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PREFACE

Detailed geological mapping of the Morgan Lake-Nelson Lake 

Area was undertaken by the'Ontario Geological Survey, 

Ministry of Natural Resources, on behalf of the Ministry of 

Northern Affairs. This mapping comprises part of a larger 

program of geoscience surveys designed to encourage explora 

tion interest, provide a mineral potential evaluation and 

planning base, and develop an integrated concept which would 

relate the widespread and varied mineralization environments 

of the general Sudbury-Cobalt region.

Large parts of the North Range of the Sudbury Igneous 

Complex and much of the Whitewater Group within the Sudbury 

Basin have never been mapped in detail. The Morgan Lake- 

Nelson Lake Area survey is the second of a series which it is 

anticipated will provide consistent data west and southwest to 

Levack, Cascaden, Trill, and Dowling Townships, and east to 

Wisner, Norman and Capreol Townships, and which will provide the 

basis for identifying mineralization controls in the Sudbury 

Igneous Complex, in the footwall rocks, and in the Whitewater 

Group of the Sudbury Basin.
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ABSTRACT

The Morgan Lake-Nelson Lake Area is centred 25 km 

north-northwest of Sudbury and is comprised of 223 km2 that 

cover all of Morgan and Lumsden Townships and the south half of 

Bowell Township. Much of the area is characterized by 

above-average relief for shield terrain. Access to most of it is 

gained by road - lake - river combinations; southern Lumsden 

Township and northwestern Morgan Township are poorly accessible.

Previously published work for the map-area is limited 

despite the voluminous literature available for the Sudbury area 

as a whole. Parts of the map-area have been mapped in 

reconnaissance fashion; compilation maps have been derived from 

early government maps and company maps.

The general geology is simple but the detailed geology is 

complex. The 'basement 1 consists of a granite - gneiss - 

migmatite terrain with numerous remnants of amphibolitized mafic 

volcanic rocks and some metasediments; all rock types have been 

intruded by Early Precambrian diabase dikes.

Sudbury-type breccias are common in the 'basement' rocks. 

In close proximity to the margins of the Sudbury Irruptive 

Complex these breccias are more common than further away.

On surface the Sudbury Basin is defined by the footwall 

contact of the Sudbury Irruptive Complex. Complex breccias of 

intrusive and tectonic origins form the Sublayer Zone of the 

Sudbury Irruptive Complex. These breccias consist of leucocratic 

breccia, mixed breccia, gabbroic sublayer breccia, offshoot 

('offset 1 ) breccia dikes and megabreccia. The breccias locally

xix





contain various amounts of pyrite, pyrrhotite-pentlandite, and 

chalco-pyrite. Age relationships of the breccias are not 

everywhere clear and their genetic interpretation is contentious.

Above the Sublayer Zone lies a thick layer of leucocratic 

norite which in turn is overlain by a thicker layer of 

granophyre. Both layers may have more than one phase. The 

leucocratic norite and the granophyre are 'separated' by a 

relatively thin transition zone consisting of transitional norite 

and transitional granophyre.

The upper part of the Sudbury Irruptive Complex (upper 

granophyre) has intruded into the Onaping Formation (of the 

Whitewater Group) which consists of four members. These are 

termed, from lowermost to uppermost; Basal Member, Gray Member, 

Green Member, and Black Member. The Basal and Gray Members are 

breccias of felsic to intermediate composition. The Green and 

Black Members comprise various proportions of essentially 

non-bedded lapilli-tuff, tuff-breccia, tuff, lapillistone, and 

pyroclastic breccia that contain chaotically distributed volcanic 

fragments (essential and accessory), fragments of basement rocks 

and Huronian metasediments, and of unknown origin. Some members 

appear to be gradational into adjacent members.

The Onwatin Formation gradationally overlies the Onaping 

Formation and consists of slaty argillite, siltstone, and fine 

sandstone.

The Chelmsford Formation gradationally overlies the Onwatin 

Formation and is a turbidite sequence of feldspathic lithwacke, 

siltstone, and argillite.
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All rock types have been intruded by Late Precambrian, 

northwest-trending olivine diabase dikes.

Quaternary deposits of till, ice contact, glaciofluvial, and 

glaciolacustrine material are locally present, particularly in 

southern Lumsden Township.

Metamorphism has affected most rocks in the map-area. Early 

Precambrian rocks have been deformed and metamorphosed under 

medium-to high-grade conditions. The Sudbury Irruptive Complex 

has metamorphosed (pyroxene hornfels grade), recrystallized, and 

locally remobilized the footwall rocks. The Penokean orogeny 

resulted in the deformation and low-grade metamorphism of all 

pre-Late Precambrian rocks.

The three major faults in the map-area are 

northwest-trending; they offset the basement, the Sudbury 

Irruptive Complex, and the Whitewater Group.

Many of the mining rights of the area are held under 

patented and leased claims. Most of these claims are registered 

with Inco Limited and Falconbridge Nickel Mines Limited. Several 

surface showings with nickel and copper sulphides are present 

within the Sublayer Zone. A few of these occurrences have been 

delineated at depth by diamond drilling. Minor precious metals 

are associated with the sulphides.
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Scale: 1:1 584 000 or 1 inch to 25 miles

Figure l - Key map showing location of Morgan Lake- 
Nelson Lake Area.
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- -: the 

Morgan Lake - Nelson Lake Area

by 

T. L. Muir1

INTRODUCTION 
The main objective of this project was to map in detail the

central third of the north half of the Sudbury Basin. This was 

undertaken as part of a continuing program to provide a data base 

for interpretation of the economic potential of the North Range 

of the Sudbury Irruptive Complex. Similar work was carried out 

in the eastern third of the North Range during the 1979 field 

season (Muir 1981) and work on the western third will be 

undertaken during the summer of 1981. B. O. Dressler of the 

Ontario Geological Survey is undertaking a continuing special 

study of the footwall and country rock structures of the Sudbury 

Irruptive Complex. Detailed mapping of the North Range by the 

Ontario Geological Survey has not been undertaken before; this 

continuing program will provide information on the general 

stratigraphy and main structural features of the area. 

LOCATION

The Morgan Lake - Nelson Lake Area is centred about 25 km 

north-northwest of Sudbury. It covers an area of approximately 

223 km2, and consists of Morgan and Lumsden Townships and the 

south half of Bowell Township (see Figure 1). The map-area is 

bounded by Latitudes 46O37'36"N to 46O45'30"N and Longitudes 

810Q4 '32"W to 81018' 54"W.

The area comprises the central third of the north half of 

the Sudbury Basin and some basement rocks of the Superior 

Province outside of the basin.

Geologist, Precambrian Section, Ontario Geological Survey, Toronto 
Manuscript approved for publication by Chief, Precambrian Section, 
Ontario Geological Survey, Toronto, December 22, 1982. 
This report is published with the permission of E.G. Pye, Director, 
Ontario Geological Survey, Toronto.
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MEANS OF ACCESS

No highways or railroads lie within the map-area. Secondary 

paved and gravel roads provide access to many parts of the area. 

A logging and cottage access road provides access to northeastern 

Lumsden Township and to Nelson Lake, in southeastern Bowell 

Township. A branch of this road near Nelson Lake provides access 

to a powerline road that runs in a northerly direction through 

central Bowell Township. Access to southwestern Bowell Township 

is poor.

There are a few old unmaintained roads in southern Lumsden 

Township but access is poor because of numerous interconnecting 

swamps. Access to the western part of Lumsden Township is by a 

road from Morgan Township, and by the Vermilion River which 

meanders through sand and silt deposits. For much of the summer 

the river is locally too shallow for outboard motor use.

A road from Chelmsford provides access to central Morgan 

Township. Locally, old logging roads branch off and extend the 

accessibility. Access to western Morgan Township is poor; 

private roads provide access to West Morgan and Moose Lakes. 

PHYSIOGRAPHY

The topography and relief in the map-area vary greatly. The 

shield area to the north of the Sudbury Basin is underlain 

largely by granitic rocks, and has a rolling terrain ranging from 

about 365m to 445m in elevation with numerous lineament- 

controlled valleys. The North Range, consisting largely of the 

rocks of the Sudbury Irruptive Complex and the Onaping Formation, 

forms a northeast-trending ridge ranging in elevation from about 

290m to 490m. On a small scale, the relief of the North Range is
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pronounced; cliffs up to 40m are present, and relief variations 

of up to 100m commonly occur over horizontal distances of 200m. 

The southeastern part of the map-area, underlain by the Onwatin 

and Chelmsford Formations is a flat to mildly rolling terrain and 

ranges from 275m to 320m in elevation. Here, the presence of a 

few prominent hills within the sand-filled valley through which 

the Vermilion River flows, suggests that Quaternary deposits have 

obscured a more rugged bedrock relief.

Drainage to the north of the North Range is predominantly 

lineament controlled, and overall is in a southeast direction 

through the North Range into the Sudbury Basin. The rugged 

terrain of the North Range creates fast runoff over most of this 

area and thus no significant rivers are present except the 

southeast-flowing Sandcherry Creek and Nelson River, which 

transport water from the north. Locally drainage in the North 

Range is in a southwesterly and (or) northerly direction; an 

example is the Nelson Lake - Nelson River system. Drainage in 

the flatter, southeast part of the map-area is to the southwest. 

The Vermilion River is the major drainage outlet for the 

map-area.

Exposure in the map-area is generally good and in the 

Onaping Formation is up to BO'S. In spite of this good exposusre 

field observations are hampered by a lichen and a dirty black 

stain characteristic of rocks in the vicinity of the Sudbury area 

smelters.
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PREVIOUS GEOLOGICAL WORK

Numerous papers on various aspects of the geology of the 

Sudbury area have been published. In the last 55 years little of 

this literature refers directly to the area of this report. 

Earlier papers (1890 to 1925) generally discussed regional 

Sudbury geology although the absence of any mines in the map-area 

hass resulted in no concentrated effort of study here. Stevenson 

(1979) has compiled a history of concepts of Sudbury geology. A 

map by Walker (1897) included Morgan and Lumsden Townships and 

maps by Coleman and Collins (1934) included Morgan and Lumsden 

Township and Bowell Township (Coleman only).

Thompson (1960) mapped Lumsden Township in a reconnaissance 

fashion. A compilation map by Card (1965) included much of the 

western two-thirds of the Sudbury Basin and the area to the 

northwest. A compilation of the Sudbury Basin and adjacent area 

was done by Card (1969). In 1964 and 1965, Card and Meyn (1969) 

mapped Bowell Township as part of their map-area. Naldrett et 

al., (1970) published a paper on the petrology of the Sudbury 

Nickel Irruptive in which they presented the modal mineralogy of 

samples from a diamond drill hole in Morgan Township.

From 1970 to 1972 Burwasser (1979) mapped the Quaternary 

deposits of the Sudbury Basin Area. Information from his report 

has been used to subdivide the Quaternary deposits within the 

Morgan Lake-Nelson Lake Area.

In 1979 the area adjacent to the east boundary of the 

map-area was mapped in detail (Muir et al 1980a,b; Muir 1981). 

In 1980 Dressler mapped Levack Township, which is the area 

adjacent to the west boundary of the map-area (Dessler 1981).
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Aeoromagnetic maps of the area have also been published

(ODM-GSC 1965). 

PRESENT FIELD WORK

Field work for this project was done during the 1980 field 

season. Vertical aerial photographs at a scale of 1:15840 (l 

inch to 1/4 mile), supplied by the Aerial Photograph Library, 

Ministry of Natural Resources, provided mapping control. Base 

maps were prepared by the Cartography Section, at the same scale, 

from Forest Resources Inventory map sheets of the Timberss Branch, 

Ministry of Natural Resources.

Traverses by pace and compass were spaced at irregular 

intervals depending on the style of lithologic formation:

1) to cross major areas of outcrop;

2) to provide detailed information in some map sections 

of specific interest;

3) to complete the prescribed area in the allotted time. 

Geological data was recorded on transparent overlays on the 

aerial photographs and was later transferred to the basemaps. 

Lineaments and outcrops were interpreted from the aerial 

photographs and the data were plotted on the basemaps. Direct 

confirmation of these features was made in the field where 

possible. Outcrops not examined are labelled as such on the map.

Outcrops of Early Precambrian rocks that have more than one 

rock type, are coded so as to list the age relationships in 

decreasing order, and to show first the most abundant of the old 

rocks. For example, if an outcrop consists of SO 1* diabase dike, 

15% amphibolite and S 5* granodiorite, the order on the map is
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amphibolite, granodiorite, diabase. If another outcrop consisted 

of SO 1* diabase, 15!* granodiorite, and 5% amphibolite, the order 

would be granodiorite, amphibolite, diabase.

Most of the hand specimens taken during the field season 

were cut by a diamond rock saw, etched in hydrofluoric acid, and 

stained by a solution of sodium cobaltinitrite to enhance 

textures and to determine the distribution of potassium minerals. 

ECONOMIC SIGNIFICANCE

Associated with the Sudbury Irrj^w-.vc ^uuipxex are the 

world's largest known nickel-copper sulphide deposits. 

Appreciable amounts of platinum and gold are also present along 

with a number of other minor elements. Such sulphide deposits 

are present in the map-area in the Sublayer Zone of the Sudbury 

Irruptive Complex, however, surface showings are few and small. 

The association of sulphides with the Sublayer Zone rocks 

throughout parts of the Sudbury Basin periphery though suggests

that the potential for sulphide mineralization is good ln tne 

map-area.

NOMENCLATURE t ^
A*^ 
^2 

Various terms ̂  geological formations and structures abound

in the extensive published literature of the Sudbury area. The 

nomenclature used in this report and the terminology used in the 

published literature are summarized in Table 1. Figure 2 is 

included as a diagramatic reference of these terms.

The Sudbury Basin is an east-northeast-trending, 

elliptically shaped structure about 58 km long by 25 km wide. 

The periphery of the basin is structurally defined by the base of
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the Sudbury Irruptive Complex (Naldrett et al. r 1970; Brocoum and 

Dalziel, 1974). The Sudbury Structure refers to the Whitewater 

Group, the Sudbury Irruptive Complex, and the adjacent brecciated 

footwall rocks of the Superior Province. The term 'North Range 1 

is a general reference to the rocks of the Onaping Formation, the 

Sudbury Irruptive Complex and the adjacent footwall rocks that 

exhibit above-average relief for the area, and lie between 

central Norman Township and south-central Trill Township (see 

Figure 2). Similarly, the 'East Range' consists of the 

above-mentioned rocks that lie between central Norman Township 

and north-central Falconbridge Township, and the 'South Range 1 

refers to the same rock types lying between southeast Trill 

Township and north-west Falconbridge Township (see Figure 2). 

Prior to this report, the terms have been restricted to the Main 

Irruptive rocks (eg. Naldrett et al. 1970).

The term Sudbury Irruptive Complex refers to the elliptical 

ring-like structure that is comprised of various types of norite, 

granophyre, and Sublayer Zone breccias of Middle Precambrian age. 

V" Publi^ed terminology refers to this complex as the Sudbury 

Nickel Irruptive, the Sudbury Irruptive, and The Irruptive.

The term 'Main Irruptive' refers to the norites and 

granophyres collectively. Virtually all of the norite in the 

map-area is leucocratic (i.e. colour index less than 30 to 35); 

hence the norite in this report is referred to as leucocratic 

norite unless a collective reference is being made to all types 

of norite. In addition, the word 'norite' is used in accordance 

with published literature although only minor amounts of fresh
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hypersthene were observed in the thin sections used for this 

report. Granophyre has traditionally been termed micropegmatite 

for the most part but this term is avoided here.

The norite and granophyre appear to be gradational into one 

another across a zone with a variable thickness. Transitional 

rocks having predominantly norite characteristics are termed 

"transitional norite" in this report. Similarly, transitional 

rocks having predominantly granophyre characteristics are called 

"transitional granophyre". It is difficult to consistently 

delineate these characteristics in the field; therefore the 

contacts are approximate. The transitional rocks collectively 

form what has traditionally been termed the Transition Zone, and 

more recently, the 'oxide-rich gabbro 1 (Naldrett et al. 1970). 

This zone is not shown as a separate unit on the map in this 

report, contrary to most maps previously published. The term 

Transition Zone is used sparingly in this report to denote the 

transitional rocks collectively.

The breccias of the Sudbury Irruptive Complex lie at the 

base of the norite and are collectively termed the Sublayer Zone 

in this report. This has previously been termed the Sublayer 

(Pattison 1979) but its upper and lower contacts are not 

everywhere delineable, hence the use of the term 'zone 1 . The 

Sublayer Zone in this report is tentatively subdivided into five 

generalized types of breccias: 

1) gabbroic sublayer breccia, previously termed 'igneous

sublayer' (Pattison 1979), 'mafic sublayer 1 (Naldrett et

al. 1972), and 'inclusion-bearing norite' (Souch et al.

1969);
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2) leucocratic breccia, previously termed leucocratic breccia 

(Pattison 1979), 'leucocratic sublayer breccia 1 

(Naldrett et al. 1972) , and 'granite breccia' (Souch et al. 

1969);

3) 'megabreccia' (Pattison 1979)1;

4) offshoot breccia dike, previously termed 'offset dike' or 

'offset' (traditional); and

5) mixed breccia (no previous usage).

Sudbury-type breccia (termed common Sudbury breccia by 

Speers 1957) is present in the footwall rocks around the Sudbury 

Irruptive Complex. The Sudbury-type breccias in the North Range 

footwall rocks were previously termed Levack breccia. 
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GENERAL GEOLOGY

Early Precambrian (Archean) metavolcanic, raetasedimentary, 

granitic, and mafic intrusive rocks underlie the northern parts 

of the map-area in Bowell and Morgan Townships. Middle 

Precambrian (Proterozoic) rocks of the Whitewater Group and the 

Sudbury Irruptive Complex, underlie the remainder of the area. 

Pleistocene and Recent deposits are extensive in parts of Lumsden 

and Morgan Townships. A generalized geological map of the Morgan 

Lake - Nelson Lake Area is shown in Figure 3.

The Early Precambrian rocks consist of a complex basement 

assemblage of medium to high grade, massive to gneissic, 

granitic, mafic volcanic, and sedimentary rocks, with local 

migmatized varieties, all of which are intruded by diabase 

dikes. Middle Precambrian gabbro intrusions, are locally 

present. The degree of deformation and brecciation increase 

rapidly towards the periphery of the Sudbury Irruptive Complex 

within a zone about 0.5 km wide.

The Whitewater Group lies within the Sudbury Basin and is 

comprised of the lower Onaping Formation, consisting largely of 

pyroclastic rocks, the middle Onwatin Formation, consisting 

largely of slate, and the upper Chelmsford Formation, consisting 

largely of wacke and siltstone as a sequence of turbidites.

The Sudbury Irruptive Complex has intruded along the contact 

between the Onaping Formation and the basement rocks. -Ike- jfV- 

i L rnptitfe- can be divided into three major sections: a lowermost 

section termed the Sublayer Zone, which consists of a number of 

complex breccias; a middle section consisting largely of
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leucocratic norite; and an uppermost section consisting largely 

of granophyre. Age relationships among the three sections are 

equivocal.

Late Precambrian olivine diabase dikes intrude all of the 

above-mentioned rocks.

Pleistocene deposits in the area consist of till, 

ice-contact deposits, and glaciofluvial and glaciolacustrine 

material.

Medium-to high-grade metamorphism affected the Early 

Precambrian amphibolites, gabbros, gneisses, and migmatites. 

Later, low-grade metamorphism has affected the Early and Middle 

Precambrian rocks. The Sudbury Irruptive Complex has imprinted a 

pyroxene hornfels grade contact metamorphism on the adjacent 

footwall rocks.

Table 2 summarizes the lithological units and their age 

relationships. 

PRECAMBRIAN

EARLY PRECAMBRIAN (ARCHEAN) 

METAVOLCANICS

AMPHIBOLITE AND AMPHIBOLE GNEISS
L 

Amphibolite and amphibol^tic gneiss are present in the Early

Precambrian basement and have undergone medium-to high-grade 

metamorphism. The rocks range from medium to fine grained, 

weakly lineated to gneissic, and are mildly to strongly deformed. 

They occur within the granitic rocks as small to large lenses, 

and irregularly shaped bodies and xenoliths that, in general, 

increase in size and frequency towards the Sudbury Basin. There
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is no regular pattern of distribution. Those bodies within about 

l km of the Sudbury Irruptive Complex are up to 1.0 km long by 

0.5 km wide whereas farther away they are commonly no greater 

than a few hundred metres long. The amphibolite and amphibole 

gneiss are invariably intruded by massive to weakly foliated 

granitic rocks. Note that many more smaller bodies of mafic 

rocks are present than are shown on the maps (back pocket). 

Although no regular pattern is present, the degree of 

deformation, brecciation and development of gneissosity all seem 

to increase towards the Sudbury Basin, particularly within a zone 

of about 0.6 km wide. The age relationship between amphibolitic 

rocks and granitic gneisses is not clear especially because of 

differences in competency of the two rock types during 

deformation.

No recognizable primary volcanic features were observed in 

the amphibolitic rocks. A positive volcanic identification 

therefore is not possible given the degree of metamorphism and

deformation in this area. i

Numerous outcrops of the mafic rocks show that there is a 

continuum between weakly lineated amphibolite and amphibole 

gneiss. Both rock types could be found within several metres of 

each other. The different response of the rocks to metamorphism 

and deformation may reflect significant differences in the rocks 

before they were altered. The descriptions that follow discuss 

the 'end-member 1 examples of these rocks.

Amphibolites weather dark brown to rusty brown, and are dark 

green on fresh surfaces. Subparallel to non-parallel stringers
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consisting of plagioclase, hornblende, and epidote are common. 

The amphibolites are fine grained, equigranular and have a salt 

and pepper texture. Minor pyrite is locally present. In thin 

section the rock is seen to consist of 201 to 25% anhedral 

augite, 201 to 301 brownish green hornblende, and 35% to 45% 

recrystallized and saussuritized plagioclase. Chlorite has 

formed at the expense of hornblende and is less than 3%. 

Anhedral opaque minerals account for 2** to 41; subhedral apatite 

for less than 11. Minor quartz is locally present.

A chemical analysis of an amphibolite is given in Table 3. 

Amphibole gneisses also weather dark brown to rusty brown. Fresh 

surfaces are dark green to medium green and commonly do not 

readily show tho^banding\ that is revealed by weathering; the 

differential weathering accentuates grain size,'bandingx\ and 

gneissosity. Locally the compositional/^andin^ is continuous and 

obvious on both weathered and fresh surfac^S^

Plagioclase-hornblende mobilizate forms stringers and dikelets 

that are commonly parallel to the gneissosity. Rocks containing 

more than 50 percent mobilizate were mapped as migmatites.

In thin section the gneisses are seen to consist of 15% to 

25% fine- to medium-grained anhedral augite (partly altered to 

actinolite), 25% to 301 fine- to medium-grained anhedral 

actinolite or hornblende, and 351 to BO'S fine-grained partly 

saussuritized and partly recrystallized plagioclase (An37 to 

An41 ). Chlorite after amphibole ranges from 11 to 51; anhedral 

opaque minerals account generally for 11 to 31 (maximum 51), and 

subhedral apatite is minor or absent.
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METASEDIMENTS 

PARAGNEISS

Gneisses of probable metasedimentary origin are found in the 

Early Precambrian basement terrain. These paragneisses occur as 

irregularly shaped bodies and lenses ranging from about 0.4 km 

long by 0.2 km wide to a large body in northeastern Morgan 

Township which extends outside of the map-area. Some of the 

bodies occur adjacent to bodies of amphibolite and amphibole 

gneiss, but no definite relationship was recognized. Locally, 

small portions of mainly granitic outcrops consist of paragneiss; 

the map code reflects these subordinate rocks. Amphibolites and 

amphibolitic gneisses are far more common in the map-area than 

are paragneisses.

No primary sedimentary features were identified although much 

of the gneissic layering may be related to primary bedding. The 

term 'paragneiss 1 was reserved for those rocks that:

1) have a pronounced gneissosity;

2) are more felsic than amphibolite gneiss;

3) contain significant biotite;

4) have a close spatial relationship with migmatites

(see section on Metamorphosed Felsic to Intermediate 

Granitic and Gneissic Granitic Rocks). 

Locally, there are rocks with characteristics that are 

intermediate between araphibolitic gniess and paragneiss; such 

rocks were subjectively identified as to type, based on the 

surrounding lithologic units.
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Gneissosity is commonly deformed and is locally discontinuous 

because of boudinage or brecciation. In the map-area, 

deformation and associated migmatization increase in intensity 

towards the Sudbury Basin, particularly within the adjacent 0.6 

km.

Granitic mobilizate stringers and dikelets within the 

paragneiss are composed predominantly of plagioclase, microcline, 

and quartz, and are parallel or subparallel to the gneissosity. 

Mobilizate dikelets and dikes along fractures at an angle to the 

gneissosity were also observed. Some of these are younger than 

those paralleling the gneissosity. Rocks containing more than 

5Q* mobililzate were mapped as migmatites.

The paragneisses weather medium to dark brown; grain size and 

, c compositional: banding^re accentuated by differential weathering. 

Fresh surfaces also range from medium dark to dark brown although 

the latter colour is much more common. The rocks generally 

appear fine to medium grained an(^bandiiig) on fresh surfaces is 

not as pronounced as on weathered surfaces.

Modal composition of the paragneisses is quite variable from 

outcrop to outcrop. Modes given below include thin granitic 

stringers; dikelets are excluded. Very fine- to medium-grained 

plagioclase, in various stages of recrystallization, constitutes 

4(H to 65% of the paragneisses and is generally completely 

saussuritized. Anhedral, fine-grained, pleochroic hypersthene is 

commonly present and ranges from 5% to 2(^. It is partly 

retrograded to actinolite along fractures and crystal outlines. 

y Actinolite also occurs as irregularly \ Ishaped, anhedral masses
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and ranges from 5% to 20%. Dark brown, strongly pleochroic, 

elongate, locally kinked, fine-grained biotite flakes best 

display the foliation and gneissosity that is somewhat irregular 

at the microscopic scale. Biotite comprises from 101 to 25% and 

rarely has altered to green chlorite Kll). Anhedral, fine 

grained quartz is generally present in amounts ranging from 21 to 

8% but overall it ranges from absent to 15%. Opaque minerals 

occur as very fine-grained to fine-grained, anhedral crystals 

that are irregularly distributed throughout the rock in an amount 

less that 11; dust-like and exsolution opaque minerals are common 

in hypersthene. Subhedral apatite is very fine-grained and 

minor.

Locally unidentifiable retrograded porphyroblasts up to 8 mm 

in diameter are present. They consist of 301 very fine-grained 

magnetite which is linearly concentrated along what appears to 

have been a combination of cleavage and fractures. The remaining 

portion consists of a very finely developed symplectic inter 

growth of two unidentified minerals; magnetite is absent in a 

poorly defined zone rimming the porphyroblasts. Feldspar 

porphyroblasts up to l cm in size were observed in a few places. 

In thin section they display flame-like intergrowths in two 

preferred directions.

METAMORPHOSED FELSIC TO INTERMEDIATE GRANITIC AND GNEISSIC 

GRANITIC ROCKS

The Early Precambrian basement rocks are comprised of about 

851 felsic to intermediate granitic, granitic gneissic, and 

migmatitic rocks. These rocks exhibit complex and multiple age
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relationships as well as a complex history of deformation. The 

scope of this report does not entail a study of these rocks in 

detail sufficient to define a comprehensive sequence of events. 

Rather the rock types have been subdivided and grouped primarily 

according to modal and textural characteristics; age 

relationships are put forth where possible.

The felsic to intermediate intrusive rocks are subdivided 

into: massive to weakly lineated granite, quartz monzonite, and 

trondhjemite; weakly foliated to gneissic granodiorite; weakly 

foliated to gneissic quartz diorite and diorite; weakly foliated 

to gneissic porphyroblastic rocks ranging from quartz monzonite 

to quartz diorite in composition; migmatites; hybrid rocks; and 

younger rocks such as aplite and pegmatite.

Hand specimens of granitic rocks were stained for potassium 

feldspar. Agreement between the rock identification at the 

outcrop and later identification based on the stains was 

generally good. In a number of cases rocks having similar 

texture, colour and grain size also have widely ranging 

microcline modes.

No consistent distribution of individual rock types was 

delineated except in two cases: 1) microcline porphyroblastic 

rocks, chiefly granodiorite, predominate in much of the northern 

portion of Bowell Township that is in the map-area; 2) rocks on 

either side of Rand Creek in Bowell Township are generally 

different with weakly foliated and weakly gneissic granodiorite 

predominant in the west and microcline-porphyroblastic rocks 

predominant in the east. In all other cases, the major granitic
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rock type from outcrop to outcrop varies widely over any given 

area.

Gneissosity does not appear to follow a regional trend; 

strikes and dips locally change abruptly from outcrop to outcrop. 

The attitudes of gneissosity and foliation become more and more 

chaotic towards the Sudbury Basin. Metavolcanic and 

metasedimentary xenoliths, remnants of a typical Early 

Precambrian greenstone assemblage, are commonly present in 

outcrops.

Migmatites, as used in this report, are gneissic rocks that: 

1) contain more than SO 5* mobilizate of granite to trondhjemite 

composition; and 2) have undergone sufficient recrystallization 

that they cannot be confidently classified as metavolcanics or 

metasediments. Hybrid rocks are those that are weakly foliated 

to weakly gneissic and have a mineralogical composition unusual 

for common granitic rocks (eg. 45% amphibole and 25** quartz).

The modal analyses of the types of granitic and gneissic 

granitic rocks described in the following sections are summarized 

in Table 4. 

HORNBLENDE-BIOTITE QUARTZ MONZONITE, TRONDHJEMITE, AND GRANITE

Hornblende-biotite quartz monzonite, trondhjemite, and 

granite have been grouped together because of their relatively 

scarcity compared to other granitic rocks and their similar 

macroscopic appearance. They commonly occur as dikes and sills.

The rocks are most commonly massive but locally they are 

weakly foliated. Mafic minerals are not easily identified 

because they have partly altered to chlorite. Hornblende-biotite
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quartz monzonite ranges considerably in colour index from about 8 

to 20 and is commonly medium- to fine-grained. Small amphibolite 

inclusions are locally common. The rocks consist of 20% to 351 

anhedral quartz which locally has formed in groups of crystals 

with irregularly shaped outlines overall. Fine- to medium- 

grained plagioclase is present in amounts varying from 15% to 301 

as sericitized and saussuritized anhedral crystals. Microcline 

occurs as medium- to fine-grained anhedral crystals from 201 to 

351. Fine-grained, anhedral, green biotite is present from 71 to 

131; ragged, anhedral, dark green hornblende is present from 11 

to 71. Both mafic minerals have altered to form anhedral, 

fine-grained, green chlorite (up to 41). Minor apatite, epidote, 

zircon, opaque minerals, and myrmekite are also present.

Hornblende-biotite granite is minor and texturally similar to 

quartz monzonite. The modes are as follows: quartz 251 to 401, 

plagioclase 101 to 201, microcline 301 to 651, and chlorite 31 to 

51. Biotite and hornblende are absent to minor as are epidote, 

sphene, and myrmekite.

Massive to weakly foliated hornblende-biotite trondhjemite 

occurs most commonly as sills within granitic gneisses; no 

detailed study was undertaken but some field evidence suggests 

that the granite and quartz monzonite are, in general, younger 

than the trondhjemite. The trondhjemite consists of 301 to 401 

anhedral, fine-grained quartz, which is commonly in irregularly 

shaped groups of crystals up to 3mm long; 601 to 701 fine 

grained, anhedral plagioclase; and minor microcline and chlorite.
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BIOTITE-HORNBLENDE GRANODIORITE

The most abundant granitic rock is a medium- to fine-grained 

weakly foliated to gneissic biotite-hornblende granodiorite. 

Gneissosity, where developed, is generally discontinuous and not 

sharply defined. Most commonly the rocks weather white with 

local pink alteration. They contain preferentially oriented 

bands, lenses, and schlieren-like concentrations of dark green 

actinolite partly retrograded to chlorite. Inclusions of 

subangular to subrounded amphibolite range in length from less 

than 5cm to 4m, and in abundance from less than l* to IS 5! of the 

rock. Where they are plentiful, there are generally outcrops of 

amphibolite nearby.

Quartz constitutes 25* to 35% of the rock and occurs as 

anhedral, fine-grained crystals that are commonly in groups that 

form irregular shapes up to 4mm across. Plagioclase occurs as 

partly saussuritized and partly recrystallized very fine-grained 

to fine-grained crystals from 5Q* to 55%. Microcline is present 

from 101 to IS 1* and consists of fine-grained, anhedral crystals. 

Ragged and locally fibrous actinolite occurs as anhedral, altered 

crystals from 3% to 9% and may contain elongate opaque minerals. 

