
THESE TERMS GOVERN YOUR USE OF THIS DOCUMENT  
 

Your use of this Ontario Geological Survey document (the “Content”) is governed by the 
terms set out on this page (“Terms of Use”). By downloading this Content, you (the 

“User”) have accepted, and have agreed to be bound by, the Terms of Use. 
 

Content:  This Content is offered by the Province of Ontario’s Ministry of Northern Development and 
Mines (MNDM) as a public service, on an “as-is” basis. Recommendations and statements of opinion 
expressed in the Content are those of the author or authors and are not to be construed as statement of 
government policy. You are solely responsible for your use of the Content. You should not rely on the 
Content for legal advice nor as authoritative in your particular circumstances. Users should verify the 
accuracy and applicability of any Content before acting on it. MNDM does not guarantee, or make any 
warranty express or implied, that the Content is current, accurate, complete or reliable. MNDM is not 
responsible for any damage however caused, which results, directly or indirectly, from your use of the 
Content. MNDM assumes no legal liability or responsibility for the Content whatsoever. 
 
Links to Other Web Sites: This Content may contain links, to Web sites that are not operated by MNDM. 
Linked Web sites may not be available in French. MNDM neither endorses nor assumes any 
responsibility for the safety, accuracy or availability of linked Web sites or the information contained on 
them. The linked Web sites, their operation and content are the responsibility of the person or entity for 
which they were created or maintained (the “Owner”). Both your use of a linked Web site, and your right 
to use or reproduce information or materials from a linked Web site, are subject to the terms of use 
governing that particular Web site. Any comments or inquiries regarding a linked Web site must be 
directed to its Owner. 
 
Copyright:  Canadian and international intellectual property laws protect the Content. Unless otherwise 
indicated, copyright is held by the Queen’s Printer for Ontario. 
 
It is recommended that reference to the Content be made in the following form: <Author’s last name>, 
<Initials> <year of publication>. <Content title>; Ontario Geological Survey, <Content publication series 
and number>, <total number of pages>p. 
 
Use and Reproduction of Content: The Content may be used and reproduced only in accordance with 
applicable intellectual property laws.  Non-commercial use of unsubstantial excerpts of the Content is 
permitted provided that appropriate credit is given and Crown copyright is acknowledged. Any substantial 
reproduction of the Content or any commercial use of all or part of the Content is prohibited without the 
prior written permission of MNDM. Substantial reproduction includes the reproduction of any illustration or 
figure, such as, but not limited to graphs, charts and maps. Commercial use includes commercial 
distribution of the Content, the reproduction of multiple copies of the Content for any purpose whether or 
not commercial, use of the Content in commercial publications, and the creation of value-added products 
using the Content. 
 
Contact:   

FOR FURTHER 
INFORMATION ON PLEASE CONTACT: BY TELEPHONE: BY E-MAIL: 

The Reproduction of 
Content 

MNDM Publication 
Services 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

The Purchase of 
MNDM Publications 

MNDM Publication 
Sales 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

Crown Copyright Queen’s Printer Local: (416) 326-2678 
Toll Free: 1-800-668-9938 

(inside Canada,  
United States) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


LES CONDITIONS CI-DESSOUS RÉGISSENT L'UTILISATION DU PRÉSENT DOCUMENT.  
 

Votre utilisation de ce document de la Commission géologique de l'Ontario (le « contenu ») 
est régie par les conditions décrites sur cette page (« conditions d'utilisation »). En 

téléchargeant ce contenu, vous (l'« utilisateur ») signifiez que vous avez accepté d'être lié 
par les présentes conditions d'utilisation. 

 
Contenu : Ce contenu est offert en l'état comme service public par le ministère du Développement du Nord 
et des Mines (MDNM) de la province de l'Ontario. Les recommandations et les opinions exprimées dans le 
contenu sont celles de l'auteur ou des auteurs et ne doivent pas être interprétées comme des énoncés 
officiels de politique gouvernementale. Vous êtes entièrement responsable de l'utilisation que vous en faites. 
Le contenu ne constitue pas une source fiable de conseils juridiques et ne peut en aucun cas faire autorité 
dans votre situation particulière. Les utilisateurs sont tenus de vérifier l'exactitude et l'applicabilité de tout 
contenu avant de l'utiliser. Le MDNM n'offre aucune garantie expresse ou implicite relativement à la mise à 
jour, à l'exactitude, à l'intégralité ou à la fiabilité du contenu. Le MDNM ne peut être tenu responsable de tout 
dommage, quelle qu'en soit la cause, résultant directement ou indirectement de l'utilisation du contenu. Le 
MDNM n'assume aucune responsabilité légale de quelque nature que ce soit en ce qui a trait au contenu. 
 
Liens vers d'autres sites Web : Ce contenu peut comporter des liens vers des sites Web qui ne sont pas 
exploités par le MDNM. Certains de ces sites pourraient ne pas être offerts en français. Le MDNM se 
dégage de toute responsabilité quant à la sûreté, à l'exactitude ou à la disponibilité des sites Web ainsi reliés 
ou à l'information qu'ils contiennent. La responsabilité des sites Web ainsi reliés, de leur exploitation et de 
leur contenu incombe à la personne ou à l'entité pour lesquelles ils ont été créés ou sont entretenus (le 
« propriétaire »). Votre utilisation de ces sites Web ainsi que votre droit d'utiliser ou de reproduire leur 
contenu sont assujettis aux conditions d'utilisation propres à chacun de ces sites. Tout commentaire ou toute 
question concernant l'un de ces sites doivent être adressés au propriétaire du site. 
 
Droits d'auteur : Le contenu est protégé par les lois canadiennes et internationales sur la propriété 
intellectuelle. Sauf indication contraire, les droits d'auteurs appartiennent à l'Imprimeur de la Reine pour 
l'Ontario. 
Nous recommandons de faire paraître ainsi toute référence au contenu : nom de famille de l'auteur, initiales, 
année de publication, titre du document, Commission géologique de l'Ontario, série et numéro de 
publication, nombre de pages. 
 
Utilisation et reproduction du contenu : Le contenu ne peut être utilisé et reproduit qu'en conformité avec 
les lois sur la propriété intellectuelle applicables. L'utilisation de courts extraits du contenu à des fins non 
commerciales est autorisé, à condition de faire une mention de source appropriée reconnaissant les droits 
d'auteurs de la Couronne. Toute reproduction importante du contenu ou toute utilisation, en tout ou en partie, 
du contenu à des fins commerciales est interdite sans l'autorisation écrite préalable du MDNM. Une 
reproduction jugée importante comprend la reproduction de toute illustration ou figure comme les 
graphiques, les diagrammes, les cartes, etc. L'utilisation commerciale comprend la distribution du contenu à 
des fins commerciales, la reproduction de copies multiples du contenu à des fins commerciales ou non, 
l'utilisation du contenu dans des publications commerciales et la création de produits à valeur ajoutée à l'aide 
du contenu. 
 
Renseignements :   

POUR PLUS DE 
RENSEIGNEMENTS SUR VEUILLEZ VOUS 

ADRESSER À : 
PAR TÉLÉPHONE : PAR COURRIEL :  

la reproduction du 
contenu 

Services de 
publication du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

l'achat des 
publications du MDNM 

Vente de publications 
du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

les droits d'auteurs de 
la Couronne 

Imprimeur de la 
Reine 

Local : 416 326-2678 
Numéro sans frais : 1 800 668-9938 

(au Canada et aux  
États-Unis) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


Ministry of
Northern Development 
and Mines 

Ontario

Geology and Mineral Deposits 
of the Sudbury Structure

by

B.O. Dressler 
W.V. Peredery 
T.L Muir

Ontario Geological Survey 
Guidebook 8



Cover Photograph: The distinctive fractures termed shatter cones are known to 
form by passage of shock waves through rocks. The Sudbury Igneous Complex is 
surrounded by a zone, over 16 km wide, of rocks containing shatter cones. The outcrop 
on Ramsey Lake Road near Laurentian University (Location l) has some of the best 
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Preface

This guidebook is based on a review paper on the Sudbury Structure by Dressler, 
Gupta and Muir (1991) and on a guidebook published by Peredery (1990). Much of 
the text in this guide has been taken verbatim from these publications.

For more detailed information on the Sudbury Structure, the reader is referred to 
a comprehensive, well-illustrated volume published in 1984 by the Ontario Geological 
Survey (Pye et al. 1984). This volume includes several geoscientific maps and plans.

B.O. Dressler
Ontario Geological Survey, Sudbury, Ontario

W.V. Peredery
Inco Limited, Copper Cliff, Ontario

T.L. Muir
Ontario Geological Survey, Sudbury, Ontario
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Introduction

The Early Proterozoic Sudbury Structure lies in south- 
central Ontario at the present boundary of the Archean 
Superior Province with the Proterozoic Southern Province 
[the Southern Province is defined herein   as is 
customary in the geological literature   as that region 
of the Canadian Shield underlain by rocks of the Huronian 
Supergroup and other Proterozoic rocks], just north of 
the Grenville Province (Figure 1). It comprises norites, 
quartz gabbro, and granophyres of the Sudbury Igneous 
Complex, the heterolithic breccias, mudstones, sUtstones 
and wackes of the Whitewater Group, and brecciated 
footwall rocks present around the Igneous Complex. In 
plan view, the Sudbury Igneous Complex is elliptical in 
shape; approximately 27 km by 60 km in size (see Figure 
l). Two types of breccias related to the genesis of the 
structure occur in the footwall of the structure; the 
heterolithic Footwall Breccia, which lies at the lower 
contact of the Igneous Complex, and the Sudbury Breccias 
(pseudotachylites), which are very widespread and occur 
up to 80 km north of the Igneous Complex. The footwall 
rocks are Archean gneisses and granitic and mafic igneous 
rocks to the north, west, and east of the Complex, and 
metavolcanic and metasedimentary rocks of the Early 
Proterozoic Huronian Supergroup to the south. The 
Early Proterozoic Creighton and Murray granite plutons 
intrude the Huronian Supergroup along the south-central 
margin of the Sudbury Igneous Complex and locally form 
the footwall rocks.

The Whitewater Group consists of impact-gener 
ated and/or volcanogenic breccias of the Onaping For 
mation, the pelagic sedimentary rocks of the Onwatin 
Formation, and turbid i tic wackes of the Chelmsford 
Formation. It is contained in the central depression of the 
Sudbury Structure known as the Sudbury Basin.

