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 PLEASE CONTACT: BY TELEPHONE: BY E-MAIL:
INFORMATION ON ) ) )
The Reproduction of MNDM Publication Local: (705) 670-5691 pubsal d
Content Services Toll Free: 1-888-415-9845, ext. ubsales@ndm.gov.on.ca

5691 (inside Canada,
United States)

The Purchase of MNDM Publication Local: (705) 670-5691

MNDM Publications | Sales Toll Free: 1-888-415-9845, ext. Pubsales@ndm.gov.on.ca

5691 (inside Canada,
United States)

Crown Copyright Queen'’s Printer Local: (416) 326-2678 Copyright@gov.on.ca
Toll Free: 1-800-668-9938
(inside Canada,
United States)



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

LES CONDITIONS CI-DESSOUS REGISSENT L'UTILISATION DU PRESENT DOCUMENT.

Votre utilisation de ce document de la Commission géologique de I'Ontario (le « contenu »)
est régie par les conditions décrites sur cette page (« conditions d'utilisation »). En
téléchargeant ce contenu, vous (I'« utilisateur ») signifiez que vous avez accepté d'étre lié
par les présentes conditions d'utilisation.

Contenu : Ce contenu est offert en I'état comme service public par le ministére du Développement du Nord
et des Mines (MDNM) de la province de I'Ontario. Les recommandations et les opinions exprimées dans le
contenu sont celles de 'auteur ou des auteurs et ne doivent pas étre interprétées comme des énoncés
officiels de politique gouvernementale. Vous étes entierement responsable de I'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 particuliére. Les utilisateurs sont tenus de vérifier I'exactitude et I'applicabilité de tout
contenu avant de l'utiliser. Le MDNM n'offre aucune garantie expresse ou implicite relativement a la mise a
jour, & lI'exactitude, a l'intégralité ou a la fiabilité du contenu. Le MDNM ne peut étre tenu responsable de tout
dommage, quelle gu'en soit la cause, résultant directement ou indirectement de I'utilisation du contenu. Le
MDNM n'assume aucune responsabilité Iégale 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 étre offerts en francais. Le MDNM se
dégage de toute responsabilité quant a la s(reté, a I'exactitude ou a la disponibilité des sites Web ainsi reliés
ou & l'information gu'ils contiennent. La responsabilité des sites Web ainsi reliés, de leur exploitation et de
leur contenu incombe a la personne ou a I'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 a chacun de ces sites. Tout commentaire ou toute
question concernant I'un de ces sites doivent étre 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 a I'lmprimeur de la Reine pour
I'Ontario.

Nous recommandons de faire paraitre ainsi toute référence au contenu : nom de famille de l'auteur, initiales,
année de publication, titre du document, Commission géologique de I'Ontario, série et numéro de
publication, nombre de pages.

Utilisation et reproduction du contenu : Le contenu ne peut étre utilisé et reproduit qu'en conformité avec
les lois sur la propriété intellectuelle applicables. L'utilisation de courts extraits du contenu a des fins non
commerciales est autorisé, a 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 a 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 a
des fins commerciales, la reproduction de copies multiples du contenu a des fins commerciales ou non,
I'utilisation du contenu dans des publications commerciales et la création de produits a valeur ajoutée a l'aide
du contenu.

Renseignements :

POUR PLUS DE

RENSEIGNEMENTS SUR VEUILLEZ VQUS PAR TELEPHONE : PAR COURRIEL :
ADRESSER A .
lareproduction du Services de Local : (705) 670-5691
contenu publication du MDNM | Numéro sans frais : 1 888 415-9845, Pubsales@ndm.gov.on.ca
poste 5691 (au Canada et aux
Etats-Unis)
I'achat des Vente de publications Local : (705) 670-5691 bsal d
publications du MDNM | du MDNM Numéro sans frais : 1 888 415-9845, Pubsales@ndm.gov.on.ca
poste 5691 (au Canada et aux
Etats-Unis)
les droits d'auteurs de | Imprimeur de la Local : 416 326-2678 Copyright@gov.on.ca
la Couronne Reine Numeéro sans frais : 1 800 668-9938

(au Canada et aux
Etats-Unis)



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

© Queen's Printer for Ontario 1989
Printed in Ontario, Canada

MINES AND MINERALS DIVISION
ONTARIO GEOLOGICAL SURVEY

Open File Report 5701

Petrology and Geochemistry of the Duncan Lake, Beaton Bay,
Milner Lake, and Miller Lake Nipissing Intrusions within
the Gowganda Area

District of Timiskaming

by
D.M. Conrod

1989

Parts of this publication may be quoted if credit is
given. It is recommended that reference to this
publication be made in the following form:

Conrod, D.M.