In one thin section the actinolite has replaced what appears to 

be pyroxene crystals. Fine-grained green biotite makes up 11 to 

21 and occurs as anhedral, ragged flakes. Anhedral, fine-grained 

chlorite, after actinolite and biotite, is present from 11 to 

61. Minor minerals include fine-grained, anhedral, opaque 

minerals (less than li* to 2%), fine-grained, anhedral epidote 

(less than 11 to 3%), very fine- to fine-grained subhedral
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apatite (less than J.%), and very fine-grained sphene (absent to 

trace). 

BIOTITE-HORNBLENDE QUARTZ DIORITE AND DIORITE

The second most abundant group of granitic rocks consists of 

weakly foliated to gneissic biotite-hornblende quartz diorite and 

diorite. These rocks include a wide range in mineral modes and 

textures and are similar to granodiorite except for mineral 

modes.

In general, the quartz diorite and diorite have a slightly 

greater colour index, less quartz, and less microcline than the 

granodiorite. They are not distinct from the granodiorite in 

terms of being recognizably separate plutons or phases, and there 

is no regular distribution of them except that they are slightly 

more abundant near the Sudbury Basin. Gneissosity, as with the 

granodiorite, ranges from poorly defined to well defined on an 

outcrop scale; hand specimens and thin sections respectively show 

that the gneissosity is difficult to delineate due to 

recrystallization.

In hand specimen, the feldspars are white to pinkish white; 

the pink is related to hematitic alteration and not to the 

presence of microcline. Mafic minerals are not everywhere 

sharply defined on fresh surfaces due to some retrograde 

metamorphism. Quartz appears to be medium-grained and occurs in 

irregularly shaped, elongate sections parallel and subparallel to 

the foliation.

As seen in thin section, quartz is fine- to medium-grained 

(up to 3mm), anhedral, occurs as irregularly shaped and somewhat
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embayed groups up to 5mm long, and accounts for 101 to 351 of the 

rock. Plagioclase is moderately to strongly saussuritized, 

ranges from very fine grained to fine grained, and constitutes 

501 to 601 of the rock. Microcline is locally absent, but 

generally occurs as anhedral, fine-grained crystals from 51 to 

101 in abundance. Augite is generally absent but locally occurs 

as remnant, anhedral crystals up to 21 of the rock. Actinolite 

has formed as anhedral, fine-grained, locally fibrous crystals 

ranging from 11 to 101. Very fine-grained green biotite is 

minor, less than 11, and rare. Chlorite (after actinolite) is 

fine-grained to very fine-grained, anhedral, irregularly 

distributed, and accounts for 11 to 101 of the rock. Epidote, 

although commonly present in amounts of less than 11, is locally 

present up to 71 as very fine-grained to fine-grained, 

irregularly distributed clusters of anhedral crystals. 

Subhedral, very fine-grained apatite ranges from less than 11 to 

21; sphene is locally present and is less then 0.51. 

MICROCLINE-PORPHYROBLASTIC BIOTITE-HORNBLENDE QUARTZ MONZONITE, 

GRANODIORITE, QUARTZ DIORITE

Weakly foliated to gneissic rocks, ranging in composition 

from quartz monzonite to granodiorite to quartz diorite, locally 

contain microcline porphyroblasts. These porphyroblastic rocks 

are common in the northern half of the portion of Bowell Township 

that lies in the map-area.

The microcline megacrysts are porphyroblasts because they 

locally contain inclusions of the same minerals that are found in 

the rocks in which they occur, they can be seen to transect or
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partly transect the foliation, they occur in rocks that are 

weakly foliated (common) to gneissic (minor), and they occur in 

various types of granitic rocks. The porphyroblasts are most 

common in mafic quartz monzonite (colour index up to 25) which is 

weakly foliated to weakly gneissic and which contains sparse 

amphibolite xenoliths less than 20cm in diameter. The 

porphyroblastic quartz monzonite locally grades into 

porphyroblastic granodiorite. Quartz diorite containing small 

anhedral microcline porphyroblasts is minor.

In hand specimen, individual mafic crystal outlines are not 

distinct, microcline is gray, plagioclase is yellowish green, and 

irregularly distributed reddish brown hematitic stains have 

affected microcline and, to a minor extent, plagioclase.

In thin section, the most common porphyroblastic rocks are 

seen to consist of 101 to 251 anhedral fine- to medium-grained 

quartz, 401 to 501 medium- to fine-grained partly saussuritized 

plagioclase, 15% to 30!* coarse- to fine-grained, anhedral 

microcline, 101 to 201 very fine- to medium-grained, irregularly 

distributed, anhedral, green hornblende, from less than l** to 4% 

very fine- to fine-grained, anhedral, green chlorite, and 2!* to 

4% fine-grained, anhedral, interstitial, fractured magnetite. 

Minor green biotite, epidote, apatite, and sphene are commonly 

present. Myrmekite is minor. 

APLITE AND PEGMATITE

Aplite and pegmatite dikelets and dikes intrude all of the 

granitic rocks as well as amphibolitic rocks and paragneisses. 

They have an irregular distribution and account for up to 701 of
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any given outcrop. They rarely intruded along the pre-existing 

foliation.

Aplite is fine grained; pegmatite ranges from coarse to very 

coarse-grained. There are medium-grained dikelets that are 

apophyses to pegmatite dikes; they have been coded as pegmatite 

on the map (back pocket). The rocks range from pinkish white to 

white and consist mainly of microcline, plagioclase, and quartz. 

Biotite and amphibole are minor. 

METAMORPHOSED MAFIC INTRUSIVE ROCKS

DIABASE AND PLAGIOCLASE-PORPHYRITIC DIABASE

Massive and plagioclase-porphyritic diabase dikes intrude all 

of the Early Precambrian rocks so far described. They occur as 

tabular, steeply dipping bodies from 0.5m to 30m thick and are 

commonly short and discontinuous. Strike directions from oo to 

360O were observed but northwesterly to northeasterly strikes 

are most common. Contacts with host rocks are sharp and not 

always straight on an outcrop scale.

There is more than one age for the massive dikes, as shown by 

crosscutting relationships, and possibly also for the porphyritic 

dikes. No age relationship between the massive and porphyritic 

dikes was established.

In outcrop the dikes weather dark green to black. Grain size 

ranges from fine-grained in the narrower dikes and near contacts 

of large dikes, to medium-grained in the thicker dikes. 

Hand specimens, where coarse enough, show a poorly developed 

diabasic texture. Phenocrysts of plagioclase are anhedral to 

subhedral, locally form glomeroporphyritic textures, and range
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from 0.5cm to 8cm long. They locally occur in two population 

sizes; one is up to 4mm, and the other is greater than 12mm.

In thin section, the textures show wide variations. The 

massive diabases have the most poorly developed diabasic texture. 

Plagioclase occurs as relatively large, irregularly shaped, 

partly saussuritized crystals (401 to 5(^) lying amongst slightly 

finer-grained, anhedral, locally elongate, mafic minerals (45% to 

551) which consist of augite (2 s! to 22%) relicts within brown 

hornblende (5* to 35%), and actinolite (5% to 5Q*). Anhedral to 

subhedral, fine-grained, opaque minerals account for 3% to 5 !fc of 

the rock. Minor deep brown biotite, chlorite, epidote, and 

apatite are commonly present. The porphyritic diabases have 

subophitic textures. Groundmass plagioclase in these dikes 

occurs as fresh, subhedral to euhedral laths and as saussuritized 

anhedral crystals (3Q% to 5Q*). Plagioclase phenocrysts (5* to 

IS 1*) are generally anhedral and are commonly saussuritized 

(clinozoisite) in their cores or throughout the crystal. Mafic 

minerals are anhedral and comprise 50** to 55% green hornblende 

and up to 2% fine-grained augite. Fine-grained, anhedral, opaque 

minerals account for up to 2% of the rock. Epidote and apatite 

are minor.

A chemical analysis of a massive diabase dike is given in 

Table 5. The specimen is classified as alkaline (see also the 

section on Petrochemistry).
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MIDDLE PRECAMBRIAN

MAFIC INTRUSIVE ROCKS

DIABASE (NIPISSING TYPE?)

A few diabase dikes intrude the metamorphosed Early 

Precambrian granitic, volcanic, and sedimentary rocks 

specifically in Bowell Township south of Beo Lake, and in Morgan 

Township, southwest and south-southwest of Rudy's Lake. They 

have been tentatively mapped as Nipissing-type diabase. The 

dikes have been classified separately from Early Precambrian 

diabase dikes because they appear to be less strongly altered. 

They range from 1m to 10m thick, weather dark rusty brown, are 

black to very dark green on fresh surfaces, and are fine- to very 

fine-grained.

There are several problems associated with the interpretation 

of these rocks as Nipissing diabase: they are only a few dikes; 

they were not found to have intruded Early Precambrian diabase 

dikes; they were not found to be affected by Sudbury-type 

breccias; and they are found within 0.8km of the periphery of the 

Sudbury Basin. Their fine-grained texture precludes hand 

specimen identification of minerals and other textures. Although 

they may be Early Precambrian diabase dikes that have been 

metamorphosed and recrystallized by the Sudbury Irruptive 

Complex, the tentative distinction is made to show the 

distribution of these dikes.

One thin section of one of these dikes from within 100m of 

the Sublayer Zone, was examined and was found to be significantly 

recrystallized. Mineralogy is similar to that of Early 

Precambrian diabase dikes.
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A chemical analysis of a diabase dike is given in Table 6.

SUDBURY-TYPE BRECCIAS

All of the rock types of the Early Precambrian basement 

terrain have undergone a type of brecciation, commonly known as 

Sudbury-type breccia. This brecciation also locally affects all 

other rocks around the Sudbury Basin up to 50km away with the 

exception of Late Precambrian olivine diabase dikes and possibly 

the rocks of the Grenville Structural Province south of the 

Sudbury structure.

Sudbury-type breccias are locally irregularly distributed in 

the map-area; overall they are more prevalent near the Sudbury 

Basin and along some faults or lineaments. This increase in 

abundance near the Sudbury Basin is gradual and poorly defined. 

In the Capreol Area (Muir 1981), the breccias are significantly 

less abundant beyond about 2km from the Sudbury Basin; the extent 

of the Morgan Lake-Nelson Lake Area does not permit such an 

evaluation for the present map-area. 

PSEUDOTACHYLITE, DIKES AND LARGE BRECCIA BODIES

Although some of the basic characteristics of the breccias 

are similar, they range considerably in appearance and are 

separated into two generalized types for this report: 1) 

pseudotachylite dikelets, and dikes; and 2) large breccia 

bodies. The term 'dike 1 is used in the intrusive sense for 

simplicity in description; there is no evidence of magma being 

involved. The pseudotachylite and dikes have an irregular 

distribution, orientation, and fragment composition and occur 

with thicknesses ranging from thin fracture 'fillings' (less than 

1mm) up to 2m thick dikes. Although the dikes and dikelets
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follow straight planar fractures in the country rock, they 

irregularly change attitude abruptly, they pinch out, and they 

swell in thickness with no obvious relationship to host rock 

characteristics or any other recognizable feature. Contacts with 

host rocks are sharp; commonly one side is very straight whereas 

the other side is somewhat irregular and is more likely to have 

thin, short apophyses projecting into the country rock. Early 

Precambrian diabase dikes commonly have Sudbury-type breccia 

dikelets along one of the dike's contacts with the country rock. 

The granitic rocks on either side of isolated breccia stringers 

can be different in texture and in fabric attitude.

Fragments in the pseudotachylite are rounded to subangular 

and are up to a few millimetres in size; fragments in the dikes 

range from less than one millimetre up to the width of the dike. 

The fragments consist of granitic rocks, granitic gneisses, minor 

amphibolitic rocks, and diabases, and range from S 1* to 8C^ of the 

breccia. The latter two rock types in particular may not be 

present in the country rock or nearby outcrops. The matrix 

ranges from black and dark green to light gray on weathered 

surfaces, and from grayish black and grayish green to buff on 

fresh surfaces. The matrix appears more siliceous on fresh 

surfaces than the dark coloured weathered surfaces suggest. 

Locally the dikelets have very few fragments, and the matrix is 

aphanitic, siliceous and resembles recrystallized glass. There 

is no apparent relationship between the matrix colour and the 

overall country rock colour. The matrix is generally structure 

less; colour streaks and evidence of mylonitization are rare.



- 29 -

Large breccia bodies are irregular in outline and are similar 

to the dikes in their fragment and matrix characteristics. 

Entire large outcrops may consist of Sudbury-type breccia. 

Limited exposure commonly does not allow the complete breccia 

bodies to be accurately outlined. Apophyses of the breccia body 

intrude the country rock which may also have pseudotachylite 

branching from the dikes.

The matrix of the large bodies is more uniform in colour 

throughout than is the matrix in a dikelet; it is commonly dark 

grayish green. Fragments are rounded to subangular and range 

from less than 1mm up to several metres in diameter. Large 

fragments have been reported in other areas to be up to 0.8km 

long (Card 1968). The foliation and gneissosity of the larger 

fragments shows that the blocks have been rotated. Some of the 

blocks are dissimilar to the country rock. Smaller foreign 

fragments of amphibolite and diabase are common.

Seven thin sections of Sudbury-type breccia were examined and 

include

material from pseudotachylites, dikes, and large breccia bodies. 

A generalized description is given here and notable exceptions 

are discussed.

Matrices range in colour from dark gray to dark green to 

almost opaque, and in grain size from very fine-grained to 

aphanitic. They generally consist of various amounts of quartz, 

plagioclase, amphibole, chlorite, and opaque minerals. They also 

may contain biotite 4- apatite 4- pyroxene 4- microcline 4- epidote.
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Fragments are rounded to subangular, and consist of a 

variety of granitic rocks, diabase, amphibolite, and crystals of 

actinolite and relatively fresh augite. The augite was found in 

one case and is fresher than the partly retrograded augite found 

in regionally metamorphosed granitic rocks; it may have come from 

gabbroic rocks but no such fragments are present in that 

specimen. One hand specimen contains a fragment of a gabbro 

which in thin section has a texture unlike the texture of any 

rock type observed in place. This gabbroic fragment is 

relatively fresh, has fine-grained equant anhedral to subhedral 

augite in part poikilitically enclosed in medium- to fine 

grained, anhedral, poorly twinned, plagioclase crystals. The 

provenance of this gabbro is unknown. A few, very fine-grained, 

felsic fragments show features such as plastic deformation, 

sweeping extinction, and extinction crosses, and are similar to 

recrystallized glass. Quartzo-feldspathic fragments are commonly 

recrystallized.Cross-cutting relationships in a few outcrops 

suggest there is more than one age for the pseudotachylite 

dikelets. This is substantiated by the observation in one thin 

section of two breccia matrixes (see Photo 1). The older matrix 

is semi-opaque and contains small recrystallized 

quartzo-feldspathic fragments. The younger matrix is gray and 

contains a few, very small quartzo-feldspathic fragments as well 

as fragments of the older breccia. The matrixes have interacted 

by plastic deformation. The younger, darker matrix locally 

occurs along the contact with the wall rock. It appears to be, 

in part, recrystallized glass.
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WHITEWATER GROUP

The Whitewater Group occupies the central part of the 

Sudbury Basin and overlies the Sudbury Irruptive Complex. The 

group consists of three formations which are from bottom to top:

1) the Onaping Formation;

2) the Onwatin Formation; and

3) the Chelmsford Formation.

Contacts between the formations are gradational. There are no 

exposed contacts in the map-area with the possible exception of 

one outcrop in southeastern Morgan Township. No rocks 

correlative with the Whitewater Group have been recognized 

outside the Sudbury Basin. 

ONAPING FORMATION

The origin of the Onaping Formation has been and is a 

contentious issue. The formation was initially classified as 

volcanic in origin (Burrows and Rickaby 1929; Williams 1956). A 

later theory interpreted and the formation as a fall-back breccia 

from a meteorite impact (Dietz 1964). The author uses volcanic 

terminology to describe the features of the Onaping Formation; 

this is in keeping with the author's view of the origin of most 

of the formation.

The formation extends northeasterly across the map-area in 

a band about 3.2km wide; the thickness is estimated to be up to 

1800m. Williams (1956) estimates a thickness of at least 1524m. 

The formation overlies and is intruded by the granophyre of the 

Sudbury Irruptive Complex. It is gradationally overlain by the 

Onwatin Formation.
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The author has subdivided the formation into four members, 

some of which are gradational into one another. These members 

are, from bottom to top; the Basal Member, the Gray Member, the 

Green Member, and the Black Member. A similar lithological 

breakdown was published by Peredery (1972), who, however, applies 

terms similar to those used by the author to different units. 

BASAL MEMBER

The Basal Member is a discontinuous unit of breccia up to 

about 60m thick that is intruded and partly assimilated by 

granophyre at its lower contact, and is almost everywhere 

overlain by the Gray Member. The contact between the two members 

is poorly exposed but the author tentatively considers the 

contact to be gradational. On the surface the Basal Member forms 

lense-shaped bodies up to 900m long.

Types

The Basal Member is tentatively divided into two main types 

which are considered to grade into one another. One type is 

subordinate and consists of a fragment-supported, annealed felsic 

breccia that weathers with a white to cream colour and is white 

to light gray on fresh surfaces. It consists of 70% to 100** 

felsic fragments and up to 30% matrix. The individual fragments 

are difficult to distinguish in many cases; their textures are 

slightly different from each other and this aids in delineating 

them. The second type of Basal Member predominates and consists 

of a matrix-supported felsic breccia that weathers light to 

medium rusty brown and is medium gray on fresh surfaces. It 

consists of 50% to 70% matrix and BO'S to 30% fragments. At the
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outcrop and hand specimen scale it is evident that, many of the 

fragments are derived from the partial disintegration of larger 

fragments having the same texture and composition (see Photo 2). 

Both types of breccias are distinguished from the Gray Member by 

the matrix to fragment ratio and locally by the texture of the 

matrix. 

Fragments

The types of fragments in the matrix-supported breccia and 

in the fragment-supported breccia are the same. They consist of 

'peculiarly textured felsic rocks', quartzite, and quartz, in 

decreasing order of abundance. The 'peculiarly textured 

fragments' are not of one type; rather there is a range of 

textures. These fragments consist of clusters of recrystallized 

quartz crystals that range in shape from sample to sample, from 

angular and subangular to rounded and embayed, and lie within a 

cryptocrystalline felsic matrix consisting of feldspar and 

quartz. In some of the felsic fragments the fragments described 

above lie within a microcrystalline matrix of feldspar, quartz, 

chlorite, epidote, and minor opaque minerals. The angular and 

subangular clusters of quartz crystals appear to be fragments and 

in some cases neighbouring clusters would fit together as would 

pieces of a jigsaw puzzle. The rounded and embayed groups of 

quartz locally appear similar to amygdules. In other cases, the 

textures resemble solidified immiscible liquids. The matrix in 

which these fragments are imbedded locally appears to have 

retained signs of flowage or plastic deformation as seen in 

doubly polarized light. Some fragments have textures similar to
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basement granitic rocks that are near the contact with the 

Sudbury Irruptive Complex. The rocks are not granitic per se as 

can be seen in stained slabs and in thin sections. This feature 

is discussed in the section on Metamorphism and 

Recrystallization. 

Matrix

The matrix in which the fragments are enclosed displays a 

variety of textures from sample to sample. It is commonly very 

fine grained to fine grained (see Photo 3) and consists of highly 

interlocking crystals of anhedral, plagioclase laths. (55% to 

65%), anhedral quartz (20** to 25%), anhedral elongate actinolite 

and chlorite (15% to 2(^), anhedral potassium feldspar (J.% to 

8!*), and minor epidote and opaque minerals. Sparse, ragged 

actinolite crystals, possibly representing altered phenocrysts, 

are locally present. The interlocking plagioclase, quartz and 

minor microcline form a crude intergrowth texture, dissimilar to 

the micrographic intergrowth in the granophyre, and atypical of 

granitic and aplitic rocks. Microcline appears to be more common 

in the lower parts of the Basal Member and the texture of the 

matrix appears to be coarser in the lower parts as well. 

Remnants of fragments in the matrix range from highly visible to 

barely discernable. 

GRAY MEMBER

The Gray Member is a discontinuous unit consisting of 

breccias and minor amounts of massive rock up to about 150m 

thick, and locally appears to have a gradational contact with the 

underlying Basal Member and granophyre; a few exposures suggest
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the Gray Member is in sharp contact with the overlying Green 

Member. These contacts are everywhere poorly exposed. The Gray 

Member is exposed, in part, as a long thin lens about 4,000m long 

(southwest Morgan Township), and as irregularly shaped bodies 

less than 900m long which are generally underlain by lenses of 

the Basal Member. On a surface plan, the Gray Member appears to 

locally protrude 'into 1 the Green Member. 

Types

The Gray Member is tentatively divided into two types which 

rapidly grade into one another. One type is subordinate and 

consists of a massive, fine- to very fine-grained rock containing 

small sparse fragments (1mm to 20mm) of the same type of 

'peculiarly textured rocks' found in the Basal Member, as well as 

fragments of quartz, and small mafic 'clots' which may be 

recrystallized phenocrysts. The fragments account for J.% to 10% 

of the rock. The matrix weathers rusty brown and is light to 

medium gray and greenish gray on fresh surfaces. Acicular 

fine-grained mafic crystals are particularly evident in the 

weathered rind and are locally discernable in the unweathered 

rock. The second type of Gray Member predominates and consists 

of a fine-grained matrix, with a texture similar to that in the 

massive type described above, containing 30% to 70% fragments. 

Fragments

The fragments comprise quartzite, 'pecularly textured 

rocks', and granitic rocks. Locally, any one type of fragment 

may predominate with respect to the others, although quartzite 

fragments are the most common. The weathering characteristics of 

the matrix are the same as for the massive type.
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The fragmental type is locally difficult to distinguish 

from parts of the Green Member where in contact with Green Member 

rocks that contain similar fragments. However there are subtle 

differences in the matrices. The Gray Member is also locally 

difficult to distinguish from adjacent parts of the Basal 

Member. The major distinguishing features of the Gray Member 

with respect to the Basal Member are:

1) a greater proportion of 'massive 1 fine-grained matrix; 

and

2) a lack of evidence for in situ disintegration of

fragments. 

Matrix

The matrix of the Gray Member as seen in thin section, is 

similar to the very fine- to fine-grained matrix that is found in 

parts of the Basal Member. The matrix, however, differs from the 

matrix of the Basal Member in the following aspects: it is 

coarser, being fine-grained in general and locally very fine 

grained, and has a more plutonic looking texture (see Photo 4). 

It consists of highly interlocking, fine-grained, anhedral, 

plagioclase laths (some are medium grained and up to 2mm long), 

interstitial quartz, anhedral microcline, and anhedral actinolite 

and chlorite after actinolite. Minor constituents include 

fine- to very fine-grained epidote with local allanite 

overgrowths, opaque minerals and sphene. The opaque minerals 

consist of anhedral equant crystals and needles with a length to 

width ratio of 10:1. The quartz is interstitial, the other 

crystals are irregularly shaped, and the resulting texture
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resembles a type of intergrowth. The 'intergrowth 1 is unlike 

that of the micrographic intergrowth in the granophyre and is 

atypical of common textures in granite or aplite. Sparse, very 

small patches, however, do display a crude micrographic 

intergrowth somewhat akin to that in the granophyre.

Two chemical analyses of the massive type of Gray Member 

matrix are given in Table 7. 

GREEN MEMBER

The Green Member is a unit that is continuous across the 

map-area and consists of breccias having a broad range in 

lithology. It is underlain either by the granophyre of the 

Sudbury Irruptive Complex or by the Gray Member, and is overlain 

by the Black Member. The contact with the granophyre is 

generally sharp; that with the Gray Member is considered to be 

sharp, and that with the Black Member is gradational. The latter 

transition occurs over a horizontal distance of 20m to 150m; thus 

the contact on the map is locally arbitrary. The member appears 

to range in thickness from about 200m to 750m. A reliable 

estimate of the thickness is not always possible because of the 

moderate relief and because the dip of the member is not known 

everywhere.

The rocks of the Green Member comprise various lapilli- 

tuffs, and lapillistones, with minor tuff-breccias, and 

pyroclastic breccias; locally specific types are distinctive. 

The lower parts are locally difficult to distinguish from some 

parts of the Gray Member but the presence of an aphanitic matrix 

with numerous closely packed lapilli-size fragments, which may be
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visible only on a weathered or etched surface, serves to define 

the main difference. Locally, felsic fragments with the 

'peculiar textures' previously described may be present in the 

lower parts of the Green Member.

No generalized cross-section for the Green Member has been 

established because most distinctive types of breccia within the 

member do not have any significant apparent lateral continuity, 

at the scale of mapping used. However, the present mapping shows 

that there is at least one 'unit' that does have lateral 

continuity; it has been observed in various localities across the 

North Range. The 'unit 1 is relatively thin, probably less than 

15m thick, may be discontinuous, and occurs very near or slightly 

within the transition zone between the Green and Black Members. 

It is comprised of a shard-rich tuff-lapilli tuff with 35% to 5(^ 

dark green, angular shards from 0.5mm to 5mm long set in a 

tuffaceous matrix. Minor accidental and accessory fragments are 

also present. In thin section the matrix characteristically has 

dark linear parts, between shards, that may contain more carbon 

particles than lighter parts. The matrix features are poorly 

shown in Photo 6. The texture may be a result of weak to 

moderately developed welding.

The Green Member, as obvious from the above introduction, 

is a very complex lithologic unit. The following descriptions of 

the Green Member therefore are highly generalized.

The matrix of the Green Member weathers from rusty brown or 

a patchy rusty brown and buff in the lower parts, to greenish 

gray and grayish green in the upper parts. Fresh surfaces of the
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matrix range from a medium to dark greenish gray, grayish green 

and dark green; the stronger green colours are found in the upper 

parts of the member. 

Pyroclastic Breccia and Tuff-Breccia

Pyroclastic breccia, i.e. rocks in which blocks and bombs 

make up more than two thirds of the rock, is rare. It commonly 

constitutes a small portion in a tuff-breccia unit, i.e. rocks in 

;which blocks and bombs make up from one to two thirds of the 

rock. Tuff-breccia and pyroclastic breccia together account for 

about 5% of the Green Member. 

Fragments

They have numerous blocks and bombs ranging from 0.2m to 

2.0m in diameter; locally blocks up to 10m occur. The large 

blocks consist of rounded to subrounded, massive to banded, 

felsic rocks, quartzite, arkose, and granitic rocks. Some of the 

felsic rocks, show plastic deformation. All fragments have 

undergone some recrystallization: small blocks are completely 

recrystallized; larger ones have 'cores 1 that are much less 

affected.

The bombs are solid or are cored and range in composition 

from pieces of lava, to the above fragment types completely 

coated in lava. Also there are blocks of lapilli-tuff coated in 

lava. In one case four phases of volcanic processes were 

recognized in a complex cored bomb in lapilli-tuff. The phases,

from oldest to youngest, are:

1) a block of brittly fractured flow-banded lava (containing 

quartzite fragments); within

2) a block of lapilli-tuff; coated by
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3) flow banded lava (cored bomb); within

4) lapilli-tuff which is different in composition from '2'.

The lava that forms blocks and wraps the fragments is 

aphanitic, siliceous, dark gray to grayish green, and commonly 

contains small (less than 2mm) quartz and feldspar xenocrysts (l* 

to V'S) and minor streaks and blebs of pyrite and pyrrhotite. The 

lava is flow banded and shows two types of deformation:

1) banding conformable to the outline of the fragment as in a 

bomb or cored bomb

2) banding brittly fractured and unconformable to the outline

of the fragment as in a block of lava. 

Locally both types are present in the same outcrop.

Two chemical analyses of bombs are given in Table 7. 

Lapilli-Tuff and Lapillistone

Lapilli-tuff, i.e. a pyroclastic rock with less than 

one-third blocks and bombs is the most common rock type in the 

Green Member and probably accounts for SO 1* of the member. 

Lapillistone, i.e. a rock containing more than two-thirds 

lapilli-size fragments, is the next most common type and makes up 

about 15% of the Green Member. It contains more lapilli-size 

fragments, relative to ash-size ones, than does lapilli-tuff, but 

is very similar. 

Fragments

The block and bomb size fragments consist of rock types 

similar to those in the tuff-breccia and pyroclastic breccia 

previously described. The fragments tend to be smaller, commonly 

64mm to 0.5m, and there is a greater proportion of
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metasedimentary fragments, particularly arkose, and brittly 

fractured lava fragments.

Lapilli-size fragments range in size from 2mm to 64mm and 

consist of three main types, although not all are present in 

every outcrop: 1) accidental; 2) accessory; and 3) essential. 

There are numerous variations in the proportion, size, and shape 

of the lapilli from outcrop to outcrop.

Accidental fragments are pieces of broken solid country 

rock. In the Green Member these consist of Early Precambrian 

granitic rocks, and mafic rocks such as gabbro, diabase, and 

amphibolite, as well as Middle Precambrian Huronian metasediments 

such as arkose, quartzite, and argillite. Minor sulphide 

fragments consisting of pyrrhotite and(or) chalcopyrite of 

unknown age are locally present. Most of the lapilli are 

subrounded but they range in shape from well-rounded to 

subangular. The proportions of the individual types of 

accidental fragments varies from outcrop to outcrop. Together 

they locally account for up to a.0% of the rock. Some granitic 

rocks have unusual features which may be attributable to shock 

metamorphism. The features in hand specimen consist of 

semi-translucent and cherty looking plagioclase, potassium 

feldspar, and quartz which break irregularly but neither 

conchoidally nor along crystal faces. In thin section it can be 

seen that the fragments are finely recrystallized; some of the 

feldspar locally contains spherulitic growths.

Accessory fragments are solid volcanic rocks from previous 

volcanic activity. In the Green Member these consist of pieces
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of lava, lapilli-tuff (see Photo 5) and crystal and lithic tuffs. 

With the exception of these types of fragments it is impossible 

to determine whether fragments such as pumice were produced prior 

to or during the volcanism that is responsible for the bulk of 

the rock at a given location. For this reason, the remainder of 

the other fragments are considered to be essential for 

descriptive purposes.

The lava fragments are as described previously under 

tuff-breccia and pyroclastic breccia. In thin section the bulk 

of the lava fragments is very fine grained to aphanitic, dark 

gray to dark green, and very dense with respect to transparency. 

They are commonly similar in appearance to some matrices of 

Sudbury-type breccia. Subangular to rounded quartz and feldspar 

crystals (2** to 1Q*) are ubiquitous. Amygdules are highly 

flattened and generally minor. Fragments of lapilli-tuff are 

different from the rock in which they are enclosed in terms of 

size, shape, type, and proportion of the lapilli fragments. 

Fragments of tuff are small and scarce.

Essential fragments are 'particles 1 of the magma formed at 

the time of eruption. In the Green Member these consist of a 

wide range of simple to complexly textured fragments such as 

pumice, glass shards, and globular lapilli, all of which have 

amygdaloidal and non-amygdaloidal varieties. They form, along 

with the ash matrix, rocks that are unwelded to slightly welded. 

Pumice ranges from slightly to highly flattened and is locally 

welded. Xenocrysts of quartz and feldspar are common. Glass 

shards range from highly angular to subrounded. Amygdules range
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from spherical to moderately flattened from one shard to another 

and may be filled with a local or a foreign ash matrix, (see 

Photo 6). Globular textured fragments consist of what appear to 

be closely packed globules within an originally glassy matrix. 

Complex fragments have intricate or complex textures with 

deformed and undeformed segments consisting of different 

minerals; most segments appear to have been glass. Amygdules in 

these fragments range from spherical to flattened and are 

commonly filled with minerals, such as chlorite and actinolite. 

Axiolitic and non-axiolitic rims are locally present and may 

indicate that vapour phase recrystallization has taken place.

Identifiable minerals in the fragments consist of feldspar 

(possibly albite; Stevenson 1972), quartz, chlorite, actinolite, 

and minor sphene and opaque minerals. Actinolite is more common 

in the lower parts of the Green Member, and chlorite is more 

common in the upper parts; this probably relfects 

recrystallization in the lower parts and is due to contact 

metamorphism by the Sudbury Irruptive Complex.

Subrounded to well-rounded quartz crystals are found 

throughout the Green Member in varying amounts. In the upper 

parts, the crystals are individual, clean, and show no shock 

metamorphic features; they may be phenocrysts. Square, 

rectangular, and angular-shaped bodies from 2mm to 4cm in length, 

presently consist of fine to very fine-grained actinolite (see 

Photo 7). Some may be recrystallized phenocrysts. 

