, load casts and rip-up clasts to 10 cm across are 
present at the base of a few beds. Most beds are massive 
to graded. In a few cases, the graded beds grade upward 
into parallel-laminated wacke. The parallel-laminated 
wacke rarely grades upward into ripple cross-laminated 
wacke. Parallel-laminated argillite beds up to 2 cm thick 
are present between the proximal turbidite beds in rare 
cases.

Rocks representing fluidized flows occur in the low 
er part of the McKim Formation in northern McKim 
Township. They consist of fine- to medium-grained 
wacke and rare arenite in beds 20 to 200 cm thick. Most 
beds are 50 to 100 cm thick. Bed contacts are often indis 
tinct, and many have scours as much as 50 cm deep. Con 
centrations of round very coarse quartz grains are pres 
ent at or near the base of some beds. Most beds consist 
of massive wacke, but the central to upper portions of a

few beds contain poorly developed dish structures. Par 
allel laminations are present in the uppermost portions 
of a few beds.

Rocks representing grain flows in the McKim For 
mation consist of medium- to coarse-grained wacke, and 
occur in beds 15 to 50 cm thick. Bed thicknesses are vari 
able, as some bed contacts are scoured. Some beds are 
discontinuous. In places, only discontinuous scours 
filled with massive coarse-grained wacke remain. In ad 
dition to scours, injection structures up to 50 cm long are 
present at the base of some beds. Most beds are massive, 
but some beds have faint reverse grading in the lower l 
to 2 cm of the bed, and some have faint normal grading 
near the top of the bed. A crude parallel orientation of 
elongate coarse grains is present in places. The upper 
most parts of some beds, including discontinuous beds, 
have cross-beds with amplitudes up to 10 cm.

Debris flows are also present in the McKim Forma 
tion. They consist of medium- to coarse-grained wacke 
in beds 20 to 200 cm thick, but in most cases the beds are 
50 to 100 cm thick. The beds are poorly graded, and in 
places have diffuse parallel laminations near the base of 
the beds.

The compositions of four samples are indicated on 
Figure 12. Two samples are of sublithwacke, and there is 
one sample of each of lithic subarkosic wacke and feld 
spathic lithwacke. The wacke is fine- to coarse-grained, 
and poorly sorted. It contains 30 to 65 percent quartz, 
with 16 to 30 percent monocrystalline quartz and 26 to 
45 percent polycrystalline quartz. The monocrystalline 
quartz is angular to subangular, and irregular in shape. 
It ranges from 0.1 to l mm in size and contains few to no
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Photo 5. Percrystalline quartz grains in quartz-feldspar-mica matrix, McKim Formation. Crossed polarizers, field of view 2 mm 
across. Sample 86RLD-6002, Traverse 60, Cambrian Heights area, north-central McKim Township.

inclusions. The percrystalline quartz is subangular to 
subround and irregular in shape. It ranges in size from 
0.2 to 3 mm. Intragrain boundaries are irregular to po 
lygonal. Four to 14 percent of potassic feldspar is pres 
ent in the wacke. It is present as equant to oval, weakly 
altered, fine to coarse poikilitic grains. Plagioclase 
makes up less than l percent of the wacke. It occurs as 
subrounded, equant to oval fine and rarely medium 
grains. It has poorly developed twinning, and in places is 
antiperthite. The composition of the plagioclase is 
An24-48- The monocrystalline quartz, at least part of the 
percrystalline quartz (Photo 5), and the potassic feld 
spar and plagioclase were likely derived from crystal tuff 
of the underlying Copper Cliff Formation. The remain 
der of the polycrystalline quartz may have been derived 
from recrystallized rocks. Lithic fragments are present 
in three of the samples. They are subangular to sub 
rounded, equant to oval, and fine to very coarse grained. 
Biotite makes up l to 13 percent of the wacke. It is fine 
grained and pleochroic, and occurs in grains of irregular 
shape with irregular orientation. Chlorite is present in 
four of the samples, and makes up 2 to 10 percent of 
them. The chlorite grains are fine grained and bladed, 
and generally occur as replacements of biotite. Matrix 
makes up 21 to 41 percent of the wackes analyzed. It 
consists of silt-sized grains of quartz, feldspar and mus 
covite, with minor amounts of chlorite, biotite and 
opaque minerals. Muscovite is generally absent, or pres 
ent only in small amounts, but one sample contains 21 
percent. The muscovite occurs as large, ragged poikilitic 
grains, some of which are twinned. This muscovite is 
metamorphic in origin. Modal analyses of rocks of the 
McKim Formation are presented in Table 2 of Appendix

2 and a whole rock geochemical analysis in Table 3 of 
Appendix 2.

HOUGH LAKE GROUP

The Hough Lake Group is the lowermost of three tri 
partite sequences which make up the rest of the Huro 
nian Supergroup in the southern Cobalt Embayment. 
The tripartite sequences consist of conglomeratic rocks 
at the base, overlain by argillaceous rocks, and topped by 
arenaceous rocks. In the Hough Lake Group, the 
Ramsay Lake Formation comprises the conglomeratic 
rocks. The argillaceous rocks are present in the Pecors 
Formation, and the arenaceous rocks are present in the 
Mississagi Formation. Modal analyses from these for 
mations are listed on Table 4 of Appendix 2. Table 5 of 
Appendix 2 lists whole rock geochemical analyses for 
samples from the Hough Lake Group.

Ramsay Lake Formation

INTRODUCTION

Rocks of the Ramsay Lake Formation form a north 
east-trending belt across McKim, Neelon, Garson and 
Falconbridge townships. In central Falconbridge Town 
ship, the belt swings north, and the formation thins and 
disappears. The Ramsay Lake Formation consists of 
dark grey to grey-brown, massive to parallel-bedded 
polymictic paraconglomerate, pebbly wacke and wacke 
that weather tan to dark grey. Massive arenite that is tan 
coloured on both weathered and fresh surfaces is pres 
ent at the top of the formation in McKim Township. The 
Ramsay Lake Formation appears thickest in the Min 
now Lake area of McKim Township, but the apparent
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thickness of more than 550 m in that area may be due to 
the presence of extensive bodies of Sudbury Breccia. 
Elsewhere in McKim Township, the Ramsay Lake For 
mation is more than 385 m thick. The formation thins to 
the southwest and to the northeast from McKim Town 
ship, and disappears in northern Falconbridge Town 
ship.

The Ramsay Lake Formation overlies the McKim 
Formation in McKim, Garson and the southern part of 
Falconbridge townships, and overlies the Stobie Forma 
tion in the northern part of Falconbridge Township. The 
contact between the Ramsay Lake Formation and the 
McKim Formation is covered, or intruded by Nipissing 
gabbro almost everywhere in the study area. In the one 
place it was found in outcrop, the contact is sharp and 
conformable. A 20 cm thick unit of polymictic paracong 
lomerate with 30 percent granitic, mafic volcanic and 
quartz clasts in a wacke matrix marks the base of the for 
mation. It is overlain by a 3 m thick unit of sparsely 
pebbled conglomerate, which grades upward into mas 
sive to parallel-bedded pebbly wacke and conglomerate. 
Coarse- to very coarse-grained glassy grey quartz grains 
appear for the first time in the Huronian succession in 
the matrix at the base of the Ramsay Lake Formation. 
The contact between the Ramsay Lake and Stobie for 
mations is not exposed.

PETROGRAPHY

Conglomeratic rocks in the Ramsay Lake Formation 
range from pebbly wacke to polymictic orthoconglomer 
ate. The pebbly wacke contains up to 5 percent clasts 
from l to 5 cm in size in a fine- to medium-grained wacke 
matrix. Polymictic paraconglomerate typically contains 
10 to 15 percent clasts from l to 15 cm across, with some 
clasts up to 30 cm and rarely as much as 150 cm across, in 
a fine- to medium-grained wacke matrix. In most places, 
the matrix contains 5 to 10 percent of grey to blue, me 
dium- to very coarse-grained quartz. Because of the lo 
cal development of hornfels, the matrix is micaceous in 
a few places. Clasts consist of granite, mafic metavol- 
canic rock, quartz, and less commonly, metagabbro, me- 
tasedimentary rocks and rare pyritic metasedimentary 
rocks. Most of the pyritic metasedimentary clasts noted 
were in Falconbridge Township. The various clasts are 
equant to oval in shape, and are subangular to subround. 
Orthoconglomerate is present in a few isolated horizons 
containing up to 70 percent clasts, within thick units of 
typical paraconglomerate. The pebbly wacke and con 
glomerate range from massive to parallel bedded, with 
diffuse parallel bedding defined by variations in clast 
abundance. The parallel beds range from 5 to 100 cm 
thick, but most are 20 cm thick or less. They occur within 
thick, otherwise coherent conglomeratic units. Sharp 
planar to undulating bed contacts, sometimes with 
scours present, occur between conglomeratic units in a 
few places. Most of the clasts are oriented with their 
long axis parallel to bedding, but in a few places, some 
flat clasts were found oriented perpendicular to bedding 
while other clasts in the same bed were parallel to bed 

ding. Cross-stratification is present in the pebbly wacke, 
but it is very rare.

Fine-grained wacke is present as rare interbeds in 
the upper part of the formation. Northeast of McKim 
Township, where the sandstone member at the top of 
the formation is absent, the wacke occurs in units up to 
2 m thick, and is massive to parallel bedded with beds l 
to 3 cm thick. It is interbedded with conglomerate, and 
both wacke and conglomerate channel into underlying 
beds in places. In McKim Township, graded wacke beds 
20 to 80 cm thick, with concentrations of coarse grains at 
the base, are interbedded with conglomerate below the 
sandstone member.

Fine- to coarse-grained subarkose occurs as in 
terbeds near the top of the conglomeratic section of the 
Ramsay Lake Formation in McKim Township, and 
forms a distinct sandstone member approximately 45 m 
thick at the top of the formation in the southern part of 
the township. The sandstone member immediately 
overlies a 2 m thick bed of massive boulder conglomer 
ate with clasts up to 60 cm in size in a wavy laminated 
wacke matrix (Photo 6). Near the base of the section, 
coarse-grained arenite is present in cuspate lenses up to 
5 cm long and 2 cm high, within fine- to medium-grained 
arenite. The lenses look like infillings of symmetrical 
wave ripples. Beds in the sandstone member are 5 to 
100 cm thick, and are massive to parallel laminated. 
Some beds have scoured bases.

Rare dropstones are present in all the units 
throughout the formation.

The compositions of three wacke specimens are in 
dicated on Figure 13. One is a lithwacke, one is a sublith 
wacke, and one is a lithic subarkosic wacke. All three 
form the matrix of pebbly wacke to conglomerate. The 
wacke is fine to coarse grained and poorly sorted, with 
granules present in some places. It contains 17 to 50 per 
cent quartz, with 2 to 24 percent monocrystalline quartz 
and 15 to 43 percent percrystalline quartz. The mono 
crystalline quartz is fine to medium grained. The grains 
are subrounded and oval, and contain very few inclu 
sions. They were likely derived from rocks of the Copper 
Cliff Formation. The percrystalline quartz is fine 
grained to granular. The grains are subangular to sub 
rounded, and oval to elongate. Some contain only a few 
subgrains, with irregular intragrain boundaries. Others 
contain scores of subgrains, with interlocking grain 
boundaries. They were likely derived from metamor 
phosed chert. From O to 8 percent potassic feldspar is 
present in the wacke. It is fine to medium grained and 
weakly altered, and occurs as subrounded oval grains. 
The wacke also contains from O to 2 percent plagioclase. 
The plagioclase is fine to coarse grained, and occurs in 
subangular to subrounded, equant to oval, fresh to 
weakly sericitized grains. The composition of the plagio 
clase is AJ136.54. It may have been derived from pheno- 
crysts in the Copper Cliff Formation. Lithic fragments 
make up from l to 22 percent of the wacke. Me 
dium-grained to granular lithic fragments are present, 
and they grade into pebble-sized clasts. The grains are 
subangular to subrounded, and oval to flat. Granitic
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Photo 6. Massive boulder conglomerate which underlies the sandstone member of the Ramsay Lake Formation in McKim Township. 
Traverse 57, south-central McKim Township.

rock fragments and fragments of siltstone and arenite 
are most common, but felsic to intermediate volcanic 
and diabase fragments are also present. The composi 
tion, size, shape and angularity of pebbles from one sam 
ple of pebbly wacke are shown on Figure 14. Ramsay 
Lake Formation wacke contains from O to 2 percent 
muscovite, from O to 6 percent biotite and from O to 3 
percent chlorite. All micaceous minerals are fine to me 
dium grained. The muscovite is very pale green in col-

Matrix ^5-*

B Ramsay Lake Formation 
x Pecors Formation 

Mississagi Formation

FELDSPAR LITHIC FRAGMENTS

Figure 13. Composition of Hough Lake Group wackes.

our, and the biotite is strongly pleochroic. The chlorite 
appears to be secondary after biotite. From 22 to 55 per 
cent matrix is present in the wacke.

The composition of the Ramsay Lake Formation 
subarkose is shown on Figure 15. It contains 74 percent 
quartz, with 40 percent monocrystalline quartz and 34 
percent polycrystalline quartz. The monocrystalline 
quartz is fine to coarse grained, and occurs in sub 
rounded, oval grains. It contains a few vacuoles and acic 
ular inclusions. It may have been derived from plutonic 
sources. The polycrystalline quartz is fine to coarse 
grained, with only a few subgrains per grain. It occurs in 
subrounded, oval grains. The subarkose contains 13 per 
cent potassic feldspar, which is present as fine to coarse, 
subrounded oval grains. It is weakly sericitized. Two per 
cent plagioclase is also present as fine to coarse, sub 
rounded oval grains. Fine- to medium-grained lithic 
fragments make up l percent of the rock, and consist of 
felsic volcanic and granitic rock fragments. Approxi 
mately 2 percent of detrital muscovite and biotite, and 
chlorite after biotite are also present. Matrix makes up 8 
percent of the Ramsay Lake Formation subarkose.

Modal analyses of rocks of the Ramsay Lake For 
mation are presented in Table 4 of Appendix 2 and 
whole rock geochemical analyses are presented in Table 
5 of Appendix 2.

Pecors Formation

INTRODUCTION

The Pecors Formation forms a northeast-trending belt 
across McKim, Neelon, Garson and southern Falcon 
bridge townships. Rocks correlated with the Pecors For-
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QUARTZ

Matrix-C 15*

m Ramsay Lake Formation 
x Pecors Formation 
* Mfestesagi Formation

FELDSPAR LITHIC FRAGMENTS

Figure 15. Composition of Hough Lake Group arenite*.

mation also occur in discontinuous patches south and 
southwest of Wanapitei Lake in Maclennan Township. 
Grey to tan and buff siltstone, wacke and arenite that 
weather grey to buff, are present in the Pecors Forma 
tion. The formation appears to be thickest in McKim 
Township, but because much of it is covered, or dis 
rupted by faults, accurate thicknesses cannot be deter 
mined. The thickest section measured is in Neelon

Township; it is 280 m thick. The formation thins rapidly 
in Garson Township, but thickens again before disap 
pearing in Falconbridge Township. The discontinuous 
patches of Pecors Formation in Maclennan Township 
are up to 60 m thick.

In McKim, Neelon, Garson and Falconbridge town 
ships, the Pecors Formation overlies the Ramsay Lake 
Formation. The contact is gradational across several 
metres both where the Pecors Formation overlies con 
glomerate and wacke, and where it overlies subarkose. 
In places rare dropstones are present in the lowermost 
few metres of the Pecors Formation. In Maclennan 
Township, where the Pecors Formation overlies the Ma- 
tinenda Formation, the contact is abrupt but conform 
able. Parallel-laminated siltstone overlies medium- 
grained arkose topped by irregular ripples up to l cm 
high.
PETROGRAPHY

Siltstone in the Pecors Formation is laminated, with par 
allel laminations l to 15 mm thick. In places lenses and 
laminations of very fine-grained sand including starved 
ripples with amplitudes up to 5 mm are interbedded with 
the siltstone.

Distal turbidites in the Pecors Formation (Photo 7) 
occur as discontinuous to continuous beds 10 to 30 cm 
thick, consisting of very fine- to fine-grained wacke. 
They contain parallel laminations and poorly developed 
ripple cross-laminations with amplitudes from 0.2 to 
5 cm. Load casts are present at the base of some beds.

Very fine- to medium-grained wacke is present in 
massive to graded beds l to 10 cm thick with parallel bed

Photo 7. Interbedded distal turbidites and very fine-grained graded wacke in the Pecors Formation. Traverse 51, southwestern McKim 
Township.
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Photo 8. Load casts and flame structures at the base ofaproximal turbidite in the Pecors Formation. Traverse 37, south-central Garson 
Township.

contacts. The wacke may represent poorly developed 
proximal turbidites. Well-developed proximal turbidites 
in the Pecors Formation occur as massive fine- to me 
dium-grained wacke beds 30 to 60 cm thick. Load casts 
(Photo 8), flame structures, rare rip-up clasts, and possi 
ble shallow channels are present at the base of some 
beds. The proximal and distal turbidites occur as inter 
bedded sequences.

Minor amounts of fine-grained arenite are present 
in beds up to 20 cm thick, with fine parallel laminations 
in some places and planar cross-beds in others.

Rare channels containing conglomeratic rock are 
also present. In McKim Township, a channel only 8 cm 
deep contains pebbly, fine-grained wacke. In Falcon 
bridge Township, a channel 1.5 m deep contains poly 
mictic paraconglomerate with quartz, mafic volcanic, 
metasedimentary and rare granite clasts. The clasts are 
oval to elongate, subangular to round, and from l to 10 
cm across; most are from l to 3 cm across. Parallel bed 
ding and large scale cross-bedding are present in this 
conglomerate, and the clasts are very well imbricated. A 
channel with very steep sides is present near the top of 
the formation in Garson Township. The channel is 7.5 m 
across and 12.5 m deep, and is filled by lenticular beds of 
sandstone and quartz pebble conglomerate with quartz 
pebbles up to 2 cm across. The quartz pebbles are oval to 
equant, so no imbrication is present.

Polymictic paraconglomerate also occurs in a dis 
continuous bed 30 cm thick in the lower part of the Pe 
cors Formation in McKim Township. Elongate clasts in 
the conglomerate are oriented perpendicular to bed 

ding, possibly indicating that it was deposited by a debris 
flow.

Modal analyses of four samples of siltstone are 
listed in Table 4 of Appendix 2. The siltstone is parallel 
laminated, with laminations from 0.05 to 10 mm thick. 
The laminations are marked by different relative abun 
dances of quartz, feldspar and mica, and individual lami 
nations contain from 30 to 100 percent matrix. Very faint 
normal grading, and faint reverse grading followed by 
normal grading, is present in some laminations. Tiny rip 
ple cross-laminations up to 3 mm high are also present. 
The siltstone contains 95 to 99 percent "matrix". The 
siltstone also contains very small amounts of biotite and 
O to 2 percent chlorite. The biotite and chlorite are very 
fine to fine grained. Most, if not all of the chlorite is sec 
ondary after biotite. One to 5 percent opaque minerals 
are also present. They are anhedral, and bladed to 
equant. They occur preferentially in thin layers one to 
two grains thick at the base of beds with normal grading, 
and mark the foresets of the tiny cross-laminations. The 
thin layers of opaque minerals are surrounded by rusty 
stains in some samples.

The compositions of three samples of wacke are 
shown on Figure 13. There is one sample of quartz- 
wacke, and two of lithwacke. They range from very fine 
grained to very coarse grained. The quartz content of 
the wackes is 22 to 72 percent. The quartz grains are very 
fine to very coarse grained, but most often are fine 
grained. The larger grains may be percrystalline, but it 
is difficult to confirm due to suturing along intergrain 
boundaries caused by compaction. Up to 2 percent po 
tassic feldspar and l percent plagioclase are present in
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Photo 9. Poikiloblastic muscovite in Pecors Formation metasediment. Crossed polarizers, field of view 2 mm across. Sample 
86RLD-1503, Traverse 15, north-central Neelon Township.

the coarsest-grained sample. The feldspar grains are 
medium to coarse, and have weak alteration. One sam 
ple contains l percent fine-grained granitic lithic frag 
ments. Some samples contain no mica, while others con 
tain up to 24 percent muscovite, small amounts of bio 
tite, and up to 21 percent chlorite. The mica is very fine 
to fine grained, with chlorite secondary after biotite. 
The wackes contain 18 to 53 percent matrix. The matrix 
is brown, and includes biotite, muscovite, chlorite and 
other silt-sized particles. Only minor amounts of 
opaque minerals are present in two of the samples, but 
in the other, 8 percent are present. They occur as indi 
vidual or agglomerated anhedral grains, and occur pref 
erentially concentrated along the base of graded lami 
nations. One contact metamorphosed sample of wacke 
from a location adjacent to a Nipissing gabbro body con 
tains 11 percent scapolite in oval blebs 5 mm long. The 
blebs are formed from interlocking aggregates of poiki 
loblastic grains, with rare subhedral and twinned grains 
present.

The compositions of two samples of arenite are 
shown on Figure 15. A third sample, containing 33 per 
cent coarse- to very coarse-grained poikiloblastic mus 
covite (Photo 9) was not included with the arenites be 
cause it has been metamorphosed. The arenites contain 
65 and 74 percent quartz, with 48 and 52 percent mono- 
crystalline quartz, and 13 and 25 percent percrystalline 
quartz. The monocrystalline quartz occurs as fine to 
coarse, subangular to subrounded, equant to elongate 
grains. The percrystalline quartz occurs as subangular, 
oval to elongate fine grains to granules and small 
pebbles. Potassic feldspar makes up 5 to 19 percent, and 
plagioclase makes up a trace to 4 percent of the arenites.

All the feldspars occur as subangular to subrounded, 
equant to elongate, fine to medium grains, and are 
weakly altered. The plagioclase composition is An25.59 . 
Minor amounts of fine-grained muscovite and chlorite 
after biotite are present. The sublitharenite contains 5 
percent lithic fragments. The lithic fragments occur as 
rounded, oval medium grains to granules and small 
pebbles. Most of the lithic fragments are of fine-grained 
diabase, but some siltstone fragments are also present. 
The matrix of the arenites consists of silt-sized quartz, 
feldspar and chlorite grains. Rare abraded, very fine 
grains of zircon are present in the arenite.

The composition, size, shape and angularity of 
pebbles in one sample of conglomerate from a cross- 
bedded channel 2 m deep are shown on Figure 16. The 
clasts in this channel have a well-defined preferred 
orientation parallel to the dip of the cross-bed foresets.

Modal analyses of rocks of the Pecors Formation 
are presented in Table 4 of Appendix 2 and whole rock 
geochemical analyses in Table 5 of Appendix 2.

Mississagi Formation

INTRODUCTION

Rocks of the Mississagi Formation form a broad north 
east-trending band across McKim, Neelon, Garson and 
Dryden townships. In these townships, the formation is 
disrupted by numerous faults. In Falconbridge Town 
ship, the formation swings north, and then crosses Fal 
conbridge and Maclennan townships. The Mississagi 
Formation is also present in a fault-bounded block in 
southern Scadding Township on the south side of Ashi- 
gami Lake. It consists of tan to grey, medium- to
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coarse-grained arenite that weathers tan to buff, grey 
and rusty in colour, with minor amounts of fine- to me 
dium-grained wacke and siltstone. An accurate thick 
ness of the formation cannot be determined in McKim, 
Neelon, Garson and Dryden townships due to the fault 
ing there, but the formation is 3080 m thick in southern 
Falconbridge Township. It appears to thin northward as 
the underlying units do, but poor exposure in Maclen 
nan Township precludes confirmation of this.

The Mississagi Formation overlies the Pecors For 
mation in McKim, Neelon and southern Falconbridge 
townships. The contact is abrupt and conformable. The 
lowermost Mississagi Formation in these areas consists 
of 20 to 75 m of distinctive, massive to parallel-lami 
nated to wave-rippled, fine- to medium-grained arenite 
in beds 10 to 100 cm thick. This arenite does not occur 
elsewhere in the formation. In central Falconbridge 
Township, the Mississagi Formation overlies the 
Ramsay Lake Formation. The contact there is not ex 
posed, and the lower 50 to 100 m of the Mississagi For 
mation in the area consists of fine-grained, massive to 
parallel-bedded arenite with silty interbeds, overlain by 
massive, medium-grained arenite. In northern Falcon 
bridge Township and parts of Maclennan Township, the 
Mississagi Formation overlies the Stobie Formation. 
That contact is not exposed. The Mississagi Formation 
also overlies the Pecors Formation in discontinuous 
patches in Maclennan Township. The contact there is 
abrupt, and conformable to disconformable with shal 
low channels. The lowermost Mississagi Formation in 
this part of the study area consists of coarse-grained, 
parallel-bedded arenite.