1989: Petrology and Geochemistry of the Duncan Lake, Beaton
Bay, Milner Lake, and Miller Lake Nipissing Intrusions
within the Gowganda Area; Ontario Geological Survey,
Open File Report 5701, 210p., 20 photos, 25 tables, and
56 figures (6 in back pocket).

Ministry of
Northem Development
ontario and Mines

Ministére du )
Développement du Nord 1
et des Mines







Ontario Geological Survey
OPEN FILE REPORT

Open File Reports are made available to the public subject to the following
conditions:

This report is unedited. Discrepancies may occur for which the Ontario Geological
Survey does not assume liability. Recommendations and statements of opinions expressed
are those of the author or authors and are not to be construed as statements of govern-
ment policy.

This Open File Report is available for viewing at the following locations:

(1) Mines Library
Ministry of Northern Development and Mines
8th floor, 77 Grenville Street
Toronto, Ontario M77A 1W4

(2) The office of the Regional or Resident Geologist in whose district the area
covered by this report is located.

Copies of this report may be obtained at the user’s expense from a commercial
printing house. For the address and instructions to order, contact the appropriate
Regional or Resident Geologist’s office(s) or the Mines Library. Microfiche copies
(42x reduction) of this report are available for $2.00 each plus provincial sales tax at the
Mines Library or the Public Information Centre, Ministry of Natural Resources, W-1640,
99 Wellesley Street West, Toronto.

Handwritten notes and sketches may be made from this report. Check with the
Mines Library or Regional/Resident Geologist’s office whether there is a copy of this
report that may be borrowed. A copy of this report is available for Inter-Library Loan,

This report is available for viewing at the following Regional or Resident Geologists’

offices: COBALT DISTRICT KIRKLAND LAKE DISTRICT
Box 230, Presley St. 4 Government Rd. E.
Cobalt, P0J 1CO . Kirkland Lake, P2N 1A2
PORCUPINE DISTRICT SUDBURY DISTRICT
60 Wilson Ave. 200 Brady St.
Timmins, P4N 287 Sudbury, P3E 5K3

The right to reproduce this report is reserved by the Ontario Ministry of Northern
Development and Mines. Permission for other reproductions must be obtained in writing
from the Director, Ontario Geological Survey.

IS Hln

V.G. Milne, Director
Ontario Geological Survey







CONTENTS

Abstract....ceeeeceeen cececsecccesevecsesesenne

INtrodUCtioN.e.ceeeceeeececososcsceoscscsasscscssssss
General GeOlogy..ceeeeeeeecececsscancconnns
Previous Geological WOrK.:.eeeeeeeoeaeceasns
Objectives of Present Study and Approach..
AcknowledgmentS.cceeeceecocsosccscscacccecns
Means Of ACCESS..vccersccessscsccasscssanscae

e s s eeseee s XXV

tesesviecnns 1
............ 1
ceeccescscnn 3
cessecsscnecd
............ 5

Geology of the Gowganda Area Nipissing Intrusions..........6

Geology and Geological Setting of the Four

Intrusions Under Consideration..ccceeeecscececcccscscs 7
Duncan Lake INtruSiON...ccececcceesccsescsssscoccccoss 7
Beaton Bay INtruSiON....cecscececcssasses ceescesa8

Milner Lake Intrusion at the Mann Mine Site......9
Miller Lake Intrusion at the Castle Mine

Site................-...........................lo

Economic Geology of the Milner Lake, Miller Lake,

Beaton Bay, and Duncan Lake Nipissing Intrusions.......... 11
INtrodUCtioN.cceeeeccscecascsccassscscnccscsssescsaaasll
Mann Mine (Milner Lake Intrusion).....c.eceeeeeececns 11

Castle Mine (Miller Lake INntrusion)...ccceceeccececeesosl?