The Sudbury Igneous Complex lies structurally below 
the Whitewater Group. The lowermost unit of the Igneous 
Complex is the Sublayer. It intrudes along the contact 
between the Main Mass of the Complex and the footwall 
rocks where it is known as Contact Sublayer and forms 
several dikes in the surrounding rocks known as Offset 
Dikes. The Sublayer contains many of the nickel-copper 
ore bodies of the Sudbury area, but ore bodies occur also 
in the footwall rocks and the Footwall Breccia. The 
Offset Dikes and the Contact Sublayer are composed of 
gabbro to quartz diorite and feature a multitude of 
inclusions derived from the footwall. Mafic-ultramafic 
inclusions also occur and are commonly associated with 
Sublayer ore bodies. They are possibly derived from the 
lowermost, unexplored parts of the Igneous Complex 
(Naldrett 1984c).

The origin of the Sudbury Structure, the Sudbury 
Igneous Complex and associated ores has long been a 
subject of controversy. The heterolithic Footwall Breccia, 
the pseudotachylites (Sudbury Breccia) around the 
Igneous Complex, the heterolithic breccias of the Onaping

URONIAN SUPER-
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PISSING GABBRC

3EIGHTON 
AND 

MURRAY PLUTON

Figure 1. General geology of the Sudbury Structure.
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Formation, and shock metamorphic features in the 
various breccias and the footwall rocks are, collectively, 
indications of a catastrophic event. For one school of 
thought, this catastrophic event was an endogenic volcanic 
explosion. Another school explains these features as 
the result of an impact of a large meteorite.

The rocks of the Sudbury Igneous Complex 
commonly were considered as magmatic units (Barlow 
1904, 1906; Coleman et al. 1929; Walker 1935; and 
many authors since) whose intrusion possibly was 
triggered by the catastrophic "Sudbury Event" (Dietz 
1964; Peredery and Morrison 1984; Dressler et al. 1987). 
Dence (1972) considered portions of the micropegmatite 
(granophyre) of the Igneous Complex to represent an 
impact melt. More recently, Faggart et al. (1985) and

Stoffler et al. (1989), based on geochemical and 
planetological considerations including impact models, 
interpreted all the units of the Igneous Complex as 
impact melts.

Likewise diametrically opposed views have been 
expressed on the origin of the Sudbury ores. Con 
ventionally, the sulphide ores were thought to be of a 
magmatic (e.g., Bell 1891; Naldrett 1984a) or hydrother 
mal (Dickson 1903; Wandke and Hoffman 1924) origin, 
whereas Dietz (1972) proposed a derivation from an 
impacting bolide. Naldrett (1984a) advocated a mag 
matic origin of the mineralization in which sulphide 
precipitation was triggered by the con lamination of a 
mafic magma through the assimilation of silica-rich 
country rock.
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INTRODUCTION

The catastrophic Sudbury Event, an endogenic ex 
plosion or meteorite impact, is believed to have caused 
extensive brecciation and deformation and possibly   
as advocated by proponents of the impact hypoth 
esis   large-scale tectonism of the country rocks of the 
Sudbury Structure. Rock units formed by this event are 
pseudotachylites (Sudbury Breccia), Footwall Breccia 
and heterolithic breccias of the Onaping Formation. 
Shock metamorphic features occur in these breccias 
and the footwall rocks to the Sudbury Igneous Complex, 
but not in the units of the Igneous Complex and the 
rocks of the two upper formations of the Whitewater 
Group (see below).

The Whitewater Group consists of the heterolithic 
breccias of the Onaping Formation at its base, overlain 
by the mudstones of the Onwatin Formation and the 
wackes of the Chelmsford Formation. The two upper 
formations are not directly related to the Sudbury Event.

The Sudbury Igneous Complex is overlain by, and 
has intrusive contacts with, breccias of the Onaping 
Formation. It is, therefore, commonly believed to be at 
least somewhat younger than the Sudbury Event. This 
belief, however, has recently been contested by some 
proponents of the impact hypothesis (Faggart et al. 1985; 
Stoffer et al. 1989; Brockmeyer 1990). The age rela 
tionship of the Onwatin and Chelmsford formations 
with respect to the Sudbury Igneous Complex is not 
known.

The Sudbury Igneous Complex consists of several 
units. Norites, quartz gabbro and granophyres make up 
its "Main Mass" and the Sublayer forms its base. Several 
gabbroic and, in places, inclusion-bearing dikes intrude 
rocks of the Whitewater Group. If these are related to 
and contemporaneous with the Sudbury Igneous Com 
plex, they would indicate a pre-igneous complex age for 
all of the Whitewater Group.

Table l summarizes the lithostratigraphy and geo 
chronology of the rock units of the Sudbury area. The 
Sudbury Event itself cannot be dated directly, but is 
probably close to 1850 Ma (Krogh et al. 1984), the age 
of the Sudbury Igneous Complex.

TECTONISM, BRECCIATION, AND 
DEFORMATION OF THE FOOTWALL 
ROCKS OF THE SUDBURY STRUCTURE

Tectonism   Overturned Country Rocks 
near the South Range Structure
The South Range supracrustal footwall rocks of the 
Huronian Supergroup, in several places (Drury, Denison, 
and Falconbridge townships), dip vertically or are 
overturned and north dipping, where they are within 100

to 750 m of the Sudbury Igneous Complex (Card 1968; 
Dressler 1984c, 1987). Further away from the Sudbury 
Igneous Complex, dips in the footwall rocks are to the 
south and, in general, decrease in magnitude from 900 to 
about 350 (Dressler 1987). Overturned collars have 
been observed at several meteorite impact craters, for 
example the Vredefort Structure in South Africa and the 
Decaturville Structure in Missouri (Offield and Pohn 
1977).

Breccias in the Footwall Rocks
SUDBURY BRECCIA

Sudbury Breccias (Fairbairn and Robson 1942, 1943; 
Speers 1957; Card 1978; Dupuis et al. 1982; Dressler 
1984c; Brockmeyer 1986; Muller-Mohr 1988) are 
pseudotachylites, very similar to those described by 
Shand (1916) from the type location of the Vredefort 
Structure in South Africa. They occur peripheral to the 
Sudbury Igneous Complex in rocks of the Southern and 
Superior Provinces up to a distance of about 80 km away 
from the Sudbury Igneous Complex (Figure 2).

Sudbury Breccia bodies are most abundant in a zone 
5 to l O km wide at the contact with the Sudbury Igneous 
Complex. Also, there is some field evidence for the 
presence of two or more discontinuous zones of in 
creased brecciation about 20 to 25 km and 80 km away 
from the Igneous Complex (Dressler 1984c; Peredery 
and Morrison 1984). The breccias form irregular and 
tabular bodies ranging from a few millimetres thick to 
breccia zones 0.5 km by 11 km in dimension in the well- 
exposed rocks of the Huronian Supergroup south of the 
Igneous Complex. North of the Igneous Complex, where 
outcrops are less plentiful, the largest known breccia 
body is 100 to 200 m by 30 to 50 m in plan size. Most 
breccia dikes dip vertically or steeply and apparently 
have no obvious preferred orientation with respect to the 
present shape of the Sudbury Structure (Dressler 1984c). 
Sudbury Breccia dikes (Figure 3), cutting across Sudbury 
Breccia dikes, and fragments of Sudbury Breccia in 
Sudbury Breccia have been observed (Dressler 1984c).

Large fragments within the breccia are commonly 
subround to round, the smaller ones are commonly 
angular (Figure 4). In general, fragments are of the same 
rock type as their immediate host rocks. "Exotic" frag 
ments (i.e., fragments from sources not exposed nearby) 
may occur in subordinate amounts, more so in larger 
bodies than in smaller ones.

The matrix of the Sudbury Breccia is grey or black 
and commonly consists of a microscopic to sub-micro 
scopic, weakly recrystallized, massive rock (Dressler 
1984c). Amygdules, tiny microliths and igneous textures 
have been observed in a few places. Cataclastic flow 
banding also occurs, but is not common. Regional meta-
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Table 1. Lithostratigraphy and geochronology of the Sudbury area. 

SOUTHERN PROVINCE

Footwall Rocks

PROTEROZOIC

Olivine Diabase (1250 Ma) 

Intrusive Contact

Sudbury Structure

PROTEROZOIC

Olivine Diabase (1250 Ma) 

Intrusive Contact 

Trap Dikes2 

Intrusive Contact 

Sudbury Igneous Complex

Sublayer2

Intrusive Contact

Main Mass (1849 Ma) 1 
Gabbro2' 3

Whitewater Group

Chelmsford Formation2 
Onwatin Formation2

Sudbury Event
Onaping Formation" 
Sudbury Breccia 
Footwall Breccia 
Shock Metamorphism

SUPERIOR PROVINCE

PROTEROZOIC

Olivine Diabase (1250 Ma) 

Intrusive Contact

Nipissing Intrusive Rocks (2220 Ma)5 

Intrusive Contact

Creighton (2333 ff Ma)6 and 
Murray (2388 Ma) 1 Granites

Intrusive Contact

Huronian Supergroup
Copper Cliff Formation: rhyolite 
(2450 ?g Ma) 1

ARCHEAN

Archean Basement

ARCHEAN

Archean basement

Pegmatite (2647 Ma   2) 
Levack Gneiss (2711 Ma   7) 1

1 U/Pb, Krogh et al. 1984.
2 Absolute age unknown.
3 Gabbro in interior of Sudbury Basin, possibly related to Main Mass or Sublayer of the Sudbury Igneous Complex; 

intrusive contacts with all formations of the Whitewater Group.
4 Lower intercept age of inherited Archean (2711 Ma), shock metamorphic zircons in clasts of the Onaping Formation 

are 1836   14 Ma, Krogh et al. 1984.
5 U/Pb, Corfu and Andrews 1986.
6 U/Pb, Frarey etal. 1982.
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Figure 2. Occurrence of Sudbury Breccias (from Dressler 1984c).

".".!^olivine diabase ."."."."." .i-i^"." mmm
jk-:

Sudbury Breccia 

Murray Granite

- Copper Cliff Rhyolite

Metavolcanics and 
Metasediments

Figure 3. Sudbury Breccia dike extending from Highway 69 north of Sudbury to the town of Copper Cliff.
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Figure 4. Sudbury Breccia, located near Hardy Open Pit, Levack Township.