PETROGRAPHY

The Mississagi Formation consists mainly of thickly 
bedded cross-stratified, medium- to coarse-grained are 
nite to wacke with minor amounts of interstratified, 
massive to parallel-laminated siltstone and fine-grained 
wacke. The siltstone and fine-grained wacke interbeds 
are most common in the lower 250 m of the formation, 
immediately above the massive to parallel-laminated 
arenite at the base, and in the uppermost 500 m of the 
formation. In the uppermost 500 m of the formation, the 
siltstone and wacke interbeds make up as much as 30 
percent of the rock. The siltstone and fine-grained 
wacke interbeds are generally less than 10 cm thick, al 
though some beds are as much as 20 cm thick. In many 
places, they fill shallow channels in the top of the under 
lying bed, or are cut by channels at the base of the over 
lying bed. The medium- to coarse-grained arenite to 
wacke occurs in beds 10 to 150 cm, and rarely as much as 
200 cm thick. Most beds are tabular, although rare len 
ticular beds are present in the middle part of the forma 
tion. In the lower 250 m of the Mississagi Formation, 
most beds are 10 to 60 cm thick. Bed thicknesses in 
crease to 50 to 120 cm throughout most of the forma 
tion, and then decrease to 10 to 80 cm in its uppermost 
500m.

Many different types of depositional features are 
present in the Mississagi Formation. Some are quite

complex. They include planar cross-laminations and 
cross-beds, trough cross-beds and cross-laminated 
cross-beds. Two types of megaripples with amplitudes 
from 3 to 10 cm, but usually from 5 to 7 cm, are also pres 
ent. Straight-crested ripples form tabular units, while 
lunate-crested megaripples form lenticular units. Both 
types make up beds in some places, but in other places, 
they clearly form the f oresets of large planar cross-beds. 
The f oresets are at angles of 5" to 20 e to bedding, and 
most often are at angles of 10" to 15 0 to bedding. A dif 
ferent type of cross-laminated cross-bed is also present. 
In this type, cross-laminated cross-beds are bounded by 
convex-upward reactivation surfaces (Photo 10). In al 
most every case, the cross-laminations dip more steeply 
than the reactivation surfaces, but rare beds in which the 
cross-laminations dip less steeply than the reactivation 
surfaces are present. Straight-crested and lunate mega 
ripples, and all three types of cross-laminated cross- 
beds are most common in the lowermost 250 m of the 
Mississagi Formation, although they occur in places in 
the middle of the formation and are common in the up 
permost 500 m of the formation. Throughout the forma 
tion, many of them are associated with broad, shallow 
channels.

Planar cross-beds, trough cross-beds and cosets of 
the two are also present in the lower 250 m of the Missis 
sagi Formation, but are most common in the middle part 
of the formation. Planar cross-beds are most usual. 
They occur as one set per bed, so have amplitudes of 20 
to 150 cm. Some planar cross-beds have graded foresets. 
Many beds contain cosets with one set of planar 
cross-beds in the lower half to two-thirds of the bed, 
overlain by trough cross-beds (Photo 11). Beds consist 
ing entirely of trough cross-beds (Photo 12), and of co 
sets grading from trough to planar and back to trough 
cross-beds are less common. Distorted cross-beds are 
present in a few places in the middle and upper parts of 
the formation.

The compositions of five samples of wacke are indi 
cated on Figure 13. All five of the wacke samples are of 
subarkosic wacke. They contain 34 to 50 percent quartz, 
with 16 to 33 percent monocrystalline quartz, and less 
than l to 20 percent percrystalline quartz. All the 
quartz grains are fine to coarse grained, and where not 
in contact with other grains range from angular to sub 
rounded to cuspate in shape. Where adjacent grains are 
touching, they have sutured grain boundaries due to 
compaction. Potassic feldspar makes up O to 9 percent of 
the wacke, and plagioclase makes up trace amounts to 4 
percent. The plagioclase composition is An28-5i- The 
feldspars occur in subrounded fine to coarse grains, and 
are weakly to strongly altered. Some grain boundaries 
are sutured. One sample contains 2 percent lithic frag 
ments. They are medium to coarse grained, subrounded 
and equant, and consist of fine-grained granitic rock. 
Minor amounts of detrital biotite and chlorite after bio 
tite are present in one sample. The matrix makes up 37 
to 61 percent of the wackes. It consists of silt-sized par 
ticles of muscovite, biotite, quartz and feldspar.
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Photo 10. Cross-laminated cross-beds with convex-upward reactivation surfaces in the Mississagi Formation. Traverse 39, central 
Neelon Township.

The compositions of seven samples of arenite are 
shown on Figure 15. These samples are similar in com 
position and include subarkose, arkose and sublithare 
nite. They contain 48 to 75 percent quartz, with sutured 
grain boundaries. Original polycrystalline grains are dif 
ficult to distinguish. It appears, however, that originally 
monocrystalline quartz made up 17 to 74 percent of 
these arenites, and polycrystalline quartz made up O to 
54 percent (Photo 13). Both types of quartz occur in an 
gular to subrounded, equant to oval, medium to coarse 
grains. From two to six subgrains, with irregular intra- 
grain boundaries, make up the polycrystalline grains. 
Potassic feldspar makes up l to 29 percent of the are 
nites, and plagioclase makes up less than l to 7 percent 
of the arenites. The plagioclase composition is An30-6o- 
The feldspar grains are equant, subrounded to rounded, 
fine to coarse grained, and weakly to strongly altered. 
Lithic fragments make up less than l percent of the are 
nites. They are coarse grained, and consist of siltstone 
and granitic rock fragments. Fine- to medium-grained 
muscovite makes up from l to 12 percent, and 
fine-grained biotite makes up from O to 6 percent of the 
arenites. Trace amounts of chlorite after biotite are also 
present. From 8 to 14 percent matrix is present in the 
arenites. Rare quartz cement is present in one sample 
(86RLD-0402).

The litharenite sample is from one of the upper 
most beds of the Mississagi Formation, where the con 
tact with the overlying Bruce Formation is gradational. 
It contains 48 percent quartz, of which 10 percent is 
monocrystalline quartz occurring in subrounded to 
rounded, equant to oval medium grains, and 38 percent

is polycrystalline quartz, occurring in subrounded to 
rounded, medium to very coarse grains. Only three per 
cent of potassic feldspar and plagioclase combined are 
present. The plagioclase composition is An34.4o. The 
feldspars are present as subrounded to rounded, weakly 
altered medium grains. The matrix makes up 1-1 percent 
of the litharenite, and besides silt-sized particles of 
quartz and feldspar, it consists of biotite and some mus 
covite. Lithic grains make up 38 percent of the rock. 
Grains range in size from medium to very coarse sand, to 
granules and small pebbles. In decreasing order of abun 
dance, they consist of granitic rock, fine-grained diabase 
and parallel-bedded siltstone.

The remaining two samples for which modal analy 
ses were done, are of brecciated Mississagi Formation, 
and of material from a sandstone dike crosscutting the 
formation.

Modal analyses of rocks of the Mississagi Formation 
are shown in Table 4 of Appendix 2 and whole rock geo 
chemical analyses are shown in Table 5 of Appendix 2.

QUIRKE LAKE GROUP

The Quirke Lake Group is the second of the three tri 
partite sequences in the Huronian Supergroup in the 
southern Cobalt Embayment. The Quirke Lake Group 
consists of conglomerate of the Bruce Formation, argil 
laceous and calcareous rocks of the Espanola Forma 
tion, and arenites of the Serpent Formation. Modal 
analyses of samples from these formations are listed in 
Table 6 of Appendix 2. Table 7 of Appendix 2 lists whole 
rock geochemical analyses for some of these samples.
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Photo 11. Coset in the Mississagi Formation with trough 
cross-beds overlying planar cross-beds. Traverse 39, central Neel 
on Township.

Bruce Formation

INTRODUCTION

Rocks of the Bruce Formation form a north- to north 
east-trending band across northern Dryden and Falcon 
bridge townships, and a parallel band farther east across 
central Street Township. In northern Street and Scad 
ding townships, the north- to northeast-trending bands 
merge, and the Bruce Formation underlies a wide area 
of irregular shape controlled by a series of gently plung 
ing anticlines and synclines. The formation consists of 
dark grey to grey-brown polymictic paraconglomerate 
and pebbly wacke, that are dark grey and rusty grey to 
brown on weathered surfaces, with minor amounts of 
buff to grey, fine- to medium-grained arenite that is pink 
to grey on weathered surfaces. The Bruce Formation is 
thickest in southern Falconbridge and northern Dryden 
townships. It is at least 1580 m thick in that area. The 
formation thins rapidly in central Falconbridge Town 
ship, and is less than 350 m thick in central Street Town 
ship. The thickness of the Bruce Formation in northern

Street and Scadding townships cannot be determined 
because of the presence of thick overburden.

The Bruce Formation overlies the Mississagi For 
mation with a gradational to disconformable contact. In 
northern Dryden Township, interlaminated siltstone 
and arenite, and pebbly wacke are interbedded with the 
arenite in the uppermost part of the Mississagi Forma 
tion. In southern Falconbridge Township, Mississagi 
Formation arenite and wacke in beds up to l m thick are 
overlain by silty wacke of the Bruce Formation with l to 
5 percent clear coarse-grained to granular quartz in the 
matrix, and rare pebbles up to l cm across. In some 
places the silty wacke conformably overlies the arenite, 
while nearby it is present in channels up to 2.5 m deep in 
the top of the Mississagi Formation.
PETROGRAPHY

Polymictic paraconglomerate is the most abundant rock 
type in the Bruce Formation (Photo 14). It contains from 
l to 40 percent clasts, but in most places 5 to 10 percent 
clasts are present. Most clasts are 2 to 5 cm across, but 
some clasts up to 10 cm, and rarely up to 100 cm across 
are present. They consist of quartz, equigranular 
coarse-grained granite, and less commonly, very fine 
grained foliated granite, pyritic gabbro, mafic metavol- 
canics, fine- and coarse-grained arenite, and rare dio 
rite. Most clasts are oval to elongate in shape, and range 
from angular to round. The matrix consists of siltstone 
to silty, medium-grained wacke, with l to 20 percent 
coarse-grained to granular grey quartz, and l to 5 per 
cent coarse-grained to granular feldspar. The pebbly 
wacke in the Bruce Formation is identical to the poly 
mictic paraconglomerate, except that less than 5 per 
cent clasts are present. Most of the conglomerate and 
pebbly wacke are massive. Exceptions include rare, 
poorly defined channels and faint cross-beds near the 
base of the formation, and a section 100 to 200 m from 
the bottom of the formation where parallel-laminated 
conglomerate with dropstones is present. Poorly devel 
oped cross-beds are also present in this section (Photo 
15). Interbedded arenite and massive conglomerate oc 
cur in the lower middle part of the formation. Rare par 
allel-bedded conglomerate with beds 30 to 100 cm thick 
is present in the upper middle part of the formation, and 
parallel-bedded conglomerate with silty interbeds is 
present in the uppermost part of the formation. There is 
a faint gradation in the abundance of clasts from the bot 
tom to the middle, and the middle to the top of the for 
mation, with the abundance greatest in the middle of 
the formation. There is no distinct preferred orientation 
of the clasts in the conglomerate or pebbly wacke, ex 
cept for a very slight preference for orientation parallel 
to bedding.

Arenite in the Bruce Formation occurs in tabular 
beds 50 to 70 cm thick, with conformable to scoured 
bases. Discontinuous beds of arenite filling channels are 
also present. Some beds contain parallel laminations l 
to 2 cm apart, planar cross-laminations and lenticular 
ripple cross-laminations, while other beds appear mas 
sive. Some apparently massive beds do, however, show 
parallel laminations in contact metamorphosed sections
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Photo 12. Well-developed trough cross-beds in the Mississagi Formation. Traverse 39, central Neelon Township.

immediately adjacent to Nipissing gabbro bodies. The 
parallel laminations are graded in places, and some have 
concentrations of coarse lithic grains and granules at the 
base. The arenite is present near the base of the forma 
tion and in a section near the middle of the formation. In 
both places it is interbedded with conglomerate and 
pebbly wacke. Gross 50 to 150 m thick fining-upward se 
quences are present in the interbedded ~ arkose-con- 
glomerate successions. Each such sequence is topped by 
massive conglomerate. At the top of the arenite-rich 
section in the middle of the formation, conglomerate 
cuts the arenite in channels more than 3 m deep. Dis 
continuous and tabular beds of arenite and wacke are 
also present in places at the top of the formation. Some 
of these beds contain dropstones.

The compositions of five wacke samples are shown 
on Figure 17. The compositions are varied, and include 
subarkosic wacke, sublithwacke, lithic arkosic wacke, 
feldspathic lithwacke and lithwacke. All five form the 
matrix of pebbly wacke or conglomerate. The wacke is 
fine to coarse grained. Lithic grains (Photo 16) grade 
from fine to very coarse grains to granules and small 
pebbles. The wacke contains 13 to 39 percent quartz, 
with 10 to 25 percent monocrystalline quartz, and 3 to 24 
percent percrystalline quartz. The monocrystalline 
quartz is fine to medium grained. The grains are angular 
to subrounded, and equant to elongate. The polycrystal- 
line quartz is medium to very coarse grained, and also 
occurs in angular to subrounded, equant to elongate 
grains. From O to 9 percent potassic feldspar, and less 
than l to 2 percent plagioclase are present in the wacke. 
Where present, the potassic feldspar is very fine to fine 
grained. The grains are subangular to subrounded, and 
equant to oval. The plagioclase occurs as equant to oval,

subangular to subrounded fine grains. The potassic f eld- 
spar and plagioclase are weakly to moderately altered. 
The composition of the plagioclase is An32-59. Lithic 
fragments make up l to 28 percent of the wacke. Paral 
lel-laminated siltstone fragments are present in four of 
the five samples, and are the most abundant type of lith 
ic fragment. They occur in subangular elongate grains 
from very coarse sand to small pebble size. Granitic rock 
fragments are present in all five of the samples, but are 
less abundant than the siltstone fragments. The granitic 
rock fragments are subangular to subrounded, and 
equant to oval. They occur as very coarse grains to small 
pebbles. Some contain micrographic intergrowths. A 
few subrounded, oval, medium to coarse grains of dia 
base are present in three of the samples. The composi 
tion, size, shape and angularity of clasts from three sam 
ples of conglomerate are shown on Figures 18a, b and c. 
The samples come from the lower, middle and upper 
parts of the formation. The contents of metavolcanic 
and quartz clasts decrease from the bottom to the top of 
the formation, while the contents of granite and prob 
able siltstone clasts increase from the bottom to the top. 
The clasts macroscopically identified as siltstone clasts 
may be of the same siltstone present as lithic fragments 
in the thin sections. There is also O to 6 percent fine 
grained biotite, and O to 2 percent fine-grained chlorite 
in the wacke. The chlorite is secondary after biotite. 
From 23 to 66 percent matrix is present in the wacke, 
and one sample contains 10 percent calcite cement in ir 
regular interstital grains 0.05 to 0.2 mm across.

The compositions of five samples of Bruce Forma 
tion arenite are shown on Figure 19. There are three 
samples of subarkose, one of arkose and one of feld 
spathic litharenite. The subarkose and arkose are simi-
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Photo 13. Sutured intergrain boundaries between monocrystal- 
line and polycrystalline quartz grains in Mississagi Formation 
subarkose. Note micrographic intergrowth in orthoclase at the 
center of the photo. Crossed polarizers, field of view 2 mm high. 
Sample 86RLD-0805, Traverse 8, southwestern Falconbridge 
Township.

lar in composition. They contain 64 to 80 percent quartz. 
It is difficult to distinguish between monocrystalline 
quartz and what was originally polycrystalline quartz. 
Compaction of the arenite has caused sutured bound 
aries between adjacent grains, and the original outlines 
of grains have been obscured. The quartz grains are me 
dium to very coarse grained and subrounded. Rare 
quartz granules are present. Potassic feldspar makes up 
O to 24 percent, and plagioclase makes up l to 4 percent. 
The plagioclase composition is An28.55. The feldspars oc 
cur in rounded medium to coarse grains, and are weakly 
altered. Lithic fragments are present in two of the sam 
ples, and make up less than l and 9 percent, respective 
ly, of the rock. The most common lithic fragments are 
micrographic intergrowths of quartz and feldspar. Gra 
nitic fragments are less common. Rare fragments of 
fine-grained diabase are also present. Medium-grained 
muscovite is present, and makes up less than l to 4 per 
cent of the rock. The matrix makes up 3 to 13 percent of

the subarkose and arkose. Two samples contain 7 and 24 
percent of calcite cement.

The feldspathic litharenite is the matrix of a pebbly 
arenite. It contains 54 percent quartz, with 3 percent 
monocrystalline quartz and 51 percent polycrystalline 
quartz. The monocrystalline quartz is present as sub 
rounded fine to medium grains. The polycrystalline 
quartz is medium to very coarse grained. There is 7 per 
cent potassic feldspar and 7 percent plagioclase. The 
feldspars occur in subrounded medium to coarse grains, 
and are weakly altered. The plagioclase composition is 
An23.5i. Lithic fragments make up 23 percent of the feld 
spathic litharenite. Although most of the pebbles and 
cobbles in this pebbly arenite are of granitic rock, the 
sand-sized lithic fragments consist of 19 percent of par 
allel-laminated siltstone and only 3 percent of fine 
grained granitic rock. There is also l percent of lithic 
grains of intermediate volcanic rock. All are medium to 
very coarse grained. Biotite makes up 5 percent of the 
rock. It is pleochroic and occurs as fine grains. There is 
only l percent matrix in the feldspathic litharenite, but 3 
percent calcite cement is present.

Photo 14. Bruce Formation massive polymictic paraconglomer 
ate. Traverse 29, south-central Scadding Township.
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Photo 15. Poorly defined cross-laminations in Bruce Formation pebbly wacke. Traverse 42, northwestern Dryden Township.

Modal analyses of rocks of the Bruce Formation are 
presented in Table 6 of Appendix 2 and whole rock geo 
chemical analyses are presented in Table 7 of Appendix 
2.

Espanola Formation

INTRODUCTION

Rocks of the Espanola Formation form a thin, north 
east-trending band across northern Dryden and Falcon -

OUARTZ

Matrixes'*

m Bruce Formation 
x Espanola Formation

FELDSPAR LITHIC FRAGMENTS

Figure 17. Composition of Quirke Lake Group wackes.

bridge townships, and a parallel band across central 
Street Township. In northern Street and Scadding town 
ships, the formation is present in a series of irregular 
bands and areas. It consists of grey, pink, white and 
mottled detrital and calcareous to dolomitic detrital 
rocks and limestone that are light to dark grey, pink and 
white on weathered surfaces. The detrital and calcare 
ous to dolomitic detrital rocks include siltstone and fine- 
to medium-grained arenite and wacke, and calcareous 
siltstone, arenite and wacke. Exposure of the formation 
throughout its extent is poor. In central Falconbridge 
Township the formation is about 250 m thick, but else 
where the thickness varies, and the formation appears 
to be missing in places.

The Espanola Formation overlies the Bruce Forma 
tion. The contact between the formations is conform 
able and gradational over a thickness of up to 3 m. Cal 
careous siltstone and wacke occur in places as interbeds 
with pebbly wacke near the top of the Bruce Formation. 
In other places, pebbly wacke grades upward into mas 
sive to parallel-laminated siltstone and calcareous silt 
stone to wacke, with rare pebbles up to l cm across in the 
lowermost 4.5 m of the Espanola Formation.
PETROGRAPHY

The siltstone to medium-grained wacke in the Espanola 
Formation is massive to parallel laminated, with beds l 
to 10 cm thick. Near the base of the formation, some l 
cm thick siltstone laminations are graded, and tiny load 
casts are present at the base of each one. Calcareous and 
dolomitic siltstone occur as massive beds 5 to 30 cm 
thick.

Fine- to medium-grained arenite occurs in beds l to 
30 cm thick, with lenticular bedding in places where the
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Photo 16. Granitic lithic fragment surrounded by matrix in Bruce Formation wacke. Crossed polarizers, field of view 2 mm across. 
Sample 86RLD-0906, Traverse 9, south-central Falconbridge Township.

Traverse 10. Lower Part, Bruce Formation.
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Figure 18a. Composition, size, shape and angularity of pebbles and cobbles in lower Bmce Formation conglomerate.
Shape: R - round, O - oval, E - elongate, F - flat
Angularity: A - angular, SA - subangular, SR - subrounded, R - rounded
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Traverse 29. Middle Part, Bruce Formation.
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36



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

Traverse 11. Upper Part; Bruce Formation.
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Figure 18c. Composition, size, shape and angularity of pebbles and cobbles in upper Bruce Formation conglomerate.
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Angularity: A - angular, SA - subangular, SR - subrounded, R - rounded

beds are l to 3 cm thick. Most beds are parallel lami 
nated, but some beds near the top of the formation have 
ripple cross-laminations and rare mud chips. Angular 
coarse grey quartz grains similar to grains found in 
Bruce Formation conglomerate and wacke form up to 2 
percent of the arenite near the base of the formation. 
Calcareous fine-grained arenite occurs as parallel-lami 
nated beds 2 to 10 cm thick.

Limestone in the Espanola Formation is pure and 
massive to silty and parallel laminated. It occurs in beds 
20 to 60 cm thick.

The various rock types are interstratified, often at a 
bed-by-bed scale. Some beds have variable thicknesses

QUARTZ

" Bruce Formation 
x Espanola Formation 

Serpent Formation

FELDSPAR LITHIC FRAGMENTS

Figure 19. Composition of Quirke Lake Group areniles.

and some beds are discontinuous due to scouring at the 
base or top of the bed. Some scours are as much as 100 
cm deep, and channels as much as 2 m deep and 15 m 
wide are present.

Three poorly defined intergradational members are 
present in the Espanola Formation. Beds in the lower 
member are very thin to thin. Detrital material is very 
fine or fine grained, and the overall carbonate content is 
approximately 15 percent. In the middle member, bed 
thicknesses, grain size and carbonate content all in 
crease. Beds are medium to thick, detrital material is 
fine grained or medium grained, and the overall carbon 
ate content is approximately 40 percent. In the upper 
member, bed thickness, grain size and carbonate con 
tent decrease. Beds are very thin to thin, detrital materi 
al is very fine grained, and the overall carbonate content 
is less than 10 percent.

The modal analyses of two samples of siltstone and 
one sample of metasiltstone are listed in Table 6 of Ap 
pendix 2. The siltstone is parallel laminated, with lami 
nations 2 to 20 mm thick which grade from siltstone at 
the base to argillite at the top. Very faint, discontinuous 
parallel laminations approximately 0.2 mm apart are 
present in some places. Bed contacts are sharp. In places 
the parallel laminations are distorted, while elsewhere, 
tiny dewatering channels less than 5 mm across cut 
through several laminations. Some very angular to sub 
angular, very fine to fine grains of quartz, feldspar, bio 
tite and rare secondary chlorite after biotite are present. 
Rare fine-grained lithic fragments of gabbro, siltstone 
and quartz-feldspar porphyry are also present. Minor 
amounts of calcite occur as a replacement mineral in the 
matrix, and in thin veinlets. The metasiltstone contains 
34 percent scapolite (Photo 17). The scapolite is present 
in equant poikiloblastic grains up to l mm across. Some 
grains are intergrown, and some are twinned with up to 
three twin surfaces meeting at 120". Some grains are 
partly or completely altered to fibrous chlorite. The sca-
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Photo 17. Scapolite porphyroblasts in Espanola Formation metasiltstone. Crossed polarizers, field of view 2 mm across. Sample 
86RLD-4403, Traverse 44, north-central Dryden Township.

polite is most abundant in the more argillaceous layers 
of the siltstone.

The compositions of three samples of wacke are 
shown on Figure 17. All are of very fine to fine-grained 
arkosic wacke. The quartz content of the wacke ranges 
from 34 to 54 percent, with 31 to 34 percent monocrys- 
talline quartz and O to 22 percent polycrystalline quartz. 
It is difficult to distinguish between monocrystalline and 
polycrystalline quartz in the wacke, as grain boundaries 
in all the samples have been sutured due to compaction. 
The monocrystalline quartz is very fine to fine grained, 
subangular to subrounded, and oval. The polycrystalline 
quartz is medium grained, subrounded and oval. These 
rocks contain 3 to 29 percent potassic feldspar and 6 to 
10 percent plagioclase. The feldspars occur in sub 
rounded to rounded, oval fine grains with weak to strong 
alteration. The composition of the plagioclase is An35.5g. 
The wackes contain 15 to 39 percent matrix, made up of 
silt-sized particles of quartz, feldspar and mica. One 
sample contains 15 percent calcite cement, which is 
present in pale green silt-sized grains.

The modal analyses of three samples of silty lime 
stone and dolostone are listed in Table 6 of Appendix 2. 
They are poorly laminated, with laminations up to l mm 
thick. The laminations are defined by variations in the 
relative abundance of carbonate minerals and matrix. 
The carbonate minerals are very fine to fine grained, 
and have irregular grain boundaries. In one sample, 
rounded grains of inclusion-free carbonate are enclosed 
by grains of inclusion-filled carbonate. The texture may 
be metamorphic, as phlogopite is present in the sample. 
Trace amounts of very fine-grained muscovite and chlo 

rite are present in one sample, and 7 percent of very 
fine-grained phlogopite is present in another. The ma 
trix consists of silt-sized particles of quartz and feldspar.