Beaton Bay Intrusion.....

Duncan Lake IntrusioN....cce.e.

Lithologies of the Nipissing Intrusions within the
Gowganda Area....OCO....O.'.....I.........O.'Q...IO.....CCl4

Introduction.....eeeeces.
Chilled Mafic Phase......
Border Quartz Diabase....
(€7-1 ) o of o 1
Pegmatitic Gabbro........
Gabbronorite..... cecsceca

® e ® 00 0 0 0

e e o 0 0 00 o

.

® e o o

B Y

cececccsons 15
ceecsescssessld
........... 16
........... 16
........... 17

Granophryric and Granodioritic Differentiates........l7
Altered GabbroO....ceeceeceeseccoscscsssssccescssssssoanesal8
Lithologic Variation Across the Miller Lake
Intrusion at the Castle Mine Site....ceeeeeecececessal?
Lithologic Variation Across the Duncan Lake

INtruSioN..eeeeeeeeceanescse

ooo.ooo.oooooooo.ooonolg

Lithologic Variation Across the Beaton Bay

INtrUSIiON. e eeeeeeoccocessosasassssssssssssssssssssnsssseall
Lithologic Variation Across the Milner Lake

Intrusion at the Mann Mine Sit€...ceeeeeecsccccccnssaldl
Lithological Distribution and Geometry.....ceeeeeees. 21






Petrology of the Gowganda Area Nipissing Lithologies......21

Chilled Phase..... ceeeee s e eeccescensasserencaasnenen 21
Bordering Quartz DiabaS€....cceeeeccscccsccasscascancas 22
Gabbronorite........ e eeceesscesctsesacsacasssonenanns 24
€= 1 o o oo cececanassae 26
Pegmatitic GaAbbrO.eeeeeseeoeeesosesaoccccasns e |

GranOpNYre.i.ceeeeeeccessssessssssssssassscsccsssaseall
Modal Analyses of Selected Minerals Across the

Milner Lake, Duncan Lake, Beaton Bay, and

Miller Lake INtruUSiONS....cseeescsccssssssss ceeccseaed9
Opaque MineralS.cceceeeeeececcecscscscasoassansoscsssssncescs 30
Alteration Within the Nipissing Lithologies..........31

Mineral ChemisStry..ceeeeeeeeoeeeecosnsacocsnosnns cesessesall
Orthopyroxene Chemistry Across the Miller Lake
and Duncan Lake INtruSionNS.....c.eeeeeecccccncancacessl3

Whole Rock Chemistry of the Gowganda Area Nipissing

INtrUSiONS . .cceeeeceaccsocoacees cecene . 551
INtrodUcCtionN.eeeecececccecoscscscscnsoscscncasesse ceeee e ..35
Sample PreparatioON...ceeeeceeceececcnaconscs B 5

Major Element Variation within the Duncan Lake,

Beaton Bay, Milner Lake, and Miller Lake

INtrUSIiONS .t eeeeeceteccsosossscsacssascsnssasssnsescsssns 36
Trace Element Variation within the Duncan Lake,

Beaton Bay, Milner Lake, and Miller Lake
Intrusions....... cecesene ceesteecessesesscsesessesnann 39
Post-Emplacement Magmatic ProcessSe€S......... ceseesens 41

A Model for the Emplacement and Crystallization of
the Gowganda Area Nipissing MagmaS.....eceeceeeececccaseasss4d3

Tectonic Setting for the Nipissing IntrusionS.....ccec..... 49

A U-Pb Age Determination for the Bonanza Lake

Intrusion from the Sudbury Area, and Comparison

with the U-Pb Age of the Gowganda Area Nipissing

INtrUSIONS . eeteeeceseeoessseossccsssnosscsscssasccsascnnsscsses «..54
IntroducCtion..ceeeeeeeeeeseeasssascscsnncnns ceeeeceessabd
Implications for Age-Related Variation in the
Type and Style of Mineralization Spatially
Associated with the Nipissing IntrusionS.............55