Figure 5. Footwall Breccia, located at the bottom of the hill north of Strathcona mine. Levack Township.
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Figure 6. Distribution of shatter cones (/rom Dressler 1984c; after Guy-Bray and Geological Staff, 1966).

morphism, particularly south of the Sudbury Igneous 
Complex, and a 1.5 km wide contact metamorphic 
aureole related to the Sudbury Igneous Complex have 
obliterated many microscopic, diagnostic features, such 
as tiny microliths and amygdules.

Several geochemical investigations (Speers 1957; 
Card 1978; Dressler 1984c) suggest that the breccias 
were formed by an in situ process, involving host rocks 
of the breccias and fragments within the breccias. 
Dupuis et al. (1982) published geochemical results, 
which they interpret as evidence for an involvement of 
alkali-rich fluids and alkaline magmatism in the 
formation of the Sudbury Breccias. This interpretation 
has been disputed by Dressler (1984c).

FOOTWALL BRECCIA

The Footwall Breccia is most common in the North and 
East Ranges where it occurs as sheets and discon 
tinuous bodies up to 150 m thick, parallel to the lower 
contact of the Sudbury Igneous Complex. Small Foot 
wall Breccia dikes are also observed in the Archean 
gneisses north of the Igneous Complex. They are up to l 
m wide and occur up to 250 m from the main breccia

bodies. Footwall Breccia inclusions in the Sublayer and 
the norite of the Igneous Complex, are also observed. 
Contacts between the breccia and the overlying Sudbury 
Igneous Complex are commonly sharp and those with 
the underlying footwall rocks are gradational across a 
"megabreccia" zone (Pattison 1979) up to 150 m wide.

The Footwall Breccia (Figure 5) is heterolithic and 
consists of angular to subround fragments of a wide 
range of sizes. Most rock fragments are derived locally, 
but exotic fragments also occur (Dressler 1984c). The 
matrix is commonly light coloured and has been 
characterized by Pattison (1979) as "mosaic granoblastic 
metamorphic" in texture. This description, however, 
does not encompass all microscopic features. Dressler 
(1984c) recognized features indicating shock meta 
morphic deformation of rock-forming minerals, and 
distinct granoblastic and granophyric textures in the 
matrix. These granoblastic and granophyric features 
are considered to be contact metamorphic in origin 
(Dressler 1984c). Some textures suggest that incipient 
melting has occurred close to the contact with the 
Sudbury Igneous Complex (Dressler 1984c; Lakomy 
1989).
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Figure 7. Distribution of various shock metamorphic features in the Archean footwall rocks northwest of the Sudbury Igneous Complex.
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SHOCK METAMORPHISM
Shock metamorphism refers to changes in rocks and 
minerals resulting from the passage of high pressure 
shock waves. Shock metamorphic features have been 
observed in the footwall of the Sudbury Igneous Com 
plex (Dence 1972; Guy-Bray and Geological Staff 1966; 
Dressler 1984c) and in the breccias of the Onaping 
Formation (French 1968, 1970, 1972; Peredery 1972a, 
1972b; Muir and Peredery 1984). Their presence has 
been acknowledged by all recent researchers in 
vestigating the Sudbury Structure, and is not contested 
by proponents of an endogenic origin for the Sudbury 
Structure.

Shatter cones (see cover photograph) occur in all 
rocks around the Sudbury Igneous Complex older than 
1850 Ma and have been observed as far as 17 km away 
from the Igneous Complex (Guy-Bray and Geological 
Staff 1966; Dressler 1984c)(Figure 6). Microscopic, 
shock metamorphic features in the footwall are planar 
elements in quartz and feldspar, kink bands in mica, 
and extreme fracturing in garnet. Dressler (1984c) inves 
tigated the zoning of shock metamorphic features in the 
North Range footwall. Figure 7 shows the distribution of 
various shock metamorphism features in the Archean 
footwall rocks northwest of the Sudbury Igneous Com 
plex.

Shock metamorphic, planar elements are also present 
in the heterolithic breccias of the Onaping Formation. 
These breccias also feature a variety of inhomogeneous 
and homogeneous, recrystallized glasses (Muir and 
Peredery 1984) that are variously interpreted as diaplectic 
glasses (Peredery 1972a, 1972b; Peredery and Morrison 
1984), that formed by shock pressures greater than 
approximately 30 GPa, or as recrystallized, volcanic 
glasses (Muir 1984).

THE WHITEWATER GROUP
A comprehensive literature exists on the geology of the 
Whitewater Group (see Pye et al. 1984).

Onaping Formation
The Onaping Formation structurally overlies the Sudbury 
Igneous Complex and consists of breccias and igneous- 
textured rocks, which extend the full length and width of 
the Sudbury Basin, about 53 by 17 km (see Figure 1).

The Onaping Formation is subdivided into 3 major 
units; from the base upward, they are the Basal Member, 
the Gray Member, and the Black Member, the upper 
members distinguished   as their names suggest   by 
their colour (Muir and Peredery 1984).

BASAL MEMBER
The Basal Member is discontinuous. In the North and 
East Ranges, the unit is generally less than 150 m, but 
locally up to 300 m thick. It comprises medium to coarse

breccias consisting of: fragments of Archean country 
rocks, particularly leucocratic granitoids, and fragments 
of Huronian country rocks, particularly quartz arenite 
and arkose, and a fine-grained, commonly heteroge 
neous matrix composed of recrystallized country rock 
particles and/or igneous-textured minerals.

In the South Range, fragments are mostly quartz 
arenite, with lesser arkose, conglomerate, feldspar-sericite 
schist, and quartz (Figure 8). Fragments range from 
centimetre scale to blocks several tens of metres long. 
The matrix is generally recrystallized and moderately to 
strongly foliated. Brockmeyer (1990) presents evidence 
indicative of an igneous matrix for the Basal Member 
and interprets the member as part of an impact melt 
complex consisting of the Sudbury Igneous Complex 
and units of the Onaping Formation, namely the Basal 
Member and the Melt Bodies.

GRAY MEMBER

The Gray Member is a major, laterally continuous unit 
of breccias which ranges from 200 to 700 m thick. Its 
lower contact with the Basal Member, and locally the 
Sudbury Igneous Complex, is sharp (Figure 9). Its upper 
contact with the Black Member is generally gradational, 
but locally sharp. The Gray Member locally comprises 
a number of distinct subunits, with contacts that are 
sharp or gradational at centimetre to metre scale and 
that range from straight to sinuous.

The breccias consist of angular to rounded frag 
ments of country rock (Figure 10), crystal fragments, 
recrystallized glass, fluidal-textured material, and 
sulphides, which collectively range in size over at least 
6 orders of magnitude, from less than 0. l mm to perhaps 
a hundred metres. The country fragments comprise 
various types derived from the Archean and Proterozoic 
country rock units, such as granitic rocks, gneisses, 
metavolcanics and metasediments. Most individual crys 
tals appear to be derived from comminuted country 
rocks, but some are euhedral to subhedral and appear 
similar to phenocrysts. Some lithic and crystal fragments 
display shock metamorphic features in quartz and pla 
gioclase, as well as cryptocrystalline and devitrification 
textures in feldspar. The latter textures may represent 
altered, shock metamorphic (i.e., diaplectic) glasses 
(French 1968, 1972).

Some fragments are composite. These range from a 
few millimetres to a few metres in diameter, and 
comprise breccia within breccia, fluidal-textured material 
in fluidal-textured material, glass within glass, or 
combinations of these.

A continuous "chlorite shard horizon**, a few metres 
to 70 m thick, lies at the contact of the Gray Member with 
the Black Member. It contains an abundance of chloritized 
shards, which, however, were interpreted by Brockmeyer 
(1990) to represent partially or completely collapsed 
amygdules (Figure 11) in a microcrystalline matrix.
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Figure 8. Basal Member of South Range ("Quartzite Breccia") of Onaping Formation, Fairbank Township.

Figure 9. Contact between Basal Member (right half of photograph) with Gray Member, Morgan Township. Photograph courtesy 
of P. Brockmeyer, University of Munster, Germany.
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Figure 10. Gray Member, here consisting mainly of fluidal, recrystallized glasses and a large fragment of arenite showing 
bedding derived from Huronian Supergroup, Morgan Township. Photograph courtesy of P. Brockmeyer, University of Munster, 
Germany.

Figure 11. Photomicrograph from "chlorite shard horizon", Morgan Township. Cavity in centre is filled with chlorite. Other cavities 
are collapsed. Length of photograph equals 2.3 mm. Photomicrograph courtesy of P. Brockmeyer, University of Munster, Germany.
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Figure 12. Black Member, Morgan Township. Fragments are chloritized glasses (greenish), minerals and rocks (gray and white) and 
sulphides (black). Matrix contains carbon. Length of photograph equals 2.3 mm. Photomicrograph courtesy of P. Brockmeyer, 
University of Munster, Germany.

BLACK MEMBER

The Black Member is a laterally continuous unit of 
breccias 800 to 1200 m thick. Its lower contact with 
the Gray Member is generally gradational, but locally 
sharp, and its upper contact with the Onwatin 
Formation is gradational. The Black Member is similar 
to the Gray Member in that the individual units of 
breccia have similar characteristics; the breccias are 
composed of similar types of fragments, including some 
with shock metamorphic features; the glasses and 
fluidal-textured material have similar overall 
characteristics; and the composite fragments have 
similar features.

The notable differences from the Gray Member are 
as follows: the colour is due mainly to the presence of 
granular carbon of undetermined origin (Figure 12); 
there is a subunit, at the base of most of the Black 
Member, rich in chloritized shards, which commonly 
contains very little carbonate carbon.

The uppermost Black Member, where it grades into 
the pelagic sediments of the Onwatin Formation, consists 
of redeposited, fine-grained, more or less stratified, 
locally disrupted Black Member material.

MELT BODIES

Melt Bodies generally form irregular masses, exhibiting 
gradational to sharp contacts with the Basal Member, 
and uniformly sharp contacts with the Gray and Black 
members, and the Sudbury Igneous Complex. The 
Melt Bodies locally occur as clusters within the Basal and 
Gray members, less commonly in the Black Member, and 
locally form protrusions into the Gray Member from 
lenses at the base of the Gray Member. The clusters 
range from 50 m to about l km long. Individual Melt 
Bodies range from a few metres to about 30 m across. 
Rarely, flow-banded, dike-like apophyses intrude up to 
a few tens of metres into the adjacent Gray Member. 
Elsewhere, there are steeply dipping, flow-banded and/ 
or spherulitic, aphanitic dikes in the Gray and Black 
members, apparently lacking any connection to a Melt 
Body.