The modal analyses of three samples of contact 
metamorphosed calcareous sedimentary rocks are also 
listed in Table 6 of Appendix 2. All three samples are 
from locations near the contact of a large Nipissing gab 
bro body. One may have been brecciated prior to meta 
morphism. All contain poikiloblastic irregular to rare 
euhedral grains of hornblende and chlorite. In places, 
the hornblende is replaced in part by chlorite microlites, 
which in turn are replaced by calcite. Calcite veinlets are 
also present.

Whole rock geochemical analyses of the Espanola 
Formation are presented in Table 7 of Appendix 2.

Serpent Formation

INTRODUCTION

Rocks of the Serpent Formation form a "V-shaped 
band marking the limbs of a northeast-plunging syncline 
across Dryden, Falconbridge and Street townships. That 
area of outcrop is truncated by a fault across its northern 
limit, but the formation is exposed again farther north in 
central Scadding Township in a series of southeast- 
trending bands. The formation consists of light to dark 
grey, pink, cream and buff, fine- to medium-grained are 
nite and fine-grained wacke that weather light to dark 
grey, pink, buff and tan in colour. In Street Township, an 
incomplete section of the Serpent Formation is about 
670 m thick. In Scadding Township, a complete section is 
350 m thick. This thinning may be due to the Serpent 
Formation, like the underlying units, thinning north-

38



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

ward, or it maybe due to differential erosion prior to de 
position of the Gowganda Formation.'!

The Serpent Formation overlies the Espanola For 
mation throughout most of its extent, but it overlies the 
Bruce Formation in the few areas where the Espanola 
Formation is missing. The contact with the Espanola 
Formation is gradational. It is difficult to place the con 
tact exactly, as the transition is so gradual, but it is as 
signed to the horizon where calcite disappears from the 
wacke interbeds. The uppermost part of the Espanola 
Formation then consists of parallel-laminated to ripple 
cross-laminated fine-grained arenite in beds up to 15 cm 
thick and calcareous fine-grained wacke in beds up to 50 
cm thick. Above this, fine-grained arkose in beds 5 to 30 
cm thick is interbedded with parallel-laminated fine 
grained noncalcareous wacke in beds 2 to 10 cm thick. 
The contact with the Bruce Formation is sharp and con 
formable. The uppermost Bruce Formation consists of 
massive pebbly wacke with most clasts smaller than 2 cm 
in diameter. Right at the top of the formation, massive 
polymictic paraconglomerate with 10 percent clasts up 
to 20 cm across is present. The conglomerate is overlain 
by parallel-laminated, medium- to coarse-grained are 
nite in beds 20 to 75 cm thick. Rare pebbles up to 5 cm 
across are present in the lowermost 7 m of the arenite. 
This arenite grades upward to massive fine- to me 
dium-grained arenite.
PETROGRAPHY

Arenite in the Serpent Formation contains few deposi 
tional features. Most beds are massive, and bed contacts 
are gradational and very indistinct. Some parallel lami 
nations (Photo 18), planar cross-laminations with shal 

low to very shallow, foresets, and rare trough cross-beds 
are present. The 16'wer part of the formation consists of 
massive to faintly parallel-laminated, fine-grained are 
nite in beds 30 to 80 cm thick. Planar cross-laminations, 
in places scouring underlying beds, are rarely present. 
Siltstone and fine-grained wacke occur as minor in 
terbeds. The middle and upper parts of the Serpent For 
mation consist of fine- to medium-grained arenite in 
beds 20 to 40 cm, and rarely up to 150 cm thick. Most 
beds are massive, and cross-laminations are rare.

The compositions of four samples of Serpent For 
mation arenite are indicated on Figure 18. All four of 
the samples are of lithic arkose (Photo 19). They contain 
32 to 55 percent quartz, with 25 to 43 percent monocrys- 
talline quartz and less than l to 12 percent polycrystal- 
line quartz. Both types of quartz occur as subrounded to 
rounded, equant to oval fine grains. Potassic feldspar 
makes up 21 to 37 percent of the lithic arkose. Plagio 
clase makes up 3 to 10 percent. The feldspars occur as 
subrounded to rounded, equant to oval fine grains, and 
are weakly altered. The plagioclase composition is 
An33.59. Lithic fragments are absent in one sample. In 
the other three, they make up 3 to 8 percent of the rock. 
They are fine grained, and consist of fragments of 
fine-grained arenite and granitic rock. Very fine-grained 
detrital mica makes up 2 to 15 percent of the lithic ar 
kose. Muscovite contents range from O to 2 percent. Bio 
tite contents range from O to 15 percent, and chlorite 
contents range from less than l to 4 percent. The chlo 
rite is secondary after biotite. Two samples contain small 
amounts of very fine grains of interstitial dolomite. One 
sample from near the top of the formation, which me- 
gascopically looks no different from the others, contains

Photo 18. Parallel laminations in medium-grained arenite of the Serpent Formation. Traverse 35, central Street Township.
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Photo 19. Fine-grained lithic arkose with weakly altered feldspars, Serpent Formation. Crossed polarizers, field of view 2 mm across. 
Sample 86RLD-3001, Traverse 30, south-central Scadding Township.

almost 5 percent of very fine grains of accessory miner 
als. Zircon is most abundant, and occurs as rounded to 
subrounded grains with cloudy surfaces. Titanite is less 
common, and is present as subangular grains. Angular 
grains of corundum are also present.

Modal analyses of rocks of the Serpent Formation 
are presented in Table 6 of Appendix 2 and whole rock 
geochemical analyses are presented in Table 7 of Ap 
pendix 2.

COBALT GROUP

The Cobalt Group is the uppermost of the three tripar 
tite sequences in the Huronian Supergroup in the 
southern Cobalt Embayment. The sequence of con 
glomerate—argillaceous rock—arenite is not as well de 
veloped in the Cobalt Group as in the Hough Lake and 
Quirke Lake groups, but consists of conglomerate and 
parallel-laminated argillite to siltstone of the Gowgan 
da Formation, and arkose of the Lorrain Formation. 
Modal analyses of samples from these formations are 
listed on Table 8 of Appendix 2. Table 9 of Appendix 2 
lists whole rock geochemical analyses for samples from 
the Cobalt Group.

Gowganda Formation

INTRODUCTION

Rocks of the Gowganda Formation form a broad north- 
to northeast-trending band across parts of Dryden, Fal 
conbridge and Street townships. The band forms the 
core of a northeast-plunging syncline, which is trun 
cated by a fault in northern Street Township. Rocks of

the Gowganda Formation are also present in the north 
east half of Scadding Township and in much of Rathbun 
Township. The Gowganda Formation consists of dark 
grey to dark green, massive to parallel-laminated, argil 
lite to siltstone, sparsely pebbled argillite to siltstone, 
massive to parallel-bedded polymictic paraconglomer 
ate to pebbly wacke that weather dark grey, dark green 
and cream in colour; and light grey to buff, thinly to me 
dium-bedded, fine- to medium-grained wacke and mi 
nor arenite that weather pale grey to cream in colour. 
Argillite to siltstone and sparsely pebbled argillite to 
siltstone is the predominant rock type. No complete sec 
tion of the Gowganda Formation is present in the area 
studied due to erosion and disruption of the section by 
faulting. The thickest section measured is 900 m thick.

The Gowganda Formation unconformably overlies 
the Serpent Formation. Where the contact is exposed in 
Scadding Township, cobbles of Serpent Formation are 
nite are present in conglomerate in the lowermost few 
metres of the Gowganda Formation (Photo 20). Stereo 
graphic manipulation of bedding attitudes recorded at 
the contact further indicate that rocks of the Serpent 
Formation had been folded into open folds to form a 
gently dipping surface prior to deposition of the Gow 
ganda Formation.
PETROGRAPHY

The mudstone to siltstone in the Gowganda Formation 
is dark grey to dark green weathering at the base, and 
grades upward to pale grey to cream weathering at the 
top of the formation. It is massive to parallel laminated, 
with laminations l to 3 mm thick. A few of the coarser 
siltstone horizons are very thinly bedded, with beds l to
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Photo 20. Lowermost Gowganda Formation conglomerate in 
foreground, with arenite clast above hammer, unconformably 
overlies Serpent Formation arenite in background. Traverse 31, 
south-central Scadding Township.

3 cm thick, and have rare ripples with amplitudes up to 
2 cm. Granules and pebbles, usually less than 3 cm 
across but rarely up to 50 cm across, are present in 
places. Some are obviously dropstones. Near the base of 
the formation, a unit of strongly plastically deformed 
parallel-laminated mudstone is present between unde- 
formed mudstone units. Elsewhere, rare dark grey 
cherty mudstone is present.

The mudstone to siltstone in the Gowganda Forma 
tion grade through sparsely granular and sparsely 
pebbled siltstone to granular siltstone and very fine 
grained pebbly wacke. The granular siltstone and very 
fine-grained pebbly wacke occur as massive to paral 
lel-laminated beds, with rare load casts at the base of 
some parallel-laminated beds. They contain up to 5 per 
cent clasts, mostly of granule and small to medium 
pebble size, in a dark grey siltstone to very fine-grained 
wacke matrix. The clasts consist of granite, mafic meta- 
volcanic rocks, arenite, metasedimentary rocks includ 
ing rare black chert, and gabbro. Quartz clasts are rare.

The clasts are angular to rounded, and round to elon 
gate. The gritty siltstone and very fine-grained pebbly 
wacke are most common near the top of the formation.

Conglomerate present in the Gowganda Formation 
has 5 to 10 percent clasts in a dark grey fine- to me 
dium-grained wacke matrix. The matrix contains up to 5 
percent coarse-grained quartz in places. Most clasts are 
2 to 15 cm across, but some are up to 50 cm across. The 
smaller clasts are granitic, mafic metavolcanic and me 
tasedimentary rocks, and gabbro. Most of the larger 
clasts are granitic. No preferred orientation of clasts is 
present in parallel-bedded conglomerate at the base of 
the formation (Photo 21), but farther up in the forma 
tion, clasts in a 4.5 m thick conglomerate unit with gross 
stratification defined by differences in the abundance 
and size of clasts, have a strong preferred orientation 
parallel to bedding.

Arenite is present near the base and top of the 
Gowganda Formation. It is present in tabular beds, and 
fills shallow channels 5 to 100 cm deep. Rare beds of are 
nite are also present approximately 750 m above the 
base of the formation. A 20 cm thick arenite bed near 
the base of the formation is scoured at the base and con 
tains dropstones. Arenite within, and near the top of the 
formation is massive to parallel laminated, with some 
beds massive at the base and parallel laminated at the 
top. Rare ripple and trough cross-beds with amplitudes 
of up to 5 cm are present in the arkose, and in places 
there are load casts at the bases of arenite beds overlying 
siltstone. Dropstones are present in some beds.

The siltstone and some of the arenite and wacke of 
the Gowganda Formation are weakly to strongly mag 
netic. The magnetite may have been derived from the 
mafic metavolcanic rocks which supplied detritus to the 
formation. It may also have been derived from magne 
tite-bearing granite, such as was found as clasts contain 
ing magnetite grains up to 5 mm across in Gowganda 
Formation conglomerate.

The modal analyses of five argillaceous siltstones 
are listed in Table 8 of Appendix 2. The siltstones are 
massive to parallel-laminated, with laminations 0.1 to 
5 mm thick. The laminations are poorly graded in places 
(Photo 22). In other places, isolated individual sand 
grains lie at intervals along the bedding surfaces in par 
allel-laminated argillite. In one sample, tiny starved rip 
ples form flasers of silt 3 mm high and 5 mm long in 
cherty argillite. Some of the ripples are slumped into the 
underlying beds. In the same sample, tiny load casts 
l mm deep and 2 mm across are present at the base of 
some 0.3 mm thick laminations. Up to 13 percent sand is 
present in the siltstone. This includes O to 7 percent of 
angular very fine to coarse grains of monocrystalline 
quartz, and O to 6 percent of similar grains of polycrystal- 
line quartz. Potassic feldspar plus plagioclase make up O 
to 5 percent of the argillaceous siltstone. The feldspars 
occur as subrounded very fine to medium-sized grains, 
and are weakly altered. Subrounded to rounded very 
fine to coarse-grained lithic fragments make up O to 4 
percent of the siltstone. Granitic lithic fragments are 
most common, but fragments of fine-grained arenite,
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Photo 21. Parallel bedding in polymictic paraconglomerate near the base of the Gowganda Formation. Traverse 31, south-central 
Scadding Township.

gabbro and porphyritic mafic metavolcanic rock also oc 
cur. Rare pebbles up to 25 mm across are also present. 
The matrix is brownish, and argillaceous to silty.

The compositions of three samples of wacke are 
shown on Figure 20; one is of subarkosic wacke, and two 
are of lithwacke. The subarkosic wacke is from a wacke 
interbed in sandstone. It contains 64 percent quartz, 
with 60 percent monocrystalline quartz and 4 percent 
percrystalline quartz. The monocrystalline quartz is 
present in angular, irregular fine grains, and sub 
rounded to rounded, equant to oval medium grains. The 
percrystalline quartz is present in subangular medium 
grains. Intragrain boundaries in the percrystalline 
quartz are interlocking. The subarkosic wacke contains 
13 percent potassic feldspar and 4 percent plagioclase. 
All are present in subangular to subrounded, equant to 
irregular, fine- and medium-sized grains, and all are 
weakly altered. Lithic fragments consisting of sub 
rounded medium grains of quartzofeldspathic micro 
graphic intergrowths make up 3 percent of the rock. The 
matrix consists of quartz, feldspar and chlorite silt, and 
makes up 15 percent of the subarkosic wacke.

The lithwacke samples are from the matrix of con 
glomerates. Both contain small amounts of quartz and 
feldspar in angular fine to coarse grains. One sample 
contains 12 percent lithic fragments, and the other con 
tains 78 percent. The lithic fragments grade in size from 
medium to very coarse sand, granules and pebbles. The 
smaller grains are angular, and the larger ones are sub 
rounded to rounded. They include chlorite schist, fine 
grained diabase, pyroxene andesite, coarse-grained bio 
tite granite, coarse-grained biotite granodiorite and cal 

careous siltstone. The composition, size, shape and an 
gularity of clasts from two samples of Gowganda Forma 
tion conglomerate are shown on Figures 21a and 21b. 
The samples come from the lowermost bed of the for 
mation and from a bed approximately 500 m above the 
base. Clasts of arenite and wacke (listed as sediments) 
are much more common near the base of the formation. 
This reflects the probable derivation of these clasts from 
the underlying Serpent Formation. It is notable that 
quartz granules and pebbles, which are common in the 
conglomerates of the Ramsay Lake and Bruce forma 
tions, are missing from the Gowganda Formation con 
glomerate.

The composition of one sample of arkose is shown 
on Figure 22. It contains 42 percent quartz, with 40 per 
cent monocrystalline quartz, and 2 percent polycrystal 
line quartz having just 2 or 3 subgrains. Both occur in 
subangular to subrounded, equant to oval fine grains. 
Thirty-six percent potassic feldspar, and 4 percent pla 
gioclase are also present. The feldspars occur in suban 
gular to subrounded, equant to oval fine grains, and are 
weakly to strongly altered. A few subrounded to 
rounded fine-grained lithic fragments consisting of very 
fine-grained granitic rock are also present. The matrix 
makes up 11 percent of the arkose, and consists of 
quartz and feldspar silt.

Modal analyses of rocks of the Gowganda Forma 
tion are shown in Table 8 of Appendix 2 and whole rock 
geochemical analyses are shown in Table 9 of Appendix 
2.
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QUARTZ

Photo 22. Parallel laminations in Gowganda Formation argilla 
ceous siltstone with poorly developed graded bedding in some 
laminations. Plane light, field of view 2 mm high. Sample 
86RLD-4608, Traverse 46, south-central Scadding Township.

Lorrain Formation

INTRODUCTION

Rocks of the Lorrain Formation are present in a small 
area surrounding Bassfin Lake in southern Rathbun 
Township, and in a north-trending band extending north 
from Kukagami Lake in eastern Rathbun Township. 
They are pink, grey, cream and green weathering, and 
pink, grey and green on fresh surfaces, and consist of 
medium- to coarse-grained arenite. There is no com 
plete section of the Lorrain Formation in the area, due 
to erosion. An incomplete section in Rathbun Township 
across part of the formation is 330 m thick.

The Lorrain Formation conformably overlies the 
Gowganda Formation. The contact appears to be grada- 
tional over a few metres.

The preserved section of the Lorrain Formation can 
be subdivided into four intergradational members. 
These members are roughly correlative with the lower

Gowganda Formation

Matrix ^ S 1*,

FELDSPAR LITHIC FRAGMENTS

Figure 20. Composition of Cobalt Group wackes.

four of six members identified in the formation in the 
Sudbury-Espanola area (Card et al. 1977). Depositional 
features are poorly developed and poorly preserved in 
much of the Lorrain Formation. Where present, many 
are highlighted by grain size gradations, or by concentra 
tions of hematite.

The lowermost member is the pink and grey sand 
stone member (Photo 23). This member is at least 15 to 
20 m thick, and may be up to 50 m thick. It consists of 
parallel-laminated, pink feldspathic arenite and grey, 
silty arenite, with parallel laminations l cm apart. 
Shallow trough cross-beds are present near the base of 
the section.

The second member is the feldspathic sandstone 
member. It is 135 to 140 m thick, and consists of pink, 
medium- and rarely coarse-grained feldspathic arenite. 
All but the upper 30 m of this member are pink weather 
ing due to red oxidation blebs surrounding detrital he 
matite grains. The arenite in the upper 30 m of the mem 
ber does not contain detrital hematite, and is cream 
weathering. Beds are tabular, and 10 to 30 cm thick. 
They are massive to cross-bedded. Concentrations of 
dark detrital minerals including hematite mark the 
poorly defined foresets and toesets of some low angle 
cross-beds in the lower part of the member. Some beds 
grade upward from coarse grained to fine grained, and 
some foresets in cross-bedded units in the upper 30 m of 
the member show the same grading. The graded fore 
sets are approximately 5 cm thick.

The third member is the pink and green micaceous 
sandstone member. It is 35 to 40 m thick, and consists of 
pink weathering, pink feldspathic fine- to coarse- 
grained arenite with green weathering micaceous in- 
terbeds. The arenite in this member is massive, and bed 
ding cannot be distinguished. The micaceous interbeds
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QUARTZ

Matrix -OS1*
m Gowganda Formation 
x Lorrain Formation

FELDSPAR LITHIC FRAGMENTS

Figure 22. Composition of Cobalt Group arenites.

are 50 to 100 cm thick, and have planar cross-beds with 
foresets l to 2 cm thick. A few of the foresets are graded.

The uppermost member is a hematitic sandstone 
member. The preserved thickness of this member is ap 
proximately 115 m. It consists of cream weathering, fine- 
to very coarse grained arenite and minor pebbly arenite. 
Red speckles resulting from the oxidation of hematite 
are present in places on weathered surfaces. The quartz

content increases upward in this member, but the com 
position remains feldspathic throughout. Stratification 
is poorly developed, and bedding cannot be distin 
guished in most places. A few planar cross-beds are 
present. In some places they have different grain sizes in 
successive foresets, and in other places they have graded 
foresets. Rare green micaceous interbeds like those in 
the underlying member occur in the lower 15 m of this 
member. Between 65 and 75 m above the base of the 
member, pebbly arenite with angular to well-rounded 
white quartz pebbles up to l cm across in fine- to 
coarse-grained arenite is present. The pebbly arenite 
forms tabular beds approximately 15 cm thick. Some of 
the beds grade upward from very coarse grained at the 
base to medium grained at the top.
PETROGRAPHY

The modal compositions of five samples from the Lor 
rain Formation are listed in Table 8 of Appendix 2. Four 
samples are of arenite, the fifth is of brecciated arenite. 
The compositions of the four samples of arenite are 
shown in Figure 22. All four are arkose. Three of the 
samples are well sorted, with one fine grained, one me 
dium grained (Photo 24) and one coarse to very coarse 
grained. The fourth sample is poorly sorted, and fine to 
coarse grained. The arkose consists of 47 to 63 percent 
quartz, with 42 to 54 percent monocrystalline quartz and 
2 to 14 percent percrystalline quartz. The monocrystal 
line quartz occurs in subangular to subrounded, equant 
to oval grains, except in the poorly sorted arkose where 
grains are angular to subrounded. The polycrystalline 
quartz occurs in subrounded to subangular grains, ex 
cept in the poorly sorted arkose where grains are angu-

Photo 23. Pink and grey banding in arenite from the lowennost member of the Lorrain Formation. Some red speckles surrounding 
hematite grains show as dark spots at the right side of the photograph. Traverse 45, south-central Rathbun Township.
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Photo 24. Loirain Formation arkose with angular to subrounded grains separated by sericitic matrix. Crossed polarizers, field of view 
2 mm across. Sample 86RLD-5804, Traverse 58, eastern Rathbun Township.

lar to subrounded. The grains are made up of two to five 
subgrains, with irregular intragrain boundaries. Potassic 
feldspar makes up 26 to 36 percent of the arkose, and 
plagioclase makes up 2 to 4 percent. The feldspars occur 
in subangular to subrounded, equant to oval grains, and 
are weakly to moderately altered. The plagioclase com 
position is An29-63- The arkose contains l to 5 percent 
lithic fragments. They are present as subangular to sub 
rounded, equant to oval grains, and consist of very fine 
grained arenite, granitic, felsic volcanic and micaceous 
siltstone fragments. The well-sorted arkose samples 
contain less than l to 2 percent matrix, and the poorly 
sorted arkose contains 8 percent matrix. All of the 
well-sorted arkose samples contain faint quartz cement. 
Where best developed, the quartz cement makes up 3 
percent of the rock, and consists of clear to inclu 
sion-filled isocrystalline overgrowths on quartz grains.

Two whole rock geochemical analyses of arkoses of 
the Lorrain Formation are shown in Table 9 of Appendix 
2.

NIPISSING INTRUSIVE ROCKS
PETROGRAPHY

Two samples of Nipissing intrusive rocks were modally 
analyzed. They were examined because of their unusual

texture and composition. The modal analyses are listed 
in Table 10 of Appendix 2. One sample is of granophyre, 
and the other is of medium-grained adamellite. The gra 
nophyre consists of 40 percent micrographic inter- 
growths, 23 percent potassic feldspar and 26 percent pla 
gioclase. The micrographic intergrowths commonly en 
close phenocrysts of potassic feldspar, and are very 
weakly altered. Potassic feldspar is present in euhedral 
phenocrysts 10 to 20 mm across, and is weakly to strongly 
altered. Plagioclase is present in subhedral to euhedral 
phenocrysts 5 to 10 mm across, and is weakly altered. 
Small amounts of chlorite, muscovite and calcite are 
present as alteration minerals in the granophyre.

The adamellite consists of 50 percent quartz, 20 
percent potassic feldspar and 28 percent plagioclase. 
The quartz is present in clear, irregular grains without 
inclusions. The feldspars are present in anhedral to eu 
hedral grains. Both the potassic feldspar and the plagio 
clase are weakly altered. The plagioclase composition is 
An3o.5o. Minor amounts of muscovite and matrix, now al 
tered to sericite, are present.

A whole rock geochemical analysis of the adamel 
lite is shown in Table 11 of Appendix 2.
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Mineral Exploration
The history of mineral exploration and development in 
the southern Cobalt Embayment area dates back to 
1883, when a copper-nickel occurrence associated with 
the Sudbury Igneous Complex was discovered. Early 
work in the area concentrated on such deposits. The tar 
get of exploration activity shifted during the 1930s to 
gold occurrences hosted by rocks of the Huronian Su 
pergroup. All the occurrences were, however, vein de 
posits. Many of them were associated with Nipissing 
gabbro intrusions (Mossman and Harron 1983, 1984; 
Dressler 1982). Underground development was done on

a number of them. The target of exploration shifted 
again during the late 1950s, when paleoplacer concen 
trations of uranium were recognized at the base of the 
Huronian succession (Thomson 1960,1961; Meyn 1979; 
Meyn and Matthews 1980). More recently, exploration 
for paleoplacer concentrations of gold at the base of the 
Huronian succession, as well as at specific intervals 
within the sequence, have been carried out (Long 1981; 
Long and Colvine 1985; Long and Lloyd 1983; Sauerbrei 
and Phipps 1983).
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Economic Geology

Mossman and Harron (1983) studied data concerning 
121 gold and gold-uranium occurrences in the area 
northeast of Sudbury. They found 11 were in, or adja 
cent to, diabase dikes, 85 were quartz or quartz-carbon 
ate veins, and 25 were stratiform. The stratiform occur 
rences all lie to the northwest of the present study area, 
and are almost all in basal conglomerates in what is 
called the Mississagi Formation. Mossman and Harron 
(1984) report studies of 31 gold or gold-uranium occur 
rences in the Huronian Supergroup. They found 6 in the 
Elliot Lake Group, 19 in the Hough Lake Group, 4 in 
the Quirke Lake Group and 2 in the Cobalt Group. 
They note, however, that 17 of the occurrences are in 
rocks mapped as being part of the Mississagi Formation, 
but that may not be correlative with the classical Missis 
sagi Formation of the Hough Lake Group. Wood (1980) 
reports that the lowermost part of the Mississagi Forma 
tion northwest, north and northeast of Lake Wanapitei 
is distinctly different from the upper parts of the forma 
tion. Long (1986) also notes that the highest concentra 
tions of gold in the basal portion of the Huronian Super 
group in the Cobalt Embayment are in what is called the 
Mississagi Formation, but may be equivalent in part, 
with strata of the Elliot Lake Group to the south and 
west of the Cobalt Embayment. The distribution of oc 
currences is thus biased by labelling lowermost Huro 
nian Supergroup rocks in the Cobalt Embayment as part 
of the Mississagi Formation. Therefore, of Mossman 
and Harron's (1984) 31 occurrences, 23 are more accu 
rately from strata in the Elliot Lake Group. Similar stra 
ta seen in this study are clearly separated from the Mis 
sissagi Formation, and have been included with the Ma- 
tinenda Formation of the Elliot Lake Group.