REfEreNCeS . cieeitesescsossaaccessannssssoacnnssss ceesancnss 58
Appendix 1 .
Wulff Net Pleots of the Orthopyroxene optical
MeasUurementS..ceeeesecoscccsscsscocssosocasacssss sereana 67

vii






o-o-co.oc..--.o-oooo..o.oc-o-ocooo---.ool34

Ceetsecsssssecescsss et e s asaae e B -1

ix






LIST OF PHOTOGRAPHS
Photo 1 Hand specimen of varied texture gabbro

Photo 2 Hand specimen of gabbronorite containing
phenocrystic orthopyroxene

Photo 3 Felspar clots within the granophyric phase

Photo 4 Vugs within the granophyric phase indicating a
highly volatile environment at the time of
crystallization

Photo 5 Medium-grained, vuggy, granitic phase

Photo 6 Radiating fan-like clusters of pyroxene and
plagioclase crystals within the chilled magma

Photo 7 Glomeroporphyritic plagioclase within the chilled
magma

Photo 8 Olivine phenocrysts pseudomorphed by antigorite
and talc within the chilled magma

Photo 9 Inverted pigeonite molded onto and in crystal
continuity with augite

Photo 10 Herringbone exsolution lamellae of clinopyroxene
in inverted pigeonite

Photo 11 Partially resorbed olivine crystals surrounded
by altered pigeonite

Photo 12 Clinopyroxene exsolving as plates along two
crystallographic directions in the orthopyroxene

Photo 13 Blebby exsolution of clinopyroxene in the rim of
an orthopyroxene crystal

Photo 14 Remnant herringbone exsolution retained in the
orthorhombic orthopyroxene - (hypersthene)

Photo 15 Phenocrystic orthopyroxene within gabbronorite
Photo 16 Cummulus orthopyroxene within gabbronorite
Photo 17 Phenocrystic augite within gabbronorite

Photo 18 Eutectoid intergrowth of quartz and plagioclase
within a granophyric phase

xi






Photo

Photo

Table

Table

Table

Table

Table
Table
Table
Table

Table

Table

Table

Table

Table

Table

19

20

10

11

12

13

14

Skeletal apatite within the granophyric phase

(a, b) Hollow quenched zircons within the
Bonanza Lake granodiorite

LTIST OF TABLES
Production record from 1908-1984 for the Mann Mine

Ore minerals within the Gowganda area listed in
decreasing abundance

Production record from 1920 to the present for the
Castle Mine

Variation in texture and grain size from the chilled
Nipissing magma to the border quartz diabase

Modal analyses across #Re Milner Lake Intrusion
Modal analyses across the Duncan Lake Intrusion
Modal analyses across the Beaton Bay Intrusion
Modal analyses across the Miller Lake Intrusion

2V angles of orthopyroxene within the Mijller Lake
Intrusiocn

Mg-number of orthopyroxene within the Miller Lake
Intrusion

2V angles of orthopyroxene within the pyncan Lake
Intrusion

Mg-number of orthopyroxene within the Duncan Lake
Intrusion

(a, b) Detection limits and precision for the
analyses of the major element oxides FeO, c02I
S, H,O0*, and H,O0~ within the Gowganda area

Nipiésing lith%logies
Detection limits and precision for the analyses

of Zr, ¥, Nb, Sr, Rb, and Th within the Gowganda
area Nipissing lithologies

x1iii






Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

15

16

17

18

19

20

21

22

23

24

25

Figure i

Figure 1

Figure 2

The concentration of major element oxides acros
the Duncan Lake Intrusion

The concentration of major element oxides acros
the Beaton Bay Intrusion

The concentration of major element oxides acros
the Miller Lake Intrusion

The concentration of major element oxides acros
the Milner Lake Intrusion

The Mg-numbers of chilled Nipissing phase from
Cobalt, Gowganda, and Temagami areas