Country rock inclusions, within both cores and 
margins of Melt Bodies, account for less than 5 0Xo up to 
80% by volume. These generally occur as subrounded to 
subangular fragments of Huronian Supergroup quartz 
arenite and arkose although other country rocks may also 
be present.

12
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Figure 13. Carbonate concretions in wacke of Chelmsford Formation, Highway 144 between Chelmsford and Dowling.

Onwatin Formation
The Onwatin Formation (Coleman 1905; Burrows and 
Rickaby 1930; Thomson 1957; Martin 1957; Sadler 
1958; Beales and Lozej 1975; Rousell 1984a) consists 
largely of massive to laminated, carbon-bearing 
claystone, siltstone, and minor wacke. Locally, in the 
southwestern part of the Sudbury Basin near the base 
of the formation, there is a distinct unit known as the 
Vermilion Member, which consists mostly of car 
bonate rock, cherty carbonate rock, chert breccia, 
limestone, dolostone, and claystone. Estimated thick 
nesses of the formation range from 1100 m (Cole 
man 1905), and 900m (Arengi 1977), to 600 m (Rousell 
1984a).

The common mineral constituents are quartz, pla 
gioclase, micas (muscovite, chlorite,   biotite), clay 
minerals, and fine matrix material, indicating low-grade 
metamorphism. The carbon, most abundant in the 
claystone and siltstone, is very fine and resembles fossil 
algal and fungal filaments (Arengi 1977). Locally, meta 
morphism has resulted in the concentration of carbon 
into anthraxolite veins.

The pelagic rocks of the Onwatin Formation were 
deposited in a restricted basin with anoxic bottom con 
ditions (Rousell 1984a). They grade upward into coarser 
sedimentary rocks of the Chelmsford Formation indicat 

ing a transition to a higher energy and probably some 
what shallower depositional environment.

Chelmsford Formation
The Chelsmsford Formation (Burrows and Rickaby 1930; 
Williams 1957; Cantin 1971; Cantin and Walker 1972; 
Rousell 1972) comprises about 850 m (preserved thick 
ness) of mostly wacke and siltstone. The lower contact 
with the Onwatin Formation coincides with the change 
from mudstone to wacke dominated sediments.

Many units of the Chelmsford Formation display the 
"A", "D", and "C" divisions of the Bouma cycle (decreas 
ing order of abundance), and represent a sequence of 
proximal turbidite deposits. The turbidite beds are up to 
5.2 m thick and average 1.23 m (Rousell 1972). Sedi 
mentary structures present are: carbonate concretions; 
rip-up clasts and other clasts; channel fillings; current 
marks; ripples, climbing ripples, and cross-bedding; 
convolute laminations; and load structures. Possibly 
biogenic structures similar to those formed by bottom 
dwelling worms in more recent sedimentary rocks have 
been described (Rousell 1972). Paleocurrent studies 
indicate that the predominant flow direction was to the 
southwest, parallel to the long axis of the Sudbury Basin 
(Cantin and Walker 1972; Rousell 1972). Oval carbon 
ate concretions up to about l m in size are common in the 
wacke (Figure 13).
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Mineralization in the Whitewater Group
Rousell (1984b) provided a review of mineralization in 
the Whitewater Group and presented new data as well. 
Mineralization of three ages occurs in the Group (Rousell 
1983): l) sulphide fragments in the Onaping Formation 
derived from pre-Sudbury event rocks; 2) mineralization 
formed from post-Onaping Formation to pre-Chelmsford 
Formation time (e.g., at the Vermilion and Errington 
mines); 3) and mineralized quartz veins and anthraxolite 
veins.

These mineralizations do not appear to be related to 
the nickel-copper deposits associated with the Sudbury 
Igneous Complex. Attempts in the past to mine the 
Vermilion and Errington sphalerite, galena, chalcopy 
rite, markasite and pyrrhotite deposits and a few of the 
vein deposits have been unsuccessful to date.

THE SUDBURY IGNEOUS COMPLEX
The Sudbury Igneous Complex was formerly known as 
the Nickel-Bearing Eruptive, Sudbury Nickel Irruptive 
or Nickel Irruptive. It has an elliptical map pattern with 
a northeast trending, 60 km long axis and a 27 km short 
axis (see Figure l). Its three-dimensional shape, how 
ever, is not well known. The Complex has been consid 
ered a sheet-like laccolith (Coleman 1905), a sill (Collins 
1934, 1935, 1936, 1937; Collins and Cooke 1938a, 
1938b, 1947a, 1947b), a ring dike (Knight 1917; Wil 
liams 1957) or a lopolith (Dietz 1964; Fairbairn et al. 
1968). A funnel-shaped complex was suggested by, 
amongst others, Wilson (1956) and Naldrett and Kullerud 
(1967b), whereas Hamilton (1960) stated that it was an 
extrusive body.

An origin of the Sudbury Igneous Complex through 
magmatic differentiation was proposed by many: Barlow 
(1904, 1906), Coleman et al. (1929), Walker (1935), 
Collins(1934,1935,1936,1937) and Collins and Cooke 
(1938a, 1938b, 1947a, 1947b). Phemister (l 926), how 
ever, believed that the norite and granophyre were 
separate intrusions, the norite being older.

Naldrett and Kullerud (1965,1967a, 1967b) subdi 
vided the norite into several units. Stevenson and Colgrove 
(1968) subdivided the norite into four "members". 
Dressler (1987) described field evidence suggesting that 
the common granophyre is older than the norite. At a 
major fault at the southeastern Igneous Complex, this 
author observed intrusive contacts of undeformed norite 
and Sublayer of the Igneous Complex with Huronian 
footwall rocks and granophyre with a strong schistosity 
parallel to this fault. Naldrett and Hewins (1984), in 
general, interpreted the Main Mass of the Complex to be 
the result of fractional crystallization of a mafic magma 
strongly contaminated through assimilation of silica-rich 
country rock.

Dietz (1964) suggested that the intrusion of the 
Complex was triggered by the impact of a meteorite. 
Dressler et al. (1987) stated that the Nipissing gabbro

and the Igneous Complex possibly have a common 
source and that a meteorite impact probably initiated 
remelting of this source rock, resulting in the generation 
of the Sudbury magma. More recent workers (Faggart et 
al. 1985; Stoffler et al. 1989) using Nd isotopic studies 
and theoretical considerations relating to large-scale 
impact events, interpreted the entire Sudbury Igneous 
Complex as an impact melt. However, Naldrett et al. 
(1988) pointed out that the isotope signatures are still 
consistent with a bulk assimilation model.

Souch et al. (1969) termed the major ore-bearing 
gabbroic to quartz dioritic phase of the Sudbury Igneous 
Complex the Sublayer. The following summary provides 
a current overview of the major units of the Sudbury 
Igneous Complex.

Main Mass
Naldrett et al. (1970) subdivided the rocks of the North 
Range and South Range Igneous Complex into several 
units, as illustrated in Figure 14 and as described below.

The Main Mass of the Sudbury Igneous Complex is 
subdivided into a lower, middle and an upper zone (Pye 
et al. 1984; Dressler 1984b). The Lower Zone consists of 
mafic and felsic norites of the North Range and the 
quartz-rich and South Range norites of the South 
Range. The quartz gabbro of the Middle Zone occurs all 
around the Complex as does the granophyre (formerly 
called micropegmatite) of the Upper Zone (Naldrett et 
al. 1970; Naldrett and Hewins 1984).

The large-scale subdivisions of the Igneous 
Complex do not exhibit fine-scale igneous layering as do 
many other large igneous complexes such as as the 
Bushveld and the Stillwater complexes. The Sudbury 
Igneous Complex, compared with other large, mafic, 
igneous intrusions, is also unique in being abnormally 
rich in SiO2.

The South Range norite is a medium- to coarse- 
grained, black rock consisting of cumulus plagioclase 
and hypersthene and intercumulus quartz, augite, mag 
netite and ilmenite (Naldrett and Hewins 1984). Primary 
hornblende mantles pyroxenes. A faint igneous lamina 
tion is present due to the orientation of plagioclase 
crystals.

The quartz-rich norite is finer grained than the 
South Range norite, contains up to 20^o quartz and 
up to 25*26 biotite, and exhibits no igneous lamina 
tion. The quartz plus granophyre content increases 

toward the lower contact. Pyroxenes are commonly 
uralitized.

The contact between the South Range norite and the 
quartz gabbro of the Middle Zone is gradational (Naldrett 
and Hewins (1984) with a decrease upward in the 
content of hypersthene and an increase in quartz, augite, 
magnetite, ilmenite and apatite. Quartz and granophyric 
intergrowth of feldspar and quartz increase upward in 
the Middle Zone.
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Figure 14. Petrographic sections through Sudbury Igneous Complex (after Naldrett et al. 1970; from Naldrett and Hewins 1984).
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Figure 15. Mineralized Sublayer, Discovery site, Highway 144 near Murray mine.

The granophyre (Upper Zone) of the South Range is 
commonly strongly deformed and altered, but where 
slightly deformed, it is very similar to the North Range 
granophyre. The observation of a strongly deformed 
granophyre close to slightly deformed or undeformed 
quartz gabbro and norites of the South Range, in 
Falconbridge Township, amongst other field evidence, 
led Dressler (1987) to suggest that the granophyre is 
older than the rocks of the Middle and Lower zones of the 
Igneous Complex. However, Naldrett and Hewins (1984) 
described the contact of the granophyre with the under 
lying quartz gabbro as gradational, and Cowan and 
Schwerdtner (1990, unpublished data) observed de 
formed South Range norite at Garson mine west of 
Falconbridge Township.

The mafic norite of the Lower Zone at the base of the 
Igneous Complex of the North Range is characterized by 
40*26 to 60*26 hypersthene which commonly occurs as a 
cumulus phase enclosed by plagioclase. Hypidiomorphic 
textures of plagioclase and hypersthene also occur, mainly 
in the lower and upper parts of the mafic norite.