Mossman and Harron (1983) also suggest that the 
nondiabase related quartz and quartz-carbonate vein 
occurrences may be related to ancient paleoplacers 
from which the gold has been redistributed by diagenet 
ic and metamorphic processes.

Much work has also been done in recent years by 
the Ontario Geological Survey and others in studying 
paleoplacer deposits and attempting to establish envi 
ronments favourable to the formation of paleoplacer 
deposits within the Huronian Supergroup both west and 
north of the southern Cobalt Embayment. Wood (1980) 
reports that the lowermost part of the Huronian succes 
sion northwest, north and northeast of Lake Wanapitei 
includes conglomerate, pebbly sandstone, immature 
sandstone and mudstone, with radioactive minerals in 
the conglomerate. This part of the sequence is poorly 
exposed, extensively deformed and poorly understood, 
but Wood considers it to be of the greatest economic in 
terest. He reports a value of 280 ppb gold from a basal 
conglomerate in Maclennan Township. Long (1981) stu 
died the sedimentary framework of placer gold concen 
trations in basal Huronian strata of the Cobalt Embay 
ment. He found the best values of up to 240 and 350 ppb

in conglomerate and plane laminated, medium-grained 
sandstones characterized by a high pyrite content, from 
within the lowest part of the sequence. Meyn and Mat 
thews (1980) found anomalous gold concentrations of 
up to 800 ppb in the same stratigraphic position. Long 
(1986) notes that the highest concentrations of gold are 
found where significant reworking of the coarser part of 
the sedimentary pile has occurred. Sauerbrei and Phipps 
(1983) report anomalous values including 809 ppb over 
0.7 m in conglomerates near the base of the Huronian 
section, intersected in deep drill holes. However, Long 
and Lloyd (1983) concluded the potential for large de 
posits in basal Huronian strata of the Elliot Lake Group 
in the Sudbury-Blind River area is low, as coarse fluvial 
elastics which may have contained placers are compara 
tively rare.

Gossans on outcrops of Bruce Formation conglom 
erate in Falconbridge Township are reported by Dressler 
(1986). He also reports that in several places in Falcon 
bridge Township, Serpent Formation arkose exhibits a 
rusty stain due to the presence of minor amounts of sul 
phide mineralization. Sauerbrei and Phipps (1983) re 
port an intersection of 0.6 m of Serpent Formation sub 
arkose grading 965 ppb gold from a deep drill hole ap 
proximately 20 km north of the limit of this study. Weak 
concentrations of pyrite are present on several bedding 
planes in the sample.

Donaldson et al. (1985) note that previous studies 
indicate the lower Gowganda Formation has little po 
tential for paleoplacer gold (Long 1981; Long and Leslie 
1982; Mossman and Harron 1983,1984). However, Do 
naldson et al. (1985) felt there is a source of gold in the 
immediate Cobalt area. They considered it possible that 
gold may have been concentrated in placers in the lower 
Gowganda Formation, which in that area is the lower 
most formation of the Huronian Supergroup present. 
After mapping and sampling the lower Gowganda For 
mation, they concluded that it holds little paleoplacer 
potential for gold. Colvine (1981, 1982) looked for pa 
leoplacer gold occurrences in the Lorrain Formation in 
the northern Cobalt Embayment, because it too had 
possible sources of gold nearby, and sedimentologic 
characteristics that might provide for paleoplacer con 
centrations. Long and Colvine (1984,1985) indicate that 
the best potential for placer-related gold occurrences is 
in the hematitic sandstone member of the Lorrain For 
mation. Of 215 samples, the maximum in situ value for 
gold was 1060 ppb. It was obtained from a nonpebbly 
trough cross-bedded unit from the hematitic sandstone 
member, some 100 km north of the southern Cobalt 
Embayment. They also note that high values are con 
centrated in the northern part of their study area, which 
ranges from 60 to 100 km north of the present one. 
Lowey (1985) studied the Lorrain Formation between 
Sault Ste. Marie and Elliot Lake. He concluded the he-
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matitic member of the Lorrain Formation also holds the 
most potential for paleoplacers in that area.

Samples were collected in this study from every for 
mation in the Huronian Supergroup except the Copper 
Cliff Formation in an attempt to identify paleoplacer 
concentrations in the southern Cobalt Embayment. 
Samples containing sulphide minerals, and samples 
containing evidence of reworking which might have led 
to selective concentration of heavy detrital minerals 
were preferentially selected. The results of trace ele 
ment geochemical analyses of 52 samples by the Geosci 
ence Laboratories, Ontario Geological Survey, Toronto, 
are listed in Table 18 of Appendix 2, and are summarized 
in Table 12 of Appendix 2 . Samples from all formations 
but the Matinenda contain only trace to low amounts of 
gold. Samples from the Matinenda Formation contain 
weakly anomalous amounts of gold, with the best values 
present in gritty to pebbly wacke. Gold contents are not 
as high as those reported for samples from the same 
stratigraphic position approximately 20 km to the north 
west (Meyn and Matthews 1980; Long 1981).

Ten chip samples of quartz from veinlets in stock- 
works hosted by rocks of the McKim, Mississagi, Bruce 
and Serpent formations were analyzed by the Geosci 
ence Laboratories. The results are listed in Table 18 of 
Appendix 2, and are summarized in Table 13 of Appen 
dix 2. Stockworks of this type (Photo 25) have not been 
previously reported in the southern Cobalt Embayment. 
They are post-Gowganda Formation and pre-Sudbury 
Breccia in age, and consist of swarms of quartz veinlets 
up to l cm wide and 2 to 25 cm apart with irregular orien 
tations to sets of two or three preferred orientations. 
There is minor propylitic wall rock alteration along the

margins of the veinlets, and rare pyrite is present in and 
adjacent to the veinlets. The Stockworks observed are 
from 3 by 5 to 20by 100 m in area. The samples contained 
up to 400 ppb gold, but most had only trace to low 
amounts.

Quartz and quartz-carbonate veins in the southern 
Cobalt Embayment are described by Dressler (1982, 
1986). The veins are a few centimetres to 18 m thick, and 
are present at or near the contacts of Nipissing gabbro 
bodies. These veins may contain one or more of native 
gold, pyrite and chalcopyrite, and near Kukagami Lake 
they also contain galena. Talc-actinolite and strong pro 
pylitic alteration are present along the margins of some 
veins. Dressler (1982) reports that a radiometric model 
age date determined from galena from one occurrence 
is 1500 to 1600 Ma. Two samples of altered Nipissing 
gabbro wall rock, and seven samples of quartz and 
quartz-carbonate vein material were analyzed by the 
Geoscience Laboratories, Ontario Geological Survey 
(Table 15 of Appendix 2). Both samples of altered gab 
bro, which were from properties several kilometres 
apart, contained 8 ppb gold. The samples of quartz and 
quartz-carbonate vein material contained up to 6350 
ppb gold. Native gold was visible in the highest grade 
sample. Five of the samples contained less than 40 ppb 
gold, and two, again from properties several kilometres 
apart, contained 470 and 490 ppb gold.

Meyer (1986,1987) reports that soda metasomatism 
of Huronian Supergroup rocks occurs from near Sault 
Ste. Marie to perhaps as far east as Cobalt. Four samples 
of metasomatized conglomerate, siltstone and arkose 
from the Quirke Lake Group were chemically analyzed. 
The results are presented in Table 14 of Appendix 2.

Photo 25. Fine quartz vein stockwork in Serpent Formation arkose. Traverse 35, central Street Township.
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Soda values range from 4.69 to 10.1 percent in these 
samples and are enhanced over the values found in un 
altered rocks of the same formatiojri.inj.every case. The 
locations of the outcrops sampled af e shown on the sam 
ple location map (see Figure 5, back pocket). Replace 
ment in the metasomatites ranges from incipient to 
nearly 100 percent by albite. The alteration is thought to 
have occurred between 1.85 and 1.2 Ga, and is post-Ni- 
pissing gabbro, pre-olivine diabase, and post-Sudbury 
Igneous Complex.

The metasomatized rocks maybe massive or strong 
ly brecciated (Photo 26), with several types of breccia 
possible. Sodic metasomatism appears to have been the 
first alteration event. East of Wanapitei Lake the para 
genesis appears megascopically to have been albite, fol 
lowed by carbonate rhombohedra (Photo 27), and quartz 
or chlorite. Secondary chemical events may include 
quartz flooding, introduction of carbonate, chloritiza 
tion, sulphide introduction and introduction of cop 
per-gold minerals. In three thin sections of Gowganda 
Formation argillite microbreccia examined during this 
study, the paragenesis appears the same. The micro 
breccia is crosscut by thin veinlets up to l mm wide, with 
chlorite along the margins, and albite in the centre of 
the veinlets. Some replacement of matrix by albite may 
also have occurred. In all three sections, chlorite is pres 
ent in the thinnest veins. Chlorite plus quartz and albite 
are present in medium veins, and quartz and euhedral 
albite, with very minor chlorite are present in the widest 
veins. The potential size of this type of occurrence is re 
flected by published reserves from the Scadding Gold 
Mine, Scadding Township. Reserves were reported lobe

28 060 tons grading 0.205 ounce per ton, and 9417 tons 
grading 0.107 ounce per ton (The Northern Miner, Janu 
ary 26, p.6, 1984)^After 24000 tons averaging 0.199 
ounce per ton were mined (The Northern Miner, May 23, 
1985), new reserve figures totalling 136 496 tons of 0.21 
ounce per ton were published (The Northern Miner, Feb 
ruary 10, 1986).

Eight samples of metasomatically altered rock from 
the Espanola and Gowganda formations were analyzed 
by the Geoscience Laboratories, Ontario Geological 
Survey. The results of the analyses are listed in Table 18 
of Appendix 2, and are summarized in Table 15 of Ap 
pendix 2. Four samples of altered Espanola Formation 
rock, which consisted of albitized siltstone and fine 
grained arkose with some very finely disseminated py 
rite, contained up to 13 ppb gold. A fifth sample of albi 
tized Espanola Formation with less than l percent pyrite 
up to 0.25 mm across contained 1790 ppb gold and 200 
ppm arsenic. Three samples of altered Gowganda For 
mation rock, which consisted of chloritized breccia and 
microbreccia with quartz and albite vein fillings, con 
tained up to 5 ppb gold.

Few of the rock types present in the southern Co 
balt Embayment show evidence of the prolonged re 
working and winnowing. Pyritic polymictic orthocong- 
lomerates and pebbly wackes at and near the base of the 
Huronian Supergroup in Maclennan and Falconbridge 
townships, and polymictic orthoconglomerate in the up 
permost Stobie Formation in Falconbridge Township 
hold the greatest potential for placer concentrations of 
gold. These conglomerates are of limited lateral and 
vertical extent. The hematitic sandstone member of the

Photo 26. Chloritized breccia and chlorite-albite-quartz veining in Serpent Fomiation arkose at the Scadding Mine. Traverse 49, 
south-central Scadding Township.
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Photo 27. Carbonate rhombohedra in metasomatized microbreccia in Gowganda Formation siltstone. Plane light, field of view 2 mm 
across. Sample 86RLD-3102, Traverse 31, south-central Scadding Township.

Lorrain Formation present in the northern part of the 
southern Cobalt Embayment may hold some potential 
for paleoplacer deposits, but studies farther north indi 
cate that the potential is low. One sample of pyritic Sto 
bie Formation basalt contained 350 ppb gold, and may 
indicate some potential for gold deposits within the vol 
canic rocks of the Huronian Supergroup.

Quartz and quartz-carbonate veins hold some po 
tential for economic gold mineralization, whatever the 
source of the gold in them may be. The low grades of

gold in the sediments of the Huronian Supergroup do 
not support paleoplacer concentrations as a source of 
gold in the veins. There is limited evidence that the 
quartz and quartz-carbonate veins may be related to the 
metasomatic alteration present in the area. Mineralized 
metasomatized sedimentary rocks, particularly in the 
Espanola and Serpent formations, and the possible link 
between mineralization in the quartz and quartz-car 
bonate veins and the metasomatized rocks are worthy of 
further study.
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Appendix 1 - Stratigraphic Columns
The locations of the traverses shown on Figure 3 (see 
back pocket), were selected in order that as complete a 
section as possible could be measured along each line. 
The amount of outcrop, the absence of structural comp 
lications such as faulting, folding and Sudbury breccia 
bodies, and the absence of intrusive bodies of Nipissing 
gabbro were all important considerations in selecting 
the traverse locations. An attempt was made to measure 
sections across each formation in as many places as pos 
sible, and to examine the upper and lower contacts of 
each formation in at least two places.

Stratigraphic columns based on the traverses were 
plotted on charts adapted after those of Long (1986). 
Columns were not drawn for seven traverses (Traverses 
l, 18, 24, 25, 47, 49, 59) because deformation encoun 
tered during the traverse would have made a column 
meaningless, or because the traverse was done to check 
a specific site rather than to measure a section. Table l 
of this Appendix lists the traverses which cover each for 
mation, along with the parts of the formation covered 
and the geographic locations of the traverses.

The thicknesses measured for the various units dur 
ing the traverses were not true thicknesses, but rather 
were apparent thicknesses controlled both by the angle 
between the traverse direction and the strike of the stra 
ta, and by the dip of the strata. Corrections for both of 
these controls were made, and the calculated true thick 
nesses were used in drawing the stratigraphic columns.

The thicknesses of the various units are indicated 
along the left edge of the stratigraphic column chart. 
Most sections were drawn at a scale of 20 m per interval, 
but a few were drawn at 10 m per interval, and two sec 
tions were drawn at 5 m per interval. The scale used was 
determined by the complexity of the measured section.

Immediately to the right of the scale bar, some sec 
tions have one or more solid dots, squares or triangles, 
or open circles. These symbols indicate that petrologic 
or geochemical analysis of a sample taken from that po 
sition in the section was carried out. The symbols are ex 
plained in the legend for the stratigraphic columns.

The thicknesses of rock units, and the grain size and 
general lithology of those units are indicated in the same 
portion of the chart as the symbols mentioned above. 
The thickness of the unit is indicated by the distance it 
extends along the scale bar. The grain size of the rocks in 
the unit is indicated by symbols and numbers at the tops 
and bottom of the chart. The grain size intervals are af 
ter Wentworth ( in Folk 1968), and are summarized in

Table 2 of this Appendix. In the case of conglomerates 
and pebbly wackes, the grain size indicated is that of the 
coarsest commonly occurring size of clast. Rare coarser 
clasts may be present in the conglomeratic units. The 
general lithology present is indicated by the pattern 
which fills in that portion of the section. The patterns 
are ^identified in the legend for the stratigraphic col 
umns. Where a narrow bar with no pattern, or with a 
cross mark in it is present along the left margin of the 
chart, a covered interval occurs in the section.

The section of the chart to the right of the part indi 
cating grain size and general lithology consists of a series 
of narrow vertical columns. Where equal proportions of 
coarser- and finer-grained material are interbedded, the 
bed thicknesses of the coarser-grained material are indi 
cated by solid bars, and the bed thicknesses of the fin 
er-grained material are indicated by open columns 
marked with crosses. The bed thickness intervals are in 
dicated by numbers at the top and bottom of the chart. 
They are adapted from Ingram (in Krumbein and Sloss 
1963), and are summarized in Table 3 of this Appendix. 
Where the bed thicknesses of the units present could 
not be determined, this section of the chart was left 
blank.

A narrow column to the right of the part indicating 
bed thicknesses may contain one or more four-digit 
numbers, and a notation such as T-7. The four-digit 
numbers lie opposite symbols indicating that petrologic 
or geochemical analysis has been done, and are the 
numbers of the samples analyzed. Each sample number 
should be preceded by 86RLD. Notations such as T-7 oc 
cur where more than one traverse was used to make the 
stratigraphic section. The notations indicate the tra 
verse (T) from which that part of the section was drawn.

A second series of narrow vertical columns indi 
cates the depositional features present in the rock units. 
The depositional features and the numbers represent 
ing them are summarized in Table 4 of this Appendix. 
Where equal proportions of coarser- and finer-grained 
material are interbedded, depositional features in the 
coarser-grained material are indicated by solid bars, and 
depositional features in the finer-grained material are 
indicated by open columns marked with crosses.

The wide section at the right of the chart contains 
comments concerning the lithology, matrix composi 
tion, bed contact relationships, depositional features, 
and other characteristics of the units in the stratigraphic 
column. Abbreviations used in this section are included 
in the legend for stratigraphic columns.
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TABLE 1. STRATIGRAPHIC SECTIONS ACROSS THE HURONIAN SUPERGROUP, SOUTHERN COBALT 
EMBAYMENT.

Formation

Stobie

Copper Cliff

Matinenda

McKim

Ramsay Lake

Pecors

Mississagi

TVaverse

2
19
27

53

23
25
26

53
55
56
60

14
15
16
20
37
52
56
57

14
15
16
23
26
37
50
51
52
57

3
4
5
6
7
8
9

10
13
14
15
16
20
21
22
23
26
33
34
36
37
38
39
40
41
42
50
51
52
54

Township

Falconbridge
Falconbridge
Falconbridge

McKim

Maclennan
Maclennan
Maclennan

McKim
McKim
McKim
McKim

Neelon
Neelon
Falconbridge
Falconbridge
Garson
Neelon
McKim
McKJm

Neelon
Neelon
Falconbridge
Maclennan
Maclennan
Garson
McKim
McKim
Neelon
McKim

Garson
Garson
Garson
Falconbridge
Falconbridge
Falconbridge
Falconbridge
Falconbridge
Falconbridge
Neelon
Neelon
Falconbridge
Falconbridge
Falconbridge
Maclennan
Maclennan
Maclennan
Street
Street
Davis
Garson
Neelon
Neelon
Neelon
Falconbridge
Dryden
McKim
McKim
Neelon
Neelon

Formation part 
lower middle upper

x x
x
x

x

XXX
x x
x x

x
x

x
x x

x x
x

x x
x x
x x

x
x

x x

x x
XXX
XXX
XXX
XXX
XXX

x
x x

XXX
x

x
x

x
x
x

x
x
x
x

x
x
x
x
x
x
x
x

x
x
x

x
x
x
x

x
x

x
x
x
x x

Contacts 
lower upper

x

x x
x
x

x

x

x
x

x
x

x
x

x
x
x

x
x
x
x

x x
x

x
x
x

x

x

x
x
x
x
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TABLE 1. (Continued)

Formation

Bruce

Espanola

Serpent

Gowganda

Lorrain

TVaverse

9
10
11
12
13
17
29
34
35
42
43
44
46
48

13
17
28
29
44
46
48

12
17
28
29
30
32
35
46

30
31
32
45
47

45
58

Township

Falconbridge
Falconbridge
Falconbridge
Falconbridge
Falconbridge
Scadding
Scadding
Street
Street
Dryden
Dryden
Dryden
Scadding
Scadding

Falconbridge
Scadding
Falconbridge
Scadding
Dryden
Scadding
Scadding

Falconbridge
Scadding
Falconbridge
Scadding
Scadding
Scadding
Street
Scadding

Scadding
Scadding
Scadding
Rathbun
Scadding

Rathbun
Rathbun

Formation part 
lower middle upper

x
x

x x
x

x
x

x x
x x
x x

x x
x x

x
x
x

x
x

x x
x

x
x x
x

x
x
x
x

x x
x

x x
x

x
x x
x x

x
x

x
x x

Contacts 
lower upper

x

x
x

x

x

x

x

x

x

x

x
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TABLE 2. GRAIN SIZE INTERVALS USED IN 
STRATIGRAPHIC COLUMNS.

Symbol Size range (mm) Size class

s
vf

f
m
c

ve
g

^.06
0.06-0.125
0.125-0.25
0.25-0.50
0.50-1.00
1.00-2.00

2.00-4
4-8
8-16
16-32
32-64

64-256
^56

silt and clay
very fine sand
fine sand
medium sand
coarse sand
very coarse sand
granule
pebble
pebble
pebble
pebble
cobble
boulder

TABLE 3. BED THICKNESS INTERVALS USED IN 
STRATIGRAPHIC COLUMNS.

Size range (cm) Size class

0-0.3 thinly laminated
0.3-1 thickly laminated
1-3 very thinly bedded
3-10 thinly bedded
10-30 medium bedded
30-50 thickly bedded

50-100 thickly bedded
100-150 very thickly bedded
150-300 very thickly bedded

> 300 extremely thickly bedded

TABLE 4. DEPOSITIONAL FEATURES IDENTIFIED IN 
STRATIGRAPHIC COLUMNS.

Number Feature

1 individual beds massive
2 \\\ planar cross-bedding
3 ^P" trough cross-bedding
4 ^oc^. convex upward cross-laminated cross-beds
5 '-"""•^'CN. ripple cross-laminations
6 "^ parallel laminations or bedding
1 -"iv7 graded bedding
8 xc^.^ load casts or flame structures
9 -^r- dropstones
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LEGEND

Sandstone and wacke

Interbedded sandstone or wacke and 
siltstone

Pebbly sandstone or wacke. Up to 596 
clasts; clasts of any size

Conglomerate. More than 5Vo clasts; 
clasts of any size

Felsic and mafic volcanic rocks

Interbedded parallel-laminated limestone 
and calcareous siltstone to fine-grained 
arkose

Granite and granodiorite 

Diabase, gabbro and metagabbro 

Covered interval

ABBREVIATIONS
ARK ..................... .......... arkose
BCS ................. bed contacts scoured
CARB ................. ......... carbonate
CB .......................... cross-bedded
CG ........................ coarse grained
CONG ....................... conglomerate
DC ... . . .. .. .. . . . .. . .. . . . . . . . discontinuous
FG ........................... fine grained
IB ............................ interbedded
L ................................. lunate
LSI ............................ limestone
MG ....................... medium grained
MR ...................,...... megaripples
PL ...................... parallel laminated
QTZ .. . .. . . .. . . . ... . ...... . . ... ... . quartz
SC ........................ straight-crested
SLTST .. .. . . ... . . .. . .... ....... . . siltstone
SUBARK . .. .. . . . .. . . .. . ... . .. . . . subarkose

SYMBOLS

Sample has undergone petrographic 
analysis

Sample has undergone trace element 
geochemical analysis

Sample has undergone petrographic and 
trace element geochemical analysis

Sample has undergone whole rock 
geochemical analysis (this symbol may 
be combined with any of the above 
symbols)

Breccia

57



OGS MISCELLANEOUS PAPER 148

10 o8 s
O- 
•O

1 1 1 1 1 1 1 TRAVERSE 2, p.1

E 
o o-

E 
o o—l
eo

E 
o o- 
d

0

srfc

vvvvvvvvv
vvvvvvvvv

vvvvvvvvvv
vvvvvvvvvv

vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv

vvvvvvvvvv
VVVVVVVVVN
vvvvvvvvvv 
vvvvvvvvvv STOBIE i i

vvvvvvvvvv 
vvvvvvvvvv 
vvvvvvvvvv

VVVVVVVVVN 
VVVVVVVVVN 
VVVVVVVVVN 
VVVVVVVVVN

vvvvvvvvv 
vvvvvvvvv
VVVVVVVVV

v v v v v v vi

-amygdaloidal

-amygdaloidal

-amygdaloidal

pillows, 60x 100cm 
amygdaloidal 
Sudbury breccia

-amygdaloidal

- amygdaloidal A . jrare pyroclastics

- amygdaloidal

amygdaloidal
pillows, poorly developed

-ooo 23456789
10 K) O O

— K)

58



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT
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TRAVERSE 3, 4. 5. p.3
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- some beds lenticular

- SG MR to 10 cm

- DC IB FG SUBARK

0-222 .o ^ o^ofio
"J- ** IO Q O

- monolithic Sudbury-type 
breccia

SC MR

- some beds silty and/or FG
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.Vi TRAVERSE 7. 8. 9, p.3
- SC MR

- olivine diabase

- some beds lenticular
- some BCS

- silty, wacke, channel fill

beds lenticular, BCS
beds lenticular, BCS
DC IB FG wacke 
trough a planar CB form 

cosets

DC IB FQ wacke 
beds lenticular 
BCS

- beds lenticular, BCS

IB FQ wacke to 20 cm 
some BCS 
SC MR

- strong cleavage

beds DC 
BCS

- DC IB FG wacke

IB FG wacke to 8 cm 

IB FG wacke to 15 cm

E IB FG wacke to 50 cm 
- some BCS
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6789
TRAVERSE 7, 8, 9, p.4

- IB FG wacke to 50cm and 
MG SUBARK to 200cmk IB SLTST

- SC MR

- BCS

- trough crossbeds form 
cosets with planar and 
dune cross-beds

planar and trough
cross-beds form cosets

- some BCS

some SC MR
SC MR
IB FG SUBARK

- IB FG SUBARK

SC MR
BCS
BCS

- IB FG SUBARK
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6789
TRAVERSE 7, 8, 9, p.5

- IB FG SUBARK
- DC IB FG SUBARK

SC MR 
few FG IB

- DC FG IB

DC FG IB 

some BCS 
SC MR

* SC MR

- cleavage strong

SC MR 5 to 15cm 
few DC FG wacke IB

- SC MR to 10cm

- SC MR
- tops of some beds FG
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TRAVERSE 10.11.12, pi.
- Nipissing gabbro

; ;
—

- FG gabbro xenoliths 

"- Nipissing gabbro

-

—

"- Nipissing gabbro

-

- ARK

B- Nipissing gabbro
- PL poorly defined: highlighted by 

contact metamorphism

b f

i dropstones to 5cm
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TRAVERSE 10.11.12, p2.