Matrix
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The 'matrix 1 of the pyroclastic breccia and tuff-breccia 

has the fragment size composition of lapilli-tuff and consists of 

lapilli of pumice, recrystallized glassl, Huronian 

metasediments, and granitic and amphibolitic rocks. The matrix 

of the lapilli-tuff consists of ash-size particles (from 2mm to 

irresolvable with a microscope) comprised of pieces of the 

above-described fragments and possible phenocrysts which have 

been comminuted in the process of transport and deposition. The 

irresolvable particles form a dark gray to dark green dense 

matrix which becomes darker in the transition to the Black 

Member.

1 Glass 1 refers to the original material. No primary glass 

remains.
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BLACK MEMBER

The Black Member is the uppermost member of the Onaping 

Formation, is continuous across the map-area, and consists of a 

variety of pyroclastic rocks. It is underlain by, and grades 

into, the Green Member. It is overlain by, and grades into the 

Onwatin Formation which consists largely of carbonaceous slate. 

The Black Member appears to range in thickness from about 1200m 

to 1500m but as with the Green Member, there is not enough data 

on which to accurately calculate the overall dip of the member. 

The transition from the Green Member into the Black Member occurs 

over a horizontal distance of 20m to 150m.

The rocks of the Black Member comprise various 

lapilli-tuffs and tuffs with minor tuff-breccias and 

lapillistones, in this decreasing order of abundance. The 

lowermost part of the Black Member ranges from tuff-breccia to 

lapilli-tuff. The underlying rocks of the Green Member are of 

the same type but have different fragment types and proportions. 

There is some evidence which suggests that the lower limit of the 

black matrix does not lie everywhere within the same 

stratigraphic level of the overall stratigraphic column of the 

Onaping Formation. It was not possible to outline major 

subdivisions or major beds of the Black Member. Also, no 

generalized cross-section has been established. Overall there is 

a gradation from lapilli-tuff in the lower part to tuff in the 

upper part but the transition is not without irregular and 

locally repetitious changes. The following descriptions are 

highly generalized.
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Tuff-breccia

Tuff-breccia is minor, accounts for less than 5% of the 

Black Member, and is generally confined to the lowermost 110m, 

particularly within or adjacent to the transitional rocks between 

the Green and Black Members. It is similar to the tuff-breccias 

of the Green Member in that it contains blocks and bombs of 

similar rock types, within a lapilli-tuff matrix. 

Fragments

The blocks and bombs of the tuff-breccia are similar to 

those previously described rocks (see section on Green Member); 

they are described in detail in the lapilli-tuff, tuff-breccia 

section of the Black Member. The salient similar features of the 

large fragments in the two members are: plastically deformed 

felsic blocks in an undeformed matrix; rounded to well rounded 

blocks of arkose and quartzite; rounded bombs and cored bombs; 

and fragments showing multiple processes in their formation (see 

Photo 8). In contrast, the tuff-breccias in the Black Member 

contain a greater proportion of bombs and fewer granitic blocks 

than in the Green Member. 

Matrix

The matrix weathers from medium to dark gray in the lower 

parts to dark gray and black in the upper parts. Rust stains 

from oxidizing sulphide fragments are common. Fresh surfaces of 

the matrix range from very dark gray to black; the darkest rocks 

tend to be in the upper part. The matrix is similar to 

lapilli-tuff which is described in more detail further on. 

Briefly it consists of lapilli-size fragments of pumice, shards, 

Huronian metasediments, granitic rocks some of which show shock 

metamorphic features, and sulphides within ash-size particles.



- 47 - 

Lapilli-tuff and Lapillistone

Lapilli-tuff accounts for about 9C^ of the Black Member. 

Lapillistone which makes up less than 5% is associated with the 

lapilli-tuff and differs from it merely by having a greater 

proportion of lapilli-size fragments compared to other size 

ranges.

Bedding in the lapilli-tuff was observed in only one 

outcrop (located 4.4km at 165O from the northwest corner of 

Lumsden Township) where a 10cm thick bedded unit has a strike of 

135O, a dip of 25OSW, and an irregular trace on surface for 

about 35m. The bedded unit is best defined on a weathered 

surface where it is seen to consist of several moderately to 

poorly defined individual beds from O.4cm to 2.5cm thick (see 

Photo 9). In thin section, differences in the beds are 

attributable to coarser fragments (1mm to 5mm) which are more 

rounded and are in a very fine matrix (largely irresolvable), and 

smaller fragments (0.5mm to 1.0mm) which are generally angular 

shards and are in a slightly coarser matrix. 

Fragments

Blocks and minor bombs similar to those in the Green Member 

are scattered throughout the matrix, particularly within the 

lower two-thirds of the Black Member. In addition, there are 

numerous subangular to subrounded blocks of lava which show 

internal structures, such as flow llines that are discordant to 

the outlines of the fragment. The flow lines may be regular and 

straight or highly deformed. Block-size fragments with 

flow-banding that is conformable to the outlines of the fragment
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are generally subrounded to rounded and considered to be bombs, 

i.e. they were molten projectiles at the time of formation. In 

the upper portions of the exposed Black Member, the lithic 

fragments become scarce and shards increase in abundance.

Lapilli-size and block-size fragments consist of three main 

types although not all are present in every outcrop: 1) 

accidental; 2) accessory; and 3) essential (see Photo 10). There 

are numerous variations in the proportion, type, size, and shape 

of the lapilli from outcrop to outcrop but several 

generalizations can be made. The accidental fragments decrease 

in abundance from lower parts of the Black Member where they make 

up to 1(^ of the rock,

to upper parts where they make up about i.% of the rock. Huronian 

metasediment fragments are more common than basement rock 

fragments. Accessory fragments other than tuff are generally 

block size and are more common in the lower parts. Blocks of 

tuff are more common in the upper parts. Essential fragments 

increase in proportion towards the upper parts and in doing so, 

increase in shards relative to pumice and complex fragments. 

Accidental fragments are generally greater than 20mm in 

diameter and are scarce in the thin sections that were examined. 

They comprise: arkose consisting of subrounded plagioclase, 

quartz, and microcline in a very fine-grained matrix; quartzite 

consisting of subangular quartz and feldspar in a carbonate 

matrix; and pieces of what may be granitic rocks consisting of 

several subangular crystals of plagioclase, microcline, and (or) 

quartz. A few fragments were seen to consist of subrounded
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quartz grains and oolith-like structures in an unidentified 

cementing agent. Minor, accidental, small fragments consisting 

chiefly of pyrrhotite, chalcopyrite, or pyrite are locally 

abundant. The fragments range in size from less than 1mm to lcm 

and are subangular to rounded. The fragments occur as pure 

sulphides or with quartz and possibly carbonate. Some of the 

sulphides appear to have replaced silicate rock fragments or 

parts of fragments. The distinction between primary sulphide 

fragments and some secondary-sulphide-bearing fragments is not 

unequivocal.

Accessory blocks of irregularly shaped, unoriented, 

irregularly distributed unbedded blocks of black tuff ranging 

from about 70mm to 1.5m in their longest dimension are locally 

present in the upper two-thirds of the Black Member (particularly 

the upper third). Some crudely lens-shaped fragments have been 

deformed and are bent into irregular shapes. These blocks 

suggest to the author that tuff was being formed elsewhere, was 

broken up and was redeposited as fragments within the 

lapilli-tuff.

Other accessory fragments consist of lapilli-tuff, lava 

blocks and bombs, and shards. The lapilli-tuff fragments are 

generally block-size and are distinguishable from the matrix by 

different textures and fragment types. The lava fragments of 

aphanitic, siliceous, flow banded to plastically deformed to 

massive, grayish green to bluish gray-green material with or 

without lithic and crystal inclusions. The lava fragments are 

dense, dark green, and cryptocrystalline. In hand specimen and
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in thin section they appear similar to those in the Green 

Member. Inclusions in the lava fragments are quartz rich or 

quartzo-feldspathic, commonly contain a few anhedral, opaque 

crystals, and are aligned conformably to the flow banding. These 

lava fragments range from block size to lapilli size and locally 

form a significant proportion of the fragments up to as much as 

85%. They are ubiquitous in at least the lower three-quarters of 

the exposed portion of the Black Member. Shards, in some cases, 

have amygdules filled with tuffaceous material that is not the 

same as the matrix of the rock in which the shards are enclosed 

(see Photo 11). This shows that multiple processes were involved 

in the formation of the rocks.

Essential fragments consist of a wide textural variety of 

pumice, shards, globular-textured, variolitic fragments, complex 

fragments, and phenocrysts. The fragments in the Black Member 

are much less recrystallized compared to those in the Green 

Member. The partly recrystallized fragments commonly consist of 

one or more of the following: clear quartz; white feldspar; 

yellowish brown to greenish brown 'palagonite'; green chlorite, 

and brownish yellow epidote. These minerals and their 

corresponding colours give good colour contrast thereby enhancing 

textures. Pumice fragments are moderately to strongly flattened.

Shards are commonly angular to subangular and generally have a
.

few spherical and matrix-filled amygdules. Globular-textured 

fragments are scarce; they have oval to spherical structures of 

devitrified glass within a devitrified matrix. Complexly 

textured fragments display numerous textural variations as shown
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by the different coloured minerals, particularly feldspar and 

palagonitic glass. Many are amygdaloidal and show signs of 

plastic deformation. Well rounded to subrounded quartz 

phenocrysts range from 0.3mm to 1.0mm in diameter and are 

ubiquitous; their abundance varies from specimen to specimen. 

Smaller subangular to subrounded fragments of quartz and feldspar 

may be broken phenocrysts or crystals from granitic rocks. 

Matrix

The matrix in which the fragments are embedded consists of 

very small fragments that are pieces of the comminuted fragments 

described above as well as carbon particles of unknown origin. 

It is similar to tuff which is described below. 

Tuff

The tuff can be divided into two types: a coarse type which 

is very similar to the lapilli-tuff described above but which 

consists of greater than 90% ash-size particles i.e. particles 

less than 2mm in size; and a fine type with virtually no 

particles greater than 0.5mm. The fine type consists mostly of 

quartz (25% to 40%), carbonate (15% to 25%), opaque minerals 

(51), and an irresolvable matrix (201 to 351) which in part 

consists of carbon particles giving the rock characteristic dark 

gray to black colour. Carbonate has replaced some shards. Many 

of the opaque minerals are sulphides, chiefly pyrrhotite. The 

fine type of tuff occurs mainly in ill-defined zones, lenses, and 

possibly fragments within the lapilli-tuff. It locally resembles 

some wacke in the Chelmsford formation. Both the lapilli-tuff 

and the unbedded tuff constitute the uppermost exposed parts of 

the Black Member in the map-area.



- 52 -

Legend
Sandstone—Chelmsford Formation 
Siltstone—Onwatin Formation

BOWELL TOWNSHIP 
Gr

Black,Green,Gray,Basal; Members of the 
Onaping Formation

Granophyre, Norite, Sublayer Zone— 
Sudbury Irruptive Complex

Granitic. Gneissic, Migmatitic Rocks 
Geological Contact, Fault

MORGAN Gr.Gs 
TOWNSHIP

Balfour Township



- 53 -

A chemical analysis of tuff is given in Table 7. 

SPHERULILTIC DIKE

A dark green, flow-banded, aphanitic, and spherulitic dike 

about 12cm thick intruded lapilli-tuff of the Black Member, 2.5km 

southeast of the northwest corner of Lumsden Township. It was 

traceable for about 25m. The banding is most evident on a 

weathered surface as a result of subtle textural changes and 

different proportions of spherules. In thin section the rock is 

seen to be recrystallized and aphanitic, and consists of 

chlorite, feldspar, and quartz with small (0.5mm) quartz 

amygdules. Spherules are up to 3mm in diameter. A chemical 

analysis of the dike is given in Table 7. The dike is similar in 

composition to some analysed bombs (see Table 7 and the section 

on Petrochemistry). The author interprets the dike to be 

directly related to the volcanism that formed the Onaping 

Formation. 

ONWATIN FORMATION 

Slate

The Onwatin Formationl is continuous across the map-area 

but was found in only one outcrop in the map-area because it is 

almost entirely overlain by pleistocene and Recent deposits. The 

formation is estimated to be from 305m (Sadler 1958) to 1127m 

(Coleman 1905) thick. It consists largely of carbonaceous

iMuch of the information presented here is from Sadler (1958) 

and directly pertains to information derived from Capreol, 

Blezard, Balfour, Dowling, and Fairbank Townships. The data are 

assumed to be applicable to the map-area.
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CHELMSFORD FORMATION

The Chelmsford Formation occupies the southeast part of the 

map-area. It is about 850m thick (Rousell 1972) and comprises 

repetitious beds of feldspathic lithwacke, siltstone, and minor 

argillite, that are considered to represent a sequence of 

proximal turbidites (Rousell 1972). The formation is 

concentrically folded about axes that are roughly parallel to the 

axis of the Sudbury Basin. Since the amount of erosion of the 

Chelmsford Formation is unknown the present formation may not 

represent the original thickness. The Chelmsford Formation is 

underlain by the Onwatin Formation. The 'contact 1 between the 

two formations is sharply gradational, occurs across a thickness 

of a few metres (Sadler 1958) and consists of interbedded slate 

and wacke. Rousell (1972) considers the base of the Chelmsford 

Formation to be defined as the first greywacke layer by using 

outcrops in Balfour and Dowling Township as criteria.

In the map-area the Chelmsford Formation consists of two main 

types: feldspathic lithwacke, which is by far the most 

predominant type both in terms of areal distribution and volume; 

and siltstone. Gentle folding and subsequent differential 

erosion have resulted in two common lithological configurations 

of outcrops:

1) in the crest areas of folds, the exposed flat lying to 

gently dipping rocks are commonly wacke - the same bed 

may be exposed over hundreds of square metres;

2) in the flanks of folds, the exposed moderately dipping 

rocks commonly consist of a relatively thin veneer of 

siltstone covering or partly covering wacke.
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In the latter case, in an areal sense, the outcrop is 

siltstone, but by 'volume 1 it is largely wacke. The map (see 

back pocket) uses a two-fold subdivision for the Chelmsford 

Formation to deal with this problem; these are "feldspathic 

lithwacke", and "interbedded feldspathic lithwacke and 

siltstone". Rock types are described primarily by lithology and 

secondarily by reference to the Bouma sequence (Bouma 1962). Few 

good cross-sections were seen in the map-area. 

Feldspathic Lithwacke

The Feldspathic Lithwacke weathers from medium to dark gray 

and ranges from gray to very dark gray on fresh surfaces. Some 

fine-grained wacke appears similar in colour and texture to 

fine-grained tuff in the upper parts of the Black Member of the 

Onaping Formation. This was specifically noted by the author in 

east-central Morgan Township; Rousell (1972) noted the same 

similarity in southwestern Morgan Township. Compared to the 

tuff, the wacke is generally slightly coarser, and quartz and 

feldspar grains are more predominant.

The beds of lithwacke range in thickness from very thickly 

bedded (1m to 3m) to medium bedded (10cm to 30cm). Up to several 

beds of lithwacke may be present between layers of siltstone; the 

distinction between the individual beds is difficult to make and 

requires clean, weathered or partly weathered surfaces.

The lithwacke occurs in ungraded to weakly and moderately 

graded beds with a range of particle size commonly from medium 

sand-size with sparse coarse sand to fine saod-size ('A 1 division 

of Bouma's cycle). Locally beds (some of which are illdefined
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and grade into overlying wacke) consist of a significant 

proportion of coarse and granule-size particles. Some of the 

upper parts of graded beds consist largely of very fine sand-size 

particles and are locally weakly laminated ('B 1 division of 

Bouma's cycle). The coarse and granule-size particles are 

largely quartz with lesser amounts of feldspar. Euhedral 

to subhedral pyrite crystals up to 4mm in size are locally 

scattered throughout; they have commonly completely weathered to 

leave a rust-stained pit with an enclosing sphere of lighter 

coloured wacke.

Locally, within the lithwacke the following may be found: 

sparse subangular to subrounded fragments of light gray to 

buff-weathering siltstone that are very similar to the 

interbedded siltstone in the Chelmsford Formation; and subangular 

to angular fragments of very dark gray to black weathering slate 

that are very similar to the slate in the Onwatin Formation. The 

siltstone fragments are considered by the author to be rip-up 

clasts derived from the siltstone deposits underlying an actively 

forming turbidite. The slate fragments are considered to be 

rip-up clasts derived from the Onwatin Formation. Rousell (1972) 

noted both types of fragments elsewhere in the southwest half of 

the basin.

Concretions were observed in many places in the Chelmsford 

Formation; they are much more common in some beds of wacke than 

in others and may account for up to 25% of the rock in some 

areas. They are ellipsoidal to spherical, and occur individually 

and (or) partly joined. Some are connected so as to appear
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similar to coalesced beads; in other cases, they form a 

continuous body up to 7m long with length to thickness ratios of 

at least 10:1. Concretions are relatively soft, weather faster 

than the surrounding wacke, and are brown to gray. Euhedral to 

subhedral pyrite crystals that are up to 4mm in size are only 

slightly altered within the concretion whereas outside the 

concretions they are commonly completely weathered.

Sinuous worm-like, and branching features are commonly 

observed on the weathered surface of some beds. They are 3mm to 

4mm wide and weather about 2mm to 3mm high. They appear to 

consist of sand-size grains that are coarser than the matrix of 

the bed as a whole. Cantin (1971) refers to these as sinuous 

markings, tadpoles, and tailed tadpoles, and has shown that they 

penetrate the third dimension of the bed. The origin of these 

features is not known although Cantin (1971) rejects an organic 

origin and Rousell (1972) suggests some features may represent 

worm burrows. 

Interbedded Feldspathic Lithwacke and Siltstone

The wacke within the interbedded wacke and siltstone is 

identical to the wacke described above, with the exception that 

it ranges from very thickly bedded (1m to 3m) to thinly bedded 

(3cm to 10cm).

Siltstone varies from light to medium gray and buff coloured 

on weathered surfaces, and from medium to dark gray on fresh 

surfaces. It is very thinly laminated (0.25mm) to thickly 

laminated (lcm), is present in thicknesses from about lcm to 

0.25m between units of feldspathic lithwacke, and occurs locally 

interbedded with very fine, sand-size, feldspathic lithwacke.
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Load structures in the form of flame structures are common 

between the upper parts of siltstone and overlying feldspathic 

lithwacke. Locally their peaks are bent over. Ripple cross 

laminations are present in some siltstone beds ('C' division of 

Bouma's cycle). Convolute laminations are also common; highly 

convoluted sets of laminations up to 20cm thick are locally 

present ('D 1 division of Bouma's cycle).

In thin section the feldspathic lithwacke is seen to consist 

of subangular to well-rounded quartz (35% to 4(^)/ subangular to 

well rounded, weakly to strongly saussuritized or sericitized 

plagioclase (4(^ to 45%), muscovite, biotite, and sphene, and a 

carbonaceous matrix (IS 5! to 20 1fc) (see Photo 12). From sample to 

sample there is a wide range of clarity of quartz grains, 

freshness of plagioclase, amount of carbonaceous material, and 

degree of grain roundness. Most of the quartz grains, some of 

which are up to 5mm in diameter, are single crystals. A chemical 

analysis of feldspathic lithwacke is given in Table 9.

In thin section, the siltstone is seen to consist of 

subrounded to subangular quartz and feldspar (8(^ to 85%) with 

phlogopite and chlorite (1(^ to 15%), carbon particles (l* to 

5%), and minor sphene. The amount of carbon varies among 

individual beds. A weakly developed slaty cleavage has developed 

in the very fine-grained siltstone laminae; the micaceous 

minerals are moderately to weakly crenulated. 

SUDBURY IRRUPTIVE COMPLEX

The Sudbury Irruptive Complex forms a 1.6km to 4.0km wide 

band of southeasterly dipping rocks that extend across the
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map-area in a northeasterly direction. It consists of three 

major subdivisions, which are, from lower to upper, Sublayer 

Zone, norites, and granophyres. The Transition Zone which lies 

between norite and granophyre is not treated as a separate unit 

in this report (see section on "Nomenclature"). Age 

relationships among the three main types are contentious. The 

Sudbury Irruptive complex has intruded along the contact between 

the Whitewater Group and the Early Precambrian basement rocks. 

The total thickness of the Sudbury Irruptive Complex ranges 

roughly from 1030m to 2570m. The calculations are based on dips 

obtained from diamond drill holes (Figure 17).

The Sublayer Zone consists of a variety of breccias each of 

which is complex in terms of fragment types and in variations in 

matrix composition. Some types are host to nickel-copper 

mineralization. The norites are largely leucocratic and for a 

norite, contain above-average proportions of micrographic 

intergrowth of microcline and quartz. They have a mineralogical 

composition approximating that of granodiorite. They appear to 

grade into granophyre which has a larger proportion of 

microcline-quartz micrographic intergrowth and has a 

mineralogical composition approximating that of granite.

Some gabbro dikes were observed to intrude leucocratic 

norite. 

SUBLAYER ZONE

The Sublayer Zone is a discontinuous zone of commonly very 

complex breccias. It occurs between the base of the norite and 

the underlying Early Precambrian basement rocks and as an
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offshoot dike in Bowell Township known as the 'Foy Offset'. 

Locally, inclusions of some types of breccia are found in the 

norite. The maximum apparent thickness of the Sublayer Zone 

measured horizontally, is about 750m. The offshoot dike ranges 

from about 400m thick at the leucocratic norite to 40m thick in 

the northwest corner of the map-area in Bowell Township.

The Sublayer Zone has been subdivided into five tentative 

types: leucocratic breccia, mixed breccia, gabbroic sublayer 

breccia, offshoot breccia, and megabreccia. Some of the 

terminology differs from published terms (see section on 

Nomenclature) and some of it is additional. For instance, the 

leucocratic breccia and the mixed breccia may be the same in 

terms of their formation, but they differ significantly in types 

of fragments and matrix appearance. The origin of the breccias 

is probably a result of a complicated set of magmatic, tectonic 

and possibly extraterrestrial events which have involved, in 

part, the footwall rocks of the Sudbury Irruptive Complex. Some 

parts of the Sublayer Zone are older than norite, and some parts 

are younger. The geological map (back pocket) shows the Sublayer 

Zone as a unit. 

LEUCOCRATIC BRECCIA

Leucocratic breccia is a locally occurring, metamorphosed 

breccia that lies between gabbroic sublayer breccia or norite and 

virtually unbrecciated basement rocks. The contact of the 

leucocratic breccia with the basement rocks is gradational in 

places and sharp in other places. The breccia consists largely 

of annealed granitic material and varies considerably in terms of
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texture, fragment size, and fragment type. Its colour is an 

irregularly and coarsely mottled beige and pink on weathered 

surfaces, and a mottled light to medium gray and pink on fresh 

surfaces.

The types of fragments consist of all rock types found in the 

basement rocks. The shapes of fragments range from subrounded to 

subangular. Some fragments appear bent and flattened. The sizes 

of fragments range from less than 0.5cm to as much as 3m. 

Locally, eg. west Morgan Township, diabase dikes have been broken 

into medium to large fragments and separted by up to; 1m by the 

granitic-looking breccia matrix. However, the fragments, 

collectively, lie roughly in a straight line which is presumed to 

approximate the strike of the dike before brecciation.

The fragments comprise many rock types of the basement; the 

characteristics of the breccia are partially controlled by the 

composition of the basement rock types. During brecciation, the 

competent basement amphibolitic rocks have behaved differently 

from less competent granitic rocks. The abundance of amphibolite 

fragments and other fragment types has a strong influence on the 

colour and texture of the matrix. Finely brecciated granitic 

gneisses do not appear much different from finely brecciated 

massive granitic rocks.

In hand specimens, the matrix consists of poorly defined 

granitic fragments, and sharply to weakly defined mafic 

fragments. Chunks of recrystallized feldspar up to 2cm long are 

common. The pink to gray mottled colours are irregular in 

outline. The pink is locally in linear and irregularly shaped
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patches and appears to be an alteration feature. Locally clots 

of epidote are present.

In thin section the matrix of the leucocratic breccia is seen 

to be composed of fine to very fine-grained stubby recrystallized 

plagioclase laths, granoblastic quartz that is interstitial ;to 

plagioclase, and mafic minerals which are recrystallized or 

altered. The recrystallized mafic minerals are granoblastic 

clinopyroxene, hornblende, and biotite and are of contact 

metamorphic origin. Clinopyroxene occurs close to the Sudbury 

Irruptive Complex, hornblende and biotite somewhat further away. 

Altered mafic minerals are fine to very fine grained anhedral 

actinolite and hornblende which are irregularly distributed 

throughout the matrix. Poorly to well-defined fragments of Early 

Precambrian rocks with various shapes and sizes can be discerned 

in the matrix. Small mafic fragments consisting of actinolite 

and plagioclase commonly have an appreciable amount of 

recrystallized equant anhedral opaque minerals (locally up to 

3(W. Apatite is ubiquitous and locally present in an amount up 

to 2*. Epidote and biotite are local and minor. 

MIXED BRECCIAS

The mixed breccias are highly variable in fragment population 

and type and amount of matrix present. They are the most 

abundant type of marginal Sublayer Zone breccia in the map-area. 

The mixed breccias have probably resulted from processes similar 

to those for the leucocratic breccias and occur where there were 

significant amounts of mafic rocks in the basement rocks. They 

did not form by tectonic mixing of leucocratic breccias and 

gabbroic sublayer breccias which are of different ages.
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The mixed breccias weather dark gray to rusty brown. In 

fresh surfaces they appear dark gray to very dark green. The 

differences between some weathered and fresh surfaces suggest 

that the matrix is more siliceous than it appears; its dark - 

colour is due to minute mafic mineral fragments.

Mafic rock fragments consist of amphibolite, gabbro and 

diabase. Felsic rock fragments consist of granitic rocks and 

chunks of aphanitic feldspar. Some felsic fragments are similar 

to weakly brecciated, annealed, leucocratic breccia but they may 

be partly altered granitic rocks. The fragments consist of a 

greater proportion of mafic material than in the leucocratic 

breccias. Fragments range from rounded to subangular; most are 

subrounded. Fragment sizes range from less than 0.5cm up to 

0.5m. Some of the feldspar-rich fragments are up to 2cm long 

(see Photo 13).

In hand specimens, the matrix is commonly fine- to medium- 

grained and has the appearance of a coarse, heterogeneous salt 

and pepper mixture. In some cases it has an igneous appearance. 

In thin section the matrix is seen to be recrystallized and 

consists of moderately to completely saussuritized and 

sericitized, fine-grained plagioclase, irregularly shaped and 

distributed, interstitial quartz, anhedral, fine-grained 

actinolite, and minor biotite, chlorite, epidote and apatite. 

Clots of actinolite, locally contain patchy relicts of augite. 

Medium-grained, anhedral and partly altered plagioclase crystals 

(approximately Anso) are locally present. Patches of 

micrographic intergrowth of plagioclase and quartz and (or)
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potassium feldspar and quartz are also present. Opaque minerals 

are locally concentrated, particularly within mafic fragments. 

GABBROIC SUBLAYER BRECCIA

Gabbroic sublayer breccias are poorly exposed in the 

map-area. These breccias are more prevalent in the adjacent 

Capreol Area (Muir 1981). Contacts with the other Sublayer Zone 

breccias are not exposed in the map-area. '

The gabbroic breccias locally contain sulphides which are 

strongly weathered; this has resulted in rusty, pitted surfaces 

with ill-defined fragments. Where sulphides are absent or 

present in minor amounts the matrix is seen to be dark green on 

weathered and fresh surfaces. The rocks are massive and appear 

fresher than most other rocks in the map-area.

Fragments are generally mafic in composition and consist of 

amphibolite, gabbro, and diabase. Ultramafic fragments found in 

the Capreol Area (Muir 1981) were not observed in the present 

map-area. The sulphides appear to be present as irregularly 

shaped and irregularly distributed, 1mm to 2cm long blebs of 

pyrrhotite, pentlandite, chalcopyrite, or pyrite, or any 

combination of these.

The matrix as seen in thin section, is plutonic in 

appearance. It is commonly heterogeneous in grain size and shape 

and modal mineralogy. The heterogeneity is caused by partly 

assimilated mafic fragments. The matrix comprises 44 ifc fine- to 

medium-grained, subhedral to euhedral, partly to strongly 

sericitized plagioclase crystals (approximately An52),
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fine- to medium-grained (maximum 5mm) altered actinolite after 

subhedral to anhedral augite, 6% anhedral to subhedral, 

medium-grained poikilitic augite (up to 5mm) e 1* interstitial, 

geometrically shaped quartz, with brown biotite (2**), chlorite 

(2*), opaque minerals (2*) t and apatite (Q.3%).

A chemical analysis of the matrix of gabbroic sublayer 

breccia is given in Table 10. 

OFFSHOOT BRECCIA DIKE

The offshoot breccia dike is a 20km long, northwesterly to 

west-northwesterly trending, steeply dipping, breccia dike in 

Bowell and Foy Townships that is known as the 'Foy Offset 1 . It 

is similar in appearance to gabbroic sublayer breccia. The 

offshoot dike is generally considereddi to be of the same age as 

the gabbroic sublayer breccia (Patt/son 1979). No contact was 

found between the two types although expossure at their 

 junction 1 is not good.

The outcrops weather with a thin, rusty, light brown rind and 

are very dark gray to dark green-black on fresh surfaces. The 

fragments vary considerably from outcrop to outcrop in shape, 

size, type, and proportion of types. Pattison (1979) has 

assembled a map of the 'Foy Offset' showing it to consist of a 

set of irregularly shaped bodies of igneous sublayer norite, 

i.e. gabbroic sublayer breccia of this report, leucocratic 

breccia, and a third type called quartzose igneous sublayer 

norite. The author of the present report cannot substantiate 

Pattison's observations as hand specimens taken from outcrops
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representing each of his three types are virtually identical and 

appear similar to the matrix of gabbroic sublayer breccia.

Fragments range in shape from rounded to subangular, and in 

size from less than 1mm to about 150m. The huge blocks are 

country rock slabs incorporated within the dike. The smaller 

fragments are pieces derived from the attrition of other 

fragments. Fragments consist of Early Precambrian amphibolites, 

granitic rocks, gneisses, diabase and possibly exotic ultramafic 

and mafic rocks. The exotic fragment types were reported by 

Souch et al (1969) and Pattison (1979). The author recognized 

some small fragments that appear to be ultramafic but may very 

well be pieces of mafic rocks that contain few felsic minerals. 

Felsic fragments are more crystallized than mafic fragments and 

commonly display textures that are generally found near the 

Sublayer Zone - basement contact, and in some fragments, in the 

lower parts of the Onaping Formation. In many cases the 

recrystallization of some of the rocks makes a reliable fragment 

identification impossible. Some fragments appear to be 

recrystallized quartzite but may be recrystallized quartz-rich 

igneous material from the granitic terrain. Recrystallized rims 

around fragments, such as a rim around a mafic fragment, or a 

mafic rim around a granitic fragment, are not uncommon. 

Subhedral to anhedral mafic crystals (1mm to 6mm) are locally 

present; they may be xenocrysts or fragments from medium to 

coarse-grained rocks. Small (2mm to 10mm) chunks of aphanitic 

feldspar are locally common. Sparse sulphide blebs (1mm to 10mm) 

are commonly heterogeneously distributed throughout the breccia.
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Locally, particularly within 1km of the main irruptive, the 

fragments are sparse enough to permit sampling of the plutonic 

appearing matrix. In hand specimens, the matrix is medium to 

fine-grained and greenish black. In some places the matrix is 

difficult or impossible to distinguish among recrystallized 

diabase, recrystallized amphibolite, and possibly mafic norite in 

hand specimens and in thin sections. In other places where small 

fragments are plentiful this may be a result of contamination.

In one thin section the rock matrix consists of 401 subhedral 

to anhedral, fine- to medium-grained, relatively fresh 

plagioclase (An4 7 to Ans4); 241 fine-grained, anhedral, 

altered, actinolite, 5% fresh, anhedral, green hornblende; 51 

anhedral, green biotite, 201 anhedral, geometrically shaped, 

interstitial quartz, with 3% chlorite, 2* opaque minerals and 11 

apatite needles.

A chemical analysis of the matrix of the Foy Offshoot Dike is 

given in Table 10. 

MEGABRECCIA

Megabreccia is locally found in discontinuous, irregularly 

shaped breccia bodies lying between footwall rocks and any of the 

other types of Sublayer Zone breccias. It consists of dislocated 

and partly rotated blocks of country rock ranging roughly from 

0.5m to many metres, that are separated from each other by 

leucocratic breccia or mixed breccia. This brecciation grades 

into the country rock with increasing fragment size and 

decreasing matrix content until the rocks are undisturbed. The 

megabreccia is included in the Sublayer Zone in this report,
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because the material separating the blocks is Sublayer Zone 

material and because the blocks have been dislodged from the 

basement. Pattison (1979) excluded the megabreccia from the 

sublayer.

The megabreccia is not easy to distinguish from footwall 

rocks that have been brecciated, plastically deformed, or 

annealed in a matrix similar in composition to the fragments. 