The felsic norite is the main rock type of the Lower 
Zone of the North Range. The rock is medium to coarse 
grained and contains plagioclase and hypersthene as 
cumulus phases. Intercumulus minerals are augite, bi 
otite, and quartz. Granophyric intergrowth of feldspar 
and quartz is common. The upper third of the felsic

norite does not contain hypersthene; instead, augite 
forms the cumulus phase (Naldrett and Hewins 1984). 
The contact with the overlying quartz gabbro is drawn 
where magnetite and apatite become common. Felsic 
norite also occurs in the South Range, but it is rather 
insignificant, forming a zone only about 150 m thick 
below the base of the quartz gabbro.

The quartz gabbro of the North Range Middle Zone 
is very similar to the quartz gabbro of the South Range. 
In the North Range, it contains more opaque oxide 
minerals, apatite and titanite (approximately 9%) than 
in the South Range (approximately 5*26) and Naldrett 
and Hewins (1984) reported that titanium occurs within 
exsolved ilmenite lamellae in the magnetite. In the quartz 
gabbro of the South Range, titanium is within discrete 
ilmenite grains.

The granophyre, making up the Upper Zone of the 
Igneous Complex, is commonly coarse grained and 
consists of plagioclase (about l part), granophyric 
intergrowth of quartz and feldspar (approximately 3 
parts) and minor amounts of biotite and opaque oxide 
minerals. A plagioclase-rich granophyre phase containing 
about 35 modal percent plagioclase has been described 
by Peredery and Naldrett (1975). It represents a more 
fractionated end member on the same mineralogical 
trends as those of the quartz gabbro. The more common, 
"normal" granophyre intruded below and into the plagio 
clase-rich granophyre.
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Figure 16. Contact Sublayer, north of road that leads from Levack to Strathcona mine (see Figure 17, location A). Mafic fragments 
in quartz-dioritic matrix (scale in cm).

Naldrett et al. (1970) and Naldrett and Hewins 
(1984) described in detail compositions of the rock 
forming minerals of the Main Mass of the Sudbury 
Igneous Complex.

Several gabbroic dikes occur within the Sudbury 
Basin where they intrude all formations of the Whitewater 
Group. They have not been observed intruding the 
Sudbury Igneous Complex. Most occurrences consist of 
strongly altered, carbonatized gabbros. Little altered, 
almost fresh rocks are scarce and in places strongly 
resemble felsic norite of the North Range or, where they 
contain inclusions of mafic rocks, unmineralized Sublayer 
(Dressler 1990).

U-Pb age determinations on zircon and baddeleyite 
from North Range felsic and mafic norites, the South 
Range norite and the granophyre indicate that the main 
mass of the Igneous Complex has an age of 1850   l Ma 
(Krogh etal. 1984).

Sublayer
The Sublayer is a mafic to intermediate rock occurring at 
the base of the Sudbury Igneous Complex and host to 
much of the nickel-copper sulphide ores of the Sudbury 
Structure (Yates 1948). It also occupies dikes in the 
country rocks of the Sudbury Structure which are termed 
"Offsets". Naldrett and Kullerud (1967a, 1967b) termed 
the unit "xenolithic norite"; Souch et al. (1969) called it

"igneous sublayer". Pattison (1979) described the 
Sublayer and included in it barren and ore-bearing 
"leucocratic breccias" (i.e., Footwall Breccia). These 
breccias occur at the contact of the Sudbury Igneous 
Complex with the footwall rocks at several locations of 
the North and East Ranges. The "Contact Sublayer" is 
that part of the Sublayer marginal to the Sudbury Igne 
ous Complex and has been described in detail by Naldrett 
et al. (1984). The Offset dikes have been described by 
Grant and Bite (1984). Figure 15 shows the Contact 
Sublayer at the discovery site near Murray mine.

There is field evidence that indicates that the Sublayer 
consists of at least three subunits, defined by xenolith 
type and intrusive relationships (Dressler 1982; Naldrett 
et al. 1984). The oldest subunit is the main, sulphide- 
bearing Contact Sublayer subunit (Figure 16). The 
younger subunits contain little or no sulphide min 
eralization and are post-Norite in age. The oldest unit's 
relative age is not known.

Offset dikes either extend approximately radially 
from the Igneous Complex or lie concentrically in the 
country rocks. Several of the dikes, amongst them the 
Frood-Stobie and Manchester Offsets, were injected 
into pre-existing dike-like bodies of Sudbury Breccia. 
Quartz diorite is the dominant rock type and, as with the 
Contact Sublayer, is characterized by a variety of inclu 
sions and sulphide mineralization.
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Three petrographic types of quartz diorite occur in 
the dikes, l) Hypersthene quartz diorite. This is medium 
to coarse grained and consists of acicular hypersthene, 
plagioclase laths, and interstitial quartz, potassium feld 
spar, and granophyric intergrowth of feldspar and quartz. 
Biotite, apatite, titanite, ilmenite, and leucoxene are 
accessory minerals. Hypersthene commonly has horn 
blende rims. 2) Two pyroxene quartz diorite. This is finer 
grained than the hypersthene quartz diorite and contains

NORTH RANGE DEPOSITS
The "North Range deposits" occur mainly in the Onaping- 
Levack area (Coats and Snajdr 1984). Several of them 
are very rich. The ore deposits, according to these 
authors, are spatially related to embayments in the 
footwall which are filled by massive sulphides, mineral 
ized Footwall Breccia, Sublayer, and mafic norite. Ore 
occurs also within the footwall rocks proper, either as 
laree massive bodies, or as dikes and vein networks.
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ing the emplacement of the deposits (Owen and Coats 
(1984). The primary magmatic source of the mineraliza 
tion is considered to be the Contact Sublayer (Owen 
and Coats 1984).

MISCELLANEOUS DEPOSITS

The fifth group of Sudbury ore deposits, the "miscella 
neous group", is not well documented in the literature. 
In it, deposits are grouped together that are mainly 
characterized by post-emplacement modifications. One 
such deposit is the McKim mine described by Clark 
and Potapoff (1959). Part of the McKim mineralization 
is enclosed in brecciated Murray granite which is 
considerably older (2223 Ma, Krogh et al. 1984) than the 
Sudbury Igneous Complex (1850 Ma, Krogh et al. 1984). 
Near the mine, granitic veins from the Murray Pluton 
cut into the Igneous Complex. These veins are products 
of remobilization caused by the heat of the Igneous 
Complex. The remobilization and brecciation of the 
granite has apparently allowed sulphide fluids from the 
Sublayer to migrate into the granite. The mineralized

zones consist predominantly of pentlandite and pyrite in 
the granite with quartz and carbonate as gangue 
minerals.

MINERALOGY AND COMPOSITION OF THE 
DEPOSITS
The most common minerals in the Sudbury ores are 
pyrrhotite, pentlandite, chalcopyrite, pyrite and tita 
nium-poor magnetite. A large number of other minor ore 
minerals are known from Sudbury (Naldrett 1984b). 
Coats and Snajdr (1984) published a list of minerals 
identified in the copper zones of Strathcona mine.

Many Sudbury deposits are characterized by 
compositional zoning and there are marked com 
positional differences between various Sudbury ore 
bodies. Fractional crystallization of monosulphide solid 
solution from a sulphide melt (Naldrett 1984b) may 
account for the compositional zoning observed. The 
compositional differences between various Sudbury 
deposits may be the result of incomplete preservation 
of the ore bodies (Naldrett 1984b).
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Structural Geology

The Sudbury Structure lies within the southern Cana 
dian Shield and has been strongly affected by the Penokean 
Orogeny. Mineral and whole-rock radiometric ages ob 
tained from Proterozoic rocks of the Sudbury area span 
a long period of time from approximately 2200 Ma to 
about 1200 Ma (Stockwell 1982; Easton 1986). Unpub 
lished, radiometric whole rock Rb-Sr ages (1950 Ma) of 
the Archean Levack gneisses from near the Sudbury 
Igneous Complex in Levack Township indicate that the 
rocks north of the Igneous Complex have also been 
affected by the Penokean Orogeny (B. V. Rao, University 
of Toronto, personal communication, 1984).

The Sudbury Structure acquired its present elliptical 
shape during northwesterly directed thrusting (Shanks 
1990). This thrusting event is responsible for several 
strike parallel faults (i.e., faults parallel to the strike of 
rock units within the central Sudbury Basin) cutting 
across the Sudbury Igneous Complex and the rocks of the 
Whitewater Group from the southwest to the southeast 
(Thomson 1957; Card 1968; Dressler 1984b) and for a 
major reverse shear zone, the Fairbank-Whitson Lakes 
Zone (Shanks 1990). This zone was probably produced 
in the same regional field of stress that was responsible 
for thrusts and reverse faults in the rocks of the Huronian 
Supergroup south of the Sudbury Igneous Complex 
(Shanks 1990). At the southwestern end of the Sudbury 
Igneous Complex, an apparent, sinistral strike separa 
tion of its rock units of about 3.2 km occurs along one of 
the major strike parallel, reverse faults, the Cameron 
Creek Fault; also an apparent dextral separation of 
almost l km occurs along an unnamed, reverse fault just 
north of the Cameron Creek Fault. These faults dip 
southeasterly, but the angle of dip is not known. Rousell 
(1984c) estimated the dip separation on the Cameron 
Creek Fault as roughly 2800 m and the throw near 2600 
m. At the southeastern corner of the Sudbury Basin, on 
the Norduna Fault, an approximately 4 km wide north 
ern section of the Sudbury Igneous Complex is in contact 
with a 7.5 km wide southern section. Here, a thicker and 
originally deeper, southern part of the Igneous Complex 
abuts against a thinner, northern and upper portion of 
the Complex. The dip of the reverse Norduna Fault is not 
known. The Airport Fault, north of the Norduna Fault, is 
a sinistral fault which, surprisingly, dips 700 to the 
northeast (P. Snajdr, Falconbridge Limited, personal 
communication, 1990). The Bailey Corners Fault, south 
of the Norduna Fault, dips approximately 65 0 to the 
southwest (Norduna North Project Plan, courtesy of 
Falconbridge Limited). The No. l and No. 2 faults, just 
south of the Bailey Comers Fault, dip 450 to the north 
west and 300 to the southwest, respectively (P. Snajdr, 
Falconbridge Limited, personal communication, 1990). 
In general, the magnitude of net displacement on the 
large intrabasin strike parallel faults is not known. Also 
unknown are the structural conditions at both the east 

ern and western ends of the strike faults. These faults 
may be branches of the regional Murray Fault System 
(Card and Hutchinson 1972) or may be cut by this 
system. They probably had some effect on the present 
shape of the Sudbury Structure. How great this effect 
really was, is unknown, since the original shape of the 
Sudbury Igneous Complex and the dip separations along 
the faults are in dispute (see below).