- boulders to 20cm common 
at top of unit

- IB ARK, and gabbro in breccia^ 
may be transported

IB ARK in breccia, 
may be transported

IB PL ARK in breccia, 
may be transported

IB ARK in breccia, 
may be transported

Nipissing gabbro

matrix FG wacke 
clast size bimodal, 
1-2cm and 5-7cm

matrix FG wacke 
rare ARK IB 
Sudbury-type breccia

- matrix FG wacke.

- 20% lithic granules in matrix

ID
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TRAVERSE 10.11.12. p3.
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^ -h -f
-f -H -f

UJ
O
3cc-l
OQ

UJ
co

- - pebbly wacke
-ARK
- pebbly wacke

pebbly wacke
51* MG and CG QTZ in matrix-

abundant QTZ and lithic 
granules in matrix

- outsized granite boulders 
to 50cm

- - rare QTZ granules in matrix —

- maximum size of outsized clasts " 
decreases upward from 
20cm to 10cm

- silt in matrix decreases upward.

sedimentary structures poor 
pebbly wacke, 
CONG layers poorly sorted, 
fining upward 

pebbly mudstone 
5** QTZ granules in matrix 

- rare pebbles

Bruce CONG inclusions 
in gabbro
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X

- - Nipissing gabbro

at
(O 
QC
UJ

UJto ir
UJ

cc - Sudbury-type breccia

- matrix silty wacke

- polymictic
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TRAVERSE 10, 1 1, 12, p.5

XICJ

X

LU 
O

GCm

o
O) 
0)-
(7) XX

lil 
CO 
QC 
LU

- matrix silty wacke
- clast contents 5% -

channels to 3m deep at base 
DC .channels, n throughout unit 
calcareous In places
FG wacke matrix with

QTZ granules 
out-sized clasts to 100cm -

rare pebbles 
wacke

rare pebbles in MG wacke
clasts more abundant at base 
to 10*K QTZ granules in

MG wacke matrix 
ARK 
wacke

wacke

pebbly wacke 
rare DC lenses of SUBARK - 
IB FG-MG ARK and wacke 

•rare lenses of CONG

possible channel 10m
across 2m deep 

channels 
QTZ granules form 5% of —

matrix 
silty wacke with rare pebbles
IB SUBARK and wacke 
sedimentary structures 

poorly preserved

- rare channels to 1.5m
- weathered surface 

pockmarked
- few SLTST IB to 20cm

CM
o-o O O l 2S456789

.
l** IO O O 

— IO

74



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

088* n "o-o10
- 2 ir) fi

l 23456789
TRAVERSE 13. pi
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Q. 
(O 
UJ

lil 
OD-
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ffi

- IB FG ARK, wacke, 
and rare LSI

- some ARK beds as channels

- DC IB MG SUB ARK in channels
- matrix FG wacke
- poorly developed parallel beddin

-2 a 23456789
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TRAVERSE 13, p.2
- IB SUBARK and wacke
- ARK beds lenticular and 

.as channels
- few DC IB SLTST beds
- IB MG SUBARK and FG 

wacke
- SG MR 3-10cm

--MG SUBARK with few IB 
- FG to MG wacke and SLTST

few SLTST IB 
se MR
BCS
SC MR to 10cm 
IB MG SUBARK and 

FG wacke
few DC SLTST IB
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TRAVERSE 13, p.3

o
w -l
C/)
CO -l 
O)

- IB MG SUBARK and few 
FG wacke and SLTST

- some BCS
-- few climbing ripples in 

SUBARK

- some forsets graded

- o o o
ro ro Jo
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j- silty interbeds

- interstratified ripple and
parallel-laminated units to 

60cm thick

- matrix sandy

matrix gritty

matrix gritty

parallel bedding, poorly 
defined
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w* ^ O^OEoH) n m o g
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TRAVERSE 15
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^s^mrn^• li i i i i r r li i

- Nipissing gabbro

- lenticular bedded

- channel filled with lenticular — 
bedded QTZ pebble CONQ 
and arenite

- micaceous

- some blue QTZ grains presenr

interstratified massive FG 
sandstone and parallel- 
laminated SLTST
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some cross-bed foresets 
cross-laminated

- pebbly wacke, channelled

- no QTZ granules

variations in clast abundance 
hint at stratification
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- FG ARK, calcareous.
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TRAVERSE 19, p.1
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ffi 
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intraformational CONG, 
variable thickness

intraformational CONG cut by 
sandstone dike
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r* TRAVERSE 19, p. 2

*- intraformational para CONG -

- intraformational breccia
- pillowed

- pillowed 
r intraformational breccia

- flow top breccia

- intraformational breccia

- intraformational breccia 
- pillowed
- IB parallel-laminated SLTST 

and intraformational breccia

- pillowed 

- pillowed

- pillowed ^

- flow top breccia 

- intraformational breccia

- flow top breccia 
- flow banding

- pillowed
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- rare DC IB SLTST to 5cm
- —
- rare parallel laminations

- rare DC IB SLTST to 5cm

few SLTST IB to 25cm
SUBARK
parallel bedding poorly _

developed 
matrix MG wacke to silty

wacke 
poorly developed parallel

bedding

- wacke

o — o
•o to 10 o o
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l l l TRAVERSE 21
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- few SLTST IB to 20 cm

FG wacke with 5** CG grey 
QTZ

few SLTST IB to 2 cm

- IB FG SUBARK and SLTST

- Sudbury-type breccia

- IB FG SUBARK, wacke, 
and rare SLTST
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section thicknesses not 
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- granodiorite
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- Nipissing gabbro

- SLTST

- SLTST to FG wacke 

- SLTST to FG wacke

- Nipissing gabbro

- SLTST
- SLTST and FG wacke -—
- Nipissing gabbro
^ metasediment

- granite
- metasediments
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Top determinations in lower 
part of section not possible. 
Siltstone in lower part of 
section may be Pecors 
Formation repeated by folding

- pebbly wacke

SLTST, SUBARK and CONG
form channels 

- ARK

CONG 
SUBARK 
ARK, CONG

- Nipissing gabbro
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- ARK to arkosic wacke
- few faint PL

-ARK

r PL poorly developed

- IB ARK and FG wacke

- breccia fragments of IB FG 
ARK and SLTST

- calcareous wacke

r IB LSI and SLTST 
skarn

- Nipissing gabbro

-weakly calcareous

-Sudbury breccia, fragments 
elongate, aligned

-fragments PL, FG wacke 
and SLTST
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-ARK

-matrix weakly calcareous

-matrix FG silty wacke

-wacke
-matrix silty wacke 

2 FG ARK interbeds

- IB pebbly wacke and ARK

ARK
matrix MG-CG wacke
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- rare dropstones to 3cm
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. jfMNi*.TRAVERSE 29b, 30, 31., p.2

Q 
Z

O 

O

3103

lil
OT
ac

3102

3101

- gritty SLTST
- rare pebbles

- rare grit and pebbles

- rare grit and pebbles

- rare boulders

few interbeds FG ARK to 
50cm

- SLTST units to 5cm

- ARK

IB ARK and SLTST 
SLTST units to 200cm

0 - 2 o808
rt lO to o
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29b, 30, 31, p.3

"- SLTST units 50-400cm -

IB ARK and SLTST 
SLTST units 5-SOOcm
IB ARK and SLTST 
pebbly SLTST

pebbly SLTST 

pebbly SLTST

unconformity

QT2 vein stockwork

- CB poorly developed

- .
-MG and FG ARK

-ARK

- some QTZ grains to 1mm
-matrix weakly calcareous
- wacke 
.-Sudbury breccia

- ARK

- IB ARK and wacke

- IB ARK and wacke

- ARK

l IB ARK and wacke
-ARK

*

- FG wacke

-ARK matrix weakly 
calcareous

- IB FG ARK and SLTST
- IB FG ARK and SLTST
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TRAVERSE 32a, p.1

00

o -

O 

O 1

3201

3202
- cherty

- gritty SLTST
- rare pebbles

sandy SLTST 
rare pebbles

sandy SLTST 
sandy SLTST

3456789
ro K) to QQ Q
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10. lo (O -Oro 
o - 2 S fi

l 23456789
TRAVERSE 32a, p. 2

.

i

H

i

•H-

-matrix sandy SLTST

- argillaceous SLTST

i

IB SLTST and argillaceous
SLTST 

units 5-100cm

- rare dropstones to 50cm

IB ARK and SLTST 
SLTST units 100-400cm,

few contain grit and
pebbles

IB ARK and SLTST 
SLTST units to 150cm

i

44 -H-
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O
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O Q

97



OGS MISCELLANEOUS PAPER 148

E O 0o o o 
ro ro-w l 23436789

TRAVERSE 32b
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'g-t--^-:! UJ

(0
3205

——
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——

- argillaceous SLTST,
100-400cm

-minor SLTST, units 10-50cm

- ARK

M ——

- minor QTZ veining
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CM

E 
oO'

— q o o 
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-
088o10 l 23456789

TRAVERSE 33

O

O) 
C/)
O) 
O)

SG MR 

BCS

-IB SUBARK and SLTST

- SG MR, 5-8cm

-rare IB SLTST to 5cm

- some IB SLTST

- some IB SLTST
- IB SUBARK and SLTST

o-ooo 23456789
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~ o oo o oto, lo io— Qro
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.6789

TRAVERSE 34. 01

O-l
Z

Q. 
(O 
UJ .

3408

3406
3407
3405
3404

QTZ-CARB vein cuts 
albitized FG arenite

QTZ-CARB vein cuts 
pebbly wacke

- FG

- pebbly wacke with IB PL 
SLTST to FG wacke

- - FG wacke calcareous —

- silty wacke matrix
UJ-
0
D
tt
CO

0 - 2 o80io
1 " -o o g

1 23456789
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123456789
TRAVERSE 34, p.2

lil
O
GC 
ffi

chevron cross-beds 
minor IB silty wacke

O

CO 
CO

- chevron cross-beds

SUBARK
minor IB FQ wacke

-H-
o — o o o 

**. w 10 o
123456789
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TRAVERSE 35, p.1

- wacke
- ARK

- ARK

3503

-CB poorly defined

ARK
QTZ vein stockwork

- ARK 
K- rare QTZ grit

- rare pebbles

o — 2
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0tO l 23456789
TRAVERSE 35, p.2

z
LU 
Q. 
CC 
LU 
(O

r some BCS

- ARK
poorly

O
Z
<
Q. 
O) 
LU

LLI 
O

matrix FQ wacke 
minor IB CG ARK

- matrix FG wacke

~ wacke
- rare pebbles

0 - 2 g g ^ l 23456789
o
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l

o o
CO

- rock silicified
"- stratification not apparent

o 
co.
O)
(O 
(O

- rock fractured

- 2 o*c 
•^ w 10 o b
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TRAVERSE 37

'- ripples and PL rare

- parallel bedding poorly 
defined

- matrix very FG

- parallel bedding poorly 
defined

.- QTZ granules common

"- parallel bedding poorly 
defined
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TRAVERSE 38, 39, 40, p.1

O 
O
*
CM

O 
O 
CO 
CM

O 
c/)
(O
(O 
O) - IB SUBARK and silty wacke

- IB SUBARK and silty wacke

- IB SUBARK and silty wacke

- some CB cross 
laminated

o — o o o
- "o^oS
*? IO K) O O

l 23456789

106



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

O 
Oo
CM
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"Is J* TRAVERSE 38. 39, 40, .2

Oo-
0)

o o
00

o o
is.

- IB SUBARK and silty wacke

- IB rippled silty wacke and 
cross-bedded SUBARK

- silty wacke

broad channels to 1.5m
deep 

planar and trough
cross-beds form cosets

of beds are silty at 
top, and are PL instead 
of trough cross-bedded

upper parts of some beds 
silty, parallel laminated

- upper parts of some beds 
silty, parallel laminated

O 
O 
CD

Oo
IO

- IB SUBARK and silty wacke

- silty wacke

silty wacke, beds lenticular, 
contacts scoured

I23456789
CVJ ro ro
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l 23456789Jwtl.au TRAVERSE 38. 39. 40. p.3
- silty wacke

r shallow channels

- DC silty wacke to 30cm, 
. rippletf

- DC-PL wacke to 15cm

- beds lenticular
-DC PL wacke interbeds 

to 50cm thick

BCS 

BCS

some DC FG wacke 
interbeds

beds lenticular, contacts 
scoureo

I23456789
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6789
TRAVERSE 38. 39. 40, p.4

beds lenticular 
DC PL wacke interbeds 
to 20cm

. -beds lenticular

beds lenticular, contact 
scoured

wacke interbeds 

rare channels to 1m deep

some PL 
to 10cm

- as below
- some PL

wacke interbeds to 15cm

- some PL 
to 5cm

wacke interbeds

l 23456789
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23456789
TRAVERSE 38, 39, 40, p.5

- PL ARK interbeds

.- upper parts of beds silty

DC parallel- 
laminated arenite
interbeds to 4cm

trough CB overlie 
planar ones in cosets

cross-stratification poorly 
preserved

- broad, shallow channels 
common

- beds lenticular
- bedded SLTST IB 

to 10cm

- includes cross-laminated 
CB foresets

DC SLTST interbeds 
to 10cm

rare PL SLTST
interbeds to 5cm

includes cross-laminated 
CB foresets

l 23456789
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This section disrupted by 
several faults of uncertain 

. displacement

O 

O)
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o 8 o *l w wo-ow 
o — 2 X o

23456789w! TRAVERSE 41, p.2

- DC IB wacke to 6cm
- SC MR

- IB SLTST to FG wacke

- SC MR to 15cm

- IB ARK and silty wacke

IB wacke
SC MR to 8cm 
pebbly sandstone dike 
50cm wide
IB silty wacke

- IB silty wacke

ripples in wacke 
IB silty wacke 
BCS 
SC MR

I23456769
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l 23456789
TRAVERSE 41, p. 3

- IB silty wacke and SUBARK
.

- fault
- DC IB SLTST

- few DC IB SLTST beds ~

- few DC IB SLTST beds
- few DC IB SLTST beds
-- SG MR

- DC IB SLTST 

.- DC IB SLTST

DC IB SLTST 

fault

DC IB FG wacke 

some BCS

•- fault

- ARK with IB silty wacke
- some BCS

l 23456769
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- 2 S fi TRAVERSE 42-43, pi.
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iuo 08

E 
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E o o' 
in

UJ. 
0
3QC-
OQ

XL^^
CO^t
LU
co 
ac
LU

LU 
CO 
QC 
LU5" 2!< *
QC
^207 E

5% CG OTZ and feldspar in 
silty wacke matrix

DC IB FG ARK with minor IB 
gritty wacke in massive 
polymictic paraconglomerate

5% CG QTZ in silty wacke matrix 
rare dasts to 50cm

- as 604-626m

matrix FG wacke with 596 CG 
QTZ and feldspar 
rare clasts to 100cm

- rare irregular clasts of 
ARK to 50 "100cm

- matrix FG wacke with 15S6 
angular CG clear grey QTZ

- few IB wacke horizons

- matrix wacke with 109b CG 
clear grey QTZ

o - oo o o
o^O !2o
K) O O—K)
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l l l l l II li
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K) 10 10 -0W
- 2 8 fi TRAVERSE 42-43, p2.

- few DC IB ARK and SLTST

- pebbly wacke, lower contact 
gradational

- wacke
- PL SUBARK

matrix FG wacke
most clasts 1cm, dropstones 
to 15cm 
pebbly wacke
IB FQ and MG wacke 
parallel bedding, poorly defined

most clasts s: 1cm 
coarser-grained clear grey 
QTZ common in matrix

- most clastsslcm

- rare concentrations of pebbles
t- rare concentrations of pebbles*
- pebbly wacke 

\r IB FG wacke, MG SUBARK
- contacts gradational

23456789
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TRAVERSE 44
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CM

Eo
ID

LU 
OJ
K CQ-

IB wacke and SLTST 
rare channels filled by 
wacke lo lOOcm
calcareous wacke 
scapolite present

.- ARK

Ints of FG MG ARK 
L FG wacke

IB wacke and calcareous 
wacke 
wacke and ARK
wacke and calcareous wacke

j- matrix FG wacke

~ 
— O O

J rt IO

I23456789
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o - 2 ID fi TRAVERSE 45

OC 
CC
O-l

o
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0 - 2

- ARK

~- IB massive and PL wacke -

- gritty wacke, rare pebbles

- ARK with gritty and pebbly 
patches

- ARK

ARK
IB wacke, ARK and CONG
ARK

wacke
wacke 
pebbly wacke

- pebbly wacke

- pebbly wacke

ARK dike to 60cm wide 
SLTST, dropstones to 26cm

2 oofio
K) O O
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flC
ffi

NIPISSING

4607 
4608'

4604

218?

•i IB FG calcareous ARK, 
LSI, and SLTST

IB LSI*, calcareous ARK,
and PL SLTST

- matrix very FG wacke

- QTZ veining in Nipissing 
gabbro
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U3 O TRAVERSE 48

I .- Nipissing gabbro 

"- IB PL LSI and calcareous" 
SLTST to FG ARK

"- IB calcareous SLTST 
and LSI 

^ -IB calcareous ARK 
" and SLTST — 
- matrix weakly calcareous 
- wacke with rare pebbles
- matrix silty wacke 

- matrix silty wacke
i li r i i i i i r — —————————————— - 
**8 0 - 9 o8ofio 23456789 

"l to ro o Q
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TRAVERSE 50a

E 
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E o.
o
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O
c/H
(O
55-1
(O

PECORS

some BCS
some foresets crosscut 
others in same bed

- QTZ veinlets

- DC IB SLTST

contact sharp, but 
conformable

o - 2 oo 123456789
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TRAVERSES 50b and 50c

- DC IB SLTST
- SUBARK
- some shallow channels
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TRAVERSE 51

beds lenticular

IB SLTST and wacke 

wacke

"- IB SLTST and wacke

-- IB SLTST and wacke 
- IB SLTST and wacke

l 23456789
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123456789
TRAVERSE 52. 54. p.1

- IB ARK and wacke
- wacke has SC MR

- few SC MR

- some SC MR
-- wacke

rare wacke interbeds 
to 10cm

•*- SC MR

"- sogpe SC MR

- most beds SC MR

- most beds SC MR

- some SC MR

- most CL beds SC R, 2-4cm

- some SC MR

- SC R, 3-6cm

- SC MR

l 23456769
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TRAVERSE 52. 54, p.2
- SC M
- L MR

- SC and L MR

- SC MR

- rare wacke IB to 10cm

SC and L MR 
rare IB wacke to 10cm 
in units to 150cm thick

SC and L MR ^ 
rare IB wacke to 10cm 
some beds grade upward 
from ARK to wacke

-r- IB SUBARK and wacke

- SC and L MR

SC MR
some beds grade upwards, 
from SUBARK to wacke

SC MR — 
some L MR

SC MR
shallow channels

- some MR

- rare IB PL SLTST to 3cm 
r some MR

- L and SC MR

- MR- 8-15cm
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TRAVERSE 52. 54, p.3

- BCS

w
(O
cc
Ui

- BCS
- BCS

.- BCS

-- BCS

- BCS

SUBARK with rare IB 
wacke to 80cm

- PL SUBARK 
.- PL wacke

-- rip-up clasts present

- degree of sorting varies

123456789
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Mi . . .MA TRAVERSE 52, 54, p.4

-14

- IB SUBARK and PL SLTST

- mm

- bedding poorly defined

- poorly sorted

-- shallow channels present

- matrix MG wacke with 
S-10% angular QTZ granule?

IB wacke and pebbly
wacke, BCS,
(with shallow channels )

-- gabbro

.- granodiorite

l 23456789
CM
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TRAVERSE 53, 55, p.1
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TRAVERSE 53, 55, p.2

.j- few DC beds 

- proximal turbidites

- distal turbidites

some BCS 
proximal turbidites

- distal turbidites

IB proximal and distal 
turbidites

distal turbidites in units 
to 1.5m

123456769
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TRAVERSE- 53. 55. p.3

some beds DC 
CB in DC beds

- some BCS

- some beds DC

some BCS 
some beds DC
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COPPER CLIFF

i III
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TRAVERSE 53

TRAVERSE 53, 55, p. 4

- crystal tuff

- crystal tuff 
,- crystal tuff

- Sudbury breccia

- wacke

'- SUBARK
- wacke

"- orthoCONG and wacke
- crystal lithic lapillistone
- crystal tuff
- wacke

- crystal tuff

- flow banded rhyolite ~~

"- wacke

- crystal lithic lapillistone

- crystal lithic lapillistone 
"- crystal tuff

- lithic lapillistone

- crystal tuff

crystal lithic lapillistone 
crystal tuff

"- olivine diabase . 
- crystal lithic lapillistone
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TRAVERSE 66. D.I

o o-
9

OO'
00
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E o'

UJ
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(C

QTZ and feldspar granules 
in FG wacke matrix

rare small pebbles
gritty wacke 
rare pebbles

CONG matrix gritty 
CONG matrix massive

bedded gritty CONG . 
CG to FG wacke 
breccia well developed
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TRAVERSE 56, p.2

parallel bedding, 5- 10cm. 
present in some breccia 
fragments

- CONG matrix gritty

rare SUBARK fragments in 
breccia

- matrix has 10% QTZ, 
feldspar and granite 
granules

- CG glassy QTZ grains in FQ 
wacke matrix

Includes rare cobbles to
15cm 

fragments include FQ wackeT
and IB FQ wacke and SLTS1

Sudbury breccia in Nipissing 
gabbro, includes SLTST 
fragments

- country rock inclusions

o-o
•O 10 oSo 

2 S
123456789
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TRAVERSE 57

olivine dibase 
rare pebbles

BCS
proximal turbidite^
BCS

gritty pebbly wacke

few SUBARK fragments 
breccia

SUBARK
DC IB gritty wacke to 5cm

faint parallel bedding
Nipissing gabbro
some SUBARK fragments present in breccia

Sudbury breccia

some CONQ fragments
bedded 

matrix gritty

Sudbury breccia

123456789

133



OGS MISCELLANEOUS PAPER 148

l l l l II l l l l III

088"l " "Vo10 
o - 2 in fi
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TRAVERSE 58

ii

j- Sudbury breccia

- ARK

some beds CB
some massive' 

grain size FG to CG

rare CB layers in 
massive ARK

- graded foresets
- FG to CG ARK
- some beds fine upwards —

- ARK
m m

- few beds CG
"- hematite concentrated along' 

foresets

l l l l-oo 23456789
" IO O O— rO

134



HURONIAN STRATIGRAPHY, SOUTHERN COBALT EMBAYMENT

TRAVERSE 60, p.1

-proximal turbidites

distal turbidites grade 
laterally into channels

-proximal turbidites

-Sudbury breccia

proximal turbidites 
distal turbidites

-rare CB

-grain flows

-channel
-rare channels

-rare CB

-proximal turbidites

-distal turbidites

0 - 2 S 2 ~i ^ oo Co •9 w w o o — 10
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60, p.2
123456789

proximal turbidites 

grain flow

proximal turbidites 
dish structures

dish structures
dish structures
some BCS 
fluidlzed flows

Sudbury breccia 
fragments of wacke

- Nipissing gabbro

- McKim wacke

- Nipissing gabbro
l l l l l l 
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Appendix 2 - Tables Listing Samples Having Modal, 
Whole Rock Geochemical and Trace Element 
Geochemical Analyses
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TABLE 1. MODAL ANALYSES, ELLIOT LAKE GROUP: STOBIE AND COPPER CLIFF 
FORMATIONS;

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Muscovite
Biotite
Chlorite
Augite
Opaque Minerals
An composition

1.8
7.4
4.6

35.4
85.4

0.6
0.2
-
-
-
nd

—
-
-
-

94.6
-
-
3.5
1.7
0.2
nd

28.4
10.8

1.8
-
-

21.2
2.4
-
-
-
nd

7.0 .
5.8
2.0
-

84.6
0.2
0.4
-
-
-
nd

41.6
33.4

x

-
21.2

3.2
-
-
0.6

47.5
17.7

0.4

-
26.4
-
7.2
-
0.8

1. 86RLD-0203 Dacite (Stobie)
2. 86RLD-1901 Siltstone (Stobie)
3. 86RLD-5301 Rhyolitic crystal lithic lapillistone (Copper Cliff)
4. 86RLD-5302 Rhyolitic crystal tuff (Copper Cliff)
5. 86RLD-5305 Arkose to arkosic wacke (Copper Cliff)
6. 86RLD-5306 Arkose to arkosic wacke (Copper Cliff)

-: not detected
nd: not determined
x: trace amounts present

TABLE 2. MODAL ANALYSES, ELLIOT LAKE GROUP: MATINENDA AND McKIM FORMATIONS.