The concentration of trace elements across the
Duncan Lake Intrusion

The concentration of trace elements across the
Beaton Bay Intrusion

The concentration of trace elements across the
Milner Lake Intrusion

The concentration of trace elements across the
Miller Lake Intrusion

zr, Y, and TiO, contents of chilled Nipissing
phases from thé Cobalt, Gowganda, and Temagami
areas

Preliminary results of a U-Pb age determination
on quenched zircons from the Bonanza Lake
granodiorite

LIST OF FIGURES
Key map showing the location of the Duncan Lake
Beaton Bay, Milner Lake, and Miller Lake

Nipissing intrusions

Distribution of Nipissing intrusions across
northern Ontario

Variation in the type of mineralization spatial

associated with Nipissing intrusions across
northern Ontario

Xv

S

S

S

S

the

’

ly






Figure
Figure
Figure

Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure

Figure

10

11

12

13

14

15

16

17

18

19

Location of the Duncan Lake, Milner Lake, Beaton
Bay, and Miller Lake Nipissing intrusions

Sample collection sites across the Duncan Lake
intrusion

Lithologic surface transect across the Duncan
Lake intrusion

Lithologic section through the Duncan Lake intrusion

Sample collection sites across the Beaton Bay
intrusion

Lithologic section through the Beaton Bay intrusion

Cross section reconstruction of the Beaton Bay
transect

Corrected lithologic section through the Beaton
Bay intrusion

Diamond drilling carried out by Chimo Limited on
the Northcliff Prospect (in back pocket)

Sample collection sites across the Milner Lake -
intrusion at the Mann Mine site

Lithologic surface transect across the Milner Lake
intrusion

(a, b, c) Surface plan and cross section of the
Milner Lake intrusion at the Mann Mine site
(Figure l4c in back pocket)

Cross section reconstruction of the Milner Lake
intrusion

Lithologic section through the Milner Lake
intrusion

Surface plan and section of the mine workings
at the Castle Mine (in back pocket)

(a, b) Sample collection sites on the sixth and
tenth levels of the Castle Mine (in back pocket)

(a, b) Lithologic section through the Miller Lake
intrusion at the Castle Mine site

Xvii






Figure

Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

20

21
22
23

24

25

26

27

28

29

31

32

33

34

35

Distribution of Nipissing lithologies throughout
a hypothetical undulating sheet and the location
of the four sections under examination

Modal analyses across the Milner Lake intrusion
Modal analyses across the Duncan Lake intrusion

Modal analyses across the Beaton Bay intrusion

Modal analyses across the Miller Lake intrusion
(in back pocket)

2V angles and the Mg-numbers of orthopyroxene
from the Miller Lake and Duncan Lake intrusions
plotted onto the 2V-composition curves of

Deer et al. (1980)

Variation in the Mg-number of orthopyroxene
across the Miller Lake intrusion

Variation in the whole-rock Mg-number across
the Duncan Lake intrusion

Variation in the whole rock Mg-number across
the Beaton Bay intrusion

Variation in the whole rock Mg-number across
the Milner Lake intrusion

Variation in the whole rock Mg-number across
the Miller Lake intrusion

Variation in the whole rock Mg-number across
the Cross Lake intrusion, Cobalt area

Variation in the whole rock Mg-number across
the Portage Bay intrusion, Cobalt area

Variation in the whole rock Mg-number across
Bonanza Lake intrusion, Sudbury area

Variation in the whole rock Mg-number across
the Bonanza Lake intrusion, Sudbury area

Cobalt and Temagami area Nipissing chilled

“margin samples plotted on a Th/Yb versus Ta/Yb

plot (Pearce 1984)

Xix






Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Variation in Zr, Y, Sr, and Rb across the
Duncan Lake intrusion

Variation in Zr, Y, Sr, and Rb across the
Beaton Bay intrusion

Variation in 2r, Y, Sr, and Rb across the
Milner Lake intrusion

Variation in Zr, Y, Sr, and Rb across the
Miller Lake intrusion

(a, b, c) Quantitative modelling of the Portage
Bay intrusion

(a, b, ¢) Quantitative modelling of the
Bonanza Lake intrusion

(a, b, c) Quantitative modelling of the Cross
Lake intrusion

Gowganda area Nipissing intrusion lithologies
plotted on a Y versus Zr plot

(a, b, c, d, e) Model for the emplacement and
crystallization of the Gowganda area Nipissing
magmas