The megabreccias are coded by main rock type and are indicated by 

a breccia symbol on the map. They occur at the contact with the 

Sudbury Irruptive Complex. 

NORITES

Norites constitute the lower one-quarter to one-third of the 

Main Irruptive. They consist from bottom to top of mafic norite, 

leucocratic norite, and transitional norite. 

MAFIC NORITE

Mafic norite was found in only three outcrops within the 

map-area. These outcrops lie roughly within 900m of each other, 

from south-southwest to southeast of Beo Lake in Bowell Township. 

They are situated between leucocratic norite and gabbroic 

sublayer breccia or footwall rocks. The contact between mafic 

norite and footwall amphibolite is exposed for a short distance 

and dips steeply to the northwest. Here the mafic norite appears 

on the map as a tongue into the footwall.

Mafic norite is medium grained, weathers rusty brown and is 

dark green to black on fresh surfaces. It contains medium- to 

fine-grained, brown biotite which helps to distinguish it from 

some recrystallized amphibolitic rocks. Chalcopyrite,
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pyrrhotite, and pyrite blebs up to 0.5cm are sparse but 

ubiquitous.

In thin section the rock is seen to consist of 21\ medium- to 

fine-grained, anhedral to subhedral, fractured and partly altered 

plagioclase (An32 to An37 ) with actinolilte fracture 

fillings, 15% anhedral subangular quartz, 1^ poorly developed, 

interstitial, micrographic intergrowth of microcline and quartz, 

25% altered, fibrous actinolite in euhedral to anhedral masses 

that pseudomorph pyroxene, 5% anhedral, brown-green, possibly 

primary hornblende, 12% anhedral, fine-grained chlorite, 2% 

brown, anhedral biotite, X.5% opaque minerals and Q.4% apatite.

A chemical analysis of mafic norite is given in Table 11. 

LEUCOCRATIC NORITE

Leucocratic norite is continuous across the map-area and 

accounts for at least 9(^ of the Main Irruptive norites. It is 

estimated to range from 195m to 620m thick (based on Figure 21). 

The unit is relatively uniform throughout the area although there 

are some differences in grain size, grain shape, or mineral 

modes that are not mappable at the scale of 1:15,840. The 

leucocratic norite is gradationally overlain by transitional 

norite, and is underlain, by mafic norite, Sublayer Zone 

breccias, or Early Precambrian basement rocks.

The leucocratic norites are intruded locally by aplitic 

dikelets (see section on Felsic Dikes). Elsewhere, xenoliths of 

fine-grained felsic material are present (see map, back pocket). 

In a few cases rocks with textures very similar to granophyre 

were found; because of poor exposure the author is not certain
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whether these irregularly shaped to slab-shaped granophyric 

bodies are xenoliths or dikes, and whether they are directly 

related to the granophyre that overlies the norites.

The relationships between leucocratic norite and leucocratic 

breccia, and between leucocratic norite and mixed breccia, have 

been reasonably established. About 1km northeast of West Morgan 

Lake, a 100m diameter xenolith of granitic and amphibolitic rocks 

and leucocratic breccia is found to lie at least 140m from the 

lower leucocratic norite contact. In one outcrop of this large 

xenolith, coarse and medium-grained pinkish leucocratic norite is 

in contact with leucocratic breccia. No chilled margins were 

seen. About 900m south-southwest of the northeast corner of 

Morgan Township a poor exposure between mixed breccia and 

leucocratic norite was found. A hand specimen was collected and 

after sawing the specimen it was observed that fine- to 

medium-grained, flow-aligned, plagioclase laths in the 

leucocratic norite parallel the contact with the mixed breccia 

(see Photo 13). This zone of alignment is lcm to 2cm thick and 

is in sharp 'contact 1 with 'normal' leucocratic norite. These 

features prove that the mixed breccia predates the leucocratic 

norite. About 900m south-southwest of Beo Lake in Bowell 

Township are poorly exposed mixed breccias that lie about 200m 

(measured horizontally) above the lower contact of the 

leucocratic norite. An outcrop of leucocratic norite lies 

between the contact and the mixed breccias; the breccias are 

interpreted to be in one or more large xenoliths in the 

leuocratic norite. About 400m east-southeast of Roland Lake in
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Bowell Township are two, poorly exposed outcrops, that lie 220m 

south of the lower leucocratic norite contact; they consist of 

mixed breccia and brecciated amphibolitic gneiss. The mixed 

breccia is in contact with leucocratic norite but relative age 

relationships are not clear. Two fine-grained, 4cm thick, felsic 

dikelets intrude the leucocratic norite here.

Leucocratic norite weathers light rusty brown to gray and is 

medium gray to greenish gray on fresh surfaces. A greenish 

variety was locally found near the lower contact. In 

hand specimens the rock appears medium-grained; locally it is 

coarse-grained or fine-grained. It is generally massive but may 

show a weak alignment of plagioclase, and in a few places augite 

phenocrysts can be recognized.

The variation of modal composition of two cross-sections of 

the Main Irruptive and one cross-section of the Transition Zone 

and uppermost leucocratic norite are shown in Figures 4 and 5. A 

strong similarity in modal composition exists among samples of 

leucocratic norite that were taken about 160m from the 

transitional norite as shown in Figures 4A and B.

Plagioclase is present as euhedral to subhedral laths and 

rhombs that range in length from less than 1mm to 5mm (generally 

2mm to 3mm) and have undergone from little to ;complete sericitic 

and (or) saussuritic alteration. There is no recognized 

consistent pattern of alteration determined from this 

petrographic study but locally the alteration increases closer to 

the transitional norite. Augite is present as remnants in 

euhedral to subhedral actinolite laths that range in original
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length from less than 1mm to 4mm (generally 1mm to 2mm). Minor 

hypersthene was identified. Actinolite has partly or completely 

replaced both pyroxenes. Anhedral poikilitic actinolite crystals 

up to 5mm across may be pseudomorphs after augite. Anhedral to 

subhedral brown-green hornblende is present. Chlorite after 

actinolite is generally minor. Biotite is not present and 

stilpnomelane is rarely present. Quartz is present as anhedral 

crystals ranging in size from less than 0.4mm to 1.5mm and is 

spatially and morphologically closely related to micrographic 

intergrowth. Micrographic intergrowth of microcline and dominant 

quartz is present as medium to coarsel, poorly developed forms, 

in small, irregularly shaped, interstitial patches. Anhedral 

microcline is minor and commonly associated with free quartz. 

Opaque minerals are present as anhedral to subhedral, altered 

minerals ranging from less than 0.5mm to 1.5mm (generally 0.5mm 

to 1mm). They comprise one or more sets of parallel bars of an 

opaque mineral within a leucoxene-like mineral. Minor, very 

fine- to fine-grained, anhedral epidote, and subhedral to 

euhedral columns and needles of apatite are ubiquitous. The 

apatite crystals are generally 0.2mm long but may be up to 3mm 

long.

Chemical analyses of leucocratic norite from three 

cross-sections are given in Table 12.

iThe size categories of micrographic intergrowth are relative 

to textures found throughout the Main Irruptive and not to terms 

such as graphic granite.
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TRANSITIONAL NORITE

Transitional norite constitutes the lower portion of the 

Transition Zone; transitional granophyre forms the upper portion 

(see introductory part on the Sudbury Irruptive Complex). 

Delineation of the transitional norite is hampered by poor 

exposure so the description of the transitional norite is 

highly generalized. It is probably a continuous rock type 

overlying norite and ranges from about 30m to 155m thick (based 

on data in Figure 17).

Transitional norite weathers brown and is pale pink to pink 

in fresh surfaces. It is medium to fine-grained. On fresh 

surfaces the mafic minerals are well defined but not as well as 

with leucocratic norite.

The mineral modes of transitional norite, from the three 

cross-sections previously mentioned, are shown in Figures 4 and 

5. The number of samples is too few for precise descriptions. 

Plagioclase occurs as euhedral to subhedral, strongly to 

completely saussuritized laths and rhombs that range from less 

than 1mm to 4mm long and are generally 1mm to 2mm long. Augite 

is minor and occurs as remnants in euhedral to anhedral columns 

that range from less than 1mm to 5mm long (generally 1mm to 2mm). 

Augite has altered to brown-green hornblende, which generally 

occurs as anhedral to subhedral crystals less than 2mm long, and 

to actinolite and chlorite which occur as irregularly distributed 

patches in the mafic crystals. Biotite is not present. Quartz 

occurs as anhedral crystals, ranging from less than 0.5mm to 

2.5mm long, and is spatially and morphologically associated with
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micrographic intergrowth. The micrographic intergrowth of 

microcline and quartz is generally medium to coarse in 

development and fills small to large interstices between 

plagioclase and mafic minerals. Some plagioclase crystals are 

entirely surrounded by two or more intergrowth bodies. The 

coarsest intergrowth is farthest from the centre of the body. 

Microcline occurs as anhedral, interstitial coatings on some 

plagioclase crystals and as anhedral to subhedral, twinned laths 

up to 1mm long. Epidote occurs as irregularly distributed, 

fine- to very fine-grained, anhedral crystals. Apatite occurs as 

very fine- to fine-grained, subhedral to euhedral stubby crystals 

less than 0.5mm long. Opaque minerals commonly occur as altered, 

fine-grained, subhedral to anhedral crystals that form sets of 

parallel bars within leucoxene. In some thin sections the opaque 

minerals are subhedral and do not appear to be altered. 

Chemical analyses of transitional norite from three 

cross-sections are given in Table 13.
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GRANOPHYRES

Granophyres constitute the upper two-thirds to three-quarters 

of the Main Irruptive. From bottom to top they consist of 

transitional granophyre, granophyre, and hybrid granophyre. 

TRANSITIONAL GRANOPHYRE

Transitional granophyre constitutes the upper portion of the 

Transition Zone; transitional norite forms the lower 'half (see 

introductory part on Sudbury Irruptive Complex). As with the 

transitional norite, the description of the transitional 

granophyre is highly generalized. Transitional granophyre is 

probably a continuous rock type underlying granophyre and ranges 

from 30m to 130m thick (based on data in Figure 17).

Transitional granophyre weathers brown, is medium to dark 

pink on fresh surfaces, and is generally medium-grained.

The mineral modes of a few specimens of transitional 

granophyre from three cross-sections are given in Figures 4 and 

5. Plagioclase occurs as euhedral to subhedral, moderately to 

strongly saussuritized laths that commonly retain some evidence 

of twinning and that range in length from less than 1mm to 5mm 

(generally 1mm to 2mm). The degree of saussuritization decreases 

away from the transitional norite. Augite is commonly present as 

irregularly shaped patchy remnants in subhedral to anhedral laths 

up to 3mm long and is generally 1mm to ;2mm long. These laths 

have been largely replaced by bluish green to brownish green 

hornblende which occurs as anhedral to subhedral crystals. Minor
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actinolite is locally present. Very fine- to fine-grained, green 

chlorite is present as an alteration of hornblende, as 

irregularly shaped bodies, and as an alteration of a mafic 

mineral that was interstitial to plagioclase laths. Very fine to 

fine-grained, minor, yellowish brown stilpnomelane is ubiquitous 

and irregularly distributed. It is locally seen to replace 

hornblende and augite. Quartz occurs as anhedral and irregularly 

shaped crystals up to 2mm long (generally less than 1mm) some of 

which are morphologically associated with micrographic 

intergrowth. Micrographic intergrowth of microcline and quartz 

ranges from finely to coarsely developed and occurs as small to 

medium interstitial bodies or as large bodies, some of which 

completely enclose plagioclase laths. The change from the 

interstitial style to the enclosing style corresponds to 

increasing distance from transitional norite. The coarsest 

intergrowth is in the outer parts of a body of intergrowth. 

Microcline occurs as anhedral to subhedral laths and as minor 

anhedral bodies that partly mantle plagioclase laths. Epidote 

occurs as anhedral to subhedral crystals up to 0.8mm long 

(generally less than 0.5mm) that are irregularly distributed, and 

commonly occurs as clusters within and around mafic minerals. 

Apatite occurs as subhedral, stubby, crystals up to 0.7mm long 

(generally about 0.2mm) and as subhedral needles up to 3mm long 

(generally less than 0.6mm). Opaque minerals occur as:

1) anhedral to subhedral crystals up to 1mm long (generally 

less than 0.6mm) some of which form sets of parallel bars 

in leucoxene;
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2) needles up to 0.5mm long (generally less than 0.2mm) with 

a length to width ratio of about 10:1.

Chemical analylses of transitional granophyre from two 

cross-sections are given in Table 12. 

GRANOPHYRE

Granophyre is continuous across the map-area and accounts for 

over 95% of the Main Irruptive granophyres. It is estimated to 

range roughly from 680m to 1735m thick (Figure 21) and rapidly 

grades upward into hybrid granophyre. Locally the hybrid 

granophyre is absent and the granophyre is directly overlain by 

the Basal or Gray Members of the Onaping Formation.

Overall the granophyre is heterogeneous in texture, modal 

composition, grain size, and colour, yet at the mapping scale 

none of these differences could be outlined and no internal 

contacts of different 'phases' were found. In general granophyre 

appears medium grained, weathers brownish pink to light pink, and 

is pinkish gray to medium gray on fresh surfaces. On weathered 

surfaces mafic minerals are hardly recognizable and the rocks 

appear very felsic.

A variety of granophyre which could be termed leucocratic 

granophyre is bright pink and contains a low modal proportion of 

mafic minerals all of which are amphibole needles up to 12mm 

long. The rock has a very high proportion of granophyric 

intergrowth. This type was also found in the Capreol Area (Muir 

1981) to the east but could not be outlined as a phase in either 

case. Another variety of granophyre has significantly less 

granophyric intergrowth and microcline than the majority of
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granophyre. It appears medium gray on fresh surfaces and appears 

to have few mafic minerals. It too was found in the Capreol Area 

and probably the "plagioclase-rich rock" of Peredery and Naldrett 

(1975). A small outcrop of granophyre in central Morgan Township 

consists of a rock that is strikingly similar to leucocratic 

norite. The neritic outcrop contains fragments of an aphanitic 

felsic rock with which it has reacted. Locally, near the hybrid 

granophyre, there are sparse felsic xenoliths of altered granitic 

rocks and of 'peculiarly textured felsic rocks' that are similar 

to those in the Basal Member of the Onaping Formation. Many 

xenoliths are poorly discernable and all stages from partial to 

almost complete assimilation of xenoliths can be recognized. No 

xenoliths of the matrix of the Basal Member of the Onaping 

Formation were recognized in the granophyre.

Figures 4 and 5 show the mineral modes of samples of 

granophyre from three cross-sections. The variability of the 

modes attests to the heterogeneous character of the granophyre. 

Plagioclase occurs as subhedral to euhedral laths and rhombs up 

to 5mm long (generally 1mm to 3mm) that are moderately to weakly 

saussuritized and sericitized. Locally 10mm long porphyritic 

laths are present. Bluish green to brownish green hornblende and 

green actinolite are generally present in highly variable 

proportions as anhedral laths and irregularly shaped masses up to 

2mm long (generally less than 1mm). Pyroxene is not present. 

Chlorite is very fine-grained and has replaced amphibole and a 

mineral that was interstitial to plagioclase. Stilpnomelane is
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generally present as very fine-grained yellowish brown, 

irregularly distributed needles that commonly appear to have 

partly replaced amphibole and(or) chlorite. Quartz occurs as 

anhedral, equigranular crystals up to 1.5mm long but is generally 

less than 0.5mm long. Locally the quartz occurs in clusters. In 

one case a hexagonal quartz crystal was observed. Very fine to 

coarse micrographic intergrowths of microcline and quartz occur 

in medium to large optically continuous bodies that commonly abut 

each other. Plagioclase is commonly completely enclosed in the 

micrographic intergrowths. As in the transitional rocks, the 

coarsest micrographic intergrowth is farthest from the centre of 

the body. Locally, ornate intergrowth patterns have developed. 

Microcline is present at the centres of some intergrowth bodies 

as anhedral mantles around plagioclase, and as anhedral to 

subhedral laths up to 2mm long (generally less than 1mm). 

Epidote occurs as anhedral to euhedral, locally zoned, fine- to 

very fine-grained crystals and clusters of crystals, commonly 

associated in part with chlorite. Maximum crystal length is 

3mm. Apatite occurs as stubby crystals generally less than 0.3mm 

in size and as needles, up to 3mm long with length to width 

ratios of about 50:1. Opaque minerals occur as anhedral to 

subhedral crystals up to 0.8mm long that form bars or needles 

within leucoxene, and as needles up to 1mm long (generally less 

than 0.3mm) with length to width ratios of about 10:1. Very fine 

to fine-grained sphene and carbonate are minor and scarce.

Chemical analyses of granophyre from two cross-sections are 

given in Table 15.
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HYBRID GRANOPHYRE

Hybrid granophyre is present as a common but discontinuous 

layer, and is up to about 70m thick (Figure 21). It is 

gradationally underlain by granophyre and is overlain by the 

Basal Member, Gray Member, or Green Member of the Onaping 

Formation.

The hybrid granophyre is heterogeneous in grain size, 

texture, colour, and xenolith content. In general it has the 

appearance of a granophyre that contains a wide range of 

xenoliths in terms of size, shape, type, and abundance. Hybrid 

granophyre is distinguished from granophyre in the field somewhat 

arbitrarily by its xenolith content and by its characteristic 

granophyric matrix that is different from that of the underlying 

granophyres.

The matrix weathers brownish pink to pinkish white and is 

pink to light and medium gray on fresh surfaces. Grain size is 

fine but ranges to medium. The texture varies from essentially 

that of granophyre to that of a felsic rock with small, 

unoriented amphibole needles. As with the granophyre, mafic 

crystals weather fast leaving a very felsic weathered surface.

The xenoliths comprise fine to coarse sand-size quartzite and 

arkose, felsic rocks with the 'peculiar textures 1 observed in the 

Basal Member of the Onaping Formation, and locally fragments of 

the Green Member of the Onaping Formation. The xenoliths range 

in shape from subrounded to subangular and in size from less than 

lcm to a few metres, generally 2cm to 20cm. The xenoliths are 

present in proportions ranging from less than l* to lO^fc. They 

are more common close to the contact with the Onaping Formation
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and gradually become absent farther away from the contact. In an 

outcrop the xenoliths range from easily discernable to faint 

 ghost-like 1 patches. No xenoliths of the matrix of the Basal 

Member were found in the hybrid granophyre.

Cross-sections shown in Figure 4B, and C show the abrupt 

mineralogical changes when passing from granophyre into hybrid 

granophyre. Figure 5 shows corresponding changes on a Q-A-P 

triangular plot. Plagioclase occurs as relatively fresh 

subhedral laths up to 3mm long. In general it is less than 1mm 

in size. Brownish green hornblende occurs as anhedral to 

subhedral columns and irregularly shaped bodies up to 1mm long. 

In one thin section very fine-grained fibrous actinolite was 

present in lieu of hornblende. Chlorite is very fine-grained and 

occurs locally after hornblende. Quartz occurs as anhedral, 

subequant crystals up to 1.0mm long (generally less than 0.4mm) 

which locally have geometric outlines that are difficult to 

distinguish from a degenerate type of micrographic intergrowth. 

Micrographic intergrowth of microcline and quartz occurs as 

medium to coarsely developed, irregularly shaped bodies. It is 

locally absent. Anhedral microcline is common as small bodies 

among plagioclase, quartz, and micrographic intergrowth. It also 

occurs as anhedral to subhedral crystals up to 2mm. Epidote 

consists of very fine to fine-grained anhedral crystals and is 

locally associated with chlorite; clusters of epidote are locally 

present. Apatite occurs as subhedral to euhedral needles (length 

to width ratio of 15:1) up to ).5mm long. Opaque minerals occur 

as: 1) anhedral to subhedral crystals, partially altered to
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leucoxene, that are up to 0.2mm in diameter; 2) needles with a 

length to width ratio of 10:1 that are up to 0.3mm long and 

locally partly altered to leucoxene.

Chemical analyses of hybrid granophyre are given in Table 16. 

FELSIC DIKES 

Aplite

A few, fine to very fine-grained, white weathering, aplitic 

dikes less than 6cm thick locally intrude leucocratic norite. 

Most occur in the lower half of the leucocratic norite.

In thin section, the dikes are seen to consist of very 

fine-grained, anhedral quartz OO 5*), plagioclase OS 1!), sericite 

(30%), chlorite W), epidote (J.%), and minor opaque minerals. 

Stained rocks show no potassium feldspar.

A chemical analysis of aplite is given in Table 17.

Pink aplitic dikes have intruded and offset dikelets of 

Sudbury-type Breccia in at least two localities in Morgan 

Township; both localities are about 1km southwest of Rudy's Lake. 

The author does not know the relationship between the pink and 

white varieties of aplite but believes that the pink varieties 

are related to local melting of the granitic rocks after the 

intrusion of the Main Irruptive. 

MAFIC DIKES 

Glomeroporphyritic Basalt

A poorly exposed outcrop of glomeroporphyritic basalt can be 

found in central Morgan Township near the road that leads to the 

old Nickel Offsets Mine in Foy Township to the north. The rock 

weathers rusty brown and is dark gray on fresh surfaces. The
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matrix is aphanitic but feldspar microlites can be seen in the 

weathered rind, plagioclase phenocrysts forming laths and rhombs 

up to 4mm long (generally less than 2mm) are locally 

glomeroporphyritic and account for about 5% of the rock.

The rock is interpreted to be part of a dike that intruded 

the Green Member of the Onaping Formation although it is possibly 

a very large fragment. A similar rock was found in south-central 

Norman Township to the east (on the north-northeast-trending main 

powerline); here it appears to have intruded granophyre and the 

Basal Member of the Onaping Formation. Similar rocks are found 

as dikes in Levack Township to the west, particularly in the area 

of the Fraser Mine (B.O. Dressler; personal communication). Age 

relationships with respect to aplite dikes and to olivine diabase 

dikes are not known. The rock is tentatively classified here as 

Middle Precambrian and is possibly related to the "trap" dikes of 

the South Range Sudbury Irruptive Complex. 

GABBRO

In one outcrop, 2620m at 244Q from the northeast corner of 

Morgan Township, a thin dike of gabbro intrudes leucocratic 

norite. This rock weathers brown, is dark green on fresh 

surfaces, and in hand specimen is seen to consist of dark 

greenish plagioclase and pyroxene, some of which forms 5mm 

poikilitic phenocrysts. The relationship of this rock to the 

general geological history is not understood; the rock is 

labelled 'gabbroic dike 1 on the geological map. Also, a 7cm 

thick, rusty brown weathering, aphanitic to fine-grained, mafic 

dike has intruded leucocratic norite about 300m north of the
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northeast bay of West Morgan Lake in Morgan Township. No sample 

could be obtained; the outcrop is labelled 'mafic dike 1 on the 

geological map. These dikes are tentatively classified here as 

Middle Precambrian and are possibly related to the "trap" dikes 

of the South Range Sudbury Irruptive Complex. Their relationship 

to each other and to the glomeroporphyritic basalt is not 

LATE PRECAMBRIAN

MAFIC INTRUSIVE ROCKS

OLIVINE DIABASE

Several northwest-trending, medium-grained olivine diabase 

dikes, generally less than 60m thick, intrude the Early and 

Middle Precambrian rocks. Lineaments commonly parallel the dikes 

beyond dikes that outcrop. The strikes of dikes locally vary, 

possibly indicating that the dikes intruded into pre-existing 

fractures, and therefore the dikes are not interpreted much past 

their exposed portions on the map.

Olivine diabase weathers medium gray to brown and is dark to 

very dark gray on fresh surfaces. Olivine is commonly visible in 

hand specimens.

As seen in thin section, the olivine diabase consists of 

pinkish brown pleochroic augite up to 3mm long (3(^ to 35%) which 

subophitically encloses subhedral to euhedral twinned and zoned 

plagioclase laths, up to 2mm long (35% to 4(H), and equant 

unaltered, olivine crystals up to 0.5mm long (15% to 25%). 

Biotite occurs both as anhedral, reddish brown flakes that mantle 

opaque minerals or are interstitial to plagioclase, and as a 

minor green interstitial variety. Anhedral to subhedral opaque
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minerals and subhedral apatite crystals (both up to l^fc) are also

present. 

PHANEROZOIC

CENOZOIC

QUATERNARY

PLEISTOCENE

Glacial striae directions are most evident in the Chelmsford 

Formation, followed by the Black Member of the Onaping 

Formation. They are all but absent in the basement rocks. There 

were at least two general directions of ice movement: one at 

205O to 210O ; and another at 230O to 240O as seen in some 

outcrops. The overall range in the map-area is from 185O to 

25QO. Bedrock topography is considered to have affected ice 

movement to some degree.

The Pleistocene geology of Morgan Lake-Nelson Lake Area was 

not mapped by the writer during the field season. The geological 

breakdown of Pleistocene units and the descriptions which follow 

are based on the work of Burwasser (1979) with minor 

modifications from air photo interpretation by the author. 

TILL

A till unit is present in northeast Lumsden Township as a 

weakly recognizable geomorphological unit 1m to 3.5m thick which 

was deposited by the Labrador sector of the Laurentide ice sheet. 

It consists of bouldery sand and gravelly silty sand. The unit 

stretches across Capreol, Hanmer, and eastern Lumsden Townships 

as a prominent ridge.

Ice Contact Deposits



- 86 -

Ice contact deposits are present just north of the till 

deposits as part of complex deposits extending from Capreol to 

Nelson Lake that constitute the proximal side of the Cartier I 

Moraine. Gravelly sand displays a wide variety of bedding, and 

blocks of till lie within the cobbly outwash and sand and gravel 

deposits. Meltwater channels have breached the moraine in 

several places in Hanmer and Capreol Townships. 

Glaciofluvial Deposits

These sand deposits, with minor gravel consist of deltaic 

deposits (south of the exposed Onaping Formation) and outwash 

channel deposits (Nelson River and Sandcherry Creek). The 

deltaic deposits have been modified by lake action and are 

transitional to lacustrine deposits. Burwasser (1979) has 

outlined numerous terrace escarpments, some of which are up to 

30m high, and some meltwater channels in the deltaic deposits. 

Glaciolacustrine Deposits

These deposits represent near-shore, shallow water, 

lacustrine deposits and consist of fine sand and silty fine sand 

laid down in a lake of meltwater which was controlled by a basin 

topography. Diamond drilling results from assessment files of 

the Ministry of Natural Resources for holes in Lumsden Township 

and information from Burwasser (1979) indicates that these 

glaciolacustrine deposits are up to at least 118m thick in areas 

overlying the Onwatin Formation, particularly near the Vermilion 

River. Thicknesses in Lumsden, Morgan and Balfour Townships are 

greater than elsewhere in the Sudbury Basin. 

Recent

Alluvium
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Recent deposits are present within the modern water course of 

the vermilion River. They consist of fine sand with minor silt. 

PETROCHEMISTRY

This section provides graphic representations of the data 

that are found in the descriptive sections for the respective 

rock types. Detailed sampling was not undertaken, therefore many 

of the interpretations are of a general nature. The analyses 

largely constitute two cross-sections of the Main Irruptive and 

one of the transitional rocks. The remaining analyses are of 

samples from: the Whitewater Group, mostly of the Onaping 

Formation; the gabbroic sublayer and offshoot dikes; and various 

rocks from the basement. Some samples were analysed to test 

field interpretations. Others were taken to provide background 

data or, in the case of the Main Irruptive, to supplement the 

sparse published data. Two samples (numbers 9 and 36) are not 

from the actual sections across the Main Irruptive but are from 

nearby outcrops and are included as parts of a composite 

cross-section. Locations of samples are shown in Figure 6.

Sudbury Irruptive Complex 

Main Irruptive

Figures 7 and 8 plot the distance of the samples from the 

lowermost norite contact versus the crystallization index 

(Poldervaart and Parker, 1964) and Ti 2 respectively. 

Cross-section l covers the transitional rocks and includes the 

uppermost leucocratic norite. The positions of the plotted 

points are similar to comparable samples from cross-section 3, a 

feature which is also apparent in Figures 9 to 16. Cross-section
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2 displays similar trends but at a comparable position about 360m 

stratigraphically lower (measured horizontally) in the Main 

Irruptive. The moderately linear decrease in crystallization 

index from leucocratic norite to transitional granophyre changes 

abruptly as the granophyre is reached. With the exception of a 

slight increase in the crystallization index at 1760m, the index 

remains fairly constant throughout the granophyre. This 

constancy also holds for the differentiation index of Thornton 

and Tuttle (1960) which is a factor used to consider the residual 

components in a magmatic system. Figure 8 shows a marked 

increase in TiO2 in the transitional rocks with a somewhat 

linear decrease down to a relatively narrow range of TiO2 for 

the granophyre.

Figure 9, which plots FeO(totalJ+MgO versus MgO, displays a 

strongly linear trend with an approximate slope of +0.29 for 

cross-section l which is matched by samples 41 to 45 of 

cross-section 3. Samples of leucocratic norite and transitional 

norite in cross-sections 2 and 3 show a crudely linear trend with 

an approximate slope +0.68 which is not connected to the trend of 

the transitional rocks. Figure 10 is a plot of FeO (total)/MgO 

versus Ti 2 and shows moderately linear trends with approximate 

slopes of -0.18 for the transitional rocks of cross-sections l 

and 3 which contrasts to the crudely linear pattern of granophyre 

samples (approximate slope of 0.0) and a moderately linear trend 

of leucocratic norite (approximate slope of +0.25). There 

appears to be a sudden change from leucocratic norite to 

transitional norite, and from transitional granophyre to
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granophyre. The position of the consecutive granophyre samples 

ranges widely.

Figure 11 is a plot of normative plagioclase (An) composition 

versus normative colour index and for purposes of relative 

comparison only, the discriminating lines for volcanic rock 

types are shown (from Irvine and Baragar, 1971). There is a 

reasonable but not complete agreement between field names and 

different classification divisions.

Figures 12 and 13 are presented to indicate trends, and for 

purposes of relative comparison only, the discriminating lines 

for volcanic suites and types are shown. Figure 12 , an AFM 

triangular plot (after Irvine and Baragar, 1971) r shows that most 

of the transitional rocks are separate from leucocratic norite 

and they compare with the tholeiitic and calc-alkaline suites 

respectively. Samples of granophyre form a group that straddles 

the discriminating line; consecutive samples in any cross-section 

form no consistent trend. Figure 13, an A1203 - (FeCHFe2 

O3*Ti02) - MgO triangular plot, shows relationships similar 

to Figure 12 although most granophyre samples plot on the 

tholeiitic side of the discriminating line. The only significant 

trend is a tholeiitic one displayed by the transitional rocks of 

cross-section 1.

Trace element plots (Figures 14 to 16) show several 

interesting relationships. Rb values (Figure 14) in 

cross-sections 2 and 3 show a marked decrease at about 1710m from 

the lower norite contact. Although both cross-sections show 

three peaks and two valleys the peaks and valleys do not coincide
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with the same rock types from one cross-section to another. 

Peaks and valleys in all three cross-sections are commonly 

different by several tens of ppm. Similar patterns can be noted 

for Ba. Sr values (Figure 15) show a similarity in granophyre 

between cross-sections 2 and 3 but values for the transitional 

rocks and leucocratic norite are similar between cross-sections l 

and 3 instead. Trends in cross-sections l and 3 show a decrease 

in Sr content in leucocratic norite with increasing distance from 

the lower contact whereas values increase in cross-section 2. A 

marked decrease in Sr content at about 1710m in cross-section 2 

has a weak corresponding relationship in cross-section 3. The 

distance of about 1710m is close to the change in crystallization 

index at 1760m (Figure 7). Zr values (Figure 16) show that 

cross-sections 2 and 3 have very similar patterns whose peaks and 

valleys coincide very closely in some cases (e.g. 1645m). An 

increase in Zr content in the transitional rocks is evident in 

all three cross-sections.

Overall, Figures 7 to 10 show a differentiation trend 

associated with the transitional rocks which is probably due to 

plagioclase and clinopyroxene fractionation. The trends in 

Figures 7 and 10 suggest that the leucocratic norite and the 

granophyre have not differentiated from a single magma intrusion. 

The differences in trends and absolute values, from one 

cross-section to another show that the composition of the Sudbury 

Irruptive Complex is not uniform for any given stratigraphic 

position or for similar rock types at any given location. 

Considerable detailed work is necessary to formulate overall 

trends.
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Sublayer Zone

Two analyses of Sublayer Zone rocks were made; one is a 

massive, medium- to fine-grained gabbro from the gabbroic 

sublayer, the other is a fine- to medium-grained gabbro from the 

'Foy Offset 1 (see Figures 9 to 13). In most graphs the gabbroic 

sublayer specimen (number 54) is chemically similar to the sample 

mapped as mafic norite (number 36) in cross-section 3. This 

suggests that the 'mafic norite 1 , as mapped, is actually part of 

the gabbroic sublayer. This would make the small 'tongue' 

extending into the footwall rocks in Bowell Township part of the 

Sublayer Zone. In most graphs, the offshoot dike specimen 

(number 55) is chemically similar to the lowermost samples of 

leucocratic norite in cross-sections 2 and 3. This is an 

interesting observation. It is based only on one analysis and 

the chemical similarity could be accidental. The offshoot dike 

specimen is different from the gabbroic sublayer specimen in most 

figures.