Northwesterly striking faults cutting across the North 
Range and the north-central part of the Sudbury Struc 
ture had little or no effect on the overall shape of the 
Structure. The two most prominent of these faults are the 
Fecunis Lake and the Sandcherry fault. They strike 
north-northwesterly and have an apparent, sinistral strike 
separation at the Sudbury Igneous Complex of approxi 
mately l km and 0.7 km, respectively. They belong to the 
Onaping Fault System (Card and Hutchinson 1972). 
Northwesterly trending lineaments occur in the Sudbury 
Igneous Complex of the South Range and may belong to 
the Onaping fault system.

Several attempts have been made to calculate the 
horizontal shortening of the Northwest-Southeast axis 
of the Sudbury Structure (Peredery 1972b; Rousell 1972; 
Brocoum and Dalziel 1974; Clendenen 1986) using 
structures such as carbonate concretions in the 
Chelmsford Formation. Estimates of total shortening 
range from 50*26 (Brocoum and Dalziel 1974) and 4096 
(Clendenen 1986) to 36% layer shortening strain (Shanks 
1990). Folding within the Chelmsford Formation caused 
approximately 1 007o shortening of the central part of the 
Sudbury Basin (Shanks 1990). On northwest-southeast 
vertical sections across the Fairbanks-Whitson Lakes 
Zone, Shanks (1990) estimated the horizontal shorten 
ing caused by continuous ductile shear to be between 6 
and 13 km. The slaty sediments of the Onwatin Forma 
tion may represent 30 to 800Xo shortening.

Based on Shanks' (1990) information described 
above and his estimate of 50% northwest-southeast 
shortening of the Sudbury Igneous Complex and Basin, 
the pre-shortening dimensions of the Structure were 
approximately equivalent, i.e., the Sudbury Structure 
was circular before deformation. This opinion is shared 
by Brocoum and Dalziel (1974), but is in conflict with 
studies by Cantin and Walker (1972), Rousell (1972) 
and Muir (1984), who maintain that the Structure was 
never circular. Cantin and Walker (1972) and Rousell 
(1972) based their opinion on paleocurrent directions in 
the rocks of the Chelmsford Formation which are sub- 
parallel to the long axis of the Sudbury Basin. These 
authors suggested that the wackes of the Chelmsford 
Formation were deposited in an elongate trough and not 
in a circular basin. However, they did not take into 
account the rotation of paleocurrent indicators due to 
strain. Rotation due to folding, however, was consid-

20



Guidebook 8

ered. Most importantly, these authors and Brocoum Structure with a hypothetical, circular, predeformation
and Dalziel (1984) did not take into account that structure and listed several reasons for non-initial
destraining of the sedimentary core of the Sudbury circularity. In particular, he cited a lack of deformation
Structure is not equivalent to destraining the entire features north of the Sudbury Igneous Complex (up to
Sudbury Structure (Shanks 1990). Large parts of the at least 30 km away) which would corroborate the
Structure do not exhibit any evidence of strain. Muir required deformation for transforming an initial circular
(1984) compared the present shape of the Sudbury structure into the present elliptical one.
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The Origin of the Sudbury Structure

Until the early 1960s, the structure was considered to 
have an endogenic, volcanic or volcanic-tectonic origin 
(Burrows and Rickaby 1930; Speers 1957; Stevenson 
1961a, 1961b; Thomson 1957; Williams 1957). In a 
landmark paper, Dietz (1964) suggested that the Sudbury 
Structure represented a meteorite impact structure and 
that the heterolithic breccias of the Onaping Formation 
were formed by explosive degassing over an ascending 
magma whose intrusion had been triggered by the im 
pact. Impact-induced volcanism was also suggested 
(Thomson 1969; Muir 1982, 1983). Many papers have 
been published favouring an impact origin for the 
Sudbury Structure (amongst others: Dence 1972; Dietz 
1964; Dressler 1984c; Dressler et al. 1987; French 1968, 
1970, 1972; Guy-Bray and Geological Staff, 1966; 
Morrison 1984; Peredery 1972a, 1972b; Peredery and 
Morrison 1984; Stiioffler et al. 1989). Advocates of an 
endogenic origin are likewise numerous (amongst 
others: Cantin and Walker 1972; Card and Hutchinson 
1972; Fleet 1979, 1980; Muir 1984; Stevenson 1972; 
Stevenson and Stevenson 1980).

Evidence in favour of an impact origin is listed in 
Table 2 and factors supporting an endogenic origin in 
Table 3. These two lists are not complete; they do not 
contain all aspects ever published in favour of or against

the two concepts. The authors are aware that there are 
several counter-arguments to several of the arguments 
listed in both tables. Detailed discussions on the origin 
of the Sudbury Structure are published in Pye et al. 
(1984), by Morrison (1984), Muir (1984), Naldrett 
(1984c), and Peredery and Morrison (1984). Dressler et 
al. (1987) also discuss the origin of the Sudbury 
Structure.

It is beyond the scope and purpose of this field 
guide to discuss the various arguments listed in Tables 2 
and 3. The central issue regarding the origin of the 
Sudbury Structure, however, is worth reiterating and is 
as follows.

The presence of shock metamorphic features in 
the Onaping Formation and in the footwall rocks of 
the Sudbury Structure and the extreme brecciation of 
country rocks around the Sudbury Igneous Complex 
are evidence of a catastrophic event. A meteorite im 
pact can account for the observed shock metamorphic 
features and the brecciation, presently not known 
from any undisputed endogenic feature in the Canadian 
Shield or elsewhere on this planet. Field observations 
like those listed under (1) in Table 3, however, are 
evidence for multiple processes. They are not in agree 
ment with impact processes as presently understood.
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Table 2. Factors supporting meteorite impact origin of the Sudbury Structure.

1) Very strong brecciation of country rocks occurs up to 80 km from the Sudbury Igneous Complex 
and such features are unknown from any accepted endogenic structure.

2) Presence of shock metamorphic features in basement rocks indicating shock pressures of greater
than 20 GPa. These features are: planar elements ("shock lamellae") in quartz and feldspar (not known 
from undisputed, endogenic structures, French 1990). They are also known from mineral and rock frag 
ments of the Onaping Formation. Recrystallized glass fragments in this formation are interpreted as 
diaplectic glasses, a shock-related feature.

3) Shatter cones comparable to those at Sudbury are present in many undisputed impact structures.
4) Overturned collar rocks of South Range structure, as observed in some impact structures (Shoemaker 

1963; Offield and Pohn 1977; Daly 1947).
5) Most undeformed impact structures on Earth and other planets and moons of the solar system are circular 

or sub-circular. A small number of non-circular, interpreted impact structures are known on the moon (e.g., 
Schiller and Messier structures). They are believed to have been caused by very low-angle impact or by the 
impact of more than one projectile. If this interpretation is correct, non-circularity does not negate an 
impact origin for the Sudbury Structure. Recent structural investigations by Shanks (1990) suggest that the 
Sudbury Structure probably was circular before deformation.

Table 3. Factors supporting an endogenic origin of the Sudbury Structure.

1) Impact processes are sudden and short lived. Evidence in the Sudbury Structure for multiple explosive and 
depositional events over an extended time are as follows: megascopic and mesoscopic stratification in the 
upper members of the Onaping Formation; composite fragments of breccia ("breccia within breccia") and 
recrystallized fluidal glasses ("glass within glass") in the upper members of the Onaping Formation; Melt 
Body dikes and steeply dipping, tabular dikes of fluidal, recrystallized glasses intrude consolidated breccias 
of the upper members of the Onaping Formation; and, Sudbury Breccia dikes cut across Sudbury Breccia 
dikes, and fragments of Sudbury Breccia are found in some Sudbury Breccia dikes (Muir 1983).

2) Melt Bodies form flows and intrusive bodies within the upper members of the Onaping Formation 
(Peredery 1972b). Igneous-textured melt bodies are similar to a phase of granophyre (texturally, 
mineralogically, and/or chemically), to be considered genetically related to the Sudbury Igneous Complex 
(Stevenson 1963; Muir 1984) which is widely considered to represent endogenic magmatism.

3) Geochemical zoning of the matrix of Onaping Formation breccias, from dacitic-andesitic in the Gray 
Member to basaltic in the Black Member, and the presence of euhedral to subhedral, phenocryst-like 
crystals, as well as fragments of recrystallized glasses of mixed compositions, in both members, could 
represent eruptive products of a zoned magma chamber and/or mixed magmas (Muir 1984).

4) The Sudbury Structure is considered to be an integral part of the regional geology (Card and Hutchinson 
1972; Card et al. 1984; Muir 1984). Using accepted geological field relationships, various endogenic events, 
that collectively predate and postdate the "Sudbury Event", can account for several major features such as 
outliers of Huronian rocks (crudely concentric to the Sudbury Structure), high-grade gneisses in the 
footwall rocks of the North Range, and locally overturned beds in the South Range footwall rocks (see Card et 
al. 1984; Muir 1984).
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Outcrop Descriptions

The Generalized Precambrian Geology of the Sudbury 
Area map in the pocket shows the locations of outcrops 
described below. The numbering of the outcrops follow 
the sequence of the description of the geological units in 
this guidebook. Please note that several exposures (loca 
tions 8, 9, 10 and 20) described are located on mining 
properties and permission to visit these outcrops is 
required from Falconbridge Limited and/or Inco Lim 
ited. Upon request, guided tours for groups interested in 
the geology of the Sudbury Structure can be arranged by 
staff of the Ontario Geological Survey.

SHATTER CONES
1) Shatter cones (cover photograph) can be studied at 

a large outcrop of arenites of the Mississagi Forma 
tion of the Huronian Supergroup on Ramsey Lake 
road between Science North and Laurentian Univer 
sity. PLEASE   NO HAMMERING.

2) Another outcrop exhibiting well-developed shatter 
cones is located on Kelly Lake road south of Copper 
Cliff. PLEASE   NO HAMMERING.

SUDBURY BRECCIA
Sudbury Breccias in North Range
In the North Range, the Sudbury Breccia bodies are 
found in the Archean gneisses and granites of the Superior 
Province. The gneisses have yielded a zircon age of 2711 
Ma (Krogh et al. 1984).