12345678

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals
Titanite
Sphene
An composition

55.8
3.6
0.2

15.8
22.8
-
-
-
1.8
-
-
nd

42.7
-
0.1

11.2
44.0

0.2
-
-
1.8
x
-

An 36.54

38.2
0.8
1.6

12.0
42.2
-
0.2
-
5.0
-
-
nd

44.0
14.2
0.6
7.0

20.6
-
5.2
7.4
1.0
-
-

An24

56.0
12.8
0.4
1.8

15.6
1.2
1.8

10.0
0.4
x
-

An30-37

58.0
4.8
0.4
5.0

22.2
-
4.4
4.6
0.6
x
x

An3o-38

30.4
5.2
0.2
-

40.6
20.8

0.6
2.0
0.2
x
-

An25-38

65.0
4.4
1.0
-

15.0
-

13.2
-
1.4
-
-

An48

1. 86RLD-2305 Sublithwacke (Matinenda) 5. 86RLD-5501 Lithic subarkosic wacke (McKim)
2. 86RLD-2312 Sublithwacke (Matinenda) 6. 86RLD-5502 Sublithwacke (McKim)
3. 86RLD-2313 Sublithwacke (Matinenda) 7. 86RLD-5601 Metasediment (McKim)
4. 86RLD-5307 Feldspathic lithwacke (McKim) 8. 86RLD-6002 Sublithwacke (McKim)

-: not detected
nd: not determined
x: trace amounts present
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TABLE 3. WHOLE ROCK GEOCHEMICAL ANALYSES, 
ELLIOT LAKE GROUP: STOBIE, COPPER CLIFF AND 
McKIM FORMATIONS.

Major Components in Weight Percent 
a b c d

Si02
A1203
Fe2O3
FeO
MgO
CaO
Na2O
K2O
TiO2
P205
MnO
CO2
S
H2O+
H2O~

Tbtal
S.G.

; 70.0
12.3
2.33
2.74
1.12
2.42
3.14
2.83
0.61
0.19
0.05
0.23
0.01
0.70
0.07

98.7
2.73

46.0
17.6

3.80
9.26
4.98

11.5
0.30
0.16
0.98
0.11
0.16
0.84
0.03
3.23
0.09

99.0
3.08

76.0
12.1
0.51
1.03
0.00
0.68
2.76
5.27
0.19
0.03
0.03
0.34
0.02
0.21
0.06

99.2
nd

85.7
6.53
0.27
1.59
1.35
0.26
1.23
0.59
0.24
0.03
0.02
0.28
0.04
0.94
0.11

99.2
nd

a. 86RLD-0203 Dacite (Stobie)
b. 86RLD-1902 Basalt (Stobie)
c. 86RLD-5302 Rhyolitic crystal tuff (Copper Cliff)
d. 86RLD-5501 Wacke (McKim)
nd: not determined

139



OGS MISCELLANEOUS PAPER 148

TABLE 4. MODAL ANALYSES, HOUGH LAKE GROUP: RAMSAY LAKE, PECORS AND MISSISSAGI FORMATIONS.

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals
Zircon
An composition

1

54.1
-
0.4
6.3

30.1
2.2
6.3
-
0.6
-

Ana^

2

16.6
0.6
2.0

21.8
54.8
-
-
3.4
0.8
-

AJ136-54

3

38.6
6.0
1.4
-
3.8

20.6
19.0
9.2
1.4
-

An25.31

4

5S.-2
8.4
1.4
9.8

22.0
-
0.2
—
x
x

AJ140-45

1. 86RLD-1402 Lithic subarkosic wacke (Ramsay Lake)
2. 86RLD-2001 Lithwacke (Ramsay Lake)
3. 86RLD-5602 Metasediment (Ramsay Lake)
4. 86RLD-5702 Lithic subarkosic wacke (Ramsay Lake)
5. 86RLD-5703 Subarkose (Ramsay Lake)

-: not detected

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals
Scapolite
Calcite
Zircon
Titanite
An composition

nd: not determined

11

29.2
-
-
-

60.0
-
-
-
0.2

10.6
-
-
-
nd

12

21.6
-
-
-

53.0
. -

0.4
16.6

8.0
-
-
0.4
-
nd

5

73.8
14.4
2.0
0.8
8.2
1.2
x
0.6
x
-

An4o

6

34.6
-
-
1.4

17.7
24.4
-

21.1
0.8
-

An38

7

42.4
-
0.2
-
9.5

33.3
-

13.2
1.4
-

An28-40

8 9

72.0
2.1
0.6
-

25.1 95.2
-
-
- -
0.2 4.8

-
AJ136-58 nd

10

—
-
-
-

98.7
-
-
—
1.3
-
nd

6. 86RLD-1404 Lithwacke (Pecors)
7. 86RLD-1503 Metasediment (Pecors)
8. 86RLD-1605 Quartz wacke (Pecors)
9. 86RLD-2306 Siltstone (Pecors)
10. 86RLD-2602 Siltstone (Pecors)

x: trace amounts present

13

65.2
19.8

3.8
-
9.6
-
-
1.4
-
-
0.2
x
-

An31 -49

14

—

-
-

95.6
-
x
x
4.4
-
x
-
-
nd

15

—
-
-
-

96.2
-
x
1.8
2.0
-
-
x
-
nd

16

73.8
4.8
x
5.4

13.6
1.4
x
0.8
0.2
-
-
x
-

An25-58

17

75.0
14.8
2.2
0.4
7.6
-
-
-
-
-
-
-
-

An37-59

18 19

74.4
16.6
0.4

8.9
8.6 91.1
-
-
-
-
-
-
-
-

An3Q-42 nd

20

33.6
3.0
1.4
-

60.6
-
-
-
0.4
-
-
-
1.0

An42^49

11. 86RLD-2604 Metasediment (Pecors)
12. 86RLD-3703 Lithwacke (Pecors)
13. 86RLD-5001 Arkose (Pecors)
14. 86RLD-5003 Siltstone (Pecors)
15. 86RLD-5102 Siltstone (Pecors)

16. 86RLD-5204 Sublitharenite (Pecors)
17. 86RLD-0402 Subarkose (Mississagi)
18. 86RLD-0502 Subarkose (Mississagi)
19. 86RLD-0604 Sudbury breccia (Mississagi)
20. 86RLD-0703 Subarkosic wacke (Mississagi)

-: not detected nd: not determined x: trace amounts present

Quartz
Potassic Feldspar 
Plagioclase 
Lithic Fragments 
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals 
Calcite
Zircon
Titanite
Apatite 
Rutile
An composition

21

48.4
28.8 

2.2

13.2
1.0
-
-
6.0

-
0.2

0.2
An34-40

22

65.0
12.4 
7.2

14.2
0.6
0.6
-
-

-
.

-

An 30-41

23

41.0
8.8 
2.0

48.0
-
-
-
-

-
0.2
-

AJ139.43

24

50.0
2.2 
4.0

43.8
-
—
-
-

-
x
-

An28-37

25

49.6
8.0 
3.4 
1.6 

37.2
-
—
-
0.2

-
-
-

An34-51

26

70.6
3.0 
1.6 
0.6 

11.8
11.6
-
-
0.4 
0.4
-
-
-

Anae-eo

27

73.2
8.4 
0.4 
0.8 
8.8
-
6.0
0.4
1.8

0.2
-
x

An38.48

28

37.0
2.4 
0.6 
3.6 

56.2
-
x
-
0.2

x
-
-

An50-59

29

47.8
2.2 
1.4 

37.8 
10.6
-
0.2
-
x

x
-
-

An34.40

30

35.6
2.0 
x

60.2
-
0.4
1.2
0.6

x
-
-

An28-48

21. 86RLD-0801 Arkose (Mississagi)
22. 86RLD-0805 Subarkose (Mississagi)
23. 86RLD-0902 Subarkosic wacke (Mississagi)
24. 86RLD-0905 Subarkosic wacke (Mississagi)
25. 86RLD-1302 Subarkosic wacke (Mississagi)

26. 86RLD-2003 Sublitharenite (Mississagi)
27. 86RLD-3704 Subarkose (Mississagi)
28. 86RLD-4102 Subarkosic wacke (Sandstone dike)
29. 86RLD-4204 Litharenite (Mississagi)
30. 86RLD-5402 Subarkosic wacke (Mississagi)

-: not detected nd: not determined x: trace amounts present
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TABLE 5. WHOLE ROCK GEOCHEMICAL ANALYSES, HOUGH LAKE GROUP: RAMSAY LAKE, PECORS AND 
MISSISSAGI FORMATIONS.

Major Components in Weight Percent 
a b c d e f t h i

SiO2
A1203
Fe203
FeO
MgO
CaO
Na2O
K2O
TiO2
P205
MnO
CO2
S
H2O*
H^"
Tbtal
S.G.

76.5
11.1
0.54
3.18
1.49
1.74
1.82
1.14
0.44
0.06
0.05
0.16
0.02
1.11
0.22

99.6
nd

89.5
4.93
0.18
0.95
0.88
0.13
1.15
0.49
0.18
0.04
0.01
0.21
0.05
0.62
nd

99.3
nd

60.8
18.5
1.22
4.74
2.78
1.10
1.07
4.17
0.92
0.09
0.03
0.15
0.47
2.39
0.09

98.5
2.79

65.9
15.9

1.01
4.77
2.82
1.09
2.43
2.47
0.62
0.10
0.06
0.18
0.07
2.19
0.08

99.7
nd

84.7
7.41
0.44
0.74
1.04
0.11
2.20
0.64
0.26
0.03
0.00
0.10
0.10
0.69
nd

98.5
2.65

78.0
10.2.
2.39
0.70
0.96
0.13
3.42
1.54
0.26
0.00
0.00
0.31
0.01
0.94
0.15

99.0
2.58

85.3
7.77
0.31
0.59
0.57
0.13
2.49
0.96
0.15
0.01
0.00
0.17
0.10
0.26
nd

98.8
2.64

87.2
6.40
0.61
0.44
0.56
0.16
1.24
1.88
0.18
0.02
0.00
0.10
0.10
0.29
0.05

99.2
2.63

59.3
21.7

2,10
1.41
2.30
0.38
0.87
7.56
0.77
0.08
0.01
0.25
0.02
1.64
0.09

98.5
2.73

a. 86RLD-5702 Conglomerate (Ramsay Lake)
b. 86RLD-5703 Conglomerate (Ramsay Lake)
c. 86RLD-3703 Siltstone (Pecors)
d. 86RLD-5102 Siltstone (Pecors)
e. 86RLD-0402 Subarkose (Mississagi)
nd: not determined

f. 86RLD-0801 Arkose (Mississagi)
g. 86RLD-0805 Subarkose (Mississagi)
h. 86RLD-0905 Subarkosic wacke (Mississagi)
i. 86RLD-3902 Siltstone (Mississagi)
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TABLE 6. MODAL ANALYSES, QUIRKE LAKE GROUP: BRUCE, ESPANOLA AND SERPENT FORMATIONS.

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals
Calcite
Zircon
Titanite
Apatite
Rutile
An composition

1

39.4
5.0
0.2
0.8

54.0
-
—
-
0.6
-
- p
-
-
x
nd

1. 86RLD-0906 Subarkosic wacke

2

79.8
5.2
4.4
-
7.0
3.4
-
-
0.2
-
-
-
-
-

AJ133-54

(Bruce)

3

65.4
20.8

2.8
0.4
2.8
0.4
-
-
0.4
7.0
-
-
-
-

An28-55

4

65.6
10.0

1.6
9.0

13.2
0.4
-
-
0.2
-
-

,
x
-

An 44—5/1

5

63.6
5.6
0.6
-
2.2
4.2
-
-
-

23.8
-
-
-
-

, An33.45

6

13.4
2.0
0.4

28.0
56.2
-
-
-
x'
-
-
-
-

Anse-so

7

53.6
6.6
6.6

23.4
1.4
-
5.2
-
0.2
3.0
-
-
-
-

An23.51 A

8

31.4
24.6

2.0
0.2

22.8
-
6.2
2.2
0.8
9.8
-
-
-
-

^32-59

9

37.6
2.4
0.4
2.6

53.2
-
2.8
-
1.0
-
x
x
x
-

An34-40

10

18.2
3.8
1.2
8.4

66.0
-
2.2
-
0.2
-
x
-
-
-

AJ139-55

6. 86RLD-1104 Lithic wacke (Bruce)
2. 86RLD-0907 Subarkose (Bruce)
3. 86RLD-1003 Arkose (Bruce)

7. 86RLD-2901 Feldspathic litharenite (Bruce)
8. 86RLD-3403 Lithic, arkosic wacke (Bruce)

4. 86RLD-1005 Subarkose (Bruce)
5. 86RLD-1006 Calcareous Subarkose (Bruce)

-: not detected nd: not determined

Quartz
Potassic Feldspar
Plagioclase
Lithic Fragments
Matrix
Phlogopite
Biotite
Chlorite
Opaques
Cordierite
Calcile/Dolomite
Amphibole
Zircon
Sphene
Apatite
An composition

11

54.2
23.6
6.2
-

15.0
-
0.6
-
0.2
-
-
-
-
0.2
-

AJ135-54

12

33.8
2.6
9.6
-

38.8
-
-
-
0.2
-

15.0
-
-
-
-

An 38-55

9. 86RLD-4207 Sublithwacke (Bruce)
10. 86RLD-4401 Feldspathic Lithwacke (Bruce)

x: trace amounts present

13

-
0.4
-
-

44.6
-
-
-
x
-

11.2
43.8
-
-
x
nd

14

1.6
-
-

29.0
57.0
-
-
6.4
1.4
-
1.6
3.0
-
-
-

An45

15

9.8
-
4.6
-
-
-
-

38.8
-
-
7.2

39.6
-
-
-

Ansi

16

24.6
-
-
-
-
6.7
-
-
-
-

68.7
-
-
-
-
nd

17

-
-
-
-

99.0
-
-
-
1.0
-

18

—
-
-
-

31.2
-
x
x
0.4
-

68.4
-
-
-
-
nd

-
x
-
-
nd

19

3.8
-
0.2
x

93.4
-
1.0
0.2
1.0
-
0.4
-
x
-
-
nd

20

15.4
0.6
-
0.2

45.2
-
3.0
1.2
0.4

34.0
-
-
x
-
-
nd

11. 86RLD-1304 Arkosic wacke (Espanola)
12. 86RLD-1701 Calcareous arkosic wacke (Espanola)
13. 86RLD-1804 Skarn (Espanola)
14. 86RLD-1808 Skarn (Espanola)
15. 86RLD-1810 Skarn (Espanola)

16. 86RLD-2804 Siliceous limestone (Espanola)
17. 86RLD-2904 Siltstone (Espanola)
18. 86RLD-3406 Silty dolostone (Espanola)
19. 86RLD-4402 Siltstone (Espanola)
20. 86RLD-4403 Metasiltstone (Espanola)

-: not detected nd: not determined x: trace amounts present

Quartz
Potassic Feldspar 
Plagioclase 
Lithic Fragments 
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals 
Calcite/Dolomite
Zircon
Titanite
Corundum
An composition

21

—

20.4
0.2
—
1.8

77.6
-
-
-
nd

22

37.6
28.6 

8.2 
0.4 

24.2
-
-
x
1.0

-
-
-

An37-59

23

42.8
38.4 
7.0 
3.4

-
4.2
3.6
0.6

x
-
-

An36-54

24

37.4
37.8 
6.8 
3.6

-
10.4
0.8
0.2 
3.0
-
-
-

An33-48

25

54.6
24.0 

9.8 
7.6

1.6
-
0.4
x
2.0
-
-
-

An55-59

26

31.6
36.4 

2.6

8.8
-

14.8
0.2
1.0

4.6
x
x

An47,55

27

—

55.2
-
-

42.2
2.6

-
-
-
nd

21. 86RLD-4605 Silty limestone (Espanola)
22. 86RLD-4608 Arkosic wacke (Espanola)
23. 86RLD-3001 Lithic arkose (Serpent)
24. 86RLD-3002 Lithic arkose (Serpent)

25. 86RLD-3006 Lithic arkose (Serpent)
26. 86RLD-3205 Lithic arkose (Serpent)
27. 86RLD-4902 Metasomatite (Serpent)

-: not detected nd: not determined x: trace amounts present
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TABLE 7. WHOLE ROCK GEOCHEMICAL ANALYSES, QUIRKE LAKE GROUP: 
BRUCE, ESPANOLA AND SERPENT FORMATIONS.

Major Components in Weight Percent 
a b c d e f

SiO2
A1203
Fe2O3
FeO
MgO
CaO
Na2O
K2O
TiO2
P2O5
MnO
C02
S
H20*
H^O~

Tbtal
S.G.

87.1
7.17
0.15
0.30
0.16
0.11
2.59
0.53
0.14
0.02
0.00
0.16
0.03
0.14
nd

98.6
2.63

66.2
14.2

1.69
3.81
3.48
1.82
3.84
2.31
0.48
0.14
0.05
0.41
0.20
1.06
nd

99.7
nd

65.7
13.5
0.54
2.70
3.61
3.40
4.19
0.75
0.35
0.12
0.03
2.76
0.22
1.44
nd

99.3
nd

61.8
16.0

1.74
3.55
4.46
0.50
5.90
2.10
0.69
0.14
0.02
0.10
0.24
1.16
0.07

98.5
2.68

76.8
12.0

0.43
0.79
1.46
0.64
3.45
2.12
0.10
0.05
0.02
0.83
0.02
0.43
nd

99.1
nd

80.1
11.4
0.20
0.40
0.28
0.34
4.06
0.88
0.17
0.06
0.01
0.50
0.06
0.20
nd

98.7
nd -

a. 86RLD-0907 Subarkose (Bruce)
b. 86RLD-1104 Wacke (Bruce)
c. 86RLD-1701 Calcareous siltstone (Espanola)
nd: not determined

d. 86RLD-2904 Siltstone (Espanola)
e. 86RLD-3002 Arkose (Serpent)
f. 86RLD-3006 Arkose (Serpent)
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TABLE 8. MODAL ANALYSES, COBALT GROUP: GOWGANDA AND LORRAIN 
FORMATIONS.

Quartz
Potassic Feldspar 
Plagioclase 
Lithic Fragments 
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals 
Calcite
Monazite
An composition

1 2

7.4
1.2 
0.4 

12.4 
72.4 98.8

0.4
1.6
1.0
2.8 
0.4 1.2
- ' -

An^o nd A

3

64.0
13.2 

3.6 
2.6 

15.0
-
-
0.6
1.0

-
^35-57

1. 86RLD-3008 Lithwacke (Gowganda) 
2. 86RLD-3101 Siltstone (Gowganda) 
3. 86RLD-3102 Subarkosic wacke (Gowganda) 
4. 86RLD-3103 Siltstone (Gowganda) 
-: not detected
nd: not determined

4

5.0
2.6

1.4 
89.6
0.2
0.2
0.4
0.4 
0.2
-
nd

5. 
6.
7.

5

0.4
0.2 

99.4
-
-
—
-

-
nd

6

5.8
0.8 

92.8
-
-
—
0.6

-
nd

86RLD-3201 Siltstone 
86RLD-3202 Siltstone 
86RLD-3203 Siltstone

7

13.0
4.4 
0.6 
3.6

77.2
-
-
0.4
0.6

0.2
An28-49

(Gowganda) 
(Gowganda) 
(Gowganda)

x: trace amounts present

Quartz
Potassic Feldspar 
Plagioclase 
Lithic Fragments 
Matrix
Muscovite
Biotite
Chlorite
Opaque Minerals 
Calcite
Amphibole 
Zircon
Titanite
An composition

S 9

42.2 5.1
35.6 2.7 
4.0 1.1 
0.4 78.3 

11.2 9.7
-

-
5.2
1.4 0.8

2.3 
x x
-

10

47.4
36.0 

3.6 
1.0 
2.0
1.2
x
3.6
3.0 
2.2

x
-

11

57.2
35.6 
2.4 
2.8 
0.6
x
-
-
1.4

-

x

12

63.0
26.4 

3.8 
5.0 
1.2
0.6
-
-
x

-

x
Afl37-55 An38-44 An;^)-^ An3^45 Angg-ss

13

55.6
29.6 

2.8 
3.8 
8.2
x
-
-
-

-

-

14

23.6
1.2 

75.0
-
-
-
0.2

-

-
An4Q-52 nd

8. 86RLD-4502 Arkose (Gowganda)
9. 86RLD-4504 Polymictic conglomerate (Gowganda)
10. 86RLD-4505 Arkose (Lorrain)
11. 86KLD-5801 Arkose (Lorrain)
-: not detected
nd: not determined
x: trace amounts present

12. 86RLD-5802 Arkose (Lorrain)
13. 86RLD-5804 Arkose (Lorrain)
14. 86RLD-5806 Sudbury breccia (Lorrain)
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TABLE 9. WHOLE ROCK GEOCHEMICAL ANALYSES, 
COBALT GROUP: GOWGANDA AND LORRAIN 
FORMATIONS.

Major Components in Weight Percent 
ab c d

SiO2
A12C|3
FC^OZ
FeO
MgO
CaO
Na2O
K2O
TiO2
PaOs
MnO
CO2
S
HgO*
H2O-
Tbtal
S.G.

64.5
15.3

1.63
4.37
3.03
1.02
4.58
2.05
0.51
0.14
0.04
0.34
0.12
1.72
0.07

99.4
nd

77.7
11.7
0.76
1.51
0.75
0.23
4.53
0.24
0.21
0.08
0.02
0.41
0.02
0.60
0.08

98.8
nd

85.8
8.40
0.10
0.15
0.09
0.07
2.43
2.65
0.07
0.01
0.02
0.14
0.01
0.00
nd

99.9
2.62

77.9
12.4
0.60
0.22
0.20
0.09
2.31
4.63
0.09
0.02
0.02
0.09
0.01
0.58
nd

99.2
2.64

a. 86RLD-3203 Siltstone (Gowganda) 
b. 86RLD-4502 Arkose (Gowganda) 
c. 86RLD-5802 Arkose (Lorrain) 
d. 86RLD-5804 Arkose (Lorrain) 
nd: not determined

TABLE 10. MODAL ANALYSES, NIPISSING INTRUSIVE 
ROCKS.

Quartz
Potassic Feldspar
Micrographic Intergrowths
Plagioclase
Matrix
Muscovite
Chlorite
Opaque Minerals
Calcite
Titanite
An composition

0.8
22.8
40.0
26.4
-
5.4
2.4
x
2.2
-

An29-4o

50.4
20.2
-

28.6
0.6

.0.2
-
-
-
x

Anao-so
1. 86RLD-4702 Granophyre
2. 86RLD-5201 Adamellite
-: not detected
x: trace amounts present
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TABLE 11. WHOLE ROCK GEOCHEMICAL ANALYSES, 
NIPISSING INTRUSIVE ROCKS.

Major Components in Weight Percent

SiO2
A12O3
Fe2O3
FeO
MgO
CaO
Na2O
K2O
TiO2
P2O5
MnO
CO2
S
H2O*
H2O-
Tbtal
S.G.

82.1
10.9
0.00
0.16
0.07
0.43
4.27
0.52
0.12
0.02
0.01
0.26
0.01
0.29

nd
99.2
nd

a. 86RLD-5201 Adamellite 
nd: not determined

TABLE 12. SUMMARY OF GOLD GEOCHEMICAL 
ANALYSES, HURONIAN SUPERGROUP SEDIMENTS.