Whole rock pd and Pt values show that the only samples 

containing values almost consistently greater than the detection 

limit of l ppb are analyses from the Sublayer Zone, all 

formations in the Whitewater Group, and the basement amphibolite 

sample which is very close to the contact with the Sudbury 

Irruptive Complex. All samples were unmineralized to the naked 

eye except the gabbroic sublayer specimen.
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Onaping Formation

Six samples from the Onaping Formation are plotted in Figures 

9 to 13 along with other rock types. All of the samples of the 

Onaping Formation are subalkaline which differs from the results 

of Peredery (1972). Two samples are bombs. One sample is from a 

spherulitic dike. Two samples are of the massive, 

crystalline-textured type of the Gray Member and one is of tuff 

from the upper part of the Black Member. The bomb samples 

generally plot close together in all diagrams and are also 

closely grouped with the spherulitic dike in most cases despite 

being widely spaced throughout the map-area (see Figure 6). Two 

samples of the Gray Member were analysed mainly to test for any 

chemical similarities with the granophyre; locally similar 

textures and colour of the two rock types suggest that the 

massive matrix of parts of the Gray Member may be sills derived 

from the granophyre magma. The two samples generally plot very 

close together but, in most cases, are chemically different from 

granophyre (Figures 9 to 13). Although it might be expected that 

some differences would occur, for example, if the samples were 

from sills they may have crystallized faster and assimilated less 

country rock, the author believes that the two rock types are not 

directly related. This interpretation was also made by Peredery 

(1972). The Black Member tuff plots distinctly away from other 

Onaping Formation samples in most cases and is inconsistently 

similar to other rock types in different graphs. 

Onwatin and Chelmsford Formations

One sample each from the Onwatin Formation slate and the 

Chelmsford Formation feldspathic lithwacke were analysed. The
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analyses are plotted for comparative purposes only. In most 

cases their plotted positions are distinct from other rock types. 

Basement Rocks

Four analyses from the basement (amphibolite, gabbro, two 

diabase dikes) and one analysis of aplite from a dikelet which 

intruded the lowermost leucocratic norite (described here with 

the basement rocks for convenience) are also plotted in Figures 9 

to 13. Although the chemical composition of the amphibolite and 

gabbro are similar as is shown in many diagrams, no consistent 

relationship among any of the rock types of whatever age is 

apparent. One of the diabase dikes is classified as alkaline; it 

is not known if this is a primary feature. Although the aplite 

dikelets may be considered to be derived from remobilized 

basement material melted by heat from the norite, they would not 

likely have a composition that is so deficient in potassium. 

Therefore they may be directly related to ;the Sudbury Irruptive 

Complex.

Of the analyses grouped under the classification 'basement 1 , 

the amphibolite, gabbro, and Early Precambrian diabase rocks all 

have Sr values significantly greater than rocks from the Onaping 

Formation and the Sudbury Irruptive Complex. Most of the 

analyses of the 'basement 1 rocks are higher in Ni, Cu, and Co 

than the Onaping Formation and Sudbury Irruptive Complex 

specimens with the exception of the Sublayer Zone rocks. 

Metamorphism

^r' ^^r Rocks within the map-area have undergone a complex history of 

metamorphism, recrystallization and deformation. This history
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comprises, from oldest to youngest: metamorphism and deformation 

during the Early Precambrian; metamorphism, and remobilization 

imposed by the Sudbury Irruptive Complex (Middle Precambrian); 

and deformation and metamorphism during the Middle Precambrian 

(Penokean orogeny). 

Early Precambrian

The rocks of the Early Precambrian basement were regionally 

metamorphosed, locally migmatized, and deformed prior to the 

emplacement of the Early Precambrian diabase dikes. The rocks 

have undergone medium to high grade metamorphism. The bulk 

composition of the rocks appears to have had a controlling effect 

on minerals indicative of metamorphic grade. Augite is common in 

amphibolitic rocks. Hypersthene is common in paragneisses and 

restites of related migmatites. Some granitic gneisses that lie 

within areas containing pyroxene-bearing gneisses show no 

evidence of such mineralogy. Although no samples further than 

1550m from the Sudbury Basin had pyroxene, none of the sampled 

rocks was amphibolite or paragneiss. Contact metamorphism caused 

by the Sudbury Irruptive Complex is not considered to have been 

equivalent to high grade farther than a few hundred metres from 

the footwall contact. The possibility that high-grade regionally 

metamorphosed rocks may be spatially related to the present 

Sudbury Structure warrants more work. 

Middle Precambrian

At least two significant metamorphic events have occurred 

during the Middle Precambrian: the intrusion of the Sudbury 

Irruptive Complex; and the Penokean Orogeny. The intrustion of
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the Sudbury Irruptive Complex has resulted in contact 

metamorphism in the immediate footwall rocks and has affected the 

lower parts of the hanging wall Onaping Formation to a large 

degree. Recrystallilzation has played a significant part in the 

contact metamorphism.

The rocks affected at the lower contact of the Sudbury 

Irruptive Complex of the present map-area consist of amphibolites 

and amphibolite gneisses, paragneisses and associated migmatites, 

granitic rocks and granitic gneisses, diabases, Sudbury-type 

breccia mixed sublayer breccia, and leucocratic breccia.

Near the Sudbury Basin, microbrecciation and boudinage 

structures within seemingly normal gneissic layers may be partly 

or largely destroyed by recrystallization. Granitic rocks and 

granitic gneisses have irregularly shaped to embayed, weakly to 

strongly aligned bodies of recrystallized quartz crystals up to 

several millimetres long. Plagioclase displays no cleavage or 

crystal shapes on fresh surfaces; it is aphanitic, featureless, 

and conforms to the shape of the quartz bodies. Locally, 

potassium feldspar rims the quartz bodies. In such cases the 

quartz bodies are slightly embayed with subrounded outlines, and 

may be separated by interconnected sections of feldspar. 

Diabases are largely unaffected in hand specimens. Sudbury-type 

breccias may display a matrix that appears very fine-grained as 

opposed to the common aphanitic matrix. The matrix of 

leucocratic breccia is strongly recrystallized or highly altered.

Recrystallization on a thin section scale produces very 

fine-grained to fine-grained stubby plagioclase laths and masses
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of cloudy, saussuritized plagioclase in place of anhedral to 

euhedral plagioclase of all grain sizes. Quartz becomes very 

fine grained to fine grained and occurs as polycrystallilne or 

'mosaic textured 1 groups of equant crystals in place of one or 

more larger, primary crystals. Locally patches of poikiloblastic 

quartz with inclusions or idioblasts of plagioclase, as well as 

patches of other intergrowths, occur particularly within 

leucocratic breccias. Poikiloblastic hornblende, and augite 

crystlas are locally formed at the expense of mafic minerals. 

Opaque minerals commonly become fine to very fine grained, equant 

crystals that are locally concentrated in mafic minerals. 

Recrystallized poikilitic augite was found only in megabreccias 

and leucocratic breccias which suggests that pyroxene-hornfels 

grade metamorphism was reached locally and very close to the Main 

Irruptive. The combination of recrystallized textures for all 

minerals results in complex, heterogeneous textures in the 

footwall rocks.

The lower members of the Onaping Formation have undergone 

contact metamorphic recrystallization up to and including part of 

the Green Member. The author is not able to clearly distinguish 

between recrystallization due to heat contained at the time of 

deposition of the formation, and recrystallization due to contact 

metamorphism. There appear to be no significant hiatuses in the 

deposition of the Onaping Formation, but there is a gradual- 

decrease in the degree of recrystallization upwards so that the 

upper one-third to one-half of the Green Member shows no signs of 

recrystallization similar to that which is within rocks in
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contact with the hybrid granophyre. Recrystallization in the 

upper part of the Green Member and the Black Member is considered 

by the author to be either primary or regionally imposed.

Primary textures in the lower parts of the Green Member are 

difficult to discern due to recrystallization which has produced 

anhedral, ragged actinolite and chlorite, very fine-grained, 

opaque minerals, very fine-grained interlocking plagioclase and 

quartz crystals, and amygdules with mosaic-textured quartz. The 

Basal and Gray Members have both reacted similarly. Feldspar is 

aphanitic, featureless, and irregularly shaped as in some 

basement rocks. Quartz is always mosaic-textured. Locally, the 

fragments have developed textures with embayed quartz groups 

rimmed by potassium feldspar, and are separated by interconnect 

ing bodies of feldspar; this texture was locally observed in the 

basement granitic rocks.

No minerals other than actinolite, indicative of a specific 

metamorphic grade were found in the rocks of the Onaping 

Formation.

The Penokean Orogeny is post Sudbury Basin formation and 

resulted in extensive deformation of the rocks south of the 

Sudbury Basin and of parts of the South Range Sudbury Irruptive 

Complex. The effects of this deformation and its concomitant 

metamorphism were largely dissipated in the distal North Range. 

As such, low grade metamorphism has affected the Whitewater 

Group, the Sudbury Irruptive Complex, and the basement rocks, 

possibly as far as 15km north of the Sudbury Basin (Hurst and 

Farhat 1977).
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Stratigraphy of the Map-Area

Information with respect to depths of intersection of major 

geological units in diamond drill holes was assembled from the 

assessment files. Contact contours of the major units in the 

Morgan Lake-Nelson Lake Area and in the Capreol Area to the east 

were constructed. The results are shown in Figure 17; the data 

are given in Tables 20 and 21. This figure depicts, from the 

data available, the relatively consistant dips of the units of 

the Main Irruptive and the overlying Onaping Formation, and the 

widely varying dips of the footwall of the Sudbury Irruptive 

Complex. Average dip values have been used to estimate the 

thickness of the individual units and members that are given in 

the section on General Geology. However, results from many more 

diamond drill holes are needed for a more accurate and detailed 

three-dimensional picture of the Sudbury Basin.

Certain problems in mapping that are specific to the North 

Range area, involve the relatively large changes in relief, the 

relatively shallow dips of major units within the Sudbury Basin, 

and the gradational nature of many of the contacts. Three 

examples of these problems, partly based on actual exposed 

sections in the map-area (altered for illustrative purposes), and 

a generalized cross-section of the map-area, are shown in Figure 

18.

The generalized cross-section depicted in Figure ISA is 

idealized and is intended to illustrate the relationships between 

the various stratigraphic subdivisions with special emphasis on 

'contacts' that are gradational; relief is not taken into
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account. Figure 18B illustrates the distortion produced by 

horizontal-planar projected mapping when coupled with gradational 

contacts that are subparallel to the topography. The 

difficulties arising from defining the limits of a gradational 

zone are compounded in a case such as this. Figure 18C 

illustrates a possibility for an apparent geological complexity 

(i.e. apparent repetition of a unit or units) when a relatively 

constant topographical slope is coupled with mildly undulating 

subparallel contacts between rocks of two significantly different 

tectonic configurations. Figure 18D illustrates the problems 

which arise from a combination of relief and a moderately shallow 

dip; accurately documenting stratigraphic changes is more 

difficult in a formation which appears largely unstratified. The 

above examples have been simplified but would be more 

problematical where relief is also involved (eg. Figure ISA), 

where 'contacts' are irregular (eg. Figure 18B), where 

topographical surfaces are irregular (eg. Figure 18C), and where 

exposure is not good (eg. Figure 18D). Faulting and folding are 

two more variables that would increase the complexity 

significantly.

Whereas the large scale 'stratigraphy' has been known for 

some time and can be mapped fairly easily, the small scale 

features of the stratigraphy pose problems which are not readily 

apparent on the map and which nevertheless are unavoidably 

incorporated into the map and in the rock unit descriptions.
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STRUCTURAL GEOLOGY

The discussion of foliation, schistosity, and folding and 

deformation of the Morgan Lake-Nelson Lake Area is separated into 

two sections; Early Precambrian and Middle Precambrian. Faults 

and lineaments are treated as a section irrespective of age. 

EARLY PRECAMBRIAN

The Early Precambrian rocks have locally undergone strong 

deformation as can be seen in highly contorted outcrops of 

migmatite. Weakly foliated to gneissic rocks locally show 

evidence of similar deformation but not to the same extent. 

Competent rocks such as amphibolites have been broken or 

boudined. Gneissosity and foliation show that there is no 

dominant regional trend. Broad trends in Morgan Township range 

from northwest (western part) to northeast (central part) to 

north-northwest (eastern part). In Bowell Township trends range 

from just west of north (western part) to northwest for the 

eastern two-thirds of the township. However, locally, strikes 

and dips change abruptly from outcrop to outcrop. Therefore no 

major regional structures were outlined on the map that 

accompanies the report.

The local orientation of foliation and gneissosity becomes 

more and more chaotic nearer to the Sudbury Irruptive Complex. 

Generally the trends are discordant to the footwall-irruptive 

contact where they can be determined.

The mixture of amphibolite, paragneiss, and granitic rocks 

suggests a complicated tectonic and deformational history of 

development similar to many 'greenstone-gneiss 1 terrains.
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However, near the Sudbury Basin, the disarray of these same 

rocks, as well as the presence of megabreccias and Sudbury-type 

breccias, suggest an uncommon history of development. These 

features are intimately related to the history of the Middle 

Precambrian Sudbury Structure. 

MIDDLE PRECAMBRIAN

Folding and deformation as well as foliation and schistosity 

in Middle Precambrian rocks are all closely related to the 

Penokean Orogeny. This orogeny resulted in compression from a 

southerly direction. All Middle Precambrian rocks were affected 

but rheologic properties of various rock types combined with 

varying distances from the concentrated areas of deformation to 

the south resulted in different features.

The rocks of the Sudbury Irruptive Complex and the Early 

Precambrian rocks are the least affected. The main Irruptive 

rocks have maintained for the most part, characteristics typical 

of massive igneous rocks. A number of lineaments are parallel to 

the contacts of the Main Irruptive rocks, particularly in the 

granophyre. These may be related to brittle adjustment as a 

result of compression.

The extent of the effects of the Penokean Orogeny in the 

lower parts of the Onaping Formation is not clear. An apparent 

broad interfingering of the Green and Black Members in 

east-central Morgan Township may reflect minor folding between 

the two members but information on this aspect is insufficient. 

The upper parts of the Black Member of the Onaping Formation are 

locally highly sheared and schistose. The trend of this
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schistosity is approximately east-northeast and roughly parallels 

the axis of the Sudbury Basin. Dips are moderate to steep and 

face to the south-southeast. There are several poorly defined 

subparallel zones of schistosity with the thickest and most 

pronouced being closest to the Vermilion River valley. The 

author believes the schistosity represents fault zones which 

reflect the change in the ability of the rocks to accommodate the 

compressive deformation from the largely massive lapilli-tuffs, 

to the locally schistose lapilli-tuff and tuff, to the slate of 

the Onwatin Formation.

The Onwatin Formation has a pervasive slaty cleavage which 

dips moderately to the southeast as seen in the single outcrop of 

this formation in the map-area.

The Chelmsford Formation forms the central part of the 

Sudbury Basin which is a synclinorium (Thompson 1956). The 

formation is concentrically folded with doubly plunging, 

non-cylindrical plane folds (Rousell 1972). In the map-area, 

fold axes trend northeast in Morgan Townships to east-northeast 

in Lumsden Township. Dips are generally shallow to moderate but 

locally they are steep to the south-southeast. Fracture cleavage 

and possibly axial plane cleavage are present. Two sets are 

present: the prominent one dips vertically to steeply to the 

south-southeast; and the much weaker local set dips moderately to 

steeply to the north-northwest. 

FAULTS AND LINEAMENTS

Three major faults all north-northwest trending, occur in the 

map-area although only one is well documented by significant 

offset and exposure. This latter fault is the Sandcherry Creek
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fault in Morgan Township. It is a left-lateral fault which 

offsets the contacts of the Sudbury Irruptive Complex and the 

Onaping Formation by as much as 600m. The fault zone is eroded 

but locally is sharp and well defined where the Green Member 

abuts the Black Member in east-central Morgan Township. 

Pleistocene cover prevents interpretation of its southernmost 

extent. The other two faults lie in prominent north-northwest 

lineaments in western Bowell Township. The Wingekisinaw River 

fault has an interpreted left-lateral offset of 160m. The Rand 

Creek fault is interpreted to be right-lateral with an offset of 

about 70m.

Lineaments in the basement in Bowell Township trend 

predominantly north to north-northwest. A set of northwesterly 

lineaments which roughly parallels the trend of the olivine 

diabase dikes is most evident in the Onaping Formation and the 

Main Irruptive rocks. Several lineaments in the Onaping 

Formation and the Main Irruptive rocks are subparallel to 

parallel to the major contacts. The author believes these may 

have resulted from deformation during the Penokean Orogeny.

Numerous lineaments are present in the Chelmsford Formation. 

Most of these follow bedding structures and thus outline folds. 

DISCUSSION OF PROBLEMS ASSOCIATED WITH SUDBURY GEOLOGY

Numerous geological enigmas in the Sudbury area have 

concerned many geologists for several decades and none have been 

convincingly solved as a result of the detailed mapping in the 

Morgan Lake-Nelson Lake Area (1980) and the Capreol Area to the 

east (1979). Nevertheless many problems are worth addressing as
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a result of the recent work. The problems related to the above 

map-areas can be grouped under the following general headings: 

history of the Early Precambrian basement complex; formation of 

the Sudbury Basin; deposition of the Whitewater Group; and 

intrusion of the Sudbury Irruptive Complex. The problems are 

inextricably interelated and no single problem can be discussed 

which is mutually exclusive of several other problems. While it 

is beyond the scope of this report to discuss all problems 

associated with Sudbury geology some of them are discussed here 

to stimulate interest and future work in the area. 

HISTORY OF THE EARLY PRECAMBRIAN BASEMENT COMPLEX

Results of the present work on the Early Precambrian basement 

complex show that there are granulite facies metamorphic rocks 

within the gneisses and migmatites near the Sudbury Structure 

which are well outside of the contact metamorphic aureole of the 

Sudbury Irruptive Complex. More work is needed to determine 

whether high-grade rocks in the Superior Province of the Sudbury 

area are spatially related to the Sudbury Structure.

Cooke (1946), proposed that originally the Sudbury area was 

of a domal or anticlinal nature. Later, Speers (1957) and Card 

and Hutchinson (1972), for different reasons, proposed a domal 

structure and structural arch respectively. This type of 

structural configuration might account for the higher metamorphic 

grade near the Sudbury Basin after erosion. However, at present, 

documented evidence for such structural configurations is largely 

lacking or is extrapolative.
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FORMATION OF THE SUDBURY BASIN

The formation of the Sudbury Basin is perhaps the single most 

controversial aspect of Sudbury geology. There are two main 

theories: 1) volcanotectonic processes; and 2) meteorite impact. 

The first theory calls for the Onaping Formation to be volcanic

(largely pyroclastic) in origin. It stems indirectly from work
k. 

^ by Burrows and Richaby (1929) and Williams (1956), and was

perhaps 'modelled 1 first by Speers (1957). The second theory 

holds that the Onaping Formation is a fall-back breccia and was 

outlined initially by Dietz (1964). It has since been modified 

numerous times as is given in papers by French (1967), Dence 

(1972), Peredery (1972), Cantin and Walker (1972), and others. 

Other workers, notably Thompson (1969), have combined the two 

theories in a fashion which ascribes volcanic origin for all of 

the Onaping Formation.

As to whether the basin was circular or elliptical prior to 

the Penokean Orogeny, there are various conclusions. There is no 

doubt that deformation of the basin has taken place but how much 

is uncertain. Early impact supporters did not consider the 

matter of basin shape in detail. Later, Cantin and Walker (1972) 

studied paleocurrent directions and concluded the basin was 

elliptical at the time of deposition of the Chelmsford Formation; 

however, they failed to discuss the basin's change in shape as 

indicated by folding in the Chelmsford Formation. Rousell (1972) 

concluded the basin was less elliptical than at present but may 

never have been circular. Brocoum and Dalziel (1974) contest the 

above findings and argue for an originally circular basin.
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The complexity of the geological, structural, tectonic, and 

metamorphic history of the Sudbury area, along with its almost 

two billion year old history and the relatively closely timed 

events as indicated by age dates from Faure et al (1964), 

Fairbairn et al (1968), Gibbins and McNutt (1975), Krogh and 

Davis (1975), Hurst and Farhat (1977), and others has led to many 

geological interpretations based on not always well documented 

evidence. Each major theory explains some particular geological 

aspect better than the other.

Sudbury-type breccias are largely restricted to areas outside 

of the Sudbury Basin and have been generally considered to be 

pre-Whitewater Group and pre-Sudbury Irruptive Complex because of 

their absence in these rocks. However, dikelets virtually 

identical to Sudbury-type breccias have been found in the 

granophyre near the Fraser Mine in Levack Township (B.O. 

Dressler; personal communication). Similar dikelets in 

granophyre have been found along Hwy. 144 (J. Lafleur; personal 

communication). These observations, in the author's view, tend 

to support an origin for some forms of the Sudbury-type breccia 

that involves tectonic crustal movements, not all of which are 

related to the formation of the Sudbury Basin. W. Peredery 

(personal communication) considers dikelets such as those found 

in the granophyre to be mylonitic in origin. Such an explanation 

seems reasonable to the author and if such is the case, some of 

the dikelets and stringers mapped as Sudbury-type breccia may 

also be mylonitic in origin. The statistical, spatial 

relationship of the Sudbury-type breccias to the Sudbury Basin,
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however, strongly suggests a formation of most of these breccias 

that is directly related to the formation of the Sudbury Basin. 

Fairbairn and Robson (1942) suggested the breccias occupied 

tension fractures and proposed that crushing of the rocks with 

abundant mobilizing aqueous fluids allowed the material to behave 

like a slurry and accounted for the irregular shapes and 

orientations of the bodies. Speers (1957) largely agrees with 

this but further suggests that the breccias formed as a result of 

caldera collapse and 'are largely post-Onaping Formation. Similar 

crustal adjustments after solidification of the Sudbury Irruptive 

Complex may account for the Sudbury-type breccia in the 

granophyre.

If such origin for the Sudbury-type breccia is likely, the 

author considers the crustal adjustments to have operated, at 

least in part, before and possibly during the deposition of the 

Onaping Formation. Such an interpretation is based on the 

presence of a 'Sudbury-type 1 breccia dikelet found in a siltstone 

fragment within the Black Member of the Onaping Formation.

The author was intrigued at several localities by 

'Sudbury-type breccia' that bore a resemblance to some of the 

rocks of the Green Member of the Onaping Formation. The same 

observation was made by Pattison (1979) after observing drill 

core from the Whistle Property in Norman Township, and by the 

author (Muir 1981) near Waddell Lake, also in Norman Township. 

All of these examples are within about 0.4km of the Sudbury 

Basin. Speers (1957) gives several interpretations that suggest 

to him that the Onaping Formation and the Sudbury-type breccias
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are related. Thompson (1969) gives reasons why the Sudbury-type 

breccias are not related to the Onaping Formation. The present 

author's observations were based on a few similarities out of 

many occurrences in the North Range. When Sudbury-type breccias 

of the South Range are taken into account, there seems little 

overall similarity.

Features attributed to shock metamorphism have been reported 

in the Morgan Lake-Nelson Lake and Capreol Area (Guy-Bray and 

Geological Staff 1966; French 1972) and elsewhere in the Sudbury 

Basin and in the basement rocks around the Sudbury Basin. These 

features are: shatter cones; planar deformation lamellae in 

quartz and plagioclase; and kinked biotite. Such features, 

particularly shatter cones, have been considered for up to two 

decades as proof of meteorite impact; Stevenson (1980) discusses 

several publications on shatter cones and shock metamorphism and 

remains unconvinced along with others that such evidence proves 

impact. The orientation of shatter cones in the Morgan 

Lake-Nelson Lake map-area, as shown in Guy Bray and Geological 

Staff (1966), in the author's opinion, seems to bear no 

particular relationship to the attitude of the Sudbury Basin. 

Stevenson (1980) notes that some shatter cones found in the 

Sudbury region are too far away to be related to an impact at 

Sudbury. The author believes that shatter cones do not prove 

meteorite impact. The conical features can be generated by other 

features too. For example, a shatter cone about ,03m at its base 

was observed by the author in a dynamite blasted pit in the Black 

Member of the Onaping Formation in southwest Morgan Township.
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The other shock features listed above have been observed by the 

author, except for deformation lamellae in plagioclase, in the 

footwall rocks and in fragments in the Onaping Formation. Their 

abundance and distribution as noted by French (1972), Peredery 

(1972), B.O. Dressler (personal communication), and by the author 

is well established; their origin is not. The features are more 

abundant near the Sudbury Basin than further away although most 

are destroyed within the contact metamorphic aureole of the 

Sudbury Irruptive Complex. B.C. Dressler is currently document 

ing further evidence on the density and distribution of such 

occurrences.

Locally in the footwall some felsic intrusive rocks have 

unusual textures whichK display some similarities to fragments in 

the Basal Member of the Onaping Formation. It is generally not 

clear what the genesis of the rock is. In one instance a 

footwall 'granitic 1 rock near Beo Lake in Bowell Township was 

mapped as a common contact metamorphosed granodiorite. However, 

in thin section this rock displays an unusual complex texture 

with rounded to embayed mosaic quartz and feldspar, which are 

separated from each other by microcline-rich micrographic 

intergrowth; the texture bears only little resemblance to common 

granitic rocks (see Photos 14 and 15). The thin section reveals 

this texture to be, in part, overprinted on an originally 

granitic texture. It is almost duplicated in some samples of 

felsic blocks from the Basal Member of the Onaping Formation. 

Only one footwall example of this type was detected in two 

summers of mapping. The only conclusion that may be made at this
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point is that many felsic fragments in the Onaping Formation were 

probably derived from granitic basement rocks. Peredery 

(personal communication) suggests these textures resulted from 

shock metamorphism of granitic basement rocks to a glassy state 

by meteorite impact. 

DEPOSITION OF THE WHITEWATER GROUP

In much of the published literature, many authors consider 

the contacts between the formations of the Whitewater Group to be 

gradational and have implied that deposition was continuous. 

Nevertheless, changes in rock type from coarse pyroclastics to 

tuffs (Onaping Formation), to carbonaceous mudstones (Onwatin 

Formation), to lithwacke turbidites (Chelmsford Formation) 

require significant changes in environment, relief, rate of 

erosion and source of material, to name a few. These complex 

factors will not be discussed in detail here but the following 

points are noted. Major changes in environment could be caused 

by caldera collapse as suggested by Speers (1957) or by the 

foundering of a central uplift in a meteorite crater as suggested 

by French (1967). Williams (1956) and Rousell (1972) give 

reasons for considering the source of the Chelmsford Formation as 

being a metamorphosed granitic terrain as opposed to being 

material from the Onaping Formation. Thompson (1960) gives 

reasons for considering the carbon in the Whitewater Group as 

being organic in origin. Rousell (1972) and the author note some 

similarities between some of the lithwacke of the Chelmsford 

Formation and some of the uppermost tuffs of the Black Member of 

the Onaping Formation. The author believes that the rocks of the
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Whitewater Group down to and including the uppermost tuffs of the 

Onaping Formation are subaqueous deposits. The lower portion of 

the Onaping Formation may also be subaqueous deposits.

The origin of the Onaping Formation, as discussed previously, 

is important in terms of the formation of the Sudbury Basin. 

From the description given in this report, a pyroclastic origin 

for the upper two formations at least is favoured by the author 

who recognizes, however, that not all of the unusual features in 

the rocks are yet explained. Such an origin has been previously 

assigned to the Onaping Formation by such geologists as Burrows 

and Rickaby (1929), Williams (1956), Speers (1957) and Stevenson 

(1972). Stevenson (1972) did not include the "'quartzite 

breccia 1 ... in the South Range and less extensively in the North 

Range" as part of the Onaping Formation. However, a number of 

related factors are important. The 'quartzite breccia' is 

stratigraphically equivalent to the Basal Member but does not 

consist of the same rock. Some of the outcrops shown in 

Stevenson (1961) and Stevenson and Colgrove (1968) were visited 

by the author. Outcrops visited in the East Range do consist of 

a large amount of Huronian quartzite and arkose fragments but 

fall within the description of the Basal Member as given in this 

report. Some outcrops visited in the South Range (ie. Garson 

Township) have been interpreted by D.G. Innes (personal 

communication, 1979), the author, and others, to be felsic 

pyroclastics and brecciated, flow banded, felsic flows. There 

are, however, some features of the Basal and Gray Members of the 

Onaping Formation that are unusual for volcanic rocks.
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Williams (1956) interpreted what is termed here as the Basal 

Member to have been Pelean-type volcanic domes and the remainder 

of the Onaping Formation as glowing avalanche deposits 

(pyroclastic flows). Aside from the style, thickness, and 

tectonic setting of the Onaping Formation, the general lack of 

relatively small-scale bedding is a feature unusual to 

pyroclastic flows except for ash flow sheets. It is possible 

that some other model or modified model is required to explain 

the origin of the Onaping Formation. Further detailed work is 

being carried out by the author.

The Sudbury Irruptive Complex has intruded along the 

unconformity between the Onaping Formation and the Early 

Precambrian rocks. If this is so it might be expected that, 

locally, rocks lying above and beneath the Sudbury Irruptive 

Complex would be essentially the same. This would depend on the 

rock type that was 'split' and on the amount of assimilation by 

the intruding magma. In the author's view the Basal Member of 

the Onaping Formation and the leucocratic breccia of the Sublayer 

Zone (see 'the following section on Intrusion of the Sudbury 

Irruptive Complex) are only locally slightly similar. The 

megascopic, macroscopic and microscopic properties of correspond 

ing rocks above and below the Sudbury Irruptive Complex are 

generally significantly different and a similar origin for these 

rocks is unlikely in the author's view. This does not preclude 

that some leucocratic breccias have been separated from the 

basement and are now found locally at the base of the Onaping 

Formation. The importance of assimilation of the hanging wall
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rocks by the Sudbury Irruptive Complex should not be underesti 

mated; it can be observed to have taken place in the granophyre 

and the hybrid granophyre.

The presence of sulphides and sulphide fragments in the 

Onaping Formation is of interest because the same sulphide 

minerals are present both in the Onaping Formation and in the 

Sublayer Zone. To date, little published work appears to have 

been undertaken to compare and study these mineralizations. Some 

samples of sulphide-bearing rocks from the Onaping Formation and 

the Sublayer Zone were analysed in the present study for several 

precious and base metals (see Table 17 in "Economic Geology" 

Section) but there is only weak evidence by which one could link 

anomalous values in the Onaping Formation with those in the 

Sublayer Zone. More detailed analyses of the sulphides in both 

rock units will be undertaken by the author. Desborough and 

Larson (1970) briefly studied sulphides in rocks of the Onaping 

Formation, from two localities. They detected pyrrhotite, 

pyrite, marcasite, and minor chalcopyrite and although they found 

no phases containing major nickel, they did detect minor nickel 

and cobalt which they suggest may indicate nickel mobility 

associated with sulphides of the Sublayer Zone. It is not clear 

whether these particular sulphides occured as fragments or not, 

but if future detailed studies of sulphide fragments detect 

elements such as Ni, Cu, Pt, Pd, Ir, Rh, Se and Au, then the 

author suggests that this has important implications for the 

metallogenesis of the region and possibly of the origin of the 

Onaping Formation itself.
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INTRUSION OF THE SUDBURY IRRUPTIVE COMPLEX

The Sudbury Irruptive Complex presents numerous geological 

problems both in spite of and because of its size. Coleman 

(1905) showed that the Main Irruptive rocks were continuous 

around the basin and since then there have been two general ideas 

about the age of the norite and granophyre: 1) that they have 

formed from essentially one magma pulse; and 2) that they formed 

from at least two separate intrusions with the norite generally 

considered to have been first. In either case a 'Transition 

Zone 1 separates the two main types. Despite the reporting of 

granophyre dikes cutting norite in the South Range (D. G. Innes, 

personal communication) and the reporting of two distinctive 

phases of granophyre in the North Range by Peredery and Naldrett 

(1975), the author found no conclusive evidence regarding the 

relative age(s) of norite and granophyre. Small bodies of 

granophyre found within norite by the author could not be 

identified as dikes or inclusions and do not preclude the 

possibility of 'self intrusion 1 whereby a still molten granophyre 

could be reintruded into a relatively solidified but contemporan 

eous norite. Of interest in this aspect is one outcrop in 

southwest-central Morgan Township which appears similar to norite 

or transitional norite but which lies near the contact of the 

granophyre with the Onaping Formation. Such an observation 

concurs somewhat with the observations of Peredery and Naldrett 

(1975) in Dowling Township to the southwest.