3) An easily accessible outcrop of Sudbury Breccia is 
located on Highway 144,3.2 km north of the junction 
of Highway 144 and Regional Road 8 (Levack 
turnoff). The fragments in this breccia body are 
derived from the host rocks and from a local gabbroic 
dike.

4) Another accessible Sudbury Breccia body is exposed 
north of the open pit of Hardy mine near Levack. The 
large outcrop exhibits fragments of gneisses, 
migmatites, granitic rocks and diabase in a dark gray 
to black, aphanitic matrix.

Sudbury Breccias in South Range
5) Inconspicuous Sudbury Breccia is exposed at the 

junction of Balsam Street and Highway 17 in wackes 
of the McKim Formation of the Huronian Super 
group. The wackes are thinly bedded turbidites 
exhibiting well-developed flame structures.

6) At the south side of a road that runs between 
Robinson Lake and Kelly Lake is an outcrop of 
polymictic conglomerate of the Ramsey Lake 
Formation and of arkose of the Pecors Formation of 
the Huronian Supergroup. The Sudbury Breccia is in 
the Pecors Formation snowing well-rounded frag 

ments of Pecors Formation arenite in a very fine 
grained matrix. The matrix penetrates the wall rocks 
of the principal breccia zone in narrow tongues.

7) The largest known Sudbury Breccia dike or zone 
extends from the lower contact of the Sudbury 
Igneous Complex north of Sudbury and east of the 
Murray Pluton across Frood and Stobie mines to 
Copper Cliff and possibly westward beyond this 
town (see Figure 3). The dike can be visited at several 
locations, at location 5 across an outcrop with spec 
tacular pseudomorphs of staurolite in metapelite of 
the Huronian Supergroup. PLEASE   NO HAM 
MERING at the staurolite-bearing exposure.

FOOTWALL BRECCIA
8) The best exposures of Footwall Breccia are located 

near the Strathcona mine loading tower on the north 
side of the road that leads from Levack to Coleman 
mine (Figure 17, location B). The inclusions in this 
outcrop comprise a variety of fragments such as 
gneisses, granites and mafic, igneous rocks derived 
from the Archean footwall rocks. A small body of 
Sublayer material can be seen in contact with the 
breccia. Note the minor disseminated sulphides and 
sulphide fragments in the breccia.

9) Approximately l km northeast of location 6 is an 
outcrop showing a transition from the Footwall 
Breccia (see Figure 17, location D) into footwall 
rocks containing Sudbury Breccia (see Figure 17, 
location E). Sudbury Breccia (Figure 18; see Figure 
17, location D) and granitic rocks (Figure 19; see 
Figure 17, location C) exhibit evidence of an incipient 
melting.

10) Footwall Breccia occurs as a dike-like protuberance 
in sharp contact with weakly mineralized mafic 
norite. Mafic norite is the basal phase of the Igneous 
Complex on the North Range. There is an apparent 
weak alignment of the long dimensions of the inclu 
sions in the Footwall Breccia parallel to the contact 
(see Figure 17, location F).

WHITEWATER GROUP 

Onaping Formation
11) Park in a large sandy area east of the highway. From 

this area, walk 300 m north to the large hill. See 
Figure 20 for the detailed location of various members 
in the Onaping Formation. Please note that the 
recognition of the various phases of the Onaping 
Formation is difficult. Be patient!
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Figure 17. Location of outcrops 8,9,10 and 20 (see "Outcrop Descriptions").

11 A) The Basal Member here is in sharp contact with 
granophyre and a plagioclase-rich variety of grano 
phyre. The two varieties of granophyre carry inclu 
sions derived from the Basal Member and have 
complex contact relationships with one another. 
The plagioclase-rich granophyre also is intruded in 
irregular lenses into the Basal Member. The Basal 
Member is a breccia composed of granitic, gneissic, 
metasedimentary and minor, mafic metavolcanic 
and igneous rock fragments, commonly shocked, 
embedded in an originally pulverized and now 
recrystallized felsic matrix.

l IB) The upper contact of the Basal Member with the 
Gray Member is sharp and irregular. This contact is 
defined by a change in the country rock fragment 
population and the appearance of small shard-like 
fragments in the matrix of the Gray Member.

11C) The Basal Member is also in contact with the Melt 
Body, an igneous-textured, rock containing country 
rock fragments similar to those in the Basal Member. 
The Melt Body appears to represent chilled, chilled- 
brecciated, and flow-lined melt phases. It commonly 
has vesicles, usually filled by quartz, chlorite or 
sulphides.

12) The large roadcut on Highway 144 exposes polymictic 
breccias of the Gray Member comprised of an un 
sorted mixture of country rock fragments similar to 
those in the Basal Member, a variety of recrystallized 
glasses, and a very fine matrix of pulverized miner 
als, rock fragments and recrystallized glasses. The 
country rock fragments commonly show some inter 
nal brecciation, fluidization or indication of incipi 
ent melting, and, in thin section, shock features. 
(Note the fluidal, recrystallized glass bodies with
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Figure 18. Incipient melting. Approximately horizontal, gray dikelet of Sudbury Breccia in lower half of photograph (see Figure 17, 
location D).

Figure 19. Incipient, in situ melting. Granitic leucosome of Archean migmatite of footwall. Light portions rimming darker parts of 
quartz-feldspar rock represents incipient melt (see Figure 17, location C).
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ONAPING FORMATION
DOWLING AREA 
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Figure 20. Location map for outcrops 11,12 and 13, Onaping Formation, Dowling area. Heavy dashed line is foot path.

flow lines which commonly show truncations of 
flow lines. Both the Gray and Black members con 
tain rock fragments rimmed by fluidal, recrystallized 
glass.) Sulphides (pyrite, pyrrhotite, chalcopyrite, 
galena and sphalerite) are common in the country 
rock fragments, the recrystallized glass fragments 
and in the matrix of the breccia.

BLACK MEMBER
13) The transition between the Gray and Black 

members occurs over 15 to 60 m and is marked by 
a rapid increase in the content of carbonaceous

material and the appearance of chloritized glass 
shard fragments ("chlorite shard horizon"). Apart 
from the black colour, the Black Member is similar 
to the Gray Member, but it also shows a progressive 
decrease in the size and abundance of fragments. 
Locally, the Black Member has good bedding 
developed. Irregular bedding of highly reworked 
materials occurs on a small scale and becomes 
more common in stratigraphically higher levels. 
The uppermost contact of the Black Member with 
the Onwatin Formation is gradational.
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At this location, there are accretionary lapilli. They 
consist of country rock or recrystallized glass frag 
ments surrounded by very fine-grained, carbon-rich 
material. Sulphides (mainly pyrite) are also common 
and occur both in the matrix and within fragments. 
Very fine microscopic matrix material makes up about 
50*26 of the rock. The remainder of the fragmental 
material consists of metasedimentary and igneous or 
gneissic country rock. The origin of the carbonaceous 
material is uncertain.

BASAL MEMBER OF THE SOUTH RANGE 
(QUARTZITE BRECCIA)

14) Approximately 6 km north of Lockerby mine, about 
50 to 100 m east of the Falconbridge Limited 
access road, there is an outcrop of deformed 
Basal Member (Quartzite Breccia). It consists of 
quartz arenite and arkose fragments set in a strongly 
recrystallized arkosic matrix. The fragments are 
very similar to rocks of the Huronian Supergroup 
that occur south of the Sudbury Igneous Complex.

Chelmsford Formation
15) Several outcrops of wackes of the Chelmsford For 

mation, exhibiting carbonate concretions in many 
places, can be examined along Highway 144 be 
tween the towns of Chelmsford and Dowling.

Vermilion Member
16) The Vermilion Member is commonly poorly ex 

posed. Exploration work by Falconbridge Limited 
has created some good exposures near the former 
Vermilion-Errington deposits.

Onwatin Formation
17) A small outcrop of rusty slates of the Onwatin For 

mation is located on the south side of Highway 144, 
just east of Dowling.

SUDBURY IGNEOUS COMPLEX 
Quartz Gabbro and Granophyre
18) The upper member of the Sudbury Igneous Complex 

consists of granophyre, formerly termed micro-peg 
matite. It is pink in colour and consists of about three 
parts micrographic intergrowth to one part plagio 
clase. The rock can be examined at the northeastern 
corner of the intersection at location 12, the junction 
of Highway 144 with Regional Road 8 to Levack.

Below the granophyre, occurs a thin unit (225 m) known 
as the quartz gabbro (or transition zone norite). It is also 
called the oxide-rich gabbro due to its abundance of 
opaque oxides (up to 8%), largely ulvospinel. Apatite 
is common and locally pyrite is present. The quartz 
gabbro can be examined at the northwestern outcrop 
at this road junction.

Norite
19) Felsic norite is the main basic member of the Sudbury 

Igneous Complex on the North Range. It can be 
viewed at outcrops along Highway 144 northwest of 
the junction with Regional Road 8.

Sublayer
20) The Sublayer is well exposed in this outcrop, located 

approximately 150 m northwest of the road that 
leads from Levack mine to Strathcona mine, on the 
edge of a gravel pit. Round to subround fragments, 
consisting of exotic mafic igneous rocks, are set in 
a matrix of medium-grained, hypersthene-bearing 
gabbroic rock. Patches of sulphide occur in the 
matrix and in some of the mafic fragments. PLEASE 
  NO HAMMERING.

Offset Dike Sublayer
21) At this location, on the east side of the road that 

leads from Highway 144 to Copper Cliff, the ore- 
bearing Copper Cliff Offset can be examined. The 
quartz diorite dike is part of the Sublayer. It merges 
with the Sudbury Igneous Complex in a wide, 
funnel-like embayment to the north, where the 
Clarabelle orebody is mined by a number of open 
pits. The dike is less than 60 m wide at this location 
and remains narrow over the rest of its 5 km 
length south to Kelley Lake. Several mines occur 
along the Copper Cliff Offset Dike.

22) Another well-exposed Offset Dike, the Worthington 
Offset, can be studied near Totten mine where 
altered mafic fragments up tp approximately l m in 
size are set in a quartz-dioritic matrix (not shown 
on accompanying map, just south of map area).