Chondrite-normalized Rare Earth Element (REE)
plot of the lithologies comprising the Portage
Bay intrusion

Chondrite-normalized spidergram of the lithologies
comprising the Nipissing Suite

Chondrite-normalized spidergram of the lithologies
comprising the Keweenawan Reference Suite

Chondrite-normalized spidergram of pelite
contaminated dolerite sills

(a, b) MORB-normalized spidergram of the
lithologies comprising the Nipissing Suite

MORB-normalized spidergram of primitive basalt
which has undergone crustal contamination

(a, b) MORB-normalized spidergram of Chilean
calc-alkalic and continental calc-alkalic
basalts

Xxi






Figure

Figure

Figure

Figure

Figure

52

53

54

55

56

Nipissing Suite plotted on the Th-Hf-Ta
discrimination plot of Wood (1980)

Nipissing Suite plotted on the Zr-Ti-Y
discrimination plot of Pearce and Cann
(1973)

Chilled Nipissing magmas from the Gowganda,
Cobalt, and Temagami areas plotted on the Zr/Y
versus Zr discrimination plot of Pearce and
Norry (1979)

Chilled Nipissing magmas plotted on the Zr
versus TiO.,, discrimination plot of Pearce
(1980) 2

Cross Lake Nipissing intrusion plotted on the

plagioclase versus olivine discrimination plot
of Beard (1986)

xxiii






XXV

Abstract

‘ " { Gogs « Bmun Mared}, \ Comenge &
P o e, N | o Y ﬁ L‘V
T wen ) ¥ e "
! ‘h- m Ovor % mmpuuq > s‘”'?;. i '-?-\/cvgdnw
'W oref ! ¢ | X e rom |
e rmorio wngun ¢ ™ | Trues e 1Pense
i f ! |

» Lake | |Ben: * REarin Bretmoury
L-m .‘/\:-; (\ Havitany c,,_,.l Micu Brvce ! Lﬁu‘n‘n A Rre 1

; -
- Rosdnouss ™ BN P Ny
 topeei &"M !“\:‘/"-; pat -.% o) .

m\u i -

\ ( aoms (soment LA. ]
i b b P‘wl &2 m‘msuc Y £

i £l
T P"'“"‘ ,Lm_‘...:",l“m T8 | wAILBURY _“;’
T 1“,.. “"é?, MG porne % /}p}&"' < 4 'S
M Tacy AN \

A i~ vl

Ci
i LNt N g
. 3 1\1 ‘w\

Figure 1: Key map showing the location of the study area

The Nipissing Intrusions of the Gowganda area (Figure 1)
are interpreted to be the exposures of one or more three-
dimensional, primary, undulating sheets, consisting of basins,
arches and limbs that connect the basins with the arches. The
lithologic stratigraphy, whole rock major and trace element
distributions, as well as the trends defined by the mineral
chemistry, all correlate well. These trends are related to be
geometry of the intrusion, as was found for the Cobalt and
Sudbury Nipissing Intrusions (Cbnrod 1988, Hriskevich 1968,
Jambor 1971). Cummulate gabbronérite displaying a reverse
differentiation trend is ubiquitous in basinal sections, while
non-cummulate pegmatitic gabbro and granophyric and granitic
differentiates are cbncentrated in the central portions of the
arches and limbs.

A section taken across the Duncan Lake Intrusion indicates

the presence of a reverse, followed by a normal,
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differentiation trend. A section across the Milner Lake and
Beaton Bay Intrusions indicates the presence of a normal
differentiation trend expected of an intrusion cooling equally
from both upper and lower contacts. Four reverse, followed by
normal, differentiation trends were observed across the Miller
Lake Intrusion. The repetition of these trends or "cycles" is
anomalous and was not observed in previous studies of the
Cobalt and Sudbury area intrusions (Hriskevich 1968, Conrod
1988). Cycles were described by Finn (1984) for the platinum-
bearing Wanapitei Nipissing Intrusion located in the Sudbury
area.