The large amount of granophyre relative to norite has been 

difficult to explain in the past. Some early workers argued for 

large scale assimilation of siliceous rocks (eg. originally
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overlying but completely consumed Huronian sandstones) by a mafic 

magma. Stevenson and Colgrove (1968) argue for assimilation 

because of the large volume of granophyre and because of their 

interpretation of the textures in the granophyre. Naldrett et al 

(1970) undertook a relatively extensive petrographic study of the 

Main Irruptive rocks and concluded that differentiation from a 

single magma coupled with secondary tectonic events leading to 

reintrusion of the granophyre could account for the large volume 

of granophyre. Evidence for large scale assimilation was not 

detected in the field in the present study. If much assimilation 

of siliceous rocks had taken place it may have come from the 

Basal Member of the Onaping Formation. The Green Member of the 

Onaping Formation is locally in contact with the granophyre. The 

author does not know if the absence of the Basal Member there 

indicates its complete assimilation or if the Basal Member was 

initially discontinuous. The presence of felsic blocks within 

hybrid granophyre which is in contact with the Green Member may 

suggest that the Basal Member at that locality was assimilated.

The relative age of the gabbroic sublayer breccia with 

respect to the age of the Main Irruptive is uncertain and the 

present study could not resolve the matter. The uncertainty is 

exemplified when it is considered that Souch et al (1969) suggest 

that the "sublayer" may be contemporaneous with the norite, 

Naldrett et al (1972) suggest the "sublayer magmas" post date the 

Main Irruptive, and Pattison (1979) suggests the "sublayer 

breccias" predate the Main Irruptive. The occurrence of an 

internal offshoot dike, ("internal offset") in norite as reported
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by Muir (1981) suggests a post-norite age is likely. Exposure of 

the 'Foy Offset 1 at its junction with the Sudbury Irruptive 

Complex is poor. The gabbroic sublayer breccia in this locality 

is similar to parts of the offshoot dike. Pattison (1979) 

suggests that the igneous sublayer and offshoot breccias are 

contemporaneous. Nevertheless, a chemical analysis of gabbro 

from gabbroic sublayer breccia is significantly different from a 

gabbro from the 'Foy Offset'.

Additional problems arise in distinguishing between gabbroic 

sublayer breccia, which has a minor amount of matrix that is 

highly contaminated by amphibolitic fragments (down to the grain 

size of the matrix), and brecciated footwall amphibolitic rocks, 

which locally do not display any plastic deformation. Poor 

exposures, and small clean exposures of these rocks posed the 

greatest problems; hence interpretation plays an important part 

in mapping these rocks.

The leucocratic breccias have been reported to have a complex 

history of emplacement (Naldrett et al 1972; Pattison 1979) 

because of conflicting age relationships and their presence with 

and without sulphides. Some of the problems of age relationships 

may lie in the definition of leucocratic breccia which Pattison 

(1979) as being "a group of ... felsic to mafic breccias". Based 

on observations and discussions with others (G. Cluff and P. 

Snajdr; geologists, Falconbridge Nickel Mines Limited) the author 

favours a concept which involves brecciation of the basement 

rocks during the formation of the Sudbury Basin, with later 

brecciation, contact metamorphism, and remobilization due to the 

emplacement of the Sudbury Irruptive Complex.
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The so-called megabreccia appears to be directly related to 

the leucocratic breccia. The megabreccia matrix is leucocratic 

breccia and the contact of the two breccias is locally 

gradational.

The provenance of the mineralization in the Sublayer Zone is 

a matter of debate. It is beyond the scope of this report to 

speculate on the origin of the sulphide mineralizations or to 

discuss the geological literature on the Sudbury ores. In the 

present area, no major ore bodies have been discovered and the 

surface mineralizations present are strongly weathered. This 

hampered detailed investigations. Relationships between host 

rocks and mineralization are commonly unclear or contradictory. 

The main types of Sublayer Zone breccias range from barren to 

sulphide rich. Pattison (1979) notes a major difference in 

sulphide morphology: disseminated sulphides in the leucocratic 

breccias generally have a blebby to fragmental texture; those in 

gabbroic sublayer breccias are generally interstitial. Hawley 

(1962) documents, in detail, information about the sulphide 

mineralogy known at that time. Currently it is perhaps generally 

considered that the sulphides did not directly settle out of the 

neritic magma but were largely introduced with the rocks of the 

Sublayer Zone (Souch et al 1969); Naldrett 1969; Naldrett et al 

1972; Pattison 1979).

Radiometric age determinations have been numerous but not all 

have been systematic and some have been questioned on the grounds 

of the sampling method, and the type of age dating method. Faure 

et al (1964), Fairbarin et al (1968), Gibbins and McNutt (1975),
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Krogh and Davis (1975), and Hurst and Farhat (1977) are some of 

the papers that have shown that age determinations of the Main 

Irruptive rocks, the basement rocks, and the time of metamorphism 

have been modified a number of times. What seems to emerge from 

many of the studies, is that many of the tectonic, igneous, 

and(or) extraterrestrial events are so relatively closely spaced 

in time that they cannot be adequately discerned by current 

dating methods because of interference from metamorphism. This 

is exemplified in Hurst and Farhat's (1977) paper in which they 

determine an age for the Penokean Orogen^y based on dates of 

Sudbury area rocks and relate this to the geological history of 

the Sudbury area. However, the maximum combined error on their 

dates is 380 million years, during which many geological events 

may have occurred.

The Sudbury Structure with all its breccias, its igneous 

rocks and structural and metamorphic features is characterized by 

a complex geological history. Few of the events and the 

succession of events are understood. Many theories have been put 

forward to explain the Sudbury Structure but much more work 

remains to be done. 

ECONOMIC GEOLOGYl

Mineral exploration in the Sudbury region led to the 

discovery in 1956 of nickel in "magnetic trap" although it was 

 ^-Unless otherwise stated the information reported here on 

exploration activity in the map-area was obtained from the 

Resident Geologist's Files, Ontario Ministry of Natural 

Resources, Sudbury, or from the Source Mineral Deposit Record 

Files, Ontario Geological Survey, Toronto.

In the interest of rapid dissemination of the results contained in this Report, some of the data may not have been meticuloi 
checked. Thus the OGS does not guarantee the accuracy of these figures and suggests the reader check original sources.
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not until 1883 that nickel-copper sulphides were mined. Since 

then, many deposits have been discovered and mines developed; 

collectively the Sudbury Irruptive Complex is host to the world's 

largest nickel sulphide deposits. Copper is the second most 

important metal produced from these deposits. Other .extracted 

elements are cobalt, ruthenium, platinum, palladium, rhodium, 

iridium, gold, silver, selenium, tellurium, sulphur, and iron.

Most of the mineral righta in the map-area are held by Inco 

Limited and Falconbridge Nickel Mines Limited as patented and 

leased claims. A relatively small amount of data has been 

submitted for assessment credits.

Based on the assessment files, much of the exploration for 

sulphides in the map-area took place during the 1950s and 1960s, 

although some recorded work dates to the early 1940s on the 'Foy 

Offset 1 . The last work submitted was in 1974. 

Nickel and Copper

Nickel and copper bearing sulphide mineralization has been 

the main target of exploration in the map-area. The sulphide 

deposits are largely associated with the rocks of the Sublayer 

Zone. Although no mines are currently operating in the Morgan 

Lake-Nelson Lake Area, several small sulphide deposits are known 

to occur in the Sublayer Zone. Notable sulphides are also found 

in the offshoot dike known as the 'Foy Offset' in Bowell Township 

within about 0.5km of its junction with the main body of the 

Sudbury Irruptive Complex. Outside of the map-area, several past 

and producing mines are located in Levack Township which is to

In the interest of rapid dissemination of the results contained in this Report, some of the data may not have been meticulousl 
checked. Thus the OGS does not guarantee the accuracy of these figures and suggests the reader check original sources.
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the west of Morgan Township, and a past producing mine within the 

'Foy Offset 1 is in Foy Township, north of Morgan Township. Much 

diamond drilling has been undertaken through the norite and 

granophyre in order to intersect the Sublayer Zone at depth. 

Common sulphide minerals identified in the field are pyrrhotite, 

chalcopyrite, and pyrite.

Ten centimetres of massive chalcopyrite within granitic rocks 

is reported by Falconbridge Nickel Mines Limited at a depth of 

98m in a diamond drill hole from concession 5, lot 11, northwest 

1/4, south 1/2 in Morgan Township. This is particularly 

interesting given that massive copper sulphide mineralization has 

been found in the footwall rocks in two mines in Levack Township.

Sulphide fragments consisting of some or all of the minerals 

listed above are present in the Onaping Formation, particularly 

in the Black Member. The similarity of sulphide mineralogy in 

the Onaping Formation and in the Sublayer Zone is of particular 

interest in terms of the genetic relationship between these 

rocks.

Samples of sulphides were taken from the Sublayer Zone and 

the Onaping Formation during the field season. They were 

analysed for nickel, copper and platinum, as well as gold, 

silver, palladium, cobalt, lead and zinc; the results are shown 

in Table 181.

 ' Geoscience Laboratories, Mineral Resources Group, Toronto
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Samples from the Sublayer Zone generally show notable but 

wide-ranging values for nickel and copper as well as platinum and 

palladium. These samples consisted of selected mineralized 

specimens. Samples of Onaping Formation rocks that contain 

sulphide fragments do not indicate notable contents for the 

tested elements, however, the proportion of sulphides in the 

Onaping Formation specimens is much less than in those of the 

Sublayer Zone. A mineralized ^sample of amphibolite, and a 

deformed quartz vein in the Chelmsford Formation were also tested 

and showed no significant values. 

Lead, Zinc, and Copper

A small shaft (not located during the field season) was sunk 

in the Onaping Formation just southwest of Nelson Lake prior to 

1905 where galena, sphalerite, and chalcopyrite were reported to 

occur in two quartz veins (8 feet and 5 feet thick) associated 

with brecciated country rock (Burrows and Rickaby, 1929, 

pp.49,50). 

Sand and Gravel

A few, small sand and gravel pits are established in Morgan 

Township in the outwash deposits northeast of the confluence of 

Sandcherry Creek and the Vermilion River. Commercial pits have 

not been established elsewhere although large outwash deposits 

are known to exist in central Morgan Township and central and 

northeast Lumsden Township.
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Description of Properties

The following is a description of the properties, ie. 

currently held claims/ and unclaimed parcels of land for which 

assessment work was available as of September 30, 1980. Square 

brackets after a company or individual's name or claim group 

indicate the last year in which work on a particular claim or 

claim group was recorded by that company or person if the claims 

are not currently held. In the case of claims or claim groups 

that overlap (ie. those that have had more than one owner submit 

assessment work for credit), whether between past owners or 

between past and present owners, the more recent owner is shown 

(see Figure 19) for any particular claim, and an appropriate 

property number in round brackets has been assigned to that claim 

or claim group. The assessment work of companies that is 

discussed with no proprty number indicates that the claims have 

been held by someone else since the work was submitted. Table 19 

summarizes the assessment work that is on file. 

R.C. Dennie [1962]

In 1962, R.C. Dennie submitted the results of three diamond 

drill holes, totallling 98m from a claim in Lumsden Township 

(cone .5, lot 2, NE1/4 of Nl/2). Tuff of the Onaping Formation 

was encountered. The claim is now held by Inco Limited. 

Falconbridge Nickel Mines Limited (1)

Falconbridge Nickel Mines Limited currently holds 198 leased 

and patented claims or parcels of land in the Morgan Lake-Nelson 

Lake Area (see Figure 19). A limited amount of assessment work 

has been submitted.
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Two geological maps which include parts of Bowell Township 

have been submitted for assessment credit. A combined geological 

and magnetometer survey was undertaken in 1967 in the 

central-northwest part of Morgan Township that is underlain by 

basement rocks. The area covered 10 contiguous claims located in 

the Nl/2, lots 10 and 11, cone. 5, and the Sl/4, lot 10, cone. 6. 

The geological map accompanying the assessment work was at a 

scale of l inch to 400 feet; the magnetometer survey consisted of 

30.1 line-kilometres. The work was submitted in 1972. According 

to the assessment work, the area is underlain mainly by 

feldspathic and mafic gneisses cut by dikes of diabase, pyroxene 

hornfels, pyroxenite, and Levack breccia. Mineralization 

consists of minor disseminated pyrrhotite, chalcopyrite, and 

pyrite in a pyroxenite dike. The magnetometer survey revealed no 

anomalies of interest.

The results of diamond drilling from the period of 1948 to 

1972 are tabulated in Table 20. Diamond drill logs for 53 holes 

totalling 3697m have been submitted. Ten centimetres of massive 

chalcopyrite within granitic country rocks were reported in one 

hole from central-northeast Morgan Township (1961 drillling). 

With this exception, no significant sulphide mineralization was 

reported. 

Foy Offset Property

The Foy Offset Property refers to nine disconnected mining 

claims in southwest and south-central Bowell Townshipl that 

cover parts of the contacts between the Sudbury Irruptive Complex 

and the basement rock contact and the Foy Offset. The earliest 

1Source Mineral Deposit Records Files
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information available shows that these nine claims were acquired 

by Sudbury Nickel and Copper Company Limited in 1928. The 

company's assets were sold to Sudbury Basin Mines Limited in 

1933. Falconbridge Nickel Mines Limited acquired six of these in 

1934 and currently holds claims WD35, 36, 38, 229, 231, and 241 

(see Figure 23). The remaining three claims (WD150,155, and 251) 

are currently held by Inco Limited (see Figure 19). Refer to the 

section on Inco Limited for a .discussion of these latter three 

claims.

The* junction of the Foy Offset and the Main Irruptive 

underlies claims WD35 and WD36. Here the offshoot breccia dike 

is characterised by local accummulations and extensive spotting 

of sulphides such as chalcopyrite, pyrrhotite, pentlandite, and 

pyrite. Two gossans occur in this area as shown on the coloured 

geological map (back pocket). In 1928, six diamond drill holes 

were put down; four intersected disseminated sulphides, the fifth 

intersected 9.1m of mineralization averaging 1.02% Cu and X.31% 

Ni, and the sixth intersected 16.5m of mineralization in seven 

small mineralized sections, over a core length of 116m, which 

averaged Q.70% Cu and 1.37% Ni. On claim WD38 a gossan, shown on 

the geological map as well, is present and consists of about 35% 

sulphides with surface dimensions of 18.3m by 13.7m. Assays of 

sulphide samples gave values of Q.21% Cu and 2.29% Ni. Trenching 

on claim WD229 revealed six small mineralized sections over a 

length of 213m. Assays of samples consisting of 8(^ sulphides 

returned values of Q.10% Cu and 1.36% Ni. It is reported that 

trenches on claims WD231 and WD241 have exposed some 

mineralization.
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A.E. Hodge (2)

A.E. Hodge currently holds one claim numbered S31252 in the 

SE1/4 of the Sl/2 of lot 2, cone. 2 in Bowell Township. The 

claim area is underlain by granophyre. No work has been 

submitted for assessment credits. 

Inco Limited (3)

Inco Limited currently holds 770 leased and patented claims 

or parcels of land in the Morgan Lake-Nelson Lake Area (see 

Figure 19). A significant amount of assessment work in the form 

of diamond drill logs has been submitted, however, the other 

assessment work is of a limited amount.

In 1948, an airborne magnetometer survey was carried out over 

parts of southwest Bowell Township. Some anomalies were outlined 

and were checked in greater detail by ground magnetometer surveys 

totalling 21.9 line-kilometres. None of the anomalies was 

considered to be of interest. In 1952 and 1953 a magnetometer 

and an electromagnetic survey which included 118.7 line- 

kilometres were carried out over an area comprised of 43 

contiguous claims in Morgan Township. The purpose of the surveys 

was to locate sulphide mineralization. One of several conductors 

was considered to be the result of the presence of sulphides, 

however, follow-up diamond drilling encountered only Onaping 

Formation and granophyre. Another magnetometer survey was 

undertaken in central Morgan Township (date unknown) and covered 

a large part of the area including the lower contact of the 

Sudbury Irruptive Complex. Anomalies were small and of little
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interest. In 1974, a combined magnetic and electromagnetic 

survey consisting of 2.9 line-kilometres was conducted over claim 

S147756 in northeast Morgan Township to locate sulphide 

mineralization. No anomalies of interest were outlined. The 

area is underlain by gneisses and migmatites of sedimentary 

origin.

The results of diamond drilling for the period 1949 to 1970 

have been tabulated in Table 21. During this period the results 

of 109 holes totalling 38,141m were submitted. Depths of 

intersection of major lithological units are given where 

possible. No significant mineralization was reported. 

Foy Offset Property

Various aspects of the history and exxtent of the Foy Offset 

Property are discussed in the section on Falconbridge Nickel 

Mines Limited under the heading "Foy Offset Property". The 

reader should refer to this.

Three of the nine claims constituting the Foy Offset Property 

are currently held by Inco Limited. Gossans are located on 

claims WD150 and WD155 and several test pits have been made to 

examine them. Although evidence of diamond drilling is present, 

no details are known to the writer. A few trenches have been dug 

on claim WD251 and are reported to have uncovered some 

mineralization. 

Lake Kozak Mines Limited [1970] (4)

In 1969, Lake Kozak Mines Limited carried out a 6.9 

line-kilometre magnetic and electromagnetic survey in the El/2 of 

lot 8, cone, l in Morgan Township. The company's property is
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underlain entirely by the Black Member of the Onaping Formation. 

Two electromagnetic conductors and one coincidental magnetic 

anomaly were outlined. The anomalies were considered important 

but no further work is reported. The property was allowed to 

lapse. 

Thomas Mungovan [1953]

In 1953, Thomas Mungovan held six claims in central northwest 

Morgan Township (the NE, SW, and SE quarters of the Nl/2, lot 10, 

cone. 5, and the NW, SW, and SE quarters of the Nl/2, lot 9, 

conc.5). The geology and topography were mapped, and a 

magnetometer survey of 14.9 line-kilometres was undertaken to 

outline possible sulphide mineralization. Numerous small 

magnetic anomalies were attributed to "recognizable magnetite". 

Magnetic lows were attributed to the effects of relief. The area 

is currently held by Falconbridge Nickel Mines Limited. 

Nickel Offsets Limited (5)

Nickel Offsets Limited currently holds all or part of six 

claims in central-west Bowell Township in parts of lots 10 and 

11, cone. 6. The claim numbers are S31540 to S31542 inclusive, 

S9626 and S9627 (collectively formerly WD232), and the east part 

of S9628 (formerly WD233), the rest of which lies in Foy Township 

to the west. The claims straddle the Foy Offset and include the 

adjacent granitic, amphibolitic, and diabasic country rocks. The 

company owned the past-producing Nickel Offset Mine associated 

with the Foy Offset in Foy Township. No work has been submitted 

for assessment credit in Bowell Township.
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North Range Nickel Mines Limited [1944]

In 1944, North Range Nickel Mines Limited held two groups of 

claims, in Bowell Township, termed the Bed Lake Group and the 

Foster Lake Claims.

The Bed Lake Group consisted of three claims (WD238, WD239, 

and WD240) located within lots 7 and 8, cone, l and 2. Adjacent 

claims surveyed with the Bed^Lake Group (that are held by a 50-50 

North Range Nickel Mines Limitjed and Falconbridge Nickel Mines 

Limited arrangement) are WD37 (incorrectly referred to in reports 

as WD237) and WD212.

A geological survey was conducted by the company. The claim 

group is underlain by felsic norite, granitic and gneissic rocks, 

and Sublayer Zone footwall breccia rocks (based on present 

mapping) and includes the small branching body of mafic norite to 

the west-southwest of Bed Lake. A 9.3 line-kilometre 

magnetometer survey was conducted over the claim group and 

several anomalies were outlined. Those anomalies occurring over 

basement rocks were found to correspond to magnetite 

concentrations in the granitic, gneissic, and amphibolitic rocks. 

Topography was considered to be the cause of notable changes in 

the pattern of isomagnetic lines over norite. One anomaly was 

outlined at the end of the small branching body of mafic norite 

and was considered to reflect the presence of small amounts of 

sulphides. No further work was considered to be warranted. The 

four main claims are now held by Inco Limited. The two adjacent 

ones are now held by Falconbridge Nickel Mines Limited.

The Foster Lake Claims consist of 10 claims within lots 7, 8, 

and 9 of cone. 3, and include Foster Lake. A geological survey
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was conducted over the area and a geological map at a scale of l 

inch to 200 feet was submitted. The claims straddle the Foy 

Offset and are underlain by the offshoot dike breccia and a 

variety of granitic, gneissic and amphibolitic rocks. A 

magnetometer survey of the group of claims outlined several 

anomalies over both the offshoot dike and the adjacent basement 

rocks. Four anomalies were considered as being caused by 

magnetic sulphides and although follow-up drilling was 

recommended, no further work is recorded. A majority of the 

claims are now held by Falconbridge Nickel Mines Limited; the 

remainder are now held by Inco Limited. 

Sandcherry Mines Limited (6)

Sandcherry Mines Limited currently holds 58 patented and 

leased claims or parcels of land throughout the southern portion 

of Morgan Township (see Figure 19). The company is controlled by 

Falconbridge Nickel Mines Limited (85%) and presently is 

inactive.l The claims are in two major groups (see Figure 19).

The western part of the claims is underlain by the Black 

Member of the Onaping Formation. The eastern part is underlain 

by the Onaping Formation in the northwest part, by the Onwatin 

Formation in the central part, and by the Chelmsford Formation in 

the southeast part. The lone parcel of land is underlain by the 

Black Member of the Onaping Formation and possibly by the Onwatin 

Formation as well.

1 1980-81 Mines Handbook
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The results of two diamond drill holes totalling 268m drilled 

in 1962, and eight diamond drill holes totallilng 1464m, drilled 

in 1963 were submitted. Tuff and shale were encountered 

according to the drill logs. No further work has been submitted. 

Westfield Minerals Limited [1961]

In 1961, Westfield Minerals Limited held a group of 39 claims 

which corresponds to the eastern group of claims described above 

in the section under Sandcherry Mines Limited. The results of 

three diamond drill holes totalling 487m were submitted in 1961. 

Tuff and shale were encountered according to the drill logs. The 

property is currently held by Sandcherry Mines Limited. 

Recommendations for Future Exploration

The Sublayer Zone is well established as the host to sulphide 

deposits which elsewhere are particularly noted for their nickel 

and copper contents and up to 12 other extractable elements. 

Exposure of the Sublayer Zone in the Morgan Lake-Nelson Lake Area 

is limited and much diamond drilling is needed to test the 

Sublayer Zone at depth. In the light of discoveries of sulphide 

mineralization in the footwall rocks in Levack Township, for 

example, the Strathcona Mine copper zone, particular attention 

should also be placed on mapping and drilling of the footwall 

rocks of the North Range. The importance of this is exemplified 

by an occurrence of 10cm of massive chalcopyrite in granitic 

rocks in a diamond drill core from a hole drilled by Falconbridge 

Nickel Mines Limited about 1200 m north of West Morgan Lake in 

Morgan Township.
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Table 2: Table of Lithologic Units for the Morgan Lake- 
________Nelson Lake Area_________________________

PHANEROZOIC 
CENOZOIC

QUATERNARY 
RECENT

Alluvium, swamp, bog, and mud deposits 
PLEISTOCENE

Glaciolacustrine and glaciofluvial deposits, ice 
contact deposits, and till

Unconformity

PRECAMBRIAN
LATE PRECAMBRIAN

. MAFIC INTRUSIVE ROCKS 
OLIVINE DIABASE

Intrusive Contact 
MIDDLE PRECAMBRIAN 

MAFIC DIKES
GLOMEROPORPHYRITIC BASALT

Contact Relationship Unknown

FELSIC DIKES 
APLITE

Intrusive Contact

SUDBURY IRRUPTIVE COMPLEX 
GRANOPHYRES

Hybrid granophyre, granophyre, transitional
granophyre 

NORITES
Transitional norite, leucocratic norite, mafic 
norite 

SUBLAYER ZONE
Leucocratic breccia, mixed breccia, gabbroic 
sublayer breccia, sublayer offshoot ('Offset') 
breccia, megabreccia

cont'd..
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Intrusive Contact

WHITEWATER GROUP
CHELMSFORD FORMATION

Feldspathic lithwacke, interbedded feldspathic 
lithwacke and siltstone 

ONWATIN FORMATION
Slate

ONAPING FORMATION 
BLACK MEMBER

Lapilli-tuff, lapillistone, tuff-breccia, 
pyroclastic breccia 

GRAY MEMBER
Intermediate breccia, massive rock 

BASAL MEMBER
Fragment-supported annealed felsic breccia, 
matrix-supported felsic breccia.

SUDBURY-TYPE BRECCIA
Dikelets, dikes, large breccia bodies

MAFIC INTRUSIVE ROCKS
Diabase (Nipissing type)

Intrusive Contact

EARLY PRECAMBRIAN
METAMORPHOSED MAFIC ROCKS

Diabase, plagioclase-porphyritic diabase

Intrusive Contact

METAMORPHOSED FELSIC TO INTERMEDIATE GRANITIC ROCKS 
Hornblende-biotite quartz monzonite, granite, 
trondhjemite (massive to weakly foliated); biotite 
hornblende granodiorite (weakly foliated to gneissic); 
biotite-hornblende quartz diorite, diorite (weakly 
foliated to gneissic); microcline porphyroblastic 
biotite-hornblende quartz monzonite, granodiorite, quartz 
diorite (weakly foliated to gneissic); aplite, pegmatite; 
migmatite; hybrid rocks.

Intrusive Contact

METAVOLCANICS AND METASEDIMENTS 
METASEDIMENTS

Paragneiss 
METAVOLCANICS

Amphibolite, amphibolitic gneiss

cont'd.
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Morgan Lake - Nelson Lake Area

Legend

PHANEROZOIC 
CENOZOIC

QUATERNARY 
RECENT

21

PLEISTOCENEa 
20a

20b

20c 

2 Od

21 Swamp, bog and mud deposits 
21 Alluvium, silt, sand, gravel

present in elevated stream
terracce remnants.

20a Glaciolacustrine deposits;
sand, silt, and sandy silt. 

20b Glaciofluvial sand, minor
gravel; outwash channel
deposits and deltaic deposits
transitional to lacustrine
deposits. 

20c Ice contact deposits; gravel,
sand, moraines. 

20d Till; bouldery sand and
gravelly silty sand.

UNCONFORMITY

PRECAMBRIAN
LATE PRECAMBRIAN

19
Mafic Intrusive Rocks

19 Unsubdivided
19a Olivine diabase

INTRUSIVE CONTACT

MIDDLE PRECAMBRIAN
Mafic Dikes

19
Felsic Dikes 

18

Glomeroporphyritic basalt 

Aplite 

INTRUSIVE CONTACT

Sudbury Irruptive Complexa 
Granophyres

17 Unsubdivided 
17 17a Hybrid granophyre

17b Granophyre
17c Transitional granophyre

cont'd...
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16

15

Norites
16 Unsubdivided
16a Transitional norite
16b Leucocratic norite
16c Mafic nortie

Sublayer Zonec
15 Unsubdivided
15a Leucocratic breccia
15b Mixed breccia
15c Gabbroic sublayer breccia
15d Sublayer offshoot ('Offset')

breccia 
15e Megabreccia

INTRUSIVE CONTACT

Whitewater Groupb
Chelmsford Formationa

14
14 Unsubdivided
14a Feldspathic lithwacke;

locally with concretions
14b Interbedded feldspathic 

lithwacke and siltstone; 
locally with any combination 
of concretions, rip-up 
clasts, convolute bedding, 
flame structures and 
cross-bedding.

13

Onwatin Formation 
13 
13a

Onaping Formationb
12 

Black Membera
12a

12 12b
12c 
12d 

Green Membera
12e

12 12f
12g

12
Gray Member*

12h

Basal Member*

12

Unsubdivided 
Slate

Unsubdivided

Lapilli-tuff 
Tuff
Tuff-breccia 
Lapillistone

Lapilli-tuff 
Lapillistone
Tuff-breccia, pyroclastic 
breccia

Intermediate breccia 
Massive rock

Fragment-supported, annealed 
felsic breccia

12k Matrix-supported felsic 
breccia

cont'd.
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Sudbury-type Breccia
11 Unsubdivided 

11 lla Dikelets (pseudotachylite) f
dikes

lib Large, irregularly shaped 
breccia bodies

Mafic Intrusive Rocks
10 Unsubdivided 

10 lOa Diabase (Nipissing type?)

INTRUSIVE CONTACT

EARLY PRECAMBRIAN
Metamorphosed Mafic Rocksa

6 
6 6a

Unsubdivided 
Diabase

6b Plagioclase-porphyritic 
diabase

INTRUSIVE CONTACT

Metamorphosed Felsic to Intermediate Granitic, 
Granitic Gneissic, and Migmatitic Rocksa

4 Unsubdivided 
4a Hornblende-biotite quartz

monzonite, granite,
trondhjemite (massive to
weakly foliated) 

4b Biotite-hornblende
granodiorite (weakly foliated
to gneissic) 

4c Biotite-hornblende quartz
diorite, diorite (weakly
foliated to gneissic) 

4d Microcline porphyroblastic,
biotite-hornblende quartz 
monzonite, granodiorite, and 
quartz diorite (weakly 
foliated to gneissic)

4e Aplite, pegmatite
4f Migmatited
4g Hybrid rocks

INTRUSIVE CONTACT

Metavolcanics and Metasedimentsa 
Metasediments

3 Unsubdivided 
3a Paragneisse

Metavolcanics
l 

la Amphibolite
Ib

Unsubdivided 
^
Amphibolite gneiss^

cont'd..
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a) Rocks in these units are subdivided lithologically and the 
order does not imply age relationships within these units or 
members.

b) Order implies lithologic age relationships amoung these 
formations.

c) The Sublayer Zone is locally poorly defined. It is composed 
of up to several ages and types of breccia each of which 
contains fragments of many different rock types; its 
complexity cannot be fully indicated at this map-scale.

d) Contains greater than 5(^ leucocratic mobilizate of granitic 
to trondhjemitic composition; the material may be derived 
from in-situ melting and (or) injection from an external 
source.

e) Contains 1Q* to 5Q* leucocratic mobilizate of granitic to 
trondhjemitic composition. The origin of the granitoid 
component is probably external.

cont'd
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MORGAN LAKE - NELSON LAKE AREA

For final coloured map, Unit numbers need to be changed

On Cronaflex

l
3
4
6

10
11
12

12a 
12b 
12c 
12d 
12e 
12f 
12g 
12h

13
14
15
16
17
18
19
20
21

12k
8
9

10
11
12
13
15
16
17

Change To

7k 
7j 
7i 
7h
7g
7f 
7e 
7d 
7c 
7b 
7a

NB 14
19 one outcrop, east of central Morgan Township within 

Green Member near contact with Black Member.
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Chemical Analyses of Amphibolite and Gabbro

Table 3

Analysis No.

Major Oxides3

Si0 2

A1 20 3

Fe 203

FeOb

MgO

CaO

Na 20

K20

Ti02

P 2o5
MnO

C0 2

S

H 20*

H20~

Total

LOI C

Sp.Gr. d

56 57* 56 57*

Trace Elements6

56.0

15.0

2.13

6.24

6.81

7.14

1.56

1.06

0.75

0.46

0.15

0.07

0.32

2.17

0.30

100.2

2.50

2.81

50.7

16.6

3.02

6.16

7.16

9.73

2.58

0.61

0.83

0.16

0.14

0.39

0.11

1.80

0.31

100.3

2.00

2.86

Notes: a uncorrected weight percent 
b total Fe as Fe 203 where blank 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb. All others

Location: 
Analysis Latitude; 

No Longitude

56 46.71306; 
81.19888

57* 46.75443; 
81.05777

Field 
No.

80TLM-0234

80TLM-0446

Field
Name

Amphibolite

Gabbro

Au

Ba

Co

Cr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

as ppm.