DISCOVERY SITE
23) Nickel-copper sulphide was first reported from the 

Creighton mine site in 1856 by A. Murray of the 
Geological Survey of Canada. It was not until 1883, 
however, during construction of the Canadian 
Pacific Railway, that a railway rock-cut near the 
present site exposed copper-nickel mineralization, 
which was subsequently developed as the Murray 
mine orebody. Within a few years of this discovery, 
prospectors had found many of the ore deposits of 
the area, and production commenced in 1889. Since 
then, approximately one billion tons of ore have 
been extracted from mines of the Sudbury Structure.

The original discovery outcrop was located close 
to the rim of the present Murray mine open pit, just 
south of Highway 144 at the "discovery" site, and re 
mained intact until the mid-1970s. At that time, the 
highway and railway were relocated to permit mining 
of the ore. The Clarabelle No. 2 Open Pit and head 
frame of the inactive Murray mine are visible to the 
southwest.
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On the east side of the railway track, quartz-rich VISITS OF MINES, SMELTER AND
norite is exposed. This is the basal unit of the Com- REFINERIES
plex on the South Range.

... .. . ,. j o LI . j L The "Bte Nickel Mine", a tourist attraction, is located
Weakly mineralized Sublayer is exposed nearby west of ̂  d^ of SudburV) just north of Highway 17.

on the west side of the tracks. The Sublayer dips
northward at about 600 beneath the norite. The For public tours of smelters and refineries, contact
adjacent norite contrasts sharply with the Sublayer, Science North in Sudbury.
being homogeneous free of inclusions, and has a very Operating mines are not accessible to the general
minor sulphide content. nub lie

Note: BE CAREFUL! This is the transcontinental 
line of the Canadian Pacific Railway, and train traffic 
can be heavy.
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Figure 4. Sudbury 
Breccia situe pres de 
la mine a ciel ouvert 
Hardy, canton de 
Levack.

Figure 4. Sudbury 
Breccia, located near 
Hardy Open Pit, 
Levack Township.

Figure 5. Footwall 
Breccia situe au pied 
de la colline, au nord 
de la mine Strathcona, 
canton de Levack.

Figure 5. Footwall 
Breccia, located at the 
bottom of the hill 
north off Strathcona 
mine, Levack 
Township.

Figure 8. Basal 
Member du South 
Range ("breche de 
quartzite") de la 
Formation d'Onaping, 
canton de Fairbanks.

Figure 8. Basal 
Member of South 
Range ("Quartzite 
Breccia") of Onaping 
Formation, Fairbank 
Township.



Figure 9. Contact 
entre le Basal 
Member (en haut a 
droite de la photo) et 
le Gray Member, 
canton de Morgan. 
Photo P. Brockmeyer, 
universite de Munster, 
Allemagne.

Figure 9. Contact 
between Basal 
Member (right half of 
photograph) with 
Gray Member, 
Morgan Township. 
Photograph courtesy 
of P. Brockmeyer, 
University of 
Munster, Germany.

Figure 10. Le Gray 
Member est ici 
principalement 
constitue de verres 
recristallises a 
structure fluidale 
contenant un grand 
fragment d'arenite 
stratified du 
Supergroupe de 
1'Huronien, canton de 
Morgan. Photo P. 
Brockmeyer, 
universite de 
Munster, 
Allegmagne.

Figure 10. Gray 
Member, here 
consisting mainly of 
fluidal, recrystallized 
glasses and a large 
fragment of arenite 
showing bedding 
derived from 
Huronian Supergroup, 
Morgan Township , 
Photograph courtesy 
of P. Brockmeyer, 
University of 
Munster, Germany.

Figure 11. Vue au
microscope de 
"l'horizon a eclats 
chloritises", canton 
de Morgan. La 
vacuole du centre est 
remplie de chlorite. 
D'autres vacuoles 
sont ecrasees. La 
longueur de la photo 
represente un 
segment de 2,3 mm. 
Photomicrographie P. 
Brockmeyer, 
universite de 
Munster, Allemagne.

Figure 11.
Photomicrograph 
from "chlorite shard 
horizon", Morgan 
Township. Cavity in 
centre is filled with 
chlorite. Other 
cavities are collapsed. 
Length of photograph 
equals 2.3 mm. 
Photomicrograph 
courtesy of P. 
Brockmeyer, 
University of 
Munster, Germany.



Figure 12. Black 
Member, canton de 
Morgan. Les 
fragments sont des 
verres chloitises 
(verdatres), des 
mineraux et des 
roches (gris et 
blancs), ainsi que des 
sulfures (noir). La 
matrice contient du 
carbene. La longueur 
de la photo represente 
un segment de 
2,3 mm.
Photomicrographie P. 
Brockmeyer, 
universite de Miinster, 
Allemagne.

Figure 12.
Black Member, 
Morgan Township. 
Fragments are 
chloritized glasses 
(greenish), minerals 
and rocks (gray and 
white) and sulphides 
(black). Matrix 
contains carbon. 
Length of photograph 
equals 2.3 mm. 
Photomicrograph 
courtesy of P. 
Brockmeyer, 
University of 
Munster, Germany.

Figure 13.
Concretion de 
carbonate dans la 
grauwacke de la 
Formation de 
Chelmsford, route 
144 entre Chelmsford 
et Dowling.

Figure 13. Carbonate 
concretions in wacke 
of Chelmsford 
Formation, Highway 
144 between 
Chelmsford and 
Dowling.

Figure 15. Sublayer 
mineralise, site de la 
decouverte, route 17 
pres de la mine 
Murray.

Figure 15.
Mineralized Sublayer, 
Discovery site, 
Highway 144 near 
Murray mine.



Figure 16. Contact 
Sublayer, au nord de 
la route qui mene de 
la mine Levack a la 
mine Strathcona (voir 
la figure 17, site A). 
Fragments mafiques 
dans une matrice de 
diorite quartzique 
(echelle en cm).

Figure 16.Contact 
sublayer, north of 
road that leads 
from Levack to 
Strathcona mine 
(see Figure 17, 
location A). Mafic 
fragments in 
quartz-dioritic 
matrix (scale in 
cm).

Figure 18. Debut de 
fusion. La moitie 
inferieure de la photo 
montre un petit dyke 
gris de Sudbury 
Breccia ^ peu pres 
horizontal (voir la 
figure 17, site D).

Figure 18. Incipient 
melting. 
Approximately 
horizontal, gray 
dikelet of Sudbury 
Breccia in lower half 
of photograph (see 
Figure 17, location 
D).

Figure 19. Debut de 
fusion in situ. 
Leucosome 
granitique de 
migmatite archeenne 
dans le mur. Les 
parties claires 
entourant les parties 
plus sombres de 
roche constitute de 
quartz et de feldspath 
representent un debut 
de fusion.

Figure 19. Incipient, 
in situ melting. 
Granitic leucosome of 
Archean migmatite of 
footwall. Light 
portions rimming 
darker parts of 
quartz-feldspar rock 
represents incipient 
melt (see Figure 17, 
location C).
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GENERALIZED
PRECAMBRIAN GEOLOGY
OF THE SUDBURY AREA

GEOLOGIE GENERALE PRECAMBRIEN 
DE LA REGION DE SUDBURY

LEGEND 
LEGENDE

SUPERIOR AND SOUTHERN PROVINCE 
PROVINCES DU SUPERIEUR ET DU SUD

SUDBURY SWARM: DIABASE DIKES 
ESSAIM DE SUDBURY. DYKES DE DIABASE

GRENVILLE PROVINCE 
' PROVINCE DE GRENVILLE

GNEISSES AND INTRUSIVE ROCKS 
GNEISS ET ROCHES INTRUSIVES

SOUTHERN PROVINCE 
PROVINCE DU SUD

MAFIC INTRUSIVE ROCKS 
ROCHES INTRUSIVES MAFIQUES

SUDBURY IGNEOUS COMPLEX 
COMPLEXE IGNE DE SUDBURY

Sublayer: quartz diorite 
Sublayer: diorite quartzique

Upper Zone: granophyre 
Upper Zone: granophyre

Middle Zone: quartz gabbro 
Middle Zone: gabbro quartzique

Lower Zone: norite ; 
Lower Zone: norite

CHELMSFORD FORMATION 
FORMATION DE CHELMSFORD

Wacke 
Grauwacke

ONWATIN FORMATION 
FORMATION D'ONWATIN

Mudstone 
Mudstone

ONAPING FORMATION 
FORMATION D'ONAPING

Black Member —.-.— - .- - 
Black Member 'y'

Grey Member 
Grey Member

Melt Body 
Melt Body

Basal Member 
Basal Member

FOOTWALL AND SUDBURY BRECCIA 
FOOTWALL BRECCIA ET SUDBURY BRECCIA

MAFIC INTRUSIVE ROCKS 
ROCHES INTRUSIVES MAFIQUES

FELSIC INTRUSIVE ROCKS 
ROCHES INTRUSIVES FELSIQUES

HURONIAN SUPERGROUP 
SUPERGROUPE DE LHURONIEN

Conglomerate, Wacke, Arkose, Minor Limestone 
Conglomerat, Grauwacke, Arkose, Quelques Roches Calcaires

SUPERIOR PROVINCE 
PROVINCE DU SUPERIEUR

GRANITES AND GNEISSES 
GRANITES ET GNEISS

METAVOLCANIC ROCKS 
ROCHES METAVOLCANIQUES

SYMBOLS 
SYMBOLES

Outcrops numbered and described in text of this report.
See "Outcrop Descriptions".
Des affleurements nombrte et decries dans le texte de ce rapport.
Voir "Descriptions

Faults 
Failles

SOURCES OF INFORMATION 
SOURCES DES RENSEIGNEMENTS

Modified after OGS geological compilation Map 2491. The user is 
referred to this map for detailed information.
Modifiee apres la carte 2491 complice par la Commission geologi- 
que de {'Ontario. Pour obtenir les renseignements detailles, priere 
de se referer a cette carte.
Every possible effort has been made to ensure the accuracy of the 
information presented on this map; however, the Ontario Ministry of 
Northern Development and Mines does not assume any liability for 
errors that may occur. Users may wish to verify critical information.
Tous les efforts ont ete reunis pour assurer {'exactitude des ren 
seignements foumis sur cette carte. Cependant, le ministere du 
Developpement du Nord et des Mines de {'Ontario n'assume au- 
cune responsabilite pour les erreurs possibles. Les usagers sont 
encourages a verifier fes renseignements equivoques.
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