Although the source of the Nipissing magmas is unknown,
the low Mg-number of the chill margins and the presence of
partially resorbed olivine fractionation occurred prior to
emplacement. The high Th/Yb ratio relative to Ta/Yb ratio of
the Temagami, Cobalt and Sudbury chilled rocks indicate that
the magma was most likely contaminated prior to emplacement.
Limited contamination of the magma with partially melted
country rock is expected to occur after emplacement.

‘A model involving the tapping of a progressively more
primitive magma from an auxillary magma chamber beneath the
unconformity, limited mixing with partial melts derived from
the country rock, fractionation Qnd slumping of a crystal mush
from the floors of the arches into the basins, and finally the
emplacement of a more fractionated magma which had a longer
residence time in the auxillary chamber can best explain the
cyclic natﬁre of some of the basins as well as the lithologic

distribution throughout the sheet. An updip migration of

bouyant volatile material generated by filter pressing in the
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cummulate pile within the basins is believed to have formed the
varied textured gabbros above the gabbroncrite in the basins
and in the interiors of the limbs and arches.

Relative to rift-related continental flood basalt
volcanism such as the Keweenawan basalts, the Nipissing suite,
(including the chilled magma), is enriched in the large ion
lithophile elements. Chondrite-normalized and M.O.R.B. -
normalized spidergrams of the Nipissing suite show profiles
very similar to calc-alkalic collision-type magmas. On a
number of trace element and mineral chemistry tectonic setting
discrimination diagrams, the Nipissing suite always plots
within the calc-alkalic destructive plate margin setting. If
the discrimination diagrams adequately distinguish tectonic
setting, then the Nipissing suite provides a window into
subvolcanic magmatic process at destructive plate margins.

A preliminary U-Pb age determined on zircon separates from
the Bonanza Lake Nipissing Intrusion located in the Sudbury
area, gives a minimum age of emplacement at 2210-2214 Ma ago.
This age is very similar to the U-Pb age of 2219 z 4 Ma
determined by Corfu and Andrews (1986) for the Miller Lake

Intrusion in the Gowganda area.
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INTRODUCTION
General Geology

The Nipissing Intrusions of northern Ontario comprise a
suite of predominantly tholeiitic rocks with calc-alkalic
affinities, ranging from chilled basaltic magma through
gabbronorite, gabbro, pegmatitic gabbro, quartz diabase, and
associated differentiated phases of granodiorite and granite.
They extend from the\Cobalt-Gpwganda area to Sault Ste. Marie.
The intrusions, ranging in thickness from a few hundred metres
to over a thousand metres, outcrop at the present erosional
level as solid mafic bodies, open ring structures, and long
linear intrusions, which have been interpreted in the past to
be the surface expression of cone sheets, ring dikes, dikes,
and sills, but predominantly, primary, undulating sheets
(Figure 1) (Card and Pattison 1973). The intrusions have
generally been intruded along the Archean-Proterozoic
unconformity or intruded into the overlying Huronian
Supergroup.

A number of Rb/Sr and K/Ar age dates have been determined
for the Nipissing Intrusions, (van Schmus 1965), (Fairbairn et
al. 1969), (Lowdon et al. 1963); however, a very precise U-Pb
age determination on baddeleyite on a Nipissing Intrusion in
the Gowganda area, of 2219 = 3.6 Ma has recently been published
(Corfu and Andrews 1986).

The Nipissing intrusions in the Cobalt-Gowganda area are
relatively undeformed and unmetamorphosed, whereas Nipissing
intrusions in the Sudbury - Blind River area have undergone
some deformation and regional metamorphism probably related to

the Early Proterozoic Penokean Orogeny, ca. 1850 to 1900 Ma



(Card 1978). Buchan and Card (1985), suggest that the close

spatial association between the Nipissing Intrusions and the

Huronian metasedimentary rocks indicates a genetic

relationship; whereby the major faults which created the basins —
for the deposition of the Huronian sediments later served as
pathways for the mantle-derived mafic magas.