Number 
Formation of Analyses

Lorrain
Gowganda
Serpent
Espanola
Bruce
Mississagi
Pecors
Ramsay Lake
McKim
Matinenda
Stobie

1
2
2
2
8

14
8
6
2
6
1

Low

<2
^
<2
<2
<2
<2
<2
<2
<2
^
<2

Au-ppb 
Mean

<2
9

<2
2
2
3
3
3
3

43
<2

High

<2
15

<2
<2

4
10

7
4
5

85
<2

TABLE 13. SUMMARY OF GOLD GEOCHEMICAL 
ANALYSES OF QUARTZ VEIN STQCKWORKS.

Number Au-ppb 
Formation of Analyses Low Mean High

Serpent 4 <2 3 6
Bruce 1333
Mississagi 4 ^ 102 400
McKim l ^ ^ ^
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TABLE 14. WHOLE ROCK GEOCHEMICAL ANALYSES, 
MtfTASOMATICALLY ALTERED ROCKS.

Major Components in Weight Percent 
a b c

Si02
A1203
Fe203
FeO
MgO
CaO
Na2O
K2O
TiO2
PaOs
MnO
CO2
S
H2O*
H2O-
Ibtal
S.G.

41.2
11.9
0.44
2.67
6.25

11.6
6.38
0.50
0.50
0.10
0.08

17.8
0.06
0.21
0.05

99.7
2.76

66.4
19.5
0.56
0.15
0.26
0.28

10.1
0.27
0.83
0.12
0.02
0.15
0.18
0.21
0.07

98.9
2.62

59.2
17.1

1.55
5.33
3.89
0.60
6.72
0.55
0.75
0.12
0.02
0.55
0.02
2.47
0.07

98.9
2.71

a. 86RLD-3408 Altered Espanola arkose 
b. 86RLD-4608 Altered Espanola siltstone 
c. 86RLD-4902 Altered Serpent arkose

TABLE 15. SUMMARY OF GOLD GEOCHEMICAL 
ANALYSES OF ALTERED AND METASOMATIZED 
ROCKS, AND QUARTZ AND QUARTZ-CARBONATE 
VEINS.

Number Au-ppb 
Lithology of Analyses Low Mean High

Altered Nipissing Gabbro 2 888 
Metasomatized Gowganda 3 < 2 3 5 
Argillite
Metasomatized Espanola 5 <2 360 1790 
Siltstone and Arkose
Quartz and Quartz-Carbonate 7 < 2 1475 6350 

Veins
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TABLE 16. LIST OF SAMPLES BY FORMATION FOR SAMPLES HAVING MODAL 
ANALYSES, WITH POINT NUMBER ON TERNARY DIAGRAMS, SAMPLE NUMBER, 
MODAL ROCK NAME, MAP LEGEND AND FIELD ROCK NAME.

Elliot Lake Group
Stobie Formation

86RLD-0203
86RLD-1901

Copper Cliff Formation
86RLD-5301

86RLD-5302
86RLD-5305
86RLD-5306

Matinenda Formation
1. 86RLD-2305
2. 86RLD-2312
3. 86RLD-2313

McKim Formation
4. 86RLD-5307
5. 86RLD-5501
6. 86RLD-5502
7. 86RLD-5601
8. 86RLD-6002

Hough Lake Group
Ramsay Lake Formation

1. 86RLD-1402
2. 86RLD-2001
3. 86RLD-5602
4. 86RLD-5702
5. 86RLD-5703

Pecors Formation
6. 86RLD-1404
7. 86RLD-1503
8. 86RLD-1605
9. 86RLD-2306

10. 86RLD-2602
11. 86RLD-2604
12. 86RLD-3703
13. 86RLD-5001
14. 86RLD-5003
15. 86RLD-5102
16. 86RLD-5204

Mtssissagi Formation
17. 86RLD-0402
18. 86RLD-0502
19. 86RLD-0604
20. 86RLD-0703
21. 86RLD-0801
22. 86RLD-0805
23. 86RLD-0902
24. 86RLD-0905
25. 86RLD-1302
26. 86RLD-2003
27. 86RLD-3704
28. 86RLD-4102

29. 86RLD-4204
30. 86RLD-5402

Dacite
Siltstone

Rhyolitic crystal lithic
lapillistone
Rhyolitic crystal tuff
Arkose to arkosic wacke
Arkose to arkosic wacke

Sublithwacke
Sublithwacke
Sublithwacke

Feldspathic lithwacke
Lithic subarkosic wacke
Sublithwacke
Metasediment
Sublithwacke

Lithic subarkosic wacke
lithwacke
Metasediment
Lithic subarkosic wacke
Subarkose

Sublithwacke
Metasediment
Quartz wacke
Siltstone
Siltstone
Metasediment
Lithwacke
Arkose
Siltstone
Siltstone
Sublitharenite

Subarkose
Subarkose
Sudbury breccia
Subarkosic wacke
Arkose
Subarkose
Subarkosic wacke
Subarkosic wacke
Subarkosic wacke
Sublitharenite
Subarkose
Subarkosic wacke
(Sandstone dike)
Litharenite
Subarkosic wacke

lOe
lOc

lib

lla
lid
lid

12a
12b
12b

13a
13a
13a
13a
13a

14a
14c
14a
14c
14b

15a
15a
15b
15a
15a
15a
15a
15b
15a
15a
15b

16a
16a
16
16b
16a
16a
16b
16a
16b
16b
16a
16

16b
16b

Dacite
Siltstone

Crystal lithic tuff

Crystal tuff
Wacke
Arkose

Quartzofeldspathic arenite
Quartzofeldspathic arenite
Wacke

Feldspathic arenite
Quartzose wacke
Quartzose wacke
Wacke
Quartzose wacke

Pebbly wacke
Lithic wacke
Conglomerate
Quartzose wacke
Quartzose arenite

Quartzose wacke
Wacke
Lithic wacke
Siltstone
Siltstone
Siltstone
Siltstone
Quartzose arenite
Siltstone
Siltstone
Quartzose arenite

Quartzose arenite
Quartzose arenite
Sudbury breccia
Feldspathic wacke
Feldspathic arenite
Quartzose arenite
Quartzose wacke
Feldspathic arenite
Quartzose wacke
Quartzose wacke
Subarkose
Quartzose wacke

Pebbly quartzose arenite
Wacke
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TABLE 16. (Continued)

Quirke Lake Group 
Bruce Formation

1. 86RLD-0906
2. 86RLD-0907
3. 86RLD-1003
4. 86RLD-1005
5. 86RLD-1006
6. 86RLD-1104 
7. 86RLD-2901 
8. 86RLD-3403 
9. 86RLD-4207

10. 86RLD-4401
Espanola Formation

11. 86RLD-1304
12. 86RLD-1701
13. 86RLD-1804 
14. 86RLD-1808
15. 86RLD-1810
16. 86RLD-2804 
17. 86RLD-2904
18. 86RLD-3406 
19. 86RLD-4402
20. 86RLD-4403
21. 86RLD-4605 
22, 86RLD-4608

Serpent Fbrmation
23. 86RLD-3001
24. 86RLD-3002
25. 86RLD-3006
26. 86RLD-3205
27. 86RLD-4902

Cobalt Group 
Gowganda Formation

1. 86RLD-3008
2. 86RLD-3101
3. 86RLD-3102
4. 86RLD-3103
5. 86RLD-3201 
6. 86RLD-3202
7. 86RLD-3203
8. 86RLD-4502
9. 86RLD-4504

Lorrain Formation
10. 86RLD-4505 
11. 86RLD-5801
12. 86RLD-5802
13. 86RLD-5804
14. 86RLD-5806

Nipissing Intrusive Rocks
86RLD-4702 
86RLD-5201

Subarkosic wacke
Subarkose
Arkose
Subarkose
Calcareous Subarkose
Lithic wacke 
Feldspathic litharenite 
Lithic arkosic wacke 
Sublithwacke
Feldspathic lithwacke

Arkosic wacke
Calcareous arkosic wacke
Skarn 
Skarn
Skarn
Siliceous limestone 
Siltstone
Silty dolostone 
Siltstone
Metasiltstone
Silty limestone 
Arkosic wacke

Lithic arkose
Lithic arkose
Lithic arkose
Lithic arkose
Metasomatite

Lithwacke
Siltstone
Subarkosic wacke
Siltstone
Siltstone 
Siltstone
Siltstone
Arkose
Polymictic conglomerate

Arkose 
Arkose
Arkose
Arkose
Sudbury breccia

Granophyre 
Adamellite

17b
17c
17c
17c
17c
17a 
17a 
17c 
17a
17a

18
18
18 
18
18
18 
18
18 
18
18
18 
18

19a
19a
19a
19a
19

20b
20b
20c
20a
20b 
20
20a
20c
20d

21b 
21a
21a
21a
21

23b 
23c

Quartzose wacke
Arkose
Arkose
Quartzose arenite
Quartzose arenite
Pebbly wacke 
Feldspathic arenite 
Feldspathic wacke 
Quartzose wacke
Wacke

Arkose
Siltstone
Silty limestone 
Skarn
Skarn
Calcareous quartz arenite 
Siltstone
Siltstone 
Siltstone
Siltstone
Silty limestone 
Siltstone

Arkose
Arkose
Arkose
Arkose
Chloritized arkose

Siltstone
Siltstone
Arkose
Siltstone
Cherty siltstone 
Metasomatized siltstone
Siltstone
Arkose
Polymictic paraconglomerate

Feldspathic arenite 
Arkose
Arkose
Arkose
Sudbury breccia

Granophyre 
Granite
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TABLE 17. LIST OF SAMPLES BY FORMATION FOR SAMPLES HAVING WHOLE 
ROCK GEOCHEMICAL ANALYSES.

Elliot Lake Group
Stobie Formation

86RLD-0203 
86RLD-1902

Copper Cliff Formation
86RLD-5302 

McKim Formation
86RLD-5501

Hough Lake Group
Ramsay Lake Formation

86RLD-5702 
86RLD-5703

Pecors Formation
86RLD-3703 
86RLD-5102

Mississagi Formation
86RLD-0402 
86RLD-0801 
86RLD-0805 
86RLD-0905 
86RLD-3902

Quirke Lake Group
Bruce Formation

86RLD-0907 
86RLD-1104

Espanola Formation
86RLD-1701 
86RLD-2904

Serpent Formation
86RLD-3002 
86RLD-3006

Cobalt Group
Gowganda Formation

86RLD-3203 
86RLD-4502

Lorrain Formation
86RLD-5802 
86RLD-5804

Metasomatically Altered Rocks
86RLD-3408 
86RLD-4608 
86RLD-4902

Nipissing Intrusive Rocks
86RLD-5201

Dacite 
Basalt

Rhyolitic crystal tuff 

Wacke

Conglomerate 
Conglomerate

Siltstone 
Siltstone

Subarkose 
Arkose 
Subarkose 
Subarkosic wacke 
Siltstone

Calcareous siltstone 
Siltstone

Arkose 
Arkose

Siltstone 
Arkose

Arkose 
Arkose

Altered Espanola siltstone 
Altered Espanola siltstone 
Altered Serpent arkose

Adamellite
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TABLE 18. LIST OF TRACE ELEMENT GEOCHEMICAL ANALYSES BY FORMATION.

Elliot Lake Group
Stobie Formation

86RLD-1901
86RLD-1902
86RUD-2702

Matinenda Formation
86RLD-2302
86RLD-2303
86RLD-2305
86RLD-2312
86RLD-2313
86RLD-2601

McKim Formation
86RLD-5503
86RLD-5601

Hough Lake Group
Ramsay Lake Formation

86RLD-1401
86RLD-1402
86RLD-1602
86RLD-2001
86RLD-5602

Pecors Formation
86RLD-1503
86RLD-1504
86RLD-1604
86RLD-1605
86RLD-2306
86RLD-2602
86RLD-3703
86RLD-5204
86RLD-5704

Mississagi Formation
86RLD-0101
86RLD-0301
86RLD-0904
86RLD-1301
86RLD-1405
86RLD-1502
86RLD-2205
86RLD-2307
86RLD-3903
86RLD-4201
86RLD-4203
86RLD-4204
86RLD-4205
86RLD-4206
86RLD-4207
86RLD-5402
86RLD-5403

Quirke Lake Group
Bruce Formation

86RLD-0906
86RLD-1004
86RLD-1303
86RLD-3402
86RLD-3403
86RLD-4207
86RLD-4401
86RLD-4803

Espanola Formation
86RLD-2804
86RLD-2904
86RLD-4402

Wacke
Basalt
Basalt

Wacke
Conglomerate
Wacke
Wacke
Wacke
Wacke

Wacke
Wacke

Wacke
Wacke
Wacke
Wacke
Wacke

Wacke
Conglomerate
Subarkose
Wacke
Siltstone
Siltstone
Wacke
Quartz arenite
Wacke

Subarkose
Quartz arenite
Wacke
Subarkose
Subarkose
Quartz arenite
Wacke
Subarkose
Subarkose
Subarkose
Wacke
Lithic arkose
Quartz arenite
Wacke
Quartz wacke
Wacke
Subarkose

Wacke
Siltstone
Arkosic wacke
Wacke
Wacke
Quartz wacke
Conglomerate
Wacke

Arkose
Siltstone
Wacke

Au 
(ppb)

<2
<2
350

9
85
75
80

<2
<2

<2
5

4
<2

3
2

<2

2
<2
<2

5
<2
<2
<2
<2

7

<2
<2
<2
10

<2
<2
<2
<2
<2
<2

3
<2

5
<2
<2

2
<2

<2
4
3

<2
2

<2
<2
<2

<2
<2
<2

Ag 
(ppm)

^
<2
<2

^
<2
<2
<2
<2
<2

<2
<2

<2 -
^
<2
<2
<2

<2
^
<2
<2
<2
<2
^
<2
<2

4
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
<2
^
<2
<2
<2
<2

^
<2
<2
<2
<2
^
<2
<2

<2
<2
^

As Cu 
(ppm) (ppm)

75

1.5

99

12

V

9
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TABLE 18. (Continued)

Serpent Formation
86RLD-3004
86RLD-3206
86RLD-3502

Cobalt Group 
Gowganda Formation

86RLD-3101
86RLD-3102
86RLD-3103
86RLD-3202
86RLD-4503

Lorrain Formation
86RLD-4505
86RLD-5802
86RLD-5804

Nipissing Intrusive Rocks
86RLD-4602
86RLD-4704

Quartz Vein Stockworks
86RLD-0401 
86RLD-0701 
86RLD-1802 
86RLD-2308 
86RLD-3005 
86RLD-3503 
86RLD-5309

Quartz and Quartz-Carbonate Veins
86RLD-2309
86RLD-3404
86RLD-3405
86RLD-3407
86RLD-3409
86RLD-4601
86RLD-4604
86RLD-4703

Metasomatic Alteration and Skaras
86RLD-1201 
86RLD-1810 
86RLD-2905 
86RLD-3406 
86RLD-3408 
86RLD-3410 
86RLD-4607 
86RLD-4608 
86RLD-4902

Arkose
Arkose
Arkose

i

Siltstone
Arkose
Siltstone
Siltstone
Arkose

Arkose
Arkose
Arkose

Carbonate alteration
Propylitic alteration

Mississagi Formation 
Mississagi Formation 
Serpent Formation 
Mississagi Formation 
Serpent Formation 
Serpent Formation 
McKim Formation

Quartz-carbonate vein
Quartz-carbonate vein
Quartz-carbonate vein
Quartz-carbonate vein
Quartz-carbonate vein
Quartz vein
Quartz vein
Quartz-carbonate vein

Metasomatite (Bruce) 
Skarn (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Espanola) 
Metasomatite (Serpent)

Au 
(ppb)

<2
^
<2

<2
^

5
<2
15

<2
7

<2

8
8

^ 
400 

2 
<2 

6 
<2 
<2

40
7

<2
13

<2
470

6350
490

<2 
10 

3 
<2 
13 

1790 
^ 

8 
4

Ag As 
(ppm) (ppm)

<2
<2
<2

<2
<2
<2
<2
<2

<2
<2 <l
<2 *:1

<2
<2

<2 
<2 
^ 
<2 
<2 
<2 
<2

^
<2
<2
<2
<2
^

2
<2

<2 
<2 
^ 
<2 
<2 10 
<2 200 
^ 
<2 24 
<2 13

Cu 
(ppm)

17
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SECTION LOCATIONS

sOCATiON MAP

Cobalt Group
Lorrain Formation

IllJIi Gowganda Formation

Quirke Lake Group
Serpent Formation

Espanola Formation 

Bruce Formation

Hough Lake Group
Mississagi Formation 

upper

middle

lower

Pecors Formation 
fluvial facies

proximal turbidite facies 

distal turbidite facies 

Ramsay Lake Formation

AND
PALEOFLOW DIRECTIONS 

SOUTHERN COBALT EMBAYMENT

RATHBUN

j Burnt 
f Island

^AAAAAA 
rvAAAAAA
A, A A A A A A

Elliot Lake Group

PHANEROZOIC 
CENOZOIC

QUATERNARY
PLEISTOCENE AND RECENT

Grey Member: as unit 28, green 
ish grey to greyish green matrix.

METAVOLCANICS AND 
METASEDIMENTS'

METASEDIMENTSMelt Body: aphanitic, fluidal or 
fine- to medium- grained igneous 
textured rocks with or without 
Archean and Proterozoic igne 
ous, metamorphic, or sedimen 
tary rock fragments.

4a Wacke 
4b Chert.

IF Iron formationBasal Member: a variety of 
monolithic or heterolithic brec 
cias consisting of fragments of 
Archean and Proterozoic igne 
ous, metamorphic, or sedimen 
tary rocks in a fine-grained 
recrystallized matrix.

SUPERIOR, SOUTHERN, AND 
GRENVILLE PROVINCES METAVOLCANICS

PRECAMBRIAN 
PROTEROZOIC 

MIDDLE PROTEROZOIC*
MAFIC INTRUSIVE ROCKS 

DIABASE DIKES

INTERMEDIATE AND FELSIC 
METAVOLCANICS
3 Unsubdivided.
3a Flows.
3b Pyroclastic rocks.

FOOTWALL BRECCIA AND SUDBURY 
BRECCIA*

MAFIC METAVOLCANICSFootwall Breccia: heterolithic 
breccia containing footwall rock 
fragments set in a contact meta 
morphic, granoblastic, in places 
granophyric matrix .

Unsubdivided (amphibolite and
mafic schist).

2a Massive and pillowed flows. 
2b Pyroclastic rocks.

51a Olivine Diabase. 
51 b Diabase.

24b Sudbury Breccia: pseudotachy- 
lite .MAFIC TO ULTRAMAFIC STOCKS 

50 Partly serpentinized peridotite 
and rare olivine diabase. Medium-grained, grey, pyroxene 

pyroxene-hornblende, and horn- 
btende-plagioclase-quartz 
gneisses of granodiorite compo 
sition (typical "Levack Gneiss"). 
Medium-grained, dark to dark 
grey pyroxene-hornblende-rich- 
plagioctase gneiss ("mafic 
Levack Gneiss"). 
Medium-grained, grey biotite- 
plagioclase-quartz (± horn 
blende, garnet) gneiss.

SUDBURY EVENT

MAFIC INTRUSIVE ROCKSINTRUSIVE CONTACT

GRENVILLE PROVINCE 
MIDDLE PROTEROZOIC*

LATE PEGMATITE

NIPISSING INTRUSIVE ROCKS
23 Unsubdivided.
23a Gabbro.
23b Pegmatitic, granophyric gabbro.
23c Granodiorite.

INTRUSIVE CONTACT

FELSIC INTRUSIVE ROCKS
49 Massive granite pegmatite.

CREIGHTON, MURRAY, AND SKEAD 
PLUTONSLATE MAFIC INTRUSIVE ROCKS Sudbury Breccia (Unit 24b)

Massive to cataclastic meta- 
gabbro, metadiorite and minor 
Ultramafic rocks cut by massive to 
cataclastic dikes of trondh 
jemite, granodiorite, and quartz 
monzonite.

22a Quartz monzonite, granite. 
22b Remobilized granitic rocks.

Sulphide Mineralization
HURONIAN SUPERGROUP 

COBALT GROUP
*ln Southern and Superior Provinces only.

* Units 37 to 42 not in stratigraphic order.
ANORTHOSITE SUITE INTRUSIVE 

ROCKS LORRAIN FORMATION
2 la Arkose, subarkose, minor sub 

arkosic wacke and quartz 
wacke.

21b Wacke.
21c Quartz and jasper pebble con 

glomerate.

ANORTHOSITE AND RELATED MARC 
ROCKS c Rocks of these groups are subdivided lithologically 

and the order does not imply age relationships within 
the groups.Gneissic to rarefy massive anor 

thosite, gabbroic anortho 
site and anorthosite gabbro, 
minor tonalite and diorite.

Possibly related to Sudbury Structure, intrudes 
Sudbury Igneous Complex; absolute age unknown.

GOWGANDA FORMATION
20 Unsubdivided, mainly wacke.
20a Wacke (unlaminated).
20b Wacke (laminated).
20c Arkose.
20d Conglomerate.

*ln places similar to North Range norite; in most 
places strongly altered; post-deposition of Chelms 
ford Formation.

MONZONITIC TO GRANITIC ROCKS 

46 Gneissic to rarefy massive syen 
ite, monzonite, quartz syenite, 
quartz monzonite, minor tonalite

The Sublayer consists of several phases. Absolute 
ages of these phases are not known and the classi 
fication as Sublayer of the two dikes intruding the 
norite near the Creighton Mine Complex is contro 
versial. Sublayer phases intruding the norite exist. 
Pre-norite Sublayer phases may also exist.
9 There is some evidence suggesting common origin. 
Most Sudbury Breccia occurrences are shown by A 
on map.

EARLY TO MIDDLE PROTEROZOIC
QUIRKE LAKE GROUP 

SERPENT FORMATIONEARLY MAFIC INTRUSIVE ROCKS
19a Arkose, arkosic wacke, calcare 

ous arkose. 
19b Wacke. 
19c Conglomerate, pebbly wacke.

45 Gneissic gabbro and minor dio 
rite.

Remobilization related to intrusion of Sudbury Ig 
neous Complex. Probably in part includes late dif 
ferentiates of Sudbury Igneous Complex.

EARLY PROTEROZOIC ESPANOLA FORMATION
EARLY PEGMATITE

'Absolute age unknown.

lThe absolute age of these rocks is not known and
Calcareous siltstone, limestone 
calcareous wacke.^j Asphalt It 

flan//
Gneissic granite pegmatite.

their lithostratigraphic position is controversial.
BRUCE FORMATIONGRANITIC INTRUSIVE ROCKS in this map-unit migmatitic rocks derived from17 Unsubdivided.

17a Conglomerate.
17b Wacke.
17c Arkose.

rocks of units 1. 2. 3 and 4 are grouped together
*Age approximately 1.6 to 0.9 billion years.
**Age approximately 2.5 to 0.9 billion years.
***Age approximately 2.5 to 1.6 billion years.

Quartz monzonite, granodiorite, 
trondhjemite (includes Grenville 
Front felsic plutons north and 
south of the Grenville Front 
Boundary Fault). Older than 2.5 billion years.

INTRUSIVE AND METAMORPHIC CONTACT

METASEDIMENTS*
CALCAREOUS METASEDIMENTS 

CARBONATE METASEDIMENTS

HOUGH LAKE GROUP 
MISSISSAGI FORMATION

Where in places a formation is too narrow to show 
in colour and must be represented in black, a short 
black bar appears in the appropriate block.

16 Unsubdivided.
16a Arkose, subarkose, arkosic

wacke. 
16b Wacke. 
16c Conglomerate.l S /f " 60'

X 7 f ^ ' 42 Calcitic and dolomitic marble. METAL, MINERAL REFERENCE
PECORS FORMATION

5.HORNBLENDE GNEISS
15a Wacke.
15b Arkose, conglomeratic arkose

RAMSAY LAKE FORMATION

Calcsilicate gneiss, minor am 
phibolite (derived from calcare 
ous sandstone and siltstone).

14 Unsubdivided.
14a Conglomerate.
14b Arkose.
14c Wacke.

CLASTIC SILICEOUS METASEDIMENTS

MUSCOVITE AND QUARTZOSE GNEISS Gersdorffite 
Kyanite 

Nickel 
Lead 

Palladium 
Platinum

Aluminous meta-argillite (silli- 
manite-bearing gamet-kyanite- 
muscovite-biotite-plagioclase- 
quartz gneiss) and meta-argillite 
with intercalated metasubarkose 
and meta-arkose.

ELLIOT LAKE GROUP 

MCKIM FORMATION
13 Unsubdivided.
13a Wacke, silty mudstone
13b Arkose.

q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . quartz
U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Uranium
Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Zinc

FELDSPATHIC GNEISS

Meta-arkose (pink, plagioclase- 
K-feldspar-quartz gneiss and 
minor grey, quartz-plagioclase 
gneiss).

MATINENDA FORMATION
By-products of the nickel-copper mines associated 
with the Sudbury Igneous Complex are cobalt, gold, 
iron, palladium, -platinum, selenium, silver, tellurium, 
iridium, rhenium, ruthenium, sulphuric acid and liq 
uid sulphur dioxide.