Description

Dark green; f -m 
grained; weakly 
foliated to
gneissic; 
recrystallized

Dark Green; 
m-grained ; 
massive to
foliated

a
580

34

302

82

19

80

CO

2

2

60

650

30

90

100

Irvine 4 Baragar 
(1971) 
Classification

Tholeiitic 
picrite

Tholeiitic 
basalt

8

560

40

46

28

10

83

ao
a
a
20

890

10

110

ao

Jensen(1976) 
Classifi 
cation

Tholeiitic 
basalt

Tholeiitic 
andesite

* Located in Capreol area (Muir et al. 1980a)
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Modal Analyses of Felsic to Intermediate Granitic 
and Gneissic Granitic Rocks

Table 4

Biotite- Microcline-
Hornblende- hornblende porphyroblastic
biotite Hornblende- Hornblende- Biotite- Quartz Quartz Monzonite
Quartz biotite biotite hornblende Diorite, Granodiorite
Monzonite Granite Trodhjemite Granodiorite Diorite Quartz Diorite

Quartz 20* to 35* 25* to 40* 30* to 40* 25* to 35* 10* to 35* 10* to 25*

Plagioclase 15* to 30* 10* to 20* 60* to 70* 50* to 55* 50* to 60* 40* to 50*

Microcline 20* to 35* 30* to 65* ^* 10* to 15* O* to 10* 15* to 30*

Augite - - - - O* to 2*

Hornblende l* to 7* U* 10* to 20*

Actinolite - - - 3* to 9* l* to 10*

Biotite 7* to 13* U* - l* to 2* U* a*

Chlorite O* to 4* 3* to 5* ^* l* to 6* l* to 10* a* to 4*

Epidote a* a* - a* to 3* a* to 7* a*
Sphene ^^1* ^^1*   ^^1* ^^1*

Apatite OZ - - ^Cl* U* to 2*

Myrmekite

Zircon

Opaque Minerals U* a* *C1* -CI* to 2* C* 2* to 4*
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Chemical Analysis of Archean Diabase

Table 5 

Analysis No. 59 59

Major Oxides3

Si02

A1203

Fe203

FeOb

MgO

CaO

Na20

K20

Ti02

P205

MnO

co2

S

H20*

H20"

Total

LOIC

Sp.Gr. d

Notes: a uncorrected weight 
b total Fe as Fe 203 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb.

Location: 
Analysis Latitude; Field 

No Longitude No.

59 46.69582; 80TLM-0170 
81.28333

50.1

12.3

4.40

9.72

6.29

6.19

4.23

1.80

1.70

0.26

0.18

0.33

0.06

0.86

0.24

98.7

0.80

2.98

percent 
yhe re blank

All others

Field 
Name

Diabase

Trace

Au

Ba

Co

Gr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

as ppm.

Description

Dark Green; 
m-grained ; 
massive

Elements6

a
760

60

270

290

10

280

00

a

a
60

1020

20

160

120

Irvine S Baragar Jensen (1976) 
(1971) Classifi- 
Classification cation

Alkaline Alkaline
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Chemical Analysis of Nipissing (?) Diabase

Table 6 

Analysis No. 58 58

Major Oxides3

Si02

A1203

Fe 203

FeOb

MgO

CaO

Na20

K20

Ti02

P205

MnO

C02

S

H20*

H20"

Total

LOIC

Sp.Gr. d

Notes: a uncorrected weight 
b total Fe as Fe203 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb.

Location: 
Analysis Latitude; Field 

No Longitude No.

58 46.69861; 80TLM-0174 
81.28249

48.8

13.1

5.20

12.1

4.50

8.93

2.16

0.73

1.73

0.15

0.24

0.17

0.16

0.88

0.25

99.1

0.20

3.04

percent 
where blank

All others

Field 
Name

Diabase

Trace

Au

Ba

Co

Cr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

as ppm.

Description

Dark grey; 
m-grained ; 
sparse plag. 
phenos.

Elements6

^
240

50

40

175

8

39

CO

a
"

40

150

40

131

140

Irvine 6t Baragar Jensen(1976) 
(1971) Classifi- 
Classification cation

Tholeiitic Tholeiitic 
basalt basalt
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Chemical Analyses of the Onaping Formation

Table 7 

Analysis No. 

Major Oxides3

Si02
A1 20 3
Fe 203
FeOb

MgO
CaO
Na20
K20
Ti02
P 205
MnO
C02
S
H20*
H20~

Total

56.7
15.9

1.39
7.05
5.22
2.24
4.16
2.25
0.81
0.15
0.12
0.18
0.0
2.32
0.40

59.9
14.0

0.91
6.40
4.27
3.96
4.27
2.25
0.59
0.12
0.13
0.14
0.01
1.49
0.38

61.5
15.8

1.02
4.94
4.03
3.65
5.10
1.81
0.71
0.12
0.14
0.09
0.03
0.69
0.40

59.6
8.78
1.32
7.61
3.72
5.85
0.90
1.89
0.40
0.12
0.60
6.52
0.49
2.24
0.32

68.2
14.5
0.80
3.00
2.55
2.62
3.68
1.66
0.47
0.06
0.06
0.15
0.01
1.37
0.44

67.2
14.9

1.10
2.75
2.65
2.22
3.72
1.50
0.47
0.07
0.07
0.15
0.01
1.13
0.50

98.9

LOIC 2.30 

Sp.Gr. d 2.74 

Trace Elements6

98.8

1.10

2.78

100.0

0.90

2.77

100.4

7.90

2.70

Notes: a uncorrected weight percent
b total Fe as Fe 203 where blank
c loss on ignition
d specific gravity
e Au, Pd, Pt as ppb. All others as ppm.

99.6

1.70

2.69

98.4

1.90

2.70

Au
Ba
Co
Gr
Cu
Li
Ni
Pb
Pd
Pt
Rb
Sr
Y
Zr
Zn

6
1550

33
168

10
19
75

ao
3
3

90
140-

30
48

190

a
520

24
133

8
11
59

ao
1
3

100
220

20
42

180

20
310

18
145

8
7

56
ao

3
3

80
80
20
35

180

4
660

17
88
32
18
49

ao
2
2

70
190

20
102
140

a
250

13
100

5
14
27

ao
a

1
90

180
20
28

140

a
380

16
90

6
21
36

ao
1
1

60
260

20
47

130

Location:
Analysis Latitude;

No

3

4

5

6

7

8

Longitude

46.69916;
81.15883

46.68111;
81.21443

46.65694;
81.26111

46.66388;
81.19333
46.68500
81.21527

46.68889;
81.20471

Irvine l Baragar
Field

No.

80TLM-0018

80TLM-0026

80TLM-1008

80TLM-1024

80TLM-0078

80TLM-0081

Field
Name

Dike-inter 
mediate; Green
Member
Bomb- inter 
mediate; Green
Member
Bomb-inter 
mediate; Green
Member
Tuff, Black
Member
Massive Grey
Member

Massive Grey
Member

(1971)
Description Classification

Spherulitic
weakly flow-
banded;
Finely flow-
banded;
Grey-green
Weakly banded;
Grey-green

Dark greyjweak
bedding in o/ c
Medium grey;
plag. needles,
acicular amph;
sparse fragments
As for sample 7

Calc-alkaline
andesite

Calc-alkaline
andesite

Calc-alkaline
andesite

Tholeiitic
basalt
Calc-alkaline
dacite

Calc-alkaline
dacite

Jensen(1976)
Classifi 
cation

Calc-alkaline
basalt

Calc-alkaline
basalt

Calc-alkaline
andesite

Tholeiitic
basalt
Calc-alkaline
dacite

Calc-alkaline
dacite



Chemical

Table 8

Analysis No.

Major Oxides3

Si02

A1 20 3

Fe 20 3

FeOb

MgO

CaO

Na20

K20

Ti02

P205

MnO

C0 2

S

H20*

H20~

— 154 — 
Analysis of the Onwatin

2

Trace

63.8 Au

16.2 Ba

5.79 Co

Gr

1.88 Cu

0.08 Li

0.99 Ni

3.36 Pb

0.87 Pd

0.08 Pt

0.04 Zn

10.60

0.01

n.d.

n.d.

Formation

2

Elements6

5

480

O

130

25

46

28

19

2

1

80

c

Total 103.7

L01C

Sp.Gr. d

6.60

2.66

Notes: a uncorrected weight percent 
b total Fe as Fe 203 where blank 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb. All others as ppm.

Location: 
Analysis Latitude; Field 

No. Longitude No.

2 46.62917; 80TLM-0253 
81.21555

Field 
Name Description

Slate Dark grey; 
f-m grained;

Irvine St Baragar Jensen (19 76) 
(1971) Classifi- 
Classif ication cation

(Gale-alkaline (Calc- 
rhyolite) alkaline 

dacite)
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Chemical Analysis of the Chelmsford Formation

Table 9

Analysis No.

Major Oxidesa

Si02

A1203

Fe 20 3

FeOb

MgO

CaO

Na20

K20

Ti02

P 2o5

MnO

C02

S

H20*

H20~

Total

LOIC

Sp.Gr. d

Notes: a uncorrected weight 
b total Fe as Fe203 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb.

Location: 
Analysis Latitude; Field 

No Longitude No.

1 46.63167; 80TLM-0260 
81.19472

1

Trace

69.5 Au

14.50 Ba

4.28- Co

Gr

1.77 Cu

0.43 Li

3.60 Ni

1.45 Pb

0.48 Pd

0.07 Pt

0.04 Zn

2.89

0.01

n.d.

n.d.

99.0

2.50

2.55

percent 
where blank

All others as ppm.

Field 
Name Description

Wacke Dark grey, 
f-m grained

1

Elements6

a
320

13

122

12

34

43

10

1

1

46

Irvine S Baragar Jensen (1976) 
(1971) Classifi- 
Classification cation

(Calc-alkaline (Calc- 
rhyolite) alkaline 

dacite)
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Chemical Analyses of Mafic Sublayer Zone Rocks

Table 10 

Analysis No. 54 55 54 55

Major Oxides3

Si02

A1203

Fe203

FeOb

MgO

CaO

Na20

K20

Ti02

?205

MnO

C02

S

H20*

H20~

Total

L01C

Sp. Gr

Notes

Analysis 
No

54 

55

54.5

11.5

3.26

6.97

10.0

3.83

1.93

1.80

0.50

0.11

0.15

0.18

0.84

2.17

0.38

58.1

16.1 -

2.40

5.43

4.55

5.77

3.04

1.90

0.91

0.21

0.12

0.12

0.07

1.22

0.24

Trace

Au

Ba

Co

Gr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

Elements6

u
730

82

1300

440

15

800

13

7

7

60

380

20

120

80

a
810

27

195

40

18

68

ao

a
i

80

520
20"

115

140

98.1 100.2

2.80

. d 2.84

: a uncorrected weight 
b total Fe as Fe 203 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb.

Location: 
Latitude; Field 
Longitude No.

46.72832; 80TLM-0321 
81.14722 
46.74611; 80TLM-0294 
81.13611

1.40

2.83

percent 
whe re blank

All others

Field 
Name

Gabbro- 
gabbroic 
Gabbro- 
of f shoot 
dike

as ppm.

Description

Dark green; 
m-grained ; cp 
Dark green; 
M-grained ; py 
(minor)

Irvine S Baragar 
(1971) 
Classification

Tholeiitic 
picrite 
Calc-alkaline 
Calc-alkaline 
basalt

Jensen(1976) 
Classifi 
cation

Komatiitic 
basalt 
Calc- 
alkaline 
basalt
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Chemical Analysis of Mafic Norite

Table 11 

Analysis No. 36 36

Major Oxidesa

Si02

A1 20 3

Fe 20 3

FeOb

MgO

CaO

Na20

K20

Ti02

P 205

MnO

C0 2

S

H20*

H20~

Total

LOI C

Sp.Gr. d

Notes: a uncorrected weight 
b total Fe as Fe 20 3 
c loss on ignition 
d specific gravity 
e Au, Pd, Pt as ppb.

Location: 
Analysis Latitude; Field 

No. Longitude No.

36 46.72693; 80TLM-032QA 
81.14638

56.9

11.6

2.35

6.48

9.82

4.15

1.74

0.95

0.68

0.10

0.15

0.18.

0.15

3.02.

0.44

98.7

3.70

2.76

percent 
where blank

All others

Field 
Name

Mafic 
norite

Trace Elements6

Au

Ba

Co

Gr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

as ppm.

Irvine St Baragar 
(1971) 

Description Classification

Dark grey; m- Tholeiitic 
grained; brown picrite

a
430

50

830

77

26

97

ao
a
a
50

230

20

98

110

Jensen(1976) 
Classifi 
cation

Komatiitic 
basalt

biotite flakes
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Chemical Analyses of the Leucocratic Norite

Table 12

Analysis No. 10 11

Major Oxidesa Cross-section l

Si02
A1203
Fe203 
FeOb

MgO
CaO
Na20
K20
Ti02
P 205
MnO
co2
SH20~*"
H20~

Total

LOIC

Sp. Gr.

Trace

Au
Ba
Co
Cr
Cu
Li
Ni
Pb
Pd
Pt
Rb
Sr
Y
Zn
Zr

57.3
16.2
2.11 
4.54
4.74
6.25
2.78
1.02
0.57
0.15
0.11
0.16
0.04
1.92
0.41

98.3

2.20

d 2.69

Elements6

a
610
24
128
38
16
28
ao
a
a
40
530
20
75

100

58.1
16.7
1.44 
5.35
4.16
6.05
2.99
1.69
0.64
0.09
0.10
0.27
0.07
1.58
0.30

99.5

1.90

2.81

a
650
25
42
12
21
9

ao
a
a
60

490
20
60

110

57.4
14.9
2.80 
6.48
3.22
5.80
3.07
2.30
1.09
0.07
0.14
0.15
0.07
1.36
0.22

99.1

1.30

2.88

a
800
31
5

16
10
O
10
a
a
100
420
30
110
130

21 22 23

Cross-section 2

58 
16 

2 
4 
3 
5 
2 
l

2
7
07
62
99
42
95
77

0.69
0.11
0.11
0.25
0.04
1.90
0.47

600 
40 
31 
18 
20 

7
16 
^
a
70

440
20
85

120

59.7
15.6
2.54
5.02
3.73
4.36
2.91
1.96
0.75
0.15
0.11
0.08
0.01
1.89
0.35

60.1
15.2
2.39
4.62
3.07
4.93

800
33
17

5
22

5
ao 
a 
a

100
420
20
88

140

Notes: a uncorrected weight percent
b total Fe as Fe 203 where blank
c loss on ignition
d specific gravity
e Au, Pd, Pt as ppb. All others as ppm.

3.05
2.88
0.67
0.15
0.11
0.09
0.04
1.18
0.34

99.3 99.2 98.8

2.00 1.90 1.20

2.79 2.78 2.80

860
29
12
9

12 
O

ao 
a 
a

120
360

30
74

150

37

54.6
19.1
1.56
3.89
4.71
6.27
3.12
1.99
0.47
0.09
0.08
0.63
0.08
1.95
0.51

99.1

3
560

25
100
28
26
28

ao
a
a
80

490
10
75
60

38 39

Cross-section 3

56.0
17.6

,38
.02
.29
.65
,08
,89

0.55
0.09
0.13
0.12
0.04
1.90
0.50

98.2

56.8
18.2
2.01
4.37

.83

.09

.91
,89

0.65
0.13
0.09
0.21
0.07
1.42
0.59

99.3

40

60.8
15.2

2
4
2
5
4
l

05
29
59
41
42
21

0.77
0.18
0.09
0.29
0.01
0.95
0.45

98.7

2.50 2.30 2.00 1.30

2.80 2.73 2.79 2.79

a
670 

23 
71 
19 
17 
15 
15 
O
a
80

450
20

134
90

9
610

25
35
15
22
11

ao
a
a
70

490
30
63

110

590
20

5
5

10 
O

ao 
a 
a
50

300
30
48

190
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Chemical Analyses of the Leucocratic Norite

Table 12 (Cont'd)

Analysis
No

9

10

11

21

22

23

37

38

39

40

Location:
Latitude;
Longitude

46.68944;
81.27028
46.68555;
81.28166
46.68500;
81.28389
46.70305;
81.21693
46.70221;
81.21555

46.70193;
81.21555
46.73332;
81.12971
46.73221;
81.12943
46.73000;
81.12915
46.72916;
81.12860

Field
No.

80TLM-0205

80TLM-0197

80TLM-0196

80TLM-0129

80TLM-0125

80TLM-0124

80TLM-1126

80TLM-1125

80TLM-1123

80TLM-1122

Field
Name

Leucocratic
norite
Leucocratic
norite
Leucocratic
norite
Leucocratic
norite
Leucocratic
norite

Leucocratic
norite
Leucocratic
norite
Leucocratic
norite
Leucocratic
norite
Leucocratic
norite

Description

Irvine S Baragar
(1971)
Classification

Dark green-grey;
near base
Grey; m-grained;
massive
Grey; m-f grained
massive
Grey; m-grained
massive
Grey; m-grained
m-c grained
plag. laths
Grey; m-f grained;
massive
Grey; m-grained
massive
Grey; m-c grained
massive
Grey; m-grained;
massive
Grey; m-f grained;
massive

Tholeiitic
basalt
Calc-alkaline
basalt
Calc-alkaline
andesite
Calc-alkaline
andesite
Calc-alkaline
andesite

Calc-alkaline
andesite
Tholeiitic
basalt
Calc-alkaline
basalt
Calc-alkaline
basalt
Calc-alkaline
andesite

Jensen(1976) 
Classifi- 
cation--———-

Calc-alkaline
basalt
Calc-alkaline
andesite
Tholeiitic
andesite
Calc-alkaline
andesite
Calc-alkaline
andesite

Calc-alkaline
andesite
Calc-alkaline
andesite
Calc-alkaline
andesite
Calc-alkaline
andesite
Calc-alkaline
andesite
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Chemical Analyses of Transitional Norite

Table 13 

Analysis No. 

Major Oxidesa

Si02 
A1203

FeO
MgO
CaO
Na20
K20
Ti0 2
P 205
MnO
C0 2
S
H20" 

Total 

LOIC 

Sp.Gr. d

12 13 14

Cross-section l

59.9
15.2
1.85
5.43
3.25
4.94
3.26
2.36
0.72
0.14
0.12
0.10
0.07
1.42
0.40

57.6
14.0
4.10
7.29
2.46
4.95
2.91
2.42
1.64
0.53
0.15
0.14
0.09
1.21
0.41

58.7
13.7
3.45
6.89
2.06
4.42
3.12
2.67
1.66
0.60
0.13
0.26
0.05
1.17
0.45

99.2 99.9 99.3

1.30 1.00 1.20

2.82 2.86 2.83

24 

Cross-section 2

60.9
15.2
3.45
4.78
2.63
4.28
2.97
2.68
0.86
0.16
0.12
0.26
0.03
1.52
0.38

99.0

1.50

2.76

41 

Cross—section 3

58.1
15.1

4.01
5.75
2.34
5.89
3.75
l
l

.19

.65
0.33
0.11
0.09
0.03
1.32
0.42

100.1

1.40

2.79

Trace Elements6

Au
Ba
Co
Gr
Cu
Li
Ni
Pb
Pd
Pt
Rb
ST
Y
Zn
Zr

Notes: a uncorrected weight percent
b total Fe as Fe203 where blank
c loss on ignition
d specific gravity

820
30
O
19
11

ao
a
a

100
310
40
134
170

820
32
o
10
10

ao
K^l

*ci
120
320
40
96

180

780 
23 
14 
16 
14 
O 
20
a 
a

110
340
30
121
170

6
600 
25 
O
6 

10

a 
a
80
420
30
54

180
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Chemical Analyses of the Leucocratic Norite

Table 13 (Cont'd)

Location:
Analysis Latitude; 

No Longitude

12

13

14

24

41

46.68471; 
81.28333

46.68416; 
81.28360

46.68388; 
81.28416

46.70110; 
81.21527 
46.72888; 
81.12860

Field 
No.

80TLM-0195

80TLM-0194 

80TLM-0193

80TLM-0123 

80TLM-1121

Transitional 
norite

Transitional 
norite

Transitional 
norite

Transitional 
norite 
Transitional 
norite

Description

Pink-grey; 
m-grained; 
more mafic than 
leuco. norite 
Pink-grey; 
m-grained; 
more mafic than 
leuco. norite 
Pink-grey; 
m-grained; 
more mafic than 
leuco. norite 
Pink-grey; 
m-grained 
Dark pink-grey; 
m-f grained; 
more mafic than 
leuco. norite

Irvine Si Baragar
(1971)
Classification

Gale-alkaline 
andesite

Tholeiitic 
andesite

Tholeiitic 
andesite

Calc-alkaline 
andesite 
Tholeeitic 
andesite

Jensen(1976 
Classifi- 
cation———-i-

Calc-alkali 
andesite

Tholeiitic 
andesite

Tholeiitic 
andesite

Calc-alkali 
andesite 
Tholeiitic 
andesite
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Chemical Analyses of Transitional Granophyre

Table 14 

Analysis No, 

Major Oxidesa

15 16 17 18 19 20

Cross-section l

Si02
A1203
Fe 203
FeOb
MgO
CaO
Na20
K20
Ti02
P 20 5
MnO
C0 2
S
H20*
H20~

Total

LOIC

Sp.Gr. d

Trace Elements6

Au
Ba
Co
Cr
Cu
Li
Ni
Pb
Pd
Pt
Rb
Sr
Y
Zn
Zr

59.
14.
2.
6.
1.
4.
3.
2.
1.
0.
0.
0.
0.
1.
0.

98.

1.

2.

V
840

27
O
14
10
O

ao
a
a

110
370
40
98

180

1
1
92
64
84
50
07
50
61
50
13
11
04
44
43

9

00

82

61.
13.
3.
6.
1.
3.
3.
3.
1.
0.
0.
0.
0.
1.
0.

99.

1.

2.

a
980

20
O
16
10
O
25
a
a

120
330
40

152
200

2
7
45
08
55
71
13
06
55
42
14
30
02
19
45

9

20

76

60.
14.
3.
5.
1.
3.
3.
3.
1.
0.
0.
0.
0.
1.
0.

98.

1.

2.

V
960

22
O
16
10
O
19
a
a

110
320

30
132
210

7
8
23
35
35
54
08
01
43
37
12
16
03
08
52

8

10

78

60.
15.
3.
5.
1.
2.
3.
2.
1.
0.
0.
0.
0.
1.
0.

99.

1.

2.

7
1100

23
O

8
14
^

ao
a
a

110
260

30
84

200

0
1
21
75
62
82
18
94
49
37
10
37
05
42
60

0

80

77

61.
14.
2.
5.
1.
2.
2.
3.
1.
0.
0.
0.
0.
0.
0.

98.

1.

2.

20
1030

18
O
18
12
O
14
a
O

110
260
40

128
260

7
7
75
27
19
99
85
30
40
30
11
13
3
84
60

2

20

76

65.6
14.0
3.29
4.13
0.99
3.32
2.95
3.15
1.22
0.22
0.10
0.09
0.02
0.66
0.55

100.3

1.20

2.74

a
960

15
O

6
9

O
ao
tl

a
110
240

40
128
260

Notes: a uncorrected weight percent
b total Fe as Fe203 where blank
c loss on ignition
d specific gravity

42 43

Cross-section 3

60.4
15.5

81
70

1.51
.65
.19
.94
.43

0.36
0.11
0.15
0.03
1.14
0.55

99.5

64.8
15.1
3.24
3.32
0.87

18
30

3.51
1.00
0.17
0.09
0.22
0.01
0.93
0.53

99.3

1.40 1.40

2.76 2.70

a
860
17
O
10
9
0
ao
a
a

110
240
40
84

230

5
980

9
O
5
6
O
16
a
a
110
130
40

138
280
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Chemical Analyses of Transitional Granophyre

Table 14 (Cont'd)

Location:
Analysis Latitude; 

No Longitude

15

18

19

20

42

46.68361; 
81.28471

80TLM-0192

16

17

46.68332;
81.28471
46.68277;
81.28471

80TLM-0191

80TLM-0190

43

46.68250; 
81.28555

46.68221; 
81.28610

46.68166; 
81.28638

46.72861; 
81.12860

46.72832; 
81.12860

80TLM-0189

80TLM-0188

80TLM-0187

80TLM-1120

80TLM-1119

Field 
Name

Transitional 
granophyre

Transitional 
granophyre 
Transitional 
granophyre

Transitional 
granophyre

Transitional 
granophyre

Transitional 
granophyre

Transitional 
granophyre

Transitional 
granophyre

Description

Irvine St Baragar
(1971)
Classification

Pink-grey; 
m-grained; 
plag. laths; 
more mafic than 
granophyre 
Pink; m-grained 
mafic clots 
Pink; m-grained 
plag. interstitial 
to granophyric 
intergrowth 
Pink; m-grained; 
plag. Interstitial 
to granophyric 
intergrowth 
Pink; m-grained; 
good granophyric 
intergrowth 
Pink; m-grained 
good granophyric 
intergrowth 
Dark pink-grey; 
m-grained; 
good interstitial 
granophyric 
intergrowth 
Dark pink-grey; 
m-grained; 
mafic clots

Tholeiitic 
andesite

Tholeiitic 
andesite 
Tholeiitic 
andesite

Tholeiitic 
andesite

Tholeiitic 
andesite

Tholeiitic 
andesite

Tholeiitic 
andesite

Tholeiitic 
dacite

Jensen(1976) 
Classifi- 
cation—-——

Tholeiitic 
andesite

Tholeiitic 
andesite 
Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
rhyolite
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Chemical Analyses of Granophyre

Table 15

Analysis No. 25 

Major Oxidesa

26 27 28 29 30 31

Cross-section 2

Notes: a uncorrected weight percent
b total Fe as Fe203 where blank
c loss on ignition
d specific gravity
e Au, Pd, Pt as ppb. All others as ppm.

32

Si02
A1203
Fe 20 3
FeOb
MgO
CaO
Na20
K20
Ti02
P 205
MnO
C0 2
SH20~*~
H20~

Total

LOIC

Sp. Gr,

Trace

Au
Ba
Co
Gr
Cu
Li
Ni
Pb
Pd
Pt
Rb
Sr
Y
Zn
Zr

66.
13.

1.
3.
1.
1.
2.
4.
0.
0.
0.
0.
0.
1.
0.

98.

1.

, d 2.

Elements6

^
880

10
O

6
6

Oao
a
a

160
140
30
43

270

7
8
68
81
06
52
69
42
82
16
07
13
02
05
35

3

80

69

65.8
14.0
1.80
4.86
1.17
1.99
4.34
2.27
1.03
0.23
0.09
0.14
0.03
0.90
0.31

99.0

0.90

2.72

64.
13.
2.
4.
1.
1.
2.
4.
1.
0.
0.
0.
0.
1.
0.

98.

1.

2.

4
9
53
05
16
99
68
12
00
26
09
79
02
26
51

8

70

68

66.1
13.4
2.49
3.73
1.06
1.83
2.73
3.99
0.98
0.22
0.10
0.14
0.02
1.18
0.53

98.5

1.40

2.70

67.
14.
3.
3.
0.
2.
2.
3.
1.
0.
0.
0.
0.
0.
0.

100.

1.

2.

4
1
14
24
90
22
65
60
01
20
10
26
01
99
56

4

30

69

Cross-section

a
660

12
O
15
10
O

ao
a
a

100
220
30
60

260

V
780

13
O

8
7

O
17
a
a

180
220
40
83

280

0
900

12
O
14

9
O

ao
a
a

150
190
40
94

280

a
750

10
O
16

7
O
14
a
a

130
180
30
66

270

65.0
15.9
2.22
3.97
1.66
2.66
3.65
2.23
0.79
0.16
0.08
0.24
0.01
1.08
0.58

100.2

1.60

2.72

2

a
800

14
10

8
14
O
15
a
a

100
420
30
45

190

67.7
15.1

1.66
3.16
0.93
2.03
4.80
0.89
0.81
0.13
0.06
0.38
0.01
0.72
0.38

98.8

1.20

2.71

a
290

9
O
O

8
Oao
a
a
40

170
30
38

290

70.8
13.6

1.95
1.85
0.77
2.43
5.03
1.10
0.92
0.13
0.05
0.11
0.01
0.23
0.32

99.3

0.80

2.70

a
330

6
O

5
6

Oao
a
a
50

290
30
28

270

33

64.0
14.3

1.40
5.10
1.64
2.54
3.55
3.05
0.78
0.15
0.09
0.12
0.01
1.11
0.35

98.2

1.20

2.71

3 
810

15 
6 
9 
9

O

a
a

100
150
30
42

240

34

69.6
13.7
1.64
2.92
0.94
1.80
3.61
3.62
0.87
0.15
0.06
0.11
0.01
0.47
0.36

99.9

1.00

2.69

a
1020

8
O

5
6 

Oao 
a 
a

130
160
30
32

220
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Chemical Analyses of Granophyre

Table 15 (Cont'd) 

Analysis No. 44 

Major Oxidesa

45 46 47 48 49 50 51

Gr os s-se c t ion 3

52

Si02
A1203
Fe 203
FeOb

MgO
CaO
Na20
K20
Ti02
P205
MnO
co2
S
H20+
H20~

Total

LOIC

Sp.Gr. d

67.7
14.0
3.55
2.34
0.65
1.69
3.48
3.78
0.82
0.13
0.08
0.06
0.01
1.02
0.58

99.9

1.30

2.68

67.8
14.1
3.08
2.43
0.66
0.61
3.27
4.04
0.80
0.13
0.07
0.11
0.01
0.61
0.60

99.3

1.20

2.67

66.2
13.9
1.82
4.13
1.65
1.93
3.41
3.35
0.97
0.17
0.08
0.19
0.02
1.19
0.33

99.3

1.40

2.69

65.9
14.3
2.54
4.29
1.54
1.88
3.40
3.73
1.08
0.22
0.09
0.13
0.01
1.21
0.36

100.7

1.20

2.72

67.2
13.6
1.46
3.24
1.90
2.33
6.01
0.23
1.09
0.23
0.07
0.11
0.01
0.88
0.30

98.7

0.90

2.69

67.3
15.0
1.81
2.84
1.51
1.89
6.01
0.16
0.95
0.17
0.06
0.60
0.01
0.96
0.40

99.7

1.30

2.67

67.8
14.2
2.88
3.24
1.07
1.77
2.85
3.79
0.97
0.16
0.08
0.12
0.02
1.35
0.22

100.5

1.30

2.70

67.4
15.6
2.08
2.92
1.36
1.65
3.24
2.87
0.89
0.14
0.07
0.40
0.01
0.93
0.45

100.0

1.20

2.70

68.1
13.8
1.85
2.75
1.08
1.38
2.66
4.30
0.86
0.13
0.07
0.48
0.06
0.79
0.31

98.6

1.00

2.69

Trace Elements6 Cross-section 3

Au
Ba
Co
Gr
Cu
Li
Ni
Pb
Pd
Pt
Rb
Sr
Y
Zn
Zr

V
1080

7
O

5
4

O
ao
a
a

130
140
40
75

310

2
1170

7
O

5
4

O
16
C
a

130
140
30
56

310

a
960

8
O
O
12
O

ao
a
a

100
160
40
46

310

2
1200

10
0
O

9
O

ao
a
a

110
140
40
50

260

V
150

6
O
O

6
O

ao
a
a
20

140
30
37

320

a
120

7
O

5
6

O
ao
a
a
20

130
30
34

330

a
1140

8
^
20

6
O

ao
a
a

130
200

40
56

270

8
1140

8
O
O

8
O

ao
a
a

110
210

30
38

280

a
1420

7
0
^

6
0

ao
a
a

140
190
30
34

260

Notes: a uncorrected weight percent
b total Fe as Fe 203 where blank
c loss on ignition
d specific gravity
e Au, Pd, Pt as ppb. All others as ppm,
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Chemical Analyses of Granophyre

Table 15 (Cont'd)

Analysis 
No.

25 

26

27

28

29

30

31

32

33

34

44

45

46

47

48

49

50

Location: 
Latitude; 
Longitude

46.70055; 
81.21527 
46.69611; 
81.21443

46.69443; 
81.21277

46.69221; 
81.21249

46.69221; 
81.21277

46.69055; 
81.21138

46.69028; 
81.21111

46.68999; 
81.21056

46.68944; 
81.20999

46.68889; 
81.20943

46.72749; 
81.12833

46.72667; 
81.12805

46.72305; 
81.12639

46.72139; 
81.12610

46.72055; 
81.12610

46.72028; 
81.12610

46.71777; 
81.12471

Field 
No.