12 Unsubdivided.
12a Arkose.
12b Wacke.
12c Conglomerate.

Fine-, medium-, to coarse- 
grained metawacke (garnetifer 
ous, biotite-quartz-plagioclase 
gneiss) and thickfy bedded, in 
traformational metaconglomer- 
ate containing meta-arkose frag 
ments in a metawacke matrix.

COPPER CLIFF FORMATION
1 1 Unsubdivided.
11a Rhyolite, dacite.
1 1b Felsic pyroclastic rocks
1 1c Basalt.
11d Wacke.

MIGMATITIC BIOTITE GNEISS STOBIE FORMATION
10 Unsubdivided.
10a Massive and pillowed basalt
10b Mafic pyroclastic rocks.
10c Wacke.
10d Arkose.
10e Felsic to intermediate meta- 

	 volcanics.

Bedding, top unknown; (inclined, verti 
cal).Similar to unit 38, but veined by 

10 96 or more granitic 
mobilizate; in places containing 
beds of feldspathic muscovite 
and quartz gneiss; in places sills 
and dikes of gneissic gabbro.

Bedding, top indicated by arrow; (in 
clined, vertical, overturned).

Schistosity, (horizontal, inclined, verti 
cal).SOUTHERN PROVINCE

ELSIE MOUNTAIN FORMATION
Unsubdivided.
Massive and pillowed basalt.
Mafic pyroclastic rocks.
Wacke.
Arkose.
Felsic to intermediate meta-
volcanics.

Gneissosity, (horizontal, inclined, verti 
cal).EARLY PROTEROZOIC

LOW TO MEDIUM RANK REGIONAL METAMORPHISM

SUDBURY STRUCTURE 
MAFIC INTRUSIVE ROCKS

Lineation with plunge.

H ;
Geological boundary.

Dip of lower contact of the Sudbury 
Igneous Complex.SUPERIOR PROVINCE 

ARCHEAN****

MAFIC INTRUSIVE ROCKS 
DIABASE DIKES'

55 Gabbroic rocks (Sudbury 
Basin).*

SUDBURY IGNEOUS COMPLEX

34 Sublayer ' (marginal sublayer 
and offsets; inclusion and sul 
phide-bearing gabbroic rock).

Fault or lineament, arrows indicate 
horizontal movement.8 Unsubdivided. 

8a Diabase.
8b Glomeroporphyritic, porphyritic 

diabase. Anticline, syncline, with 'plunge.

Producer.

Past producer.

Property or mineral occurrence.

Regional Municipality boundary.

Municipal boundary.

33 Upper Zone (granophyre and 
piagfoclase-ricri granophyre). !NTJUJS!VE CONTACT

MAFIC PLUTONIC ROCKS'
32 Middle Zone (quartz gabbro).

Lower Zone (North Range: felsic 
norite and mafic norite; South 
Range: norite and quartz-rich 
norite).

INTRUSIVE CONTACT
MIGMATITES AND FELSIC PLUTONIC

WHITEWATER GROUP 
CHELMSFORD FORMATION Metatexite, diatexite, rocks simi 

lar to units 1 to 4, containing 
30 % or more granitic 
mobilizate.

Township boundary.FELSIC PLUTONIC ROCKSONWATIN FORMATION
Unsubdivided granitic rocks. 
Equigranular, medium- to 
coarse-grained quartz monzo 
nite, granodiorite, granite. 
Porphyritic, medium- to coarse- 
grained quartz monzonite, 
granodiorite, diorite, granite.

For other conventional signs refer to 1:50 000 Na 
tional Topographic System maps.29 Carbonaceous and pyritic mud 

stone.

ONAPING FORMATION

Black Member: a variety of he 
terolithic breccias consisting of 
fragments of Archean and 
Proterozoic igneous, meta 
morphic and sedimentary rocks 
and of glass fragments of one or 
more types in black to dark grey 
matrix.

Transverse Mercator Projection

e 1:1 584 000 or 1 inch to 25 miles

LEGEND 

Section location and number

Paleoflow directions: number of 
measurements at centre

McKim Formation

proximal turbidite facies

distal turbidite facies

MINES, PROPERTIES, MINERAL 
OCCURRENCES

Blanchard. E.. Bonanza Mine . . . . . . . . . . Au.q
Copper Prince Resources Inc. . . . . . . . Cu.Au
Crystal mine . . . . . . . . . . . . . . . . . . . . . . . Au
Falconbridge Ltd. . . . . . . . . . . . . . . . . . Ni.Cu

Boundary mine.
Falcon mine.
Falconbridge mine.
Falconbridge East mine.
Fecunis mine.
Fraser mine.
Hardy mine.
Lindsley property.
Lockerby mine.
Longvack mine.
Longvack South mine.
McKim mine.
Mount Nickel mine.
Nickel Rim mine.
Norduna mine.
North mine.
Onaping mine.
Strathcona mine.
Sultana property.
WD 212 property.
WD 228 property.
WD 229 property.
WD 236 property. 

Floran Mining Enterprises Ltd., Rathbun Lake
property . . . . . . . . . . . . . Cu.Ni.Pd.Pt.Au.Ag

Giant Yellowknife Mines Ltd. . ... Cu.Pb.Zn.Ag
Errington N&. f mine.
Errington No. 2 mine.
Errington No. 3 mine.
Irwin shaft.
River shaft.
Vermilion mine. 

Hazlett, J.M.. Red Rock mine . . . . . . . . . Au
Published 1984

INCO Ltd.
Big Levack property. 
Blezard mine. 
Capre property. 
Chicago mine. 
Clarabelle mine. 
Coleman mine. 
Copper Cliff mine. 
Copper Cliff No. 1 mine. 
Copper Cliff No. 2 mine. 
Copper Cliff North mine. 
Copper Cliff South mine. 
Crean Hill mine. 
Creighton mine. 
Cryderman property. 
Ellen pit. 
Evans mine. 
Frood-Stobie mines. 
Garson mine. 
Gertrude mine. 
Kirkwood mine. 
Levack mine. 
Little Stobie mine. 
Maclennan mine. 
McCreedy West mine. 
Mcintyre mine. 
Murray mine. 
North Range shaft. 
North Star mine. 
Sheppard property. 
Sultana property. 
Tarn O'Shanter property. 
Trillabelle property. 
Vermilion mine. 
Victor mine. 
Victoria mine. 
WD 13 property. 
WD 16 property. 
WD 150 property. 
WD 152 property. 
WD 209 property.

Ni.Cu

wu Mi property.——————————————
Whistle property.
Worthington mine.

Irvington Mining Co. Ltd., Geneva Lake Mine . . 
. . . . . . . . . . . . . . . . . . . . . . . . . Zn.Pb.Ag.Au

Jonsmith Mines Ltd.. Milnet mine . Ni.Cu.Au.Pt 
Kerr Addison Mines Ltd.. (Agnew Lake Mines

Ltd.) ............................ U
Kidd Copper Mines Ltd. . . . . . . . . . . . . Ni.Cu
Moses, J. R. Copenhagen mine . . . . . . Cu.Pb.Ni
Nickel Offsets Ltd. . . . . . . . . . . . . . . . . Ni.Cu

Nickel Offset mine.
WD 233 property.
WD 234 property.
WD 248 property.
WD 250 property. 

Prue's mine. . . . . . . . . . . . . . . . . . . . . . Zn.Cu
Rathbun Township occurrence . . . . . . . . . . Fe
Skead mine. . . . . . . . . . . f . . . . . . . . . . . . Au
Sturdy Mines Ltd. . . . . . . . . . . . . . . Zn.Pb.Cu
Vermilion River occurrence . . . . . . . . . . . . Au
West Graham Mines Ltd. McVittie-Graham

property . . . . . . . . . . . . . . . . . . . . . . Ni.Cu

SOURCES OF INFORMATION
Sample locations (or this project were plotted on geological maps 
published by B.O. Dressler of the Ontario Geological Survey.
Map 2491. Sudbury Geological Compilation, 1984. scale 1:50 000 

Map 2451. Massey Bay, 1981, scale 1:31 680
All map units, mineral occurrences and symbols included in the leg 
end may not be present on this figure. For more information see 
OGS Map 2491.
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SAMPLE LOCATIONS

GEOCHEMICAL AND PETROGRAPHIC ANALYSES 
SOUTHERN COBALT EMBAYMENT

LOCATION MAP

o

I90I

METAVOLCANICS AND 
METASEDIMENTS*

METASEDIMENTS

IF Iron formation

RATHBUN
rv^-__-j

23ba X
K A G\A M I

J m /Islandf r^^

' \S --/—' x c \i/ i f '7 /^Aw
23a/ /- J \ 7/1 ' 

/ At X ^*-l/ l POa l

PHANEROZOIC 
CENOZOIC

QUATERNARY
PLEISTOCENE AND RECENT

Grey Member: as unit 28, green 
ish grey to greyish green matrix.

Melt Body: aphanitic, fluidal or 
fine- to medium- grained igneous 
textured rocks with or without 
Archean and Proterozoic igne 
ous, metamorphic, or sedimen 
tary rock fragments.Sand, gravel, clay, boulder till, swamp 

deposits.
Basal Member: a variety of 
monolithic or heterolithic brec 
cias consisting of fragments of 
Archean and Proterozoic igne 
ous, metamorphic, or sedimen 
tary rocks in a fine-grained 
recrystallized matrix.

SUPERIOR, SOUTHERN, AND 
GRENVILLE PROVINCES METAVOLCANICS

PRECAMBRIAN 

PROTEROZOIC 
MIDDLE PROTEROZOIC*

MAFIC INTRUSIVE ROCKS 
DIABASE DIKES

FOOTWALL BRECCIA AND SUDBURY 
BRECCIA*

Footwall Breccia-, heterolithic 
breccia containing footwall rock 
fragments set in a contact meta 
morphic, granoblastic, in places 
granophyric matrix .51 a Olivine Diabase 

51 b Diabase.

24b Sudbury Breccia: pseudotachy- 
lite.MAFIC TO ULTRAMAFIC STOCKS

50 Partly serpentinized peridotite 
and rare olivine diabase. SUDBURY EVENT

MAFIC INTRUSIVE ROCKSINTRUSIVE CONTACT

GRENVILLE PROVINCE 
MIDDLE PROTEROZOIC*

LATE PEGMATITE

NIPISSING INTRUSIVE ROCKS

23 Unsubdivided.
23a Gabbro.
23b Pegmatitic, granophyric gabbro
23c Granodiorite.

INTRUSIVE CONTACT

FELSIC INTRUSIVE ROCKS
49 Massive granite pegmatite.

CREIGHTON, MURRAY, AND SKEAD 
PLUTONSLATE MAFIC INTRUSIVE ROCKS

Massive to cataclastic meta- 
gabbro, metadiorite and minor 
ultramafic rocks cut by massive to 
cataclastic dikes of trondh 
jemite, granodiorite, and quartz 
monzonite.

22a Quartz monzonite, granite. 
22b Remobilized granitic reeks.

Sulphide Mineralization
HURONIAN SUPERGROUP

COBALT GROUP
ANORTHOSITE SUITE INTRUSIVE 

ROCKS LORRAIN FORMATION
2/a Arkose, subarkose, minor sub 

arkosic wacke and quartz 
wacke.

21 b Wacke.
21c Quartz and jasper pebble con 

glomerate.

ANORTHOSITE AND RELATED MAFIC 
ROCKS

Gneissic to rarely massive anor 
thosite, gabbroic anortho 
site and anorthosite gabbro, 
minor tonalite and diorite. GOWGANDA FORMATION 

20 Unsubdivided, mainly wackeMONZONITIC TO GRANITIC ROCKS 20a Wacke (unlaminated)
20b Wacke (laminated).
20c Arkose.
20d Conglomerate.

Gneissic to rarefy massive syen 
ite, monzonite, quartz syenite, 
quartz monzonite, minor tonalite

QUIRKE LAKE GROUP

SERPENT FORMATION
19a Arkose, arkosic wacke, calcare 

ous arkose. 
19b Wacke. 
19c Conglomerate, pebbly wacke.

45 Gneissic gabbro and minor dio 
rite.

ESPANOLA FORMATION

'Absolute age unknownCalcareous siltstone, limestone, 
calcareous wacke.

BRUCE FORMATION
17 Unsubdivided.
17 a Conglomerate
17b Wacke.
17c Arkose.

Quartz monzonite, granodiorite, 
trondhjemite (includes Grenville 
Front felsic plutons north and 
south of the Grenville Front 
Boundary Fault).

*Age approximately 1.6 to 0.9 billion years.
**Age approximately 2.5 to 0.9 billion years.
***Age approximately 2.5 to 1.6 billion years
**** Older than 2.5 billion years.

INTRUSIVE AND METAMORPHIC CONTACT

METASEDIMENTS*
CALCAREOUS METASEDIMENTS* 

CARBONATE METASEDIMENTS

HOUGH LAKE GROUP
MISSISSAGI FORMATION

16 Unsubdivided.
16a Arkose, subarkose, arkosic

wacke. 
16b Wacke. 
16c Conglomerate.42 Calcitic and dolomitic marble. METAL, MINERAL REFERENCE

PECORS FORMATION
15 Unsubdivided.
tSa Wacke. -
15b Arkose, conglomeratic arkose

RAMSAY LAKE FORMATION

HORNBLENDE GNEISS37 f | L--
4 1 Calcsilicate gneiss, minor am 

phibolite (derived from calcare 
ous sandstone and siltstone).

14 Unsubdivided.
14a Conglomerate.
14b Arkose.
14c Wacke.

CLASTIC SILICEOUS METASEDIMENTS*

MUSCOVITE AND QUARTZOSE GNEISS

Aluminous meta-argillite (silli- 
manite-bearing gamet-kyanite- 
muscovite-biotite-plagioclase- 
quartz gneiss) and meta-argillite 
with intercalated metasubarkose 
and meta-arkose.

ELLIOT LAKE GROUP 
McKIM FORMATION 

13 Unsubdivided.
13a Wacke, silty mudstone. 
13b Arkose.

FELDSPATHIC GNEISS
Meta-arkose (pink, plagioclase- 
K-feldspar-quartz gneiss and 
minor grey, quartz-plagioclase 
gneiss).

MATINENDA FORMATION
By-products of the nickel-copper mines associated 
with the Sudbury Igneous Complex are cobalt, gold, 
iron, palladium, platinum, selenium, silver, tellurium, 
iridium, rhenium, ruthenium, sulphuric acid and liq 
uid sulphur dioxide.

12 Unsubdivided.
12a Arkose.
12b Wacke.
12c Conglomerate.

Fine-, medium-, to coarse- 
grained metawacke (garnetifer 
ous, biotite-quartz-plagioclase 
gneiss) and thickly bedded, in 
traformational metaconglomer- 
ate containing meta-arkose frag 
ments in a metawacke matrix.

COPPER CLIFF FORMATION
11 Unsubdivided.
11a Rhyolite, dacite.
11b Felsic pyroclastic rocks
11c Basalt.
11d Wacke.

MIGMATITIC BIOTITE GNEISS STOBIE FORMATION 
10 Unsubdivided.

Bedding, top unknown; (inclined, verti 
cal).Similar to unit 38. but veined by 

70 % or more granitic 
mobilizate; in places containing 
beds of feldspathic muscovite 
and quartz gneiss; in places sills 
and dikes of gneissic gabbro.

10a Massive and pillowed basalt 
10b Mafic pyroclastic rocks. 
10c Wacke. 
10d Arkose.
10e Felsic to intermediate meta- 

volcanics.

Bedding, top indicated by arrow; (in 
clined, vertical, overturned).

Schistosity, (horizontal, inclined, verti 
cal).

SOUTHERN PROVINCE 

EARLY PROTEROZOIC***
ELSIE MOUNTAIN FORMATION

Unsubdivided.
Massive and pillowed basalt
Mafic pyroclastic rocks.
Wacke.
Arkose.
Felsic to intermediate meta-
volcanics.

Gneissosity, (horizontal, inclined, verti 
cal).

•if—m-.~.j*. LOW TO MEDIUM RANK REGIONAL METAMORPHISM

SUDBURY STRUCTURE 
MAFIC INTRUSIVE ROCKS

Lineation with plunge

Geological boundary.

Dip of lower contact of the Sudbury
36 Trap dikes.d

SUPERIOR PROVINCE 
ARCHEAN****

MAFIC INTRUSIVE ROCKS 
DIABASE DIKES

Igneous Complex.
Gabbroic rocks (Sudbury 
Basin).0

Sublayer ' (marginal sublayer 
and offsets; inclusion and sul 
phide-bearing gabbroic rock).

Fault or lineament, arrows indicate 
horizontal movement.Unsubdivided.

Diabase.
Glomeroporphyritic, porphyritic
diabase. Anticline, syncline, with plunge.

Upper Zone (granophyre and 
plagioclase-rich granophyre).

MARC PLUTONIC ROCKS'" Producer.

Past producer.

Property or mineral occurrence.

Regional Municipality boundary.

Municipal boundary.

Middle Zone (quartz gabbro).

Lower Zone (North Range: felsic 
norite and mafic norite; South 
Range: norite and quartz-rich 
norite).

INTRUSIVE CONTACT
MIGMATITES AND FELSIC PLUTONIC

WHITEWATER GROUP 

CHELMSFORD FORMATION Metatexite, diatexite, rocks simi 
lar to units 1 to 4, containing 
3096 or more granitic 
mobilizate.

Township boundary.FELSIC PLUTONIC ROCKS
ONWATIN FORMATION

Unsubdivided granitic rocks. 
Equigranular, medium- to 
coarse-grained quartz monzo 
nite, granodiorite, granite. 
Porphyritic, medium- to coarse- 
grained quartz monzonite, 
granodiorite, diorite, granite.

For other conventional signs refer to 1:50 000 Na 
tional Toooaraohic Svstem maos.29 Carbonaceous and pyritic mud 

stone.

ONAPING FORMATION

Black Member: a variety of he 
terolithic breccias consisting of 
fragments of Archean and 
Proterozoic igneous, meta 
morphic and sedimentary rocks 
and of glass fragments of one of 
more types in black to dark grey 
matrix.

Transverse Mercator Projection

Scale 1:1 584 000 or 1 inch to 25 miles

LEGEND

petrographic analysis

trace element geochemistry

petrographic analysis and trace 
element geochemistry

whole rock geochemistry; may 
be used with other symbols

sample number; all numbers 
prefixed by 86-RLD

INTERMEDIATE AND FELSIC 
METAVOLCANICS

Unsubdivided. 
Flows. 
Pyroclastic rocks.

MAFIC METAVOLCANICS
2 Unsubdivided (amphibolite and

mafic schist).
2a Massive and pillowed flows. 
2b Pyroclastic rocks.

Medium-grained, grey, pyroxene, 
pyroxene-hornblende, and hom- 
blende-plagioclase-quartz 
gneisses of granodiorite compo 
sition (typical "Levack Gneiss"). 
Medium-grained, dark to dark 
grey pyroxene-hornblende-rich- 
plagioclase gneiss ("mafic 
Levack Gneiss"). 
Medium-grained, grey biotite- 
plagioclase-quartz (± horn 
blende, garnet) gneiss.

Sudbury Breccia (Unit 24b)

aln Southern and Superior Provinces only.

* Units 37 to 42 not in stratigraphic order.

c Rocks of these groups are subdivided lithologically 
and the order does not imply age relationships within 
the groups.

Possibly related to Sudbury Structure, intrudes 
Sudbury Igneous Complex; absolute age unknown.

*ln places similar to North Range norite; in most 
places strongly altered; post-deposition of Chelms 
ford Formation.

fThe Sublayer consists of several phases. Absolute 
ages of these phases are not known and the classi 
fication as Sublayer of the two dikes intruding the 
norite near the Creighton Mine Complex is contro 
versial. Sublayer phases intruding the norite exist. 
Pre-norite Sublayer phases may also exist.
9There is some evidence suggesting common origin. 
Most Sudbury Breccia occurrences are shown by A 
on map.

Remobilization related to intrusion of Sudbury Ig 
neous Complex. Probably in part includes late dif 
ferentiates of Sudbury Igneous Complex.

lThe absolute age of these rocks is not known and 
their lithostratigraphic position is controversial.

In this map-unit migmatitic rocks derived from 
rocks of units 1, 2, 3 and 4 are grouped together.

Where in places a formation is too narrow to show 
in colour and must be represented in black, a short 
black bar appears in the appropriate block.

.^Silver

. . Gold 
Copper 
. . Iron

grf . . . . . . . . . . . . . . . . . . . . . . . . . . Gersdorffite
ky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kyanite
Mi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nickel
Pb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lead
Pd . . . . . . . . . . . . . . . . . . . . . . . . . . . Palladium
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Platinum
q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . quartz
U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Uranium
Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Zinc

1.
2.
3.

4.
5.
6.
7.
8.
9.

10. 
1 1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40. 
4 1.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74. 
75-
76.
77.
78.

79.
80.

81.
82.

83.
84.
85.
86.
87.
88
89.
90.
91.
92.
93.

MINES, PROPERTIES, MINERAL 
OCCURRENCES

Blanchard, E., Bonanza Mine . . . . . . . . . . Au.q
Copper Prince Resources Inc. . . . . . . . Cu.Au
Crystal mine . . . . . . . . . . . . . . . . . . . . . . . Au
Falconbridge Ltd. . . . . . . . . . . . . . . . . . Ni.Cu

Boundary mine,
Falcon mine.
Falconbridge mine.
Falconbridge East mine.
Fecunis mine.
Fraser mine.
Hardy mine.
Lindsley property.
Lockerby mine.
Longvack mine.
Longvack South mine.
McKim mine.
Mount Nickel mine.
Nickel Rim mine.
Norduna mine.
North mine.
Onaping mine.
Strathcona mine.
Sultana property.
WD 2 12 property.
WD 228 property.
WD 229 property.
WD 236 property. 

Floran Mining Enterprises Ltd., Rathbun Lake
property . . . . . . . . . . . . . Cu.Ni.Pd.Pt.Au.Ag

Giant Yellowknife Mines Ltd. . . . . Cu,Pb,Zn,Ag
Errington No. 1 mine.
Errington No. 2 mine.
Errington No. 3 mine.
Irwin shaft.
River shaft.
Vermilion mine. 

Hazlett. J. M.. Red Rock mine . . . . . . . . . . Au

INCO Ltd. . . . . . . . . . . . . . . . . . . . . . . Ni.Cu
Big Levack property.
Blezard mine.
Capre property.
Chicago mine.
Clarabelte mine.
Coleman mine.
Copper Cliff mine.
Copper Cliff No. 1 mine.
Copper Cliff No. 2 mine.
Copper Cliff North mine.
Copper Cliff South mine.
Crean Hill mine.
Creighton mine.
Cryderman property.
Ellen pit.
Evans mine.
Frood-Stobie mines.
Garson mine.
Gertrude mine.
Kirkwood mine.
Levack mine.
Little Stobie mine.
Maclennan mine.
McCreedy West mine.
Mcintyre mine.
Murray mine.
North Range shaft.
North Star mine.
Sheppard property.
Sultana property.
Tarn O'Shanter property.
Trillabelle property.
Vermilion mine.
Victor mine.
Victoria mine.
WD 13 property.
WD 16 property.
WD 150 property.
WD 152 property.
WD 209 property. 

-WD 237 property. . ̂ —————— ——
Whistle property.
Worthington mine.

Irvington Mining Co. Ltd., Geneva Lake Mine . . 
. . . . . . . . . . . . . . . . . . . . . . . . . Zn.Pb.Ag.Au

Jonsmith Mines Ltd., Milnet mine . Ni.Cu.Au.Pt 
Kerr Addison Mines Ltd., (Agnew Lake Mines

Ltd.) ... ...... .. ................. U
Kidd Copper Mines Ltd. . . . . . . . . . . . . Ni.Cu
Moses, J. R. Copenhagen mine . . . . . . Cu.Pb.Ni
Nickel Offsets Ltd. . . . . . . . . . . . . . . . . Ni.Cu

Nickel Offset mine.
WD 233 property.
WD 234 property.
WD 248 property.
WD 250 property. 

Prue's mine. . . . . . . . . . . . . . . . . . . . . . Zn.Cu
Rathbun Township occurrence . . . . . . . . . . Fe
Skead mine. . . . . . . . . . . . . . . . . . . . . . . . Au
Sturdy Mines Ltd. . . . . . . . . . . . . . . Zn.Pb.Cu
Vermilion River occurrence . . . . . . . . . . . . Au
West Graham Mines Ltd. McVittie-Graham

property . . . . . . . . . . . . . . . . . . . . . . Ni.Cu

SOURCES OF INFORMATION
Sample locations for this project were plotted on geological maps 
published by B.O. Dressler of the Ontario Geological Survey.
Map 2491, Sudbury Geological Compilation, 1984, scale 1:50 000 

Map 2451, Massey Bay, 1981, scale 1:31 680

All map units, mineral occurrences and symbols included in the leg 
end may not be present on this figure. For more information see 
OGS Map 2491.
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