80TLM-0122 

80TLM-01 19

80TLM-0117

80TLM-0114

80TLM-0113

80TLM-0111

80TLM-0110

80TLM-0109

80TLM-0108

80TLM-0107

80TLM-1118

80TLM-1117

80TLM-1116

80TLM-115

80TLM-1113

80TLM-1112

80TLM-1110

Field 
Name

Granophyre 

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Granophyre

Description

Irvine Si Baragar
(1971)
Classification

Jensen(1976) 
Classifi 
cation

Pink; m-grained
small qtz. clumps
Pink; nrf grained;
minor acicular
amph; plag. laths
Pink-grey;
m-f grained; minor
acicular amph.
Pink-grey;
m-grained;
m-c grained
plag. laths
Pink-grey;
m-grained; minor
mafic clots
m-c grained;
plag. laths
Pink-grey;
m-grained; minor
mafic clots;
plag. laths
Pink-grey;
f-m grained; minor
c-grained
acicular amph.
Pink-grey;
m-grained; minor
acicular amph. and
plag. laths
Pink-grey;
m-grained; minor
mafic clots and
acicular amph.
Pink-grey;
in-grained; minor
acicular amph;
weakly hybrid
Dark pink-grey;
m-f grained;
subhedral stubby
plag. laths
Pink-grey;
m-grained; good
granophyric
intergrowth
Pink-grey;
m-f grained; minor
acicular amph.
Grey; nr-f grained;
minor small
acicular amph.
Pink-grey;
nrf grained;
m-c grained;
acicular amph.
Pink-grey;
m-grained;
m-c grained;
acicular amph.
Dark pink-grey;
m-grained;
minor mafic
clots

Gale-alkaline 
dacite 
Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Calc-alkallne 
dacite

Tholeiitic 
dacite

Calc-alkaline 
dacite

Tholeiitic 
dacite

Calc-alkaline 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Calc-alkaline 
dacite

Tholeiitic 
dacite

Calc-alkaline 
dacite

Calc-alkaline 
dacite

Tholeiitic 
dacite

Tholeiitic 
rhyolite 
Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
dacite

Tholeiitic 
rhyolite

Tholeiitic 
rhyolite

Tholeiitic 
dacite

Tholeiitic 
rhyolite

Tholeiitic 
rhyolite

Tholeiitic 
rhyolite

Tholeiitic 
dacite

Tholeiitic 
dacite

Calc-alkaline 
andesite

Calc-alkaline 
dacite

Tholeiitic 
dacite
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Table 15 (Cont'd)

Analysis
No.

51

52

Location: 
Latitude; 
Longitude

46.71500 
81.12389

46.71306; 
81.12332

Field 
No.

80TLM-1108

80TLM-1106

Field 
Name

Granophyre

Granophyre

Description

Pink-grey; 
m-grained; 
minor acicular
amph. 
Grey; 
m- f grained; 
p lag. laths 
subhedral to
euhedral

Irvine L Baragar 
(1971) 
Classification

Calc-alkaline 
dacite

Calc-alkaline 
dacite

Jensen(1976) 
Classifi 
cation

Tholeiitic 
rhyolite

Tholeiitic 
rhyolite
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Chemical Analyses of Hybrid Granophyre

Table 16

Analysis No. 35 53 
Cross-section 2 Cross-section

Major Oxidesa

Si02

A1203

Fe 203

FeOb

MgO

CaO

Na20

K20

Ti02

P205

MnO

C02

S

H20*

H20~

Total

LOIC

Sp.Gr. d

Notes: a 
b 
c 
d 
e

Analysis 
No.

35

53

70.6

14.1

1.68

2.59

0.70

1.54

3.13

4.06

0.83

0.12

0.06

0.23

0.01

0.50

0.36

100.5

0.90

2.66

72.6

13.1

2.15

1.46

0.80

2.42

5.42

0.08

0.86

0.06

0.05

0.17

0.12

0.75

0.21

100.3

0.70

2.70

uncorrected weight percent 
total Fe as Fe203 where blank 
loss on ignition 
specific gravity 
Au, Pd, Pt as ppb. All others as

Location: 
Latitude; Field 
Longitude No.

46.68750; 80TLM-0106 
81.20999

46.71222; 80TLM-1105 
81.12166

Field 
Name

Hybrid 
granophyre

Hybrid 
granophyre

35 53 
3 Cross-section 2 Cross-section 3

Trace Elements6

Au

Ba

Co

Gr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

ppm.

Description

u
810

7

O

8

5

^

ao

a

^
150

150

30

28

210

Irvine S Baragar 
(1971) 
Classification

Pale pink; Calc-alkaline 
m-f grained; dacite 
small acicular
amph. 
Grey; 
f-m grained

Calc-alkaline 
dacite

a
130

7

0

^

4

0

ao

a

a
10

290

30

22

280

Jensen(1976) 
Classifi 
cation

Tholeiitic 
rhyolite

Tholeiitic 
rhyolite



Table 17 

Analysis No,
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Chemical Analysis of Aplite

60 60*

Major

Si02

A120 3

Fe 203

FeOb

MgO

CaO

Na20

K20

Ti02

P 205

MnO

C02

S

H20*

H20~

Total

LOIC

Sp. Gr

Notes

Analysis
No.

60*

Oxidesa

75.6

14.2

0.44

0.16

0.36

1.48

6.18

0.15

0.41

0.02

0.01

0.09

0.02

0.05

0.27

99.4

0.60

, d 2.64

: a uncorrected weight percent
b total Fe as Fe203 where blank 
c loss on ignition
d specific gravity
e Au, Pd, Pt as ppb. All others

Location:
Latitude; Field Field
Longitude No. Name

46.69556; 79TLM-0547 Alpite
80.84805

Trace

Au

Ba

Co

Gr

Cu

Li

Ni

Pb

Pd

Pt

Rb

Sr

Y

Zn

Zr

as ppm.

Description 

Leucocratic;
f-grained ;

Elements6

7

90

0

O

8

O

^

25

a
a

10

130

10

20

230

Irvine 4 Baragar Jensen(1976
(1971) Classifi-
Classification cation

Gale-alkaline Calc-
rhyolite alkaline

rhyolite

* Located in Capreol Area (Muir et al, 1980b)
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TABLE 18

Sample Town- 
Number ship

ASSAY RESULTS FOR FIELD SPECIMENS 1980

Major Ag
Approximate Host Au (oz/ Pt Pd Nl
Location Rock ppb ton) ppb ppb ppm

AM 54-80 Mor. C1.L9.NW1/4 of Nl/2 Bk.Op. 5 CIO ^ tt 58

AM 55-80 Mor. C1.L9.NW14 of Nl/2 Bk.Op. 6 CIO ^ ^ 60

AT 81-80 Mor. C2.L10.SE1/4 of Nl/2 green V <.10 <7 <7 64

AM227-80 Lum. C6.L5.SE1/4 of Sl/2 Bk.Op. 18 CIO ^ ^ 100

AT172-80 Lum. C5.L2.SW1/4 of Nl/2 Bk.Op. 27 CIO ^ ^ 50

AT173-80 Lum. C5.L1.SW1/4 of Nl/2 Bk.Op. 175 CIO C5 <15 52

Cu 
ppm

373

280

185

105

66

55

Co Pb Zn

22 108 79

22. 90 350

56 CO 63

22 ^0 78

22 CO 123

20 ^0 134

AT296-80 Bow. WD38

AM364-80 Lum. CI,L2,Nl/2 quartz

AT147-80 Mor. C5.L7.NW1/4 of Sl/2 G.S.

Bk.Op. 1050 0.13 10 15 380 1.20Z 24 18 210

^ CIO ^ ^ 42 

61 CIO 12 19 850

40 12 aO 37 

770 120 CO 168

AM457-80 Bow.

AM461-80 Bow.

AT296-80 Bow.

AT321-80 Bow.

AT322-80 Bow.

AT340-80 Bow.

AT351-80 Bow.

AM348-80 Bow.

AM351-80 Bow.

AM356-80 Bow.

WD238

WD212

WD 38

WD 13

WD13

WD245

WD229

WD150

WD155

WD 36

S.Z. 

G.S. 

S.Z. 

S.Z. 

S.Z. 

S.Z. 

S.Z. 

F.O. 

F.O. 

F.O.

AM143-80 Mor. C5.L10.SW1/4 of Sl/2 Am.

7 0.12 22 13 2800 4200 140 15 208

8 CIO ^ G 1100 465 72 15 182

1050 0.13 10 15 380 1.20Z 24 18 210

^ CIO 12 22 1080 1200 82 10 125

26 CIO 157 31 6400 950 730 14 100

to CIO 8 ^ 416 191 6ft ao 97

^ CIO 9 31 1.64Z 2900 1240 OO 70

58 0.33 87 117 1.21Z 1.42Z 600 34 390

18 CIO 105 33 3700 1.53Z 210 80 278

21 CIO 327 408 1.49Z 6150 690 30 500

9 CIO 8 10 168 480 64 UO 167

Assays determined by Geoscience Laboratories, Ontario Ministry of Natural Resources, Toronto 

Abbreviations used.

Mor. Morgan

Lum. Lumsden

Bow. Bowell

Concession 

Lot

Bk.Op. Black Onaping Member

Ch Chelmsford Formation

G.S. Gabbroic Sublayer 
	(of Sublayer Zone)

S.Z. Sublayer Zone

F.O. Foy "Offset"

Am Amphibolite
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TABLE 19 SUMMARY OF ASSESSMENT WORK 
MORGAN LAKE - NELSON LAKE AREA

NAME

Dennie, R.C.

Falconbridge Nickel 
Mines Limited

PROPERTY 
NUMBER

Hodge, A.E. 

Inco Limited

Lake Kozak 
Mines Limited

Mungovan, Thomas 

Nickel Offsets Limited

North Range Nickel 
Mines Limited

Sandcherry Mines 
Limited

Westfield Minerals 
Limited

LAST YEAR 
WORKED

1962

Currently held

TOWNSHIP 

Lumsden

Bowell

Lumsden

Morgan

Currently held Bowell 

Currently held Bowell

Lumsden 

Morgan

1970

1953

Currently held 

1944

Morgan

Morgan 

Bowell 

Bowell

Currently held Morgan

1961 Morgan

TYPE OF WORK 

D.D.

Geol., D.D. 

D.D.

Geol., Mag., 
Rept., D.D.

Airmag., Mag., 
Rept., D.D..

D.D.

Mag., Em., 
Rept., D.D.

Mag., Em., Rept,

Geol, Mag., Rept.

Geol., Mag., Rept, 

D.D. 

D.D.

Abbreviations Used

Geol.
Airmag.
Mag.
Em.
Rept.
D.D.

Geological Map
Airborne Magnetometer Survey
Magnetometer Survey
Electromagnetic Survey
Report
Diamond Drilling Logs



- 172 -

TABLE 20
SUMMARY OF DIAMOND DRILLING BY 

FALCONBRIDGE NICKEL MINES LIMITED 1

CLAIM 
TOWNSHIP NUMBER

Bowell 51445

37793

37794

55264

55263

55263

55261

82061

82061

Lumsden 51370

Morgan 55945

55945

62279

62279

62279

86663

86663

108353

108352

113020

146221

146227

146230

146230

Abbreviations Used

D

Gb

Gph

Gr

Gs

CONCESSION LOT PORTION

1

3

3

3

3

3

3

2

2

6

2

2

2

2

2

6

6

1

1

5

5

5

5

5

Diabase

Gabbro

Granophyre

Granitic Rocks

Gneissic Rocks

3 SW1/4 of Nl/2

7 SW1/4 of Nl/2

8 SE1/4 of Nl/2

8 Foster Lake

8 NE1/4 of Sl/2

8 NE1/4 of Sl/2

8 NW1/4 of Sl/2

7 NW1/4 of Sl/2

7 NW1/4 of Sl/2

3 NE1/4 of Nl/2

12 NW1/4 of Sl/2

12 NW1/4 of Sl/2

12 SE1/4 of Sl/2

12 SE1/4 of Sl/2

12 SE1/4 of Sl/2

6 NW1/4 of Nl/2

6 NW1/4 of Nl/2

9 NE1/4 of Nl/2

9 SW1/4 of Nl/2

11 NW1/4 of Sl/2

11 NW1/4 of Nl/2

10 SW1/4 of Nl/2

10 SE1/4 of Nl/2

10 SE1/4 of Nl/2

LBx

M

OP

S

STBx

TOTAL 
YEAR NO. OF LENGTH 

DRILLED HOLES (FT.)

1948

1948

1948

1950

1950

1952

1950

1956

1957

1951

1951

1952

1953

1954

1955

1958

1961

1960

1961

1961

1968

1968

1968

1972

Leucocratic

Mafic Rocks

4

4

4

3

2

3

3

2

3

1

2

3

1

1

1

2

1

3

1

1

1

1

2

3

200

320

321

242

132

790

236

800

1200

240

560

1170

360

360

360

403

376

341

460

600

631

619

1016

348

Brecccia

(Volcanic?)

ROCKS 
INTERSECTED

OP

Gr, Gs?

Gr

Gr, M, LBx

Gr, LBx

Gr, LBx

LBx

Gr

Gs.Gr

Op

Overburden

Gph

Op

Op

Op

Gr

Gr

OP

OP

Gr,Gs,S

Gs,D,Gr,Gb, 
STBx

Gs,D?,STBx

Gs,Gr,D

Gs, Gr, D?, STBx

Onaping Formation

Sulphides (Significant)

Sudbury-Type Breccia

ASSESSMENT FILES
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TABLE 21
SUMMARY OF DIAMOND DRILLING BY 

INCO LIMITED1

CLAIM 
TOWNSHIP NUMBER CONCESSION

Bowell 50575

50577

50579

50580

50582

54333

54334

54336

54349

54350

54352

54367

54368

54381

54351

54353

54361

114051

117452

117011

147750

147769

147785

147786

147835

2

1

1

1

1

1

1

1

1

1

1

2

2

2

1

1

1

1

5

1

1

3

1

1

3

LOT

7

7

9

9

9

8

8

7

6

6

5

3

3

1

6

4

4

7

3

2

9

4

10

10

2

YEAR 
PORTION DRILLED

SE 1/4

NW1/4

NE1/4

NE 1/4

SW1/4

NW1/4

NE1/4

SW1/4

SE1/4

NW1/4

NW1/4

NW1/4

SE1/4

NW1/4

NE1/4

NW1/4

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

Sl/2

Nl/2

Sl/2

Sl/2

Sl/2

Sl/2

Sl/2

Nl/2

Nl/2

Nl/2

Nl/2

Sl/2

Nl/2

Nl/2

Nl/2

Nl/2

Part of Nelson L.

SE1/4

SE1/4

SE1/4

NE 1/4

SE1/4

NW1/4

NE 1/4

NW1/4

of

of

of

of

of

of

of

of

Sl/2

Sl/2

Sl/2

Nl/2

Sl/2

Sl/2

Sl/2

Sl/2

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1951

1951

1951

1961

1961

1962

1968

1968

1968

1968

1968

NO. OF 
HOLES

3

2

3

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

TOTAL
LENGTH 
(FT.)

2097

1346

2120

957

1441

1403

1480

1015

2400

1801

2109

2601

2230

1800

800

3066

335

800

372

3607

701

1003

903

703

1003

ROCKS 
INTERSECTED

N.LBx 
(400 to 937), Gs

N,Gs(400,540)

N,M(390 to 680), 
Gs

OD,N.Gs(795)

N,Gs(480,580), 
Gr.D.P

N,Gs(1193), D?

N,OD,M-Gs(1300)

N,LBx(694),Gr 
(792), Gs

Gph,N(1079),Gs 
(2233), M

N,Gs(1516),Gb

Gph,N(919), 
Gs(1825), D?

Gph,N(1159), 
LBx(2175), Gs

Gph,N(381),SZ? 
(1806),Gs(1992)

N,Gs(1690),P

N

Gph,OD,N(1642), 
Gs(1940), 
Gs(2880),D?

Gph

Ch

Op?

Op,Gph(1042),OD

Gs.D?

Gb,Gs

Gs,Gb

Gs.Gb

Gs.Gr.D?
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TABLE 21 Cont'd)

CLAIM 
TOWNSHIP NUMBER

Lumsden 50S832

117418

117432

117459

113576

119224

119245

119254

119263

119267

119271

135726

135471

135472

135486

135492

135541

135543

135857

135875

135892

135894

135897

135900

135907

Morgan 38176

38183

38193

38195

CONCESSION

6

5

6

6

5

3

4

6

5

5

5

4

4

4

3

2

4

4

3

3

2

2

2

2

1

5

5

5

5

LOT

9

2

4

3

2

11

11

6

9

7

7

1

4

4

3

2

2

3

7

9

11

10

9

10

9

7

6

8

9

PORTION

NW1/4 of Nl/2

NE1/4 of Sl/2

NW1/4 of Sl/2

SW1/4 of Nl/2

NE1/4 of Nl/2

Sl/2 of Nl/2

Nl/2 of Sl/2

SE1/4 of Sl/2

SE1/4 of Sl/2

SE1/4 of Sl/2

SE1/4 of Nl/2

SE1/4 of Nl/2

NE1/4 of Sl/2

NW1/4 of Sl/2

NE1/4 of Sl/2

SW1/4 of Nl/2

SW1/4 of Sl/2

SW1/4 of Sl/2

SW1/4 of Nl/2

SW1/4 of Nl/2

Wl/2 of Nl/2

NW1/4 of Sl/2

NE1/4 of Sl/2

SE1/4 of Sl/2

SW1/4 of Nl/2

NE1/4 of Nl/2

NE1/4 of Nl/2

NE1/4 of Sl/2

NE1/4 of Sl/2

YEAR 
DRILLED

1950

1962

1962

1962

1963

1963

1963

1963

1963

1963

1963

1966, 
1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1967

1949

1949

1949

1949

NO. OF 
HOLES

1

3

1

1

2

1 '

1

1

1

3

1

1

1

1

3

1

1

2

1

1

1

1

1

1

2

2

1

1

1

TOTAL 
LENGTH 
(FT.)

1750

2031

4487

2743

485

1204

1805

2205

3008

2004

1801

3610

1978

305

1081

1441

1080

1513

3606

806

402

803

1083

1081

1447

362

362

363

360

ROCKS 
INTERSECTED

N,Gs-LBx(1531), 
Gs,U563)

Ow,0p(492)

Op,Gph(1357)

Op, Gph( 1462)00

Op

Op(170)

Op

Op,Gph(1447)

Op,Gph(2461)

Op, OD

Op,Gph(1755)

Ch,Ow(855),OD,Op 
(2463)

Ow(387),0p(1092)

Overburden

Ch,OD

Ch,0w(920)

Ch,0w(479)

Ch,0w(280),

Ch(21),0w(52), 
OD?, Op(1772)

Ow(413),0p(751)

Ch,0w?(402)

Ch,0w?(652)

Ch,OD,Ow(1083)

Ch,0w(869)

Ch

Gr.Gs

N,GS?(300),LBx 
(310),Gs-Gr(346)

N,Gr-Gs(156),D

N.GS?(41),Gr-Gs 
(269)

38491 4 SW1/4 of Sl/2 1949 286 N,Gr-Gs(210)
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TABLE 21 Cont'd)

Morgan

CLAIM 
NUMBER CONCESSION

38496

38511

38533

38185

38199

38202

38485

38497

54169

54172

54183

54210

54230

54253

- 54241

60388

60389

60393

60402

60448

76805

119229

119272 
119274

119358

122092

6

6

5

5

5

4

5

6

3

4

4

5

5

5

5

2

2

2

2

2

2

4

4 
4

3

1

LOT

2

3

5

7

9

8

4

2

9

9

7

5

4

2

3

7

8

7

8

7

10

3

2 
2

4

2

PORTION

NW1/4

SW1/4

NW1/4

SW1/4

SW1/4

NW1/4

NW1/4

SW1/4

NW1/4

SW1/4

NW1/4

SW1/4

SW1/4

SW1/4

SE1/4

SW1/4

SE1/4

NW1/4

NE1/4

NE1/4

SW1/4

SW1/4

NE1/4 
SE1/4

NE1/4

SE1/4

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of

of 
of

of

of

Sl/2

Sl/2

Nl/2

Sl/2

Sl/2

Nl/2

Nl/2

Sl/2

Nl/2

Nl/2

Sl/2

Sl/2

Sl/2

Nl/2

Nl/2

Nl/2

Nl/2

Nl/2

Nl/2

Nl/2

Sl/2

Sl/2

Sl/2 
Sl/2

Sl/2

Sl/2

YEAR 
DRILLED

1949

1949

1949

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950

1950-

1951

1953

1953

1953

1953

1953

1954

1963

1963 
1963

1963

1964

NO. OF 
HOLES

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

3

1

2

1

4

1

1

1 
1

2

1

TOTAL 
LENGTH 
(FT.)

400

379

414

1519

1284

600

1204

1084

1050

1561

3402

2800

3402

2398

209

1715

597

2643

683

1458

600

2201

3603 
811

1004

900

ROCKS 
INTERSECTED 
(DEPTH IN FT.)

N,SZ(299), 
Gr-Gs(315)

N,Gr-Gs(305)

N,LBx(390), 
Gs-Gr(409)

Gph,N(607), 
GS(837), 
LBx(1186), 
Gs(1401)

OD,N,GS(775), 
LBx(804),N(807), 
Gs(958)

N,Gs(410)

Gph,N(532), 
LBx(972), 
Gs(1064)

Gph,N(473), 
GS-M(822)

Gph

Gph,N(195), 
Gs(1086)

Gph,N(2989), 
Gs(3175)

Gph, N( 2304), 
Gr-Gs-M(2754)

Gph,N(2263), 
Gs-LBx(2771) 
Gs(3075)

Gph,N(1653), 
Gs(2165),D

Gph

Op

Op

Op,Gph(1997)

OP

Op

Op

Op,Gph(1465)

Op,Gph(1817),OD
OP

Op

Ow(338),0p(592)
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TABLE 21 Cont'd)

CLAIM 
TOWNSHIP NUMBER CONCESSION LOT

Morgan 147780

147783

147827

208681

PORTION 

6 SW1/4 of Sl/2 

5 NW1/4 of Sl/2 

7 SW1/4 of Nl/2 

4 SW1/4 of Sl/2

TOTAL ROCKS
YEAR NO. OF LENGTH INTERSECTED

DRILLED HOLES (FT.) (DEPTH IN FT.)

1968

1968

1968

1970

1805 Gs.Gb

821 Gs.M.Gb

600 Gs

401 Op

Abbreviations Used

Ch Chelmsford Formation

D Diabase

Gb Gabbro

Gph Granophyre

Gr Granitic Rocks

Gs Gneissic Rocks

GS Gabbroic Sublayer

LBx Leucocratic Breccia

1 Assessment Files
2 Information in Bowell Township Files.

M Mafic Rocks (volcanic?)

N Norite

OD Olivine Diabase

Op Onaping Formation

Ow Onwatin Formation

P Pyroxenite

SZ Sublayer Zone
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Legend
Sandstone—Chelmsford Formation 
Siltstone—Onwatin Formation
Black,Green,Gray.Basal; Members of the 

Onaping Formation
Granophyre, Norite, Sublayer Zone— 

Sudbury Irruptive Complex
Granitic, Gneissic, Migmatitic Rocks 
Geological Contact, Fault

BOWELL TOWNSH IP \ Gr

Gr Gr,Gs,Mg i N

MORGAN Gr.Gs 
TOWNSHIP

LUMSDEN TOWNSHIP

Balfour Township Rayside Township

Figure 3 - General geology of the Morgan Lake-Nelson Lake Area.



- 179 -

CROSS SECTION NUMBER l

NORITE

IOO

TRANSITIONAL NORITE 
NORITE j TRANSITIONAL GRANOPHYRE

400 600 800 1000 
HORIZONTAL DISTANCE FROM LOWER NORITE CONTACT (metres)

Figure 4a - Modal variation of Cross Section Number l 
of the Main Irruptive.
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CROSS SECTION NUMBER Z

TRANSITIONAL NORITE N ^.TRANSITIONAL GRANOPHYRE
NORITE ^ ( _______________GRANOPHYRE HYBRID GRANOPHYRE

0129 0114003 T//9 OUT OII3 Off/ O/O9 OO7 OfO6 ttnnett numturt

400 800 1200 1*00 
HORIZONTAL DISTANCE FROM LOWER NORITE CONTACT (nwtiw)

• SAMPLE LOCATION

Figure 4b - Modal varitation of Cross Section 
Number 2 of the Main Irruptive.

CROSS SKTIOH MVtUf* J

munmoKAi. MOWTIN JTMMHTIOMM. aMMPHrm
MOBITt \ f _______ anutrmn.

Figure 4c - Modal variation of Cross Section 
Number 3 of the Main Irruptive.
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Figure 5 - Q-A-P plot of modal variations of three cross-sections 
the Main Irruptive. A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. See Figure 6 fo 
location of cross-sections.
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MORGAN LAKE-NELSON LAKE AREA 

SAMPLE LOCATION MAP

LUMSDEN TOWNSHIP 

Chelmsford

Figure 6 - Map showing location of samples taken for chemical analysis 
and thin sectioning.
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Figure 7 - Crystallization index as a function of distance from the 
lower norite contact. Legend applies to all figures thai 
use analysis numbers A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. See Figure 6 for 
location of cross-sections.
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Figure 8 - Ti02 as a function of distance from the lower norite
contact. Legend as in Figure 7. A) Cross-section 1. B 
Cross-section 2. C) Cross-section 3. See Figure 6 for 
location of cross-sections.
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t f*O (1*1.D- * MgO

o . 
8 g8 t-

* r.o d.t.if* uto

Figure 9 - FeO (totalJ+MgO versus MgO for all rock types analysed 
Legend as in Figure 7. A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. D) Other rock 
types. See Figure 6 for location of cross-sections.
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NORMATIVE PLAOIOCLACE INDEX 

* An

70 *O SO 4O SO 10 

MOMMATIVC FLAOIOCLAtC INOEX

t Au

tO tO 40 30 tO 10 3

Figure 11 - Normative plagioclase index versus normative, colour ind 
for all rock types analysed. Legend as in Figure 7. A 
Cross-section 1. B) Cross-section 2. C) Cross-secti' 
3. D) Other rock types. See Figure 6 for location of 
cross-sections.
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•••O Aiken**

Figure 12 - A-F-M triangular plot for all rock types analysed. Legend 
as in Figure 7. A) Cross-section 1. B) Cross-section 2, 
C) Cross-section 3. D) Other rock types. See Figure 6 
for location of cross-sections.
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F.O-F.fOt'TIOi

Figure 13 - triangular cation plot for all 
rock types analysed. Legend as in Figure 7. A) 
Cross-section 1. B) Cross-section 2. C) Cross-section 
3. D) Other rock types. See Figure 6 for location of 
cross-sections.
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200' 
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140
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- 100-
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20O-| 
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180 

140

- 120 

a
- 100- 

a

80

40O 80O 12OO 1800 

DISTANCE FHOM LOWER NOHITI

Figure.14 - Rb as a function of distance from the lower norite contact 
Legend as in Figure 7. A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. See Figure 6 for 
location of cross-sections.
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•00-

•co- 
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NTACT (m.)

100 
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SOO- 

4CO 

400

•f 3SO
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" 250-

200

ISO

100

CO-

Figure 15 w Sr as a function of distance from the lower norite contact 
Legend as in Figure 7. A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. See Figure 6 for 
location of cross-sections.
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400 600 1200 taOO 2000 2400 2*00 

DISTANCE FROM LOWER NORITE CONTACT (m.)

Figure 16-Zr as a function of distance from the lower norite
contact. Legend as in Figure 7. A) Cross-section 1. B) 
Cross-section 2. C) Cross-section 3. See Figure 6 for 
location of cross-sections.
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PHOTOGRAPHS

1. Sudbury-type breccia. Thin section showing two ages of 
development. The older, lighter-toned matrix contains 
numerous quartzo-feldspathic fragments. The younger, 
darker-toned matrix contains fewer fragments and locally 
encloses fragments of the older breccia. Light-toned rocks 
at both ends of photograph are granitic contact wall rocks. 
Plane polarized light. Specimen 80TLM-0181.

2. Basal Member, Onaping Formation. Hand specimen of
matrix-supported type with disintegrating embayed felsic 
fragments in a fine-grained matrix. Further detail in 
text. Dark gray fragment at right is quartz. Specimen 
79TLM-1057.
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3. Basal Member, Onaping Formation. Photomicrograph showing a 
very fine-grained, plutonic-looking (ie. crystalline) 
matrix similar to the matrix of the Gray Member (see Photo 
4) with embayed microcrystalline felsic fragments (dark) 
consisting of feldspar and quartz. Plane polarized light. 
Specimen 80TLM-0409.

4. Gray Member, Onaping Formation. Photomicrograph showing a 
fine-grained plutonic-looking matrix consisting of 
anhedral, irregularly shaped plagioclase laths, quartz, 
amphibole, chlorite, and potassium feldspar. 
Percrystalline quartz 'fragment 1 at lower right. Plane 
polarized light. Specimen 80TLM-0078.
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5. Green Member, Onaping Formation. Hand specimen from a 
large block of lapilli-tuff within pyroclastic breccia 
which illustrates a multiple-stage formation for these 
rocks. The lapilli-tuff consists mostly of brittly 
fractured fluidal fragments with banding, amygdules, and 
quartz xenocrysts as well as other glass and quartz 
fragments in an ash matrix of similar composition. 
Specimen 81TLM-0416.

6. Green Member, Onaping Formation. Photomicrograph showing a 
complex, glassy fragment (lower left half of photo) 
containing an oval amygdule filled with a very fine matrix 
which is lighter in colour and compositionally different 
from the matrix of the hand specimen (upper right half of 
photo) which consists of partly welded(?) shard-bearing 
(marker band) lapilli-tuff. Plane polarized light. 
Specimen 80TLM-0418.
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7. Green Member, Onaping Formation. Photomicrograph of
lapilli-tuff with a variety of fragments. Fluidal banded, 
brittly, fractured, crystallized fragment (A), weakly 
axiolitic, subrounded, crystallized, felsic glassy 
fragments (B), and small, subangular to angular 
crystallized glassy fragments. Square object (C) consists 
of fine-grained acicular tremolite and may be a 
recrystallized pyroxene megacryst (phenocryst?). Plane 
polarized light. Specimen 80TLM-0388.

8. Black Member, Onaping Formation. Hand specimen showing 
part of a fragment of lapillistone (upper left half of 
phot9) lying within black tuff-lapilli-tuff illustrating a 
multiple stage formation for these rocks. The lapillistone 
consists of fluidal and complex glass fragments, and 
numerous potassium-rich fragments of Huronian arkose and 
quartzite. The large fragment at centre (A) has been 
brittly broken. The tuff-lapilli-ltuff consists of fluidal 
and milky glass fragments and shards in a black ash 
matrix. Potassium-rich fragments are sparse. Specimen 
80TLM-1067.
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9. Black Member, Onaping Formation. Thin section of bedded 
tuff from an outcrop of lapilli-tuff. Light-toned beds 
have subrounded to subangular coarser fragments in a 
brownish, carbon-bearing, very fine matrix. Dark-toned 
beds have angular to subangular, finer, glassy fragments 
and shard in a very fine, carbon-rich matrix. From a 
bedded unit about 10cm thick. Plane polarized light. 
Specimen 80TLM-0378.



- 201 -

10. Black Member, Onaping Formation. Photomicrograph of 
tuff-lapilli-tuff with wide variety of fragments. 
Accidental fragment of quartz-rich arenite (A), essential 
fragment of spherulitic (oval) glass (B), accessory 
fragments of tuff (two types; C and D), and others in 
carbon-rich matrix. Plane polarized light. Specimen 
80TLM-0421.

11. Black Member, Onaping Formation. Photomicrograph of 
lapilli-tuff from a specimen rich in glass shards and 
fragments. Two large spherulitic glass fragments have 
amygdules filled with a matrix different from the matrix 
surrounding the fragments. Upper glass fragment has a very 
fine-grained, black (carbon?) amygdule, lower fragment has 
two brown, very fine-grained amygdules. Matrix surrounding 
fragments is lighter and moderately carbonatized. Plane 
polarized light. Specimen 80TLM-1205.
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12. Chelmsford Formation. Photomicrograph of feldspathic
lithwacke consisting of subangular to subrounded, coarse to 
very coarse sand-size quartz, plagioclase, and microcline 
clasts along with similar fine sand-size minerals and very 
fine chlorite, muscovite, biotite, and sphene in a 
carbon-bearing matrix. Plane polarized light. Specimen 
80TLM-0066.

13. Hand specimen of younger medium-grained leucocratic norite 
that is finer-grained, flow aligned, and chilled in contact 
with part of a xenolith of older mixed breccia from the 
Sublayer Zone. Specimen 80TLM-0236.
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14. Hand specimen of an 'unusual-textured 1 granodiorite from
the basement rocks and leucocratic norite. White is highly 
altered plagioclase, light gray is micrographic potassium 
feldspar and quartz, and dark gray is quartz (see Photo 
15). Hand specimen is slabbed, etched, and stained for 
potassium feldspar. Texture is not recognizable in fresh 
hand specimen. Specimen 80TLM-0312.

15. Photomicrograph of basement granodiorite with unusual
texture. The rock consists of: interconnected, rounded, 
lighter-toned sections comprised of micrographic potassium 
feldspar and quartz; darker, interconnected, rounded 
sections are plagioclase. Coarsest intergrowth contains 
chlorite and opaque minerals. Plagioclase displays a 
complex extinction pattern seen only at higher 
magnification. The unusual texture is locally seen in thin 
section to be partly overprinted on the original granitic 
texture; in most cases the original granitic texture is not 
discernible. Note round object (A). Plane polarized 
light. Specimen 80TLM-0312.


