The Nipissing Intrusions have a distinct lithologic
stratigraphy which is related to the geometry of the intrusion
(Conrod 1988, Hriskevich 1968, Jambor 1971). The sheets can be
described in term of a series of basins and arches with limbs
connecting the basins and arches. The near-horizontal basinal -
portions of the undulating sheets are characterized by the
presence of a basal and capping quartz diabase unit, a basal to
central gabbronorite unit and an overlying variably-textured
gabbro containing pegmatitic gabbro pods up to 3 metres in
size, set within a finer grained gabbro to quartz diabase -
matrix. Differentiated phases of granodiorite and granite may
occur near the roof. The steeply dipping limbs of the sheets
are characterized by the presence of a border quartz diabase,
near-border gabbro, and abundant pegmatitic gabbro,
granodiorite and granitic differentiates, located in the
central portion of the intrusion.

Chemically the intrusions ;re predominantly tholeiitic but
they also show calc-alkalic affinities, which are interpreted
by the author to be the result of: (1) a pre-emplacement
enrichment of the large ion lithophile elements (LILEs) due to
contamination and olivine fractionation and (2) simultaneous
assimilation of the country rock and fractional crystallization

after emplacement, (Lightfoot et al. 1987, and Conrod 1988).



A close spatial association between mineralization and the
Nipissing Intrusions has long been recognized. Card and
Pattison (1973) recognized that the associated mineralization
varies in both type and style across the Nipissing Province;
from predominantly Ag, Co and Ni as native metals, arsenides
and sulfarsenides within quartz-carbonate veins in the eastern
sector of the province; to Cu-Ni sulfides which occur as fine
disseminations or as massive pods within the intrusions in the
central sector; and finally to Cu-sulfides which occur as fine
disseminations or in quartz carbonate veins in the western
sector (Figure 2). According to Jambor (1971), mineralization
within the Cobalt area occurs both within the Nipissing
Intrusions and the country rock -~ (both Archean metavolcanic
and Huronian metasedimentary rocks); but always within 213 m of
the intrusion - country rock contact.

Recent paleomagnetic data (Buchan and Card 1985) suggests
that the Nipissing Intrusive Suite carries one of two distinct
directions of remnant magnetism and their relative age is
however controversial. If the two directions are in fact
primary, then these directions imply two distinct ages of
emplacement of which only one has been dated by U-Pb methods

(Corfu and Andrews 1986).

Previous Geological Work

Previous work on the Nipissing Intrusions within the
Gowganda area is extensive and varied and too numerous to be
mentioned here. Some of the more recent work includes: fairly
recent mapping projects at a scale of 1:15 860 (McIlwaine 1978,

Carter 1983); age determinations (Corfu and Andrews 1986,



Fairbairn et al. 1969); paleomagnetic work (Buchan and Card

1985); chemical and petrological studies in the Gowganda and

Cobalt areas (Hriskevich 1968, Jambor 1971, Conrod 1988,

Lightfoot et al. 1987), studies of the ores associated with the —
intrusions (Petruk 1971) and extensive small scale detailed

mapping and assay work undertaken by the various mining and
exploration companies in the area (Ontario Geological Survey,

Assessment Files Research Office, Toronto).

Objective of the Present Study and Approach
The objective of the present project was to study the
Nipissing Intrusions within the Gowganda area petrologically
and chémically in an attempt to obtain a better understanding
of which intrusions, or portioné of intrusions, host the native
silver and cobalt and nickel arsenide mineralization for which
the area is famous. -
The approach taken to meet the objective was to map and
sample in detail one transect across the surface of each of
four intrusions within the areé. Two of the transects were
across intrusions containing mineralization of economic
significance and the other two were from intrusions containing
no known economic deposits. Further, comparison of the
Gowganda area intrusions with th; Nipissing Intrusions of the
Cobalt and Sudbury areas may aid in understanding the variation
in type and style of mineralization associated with the
intrusions across the Southern Province. A U-Pb age
determination on zircon separates from the Bonanza Lake
Nipissing Intrusion, within the Sudbury area, was undertaken by

the author; and when compared to the U-Pb age determination



reported for the Gowganda area intrusions (Corfu and Andrews
1986), should aid in deciding whether the variation in type and

style of mineralization across the Nipissing is age related.
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Means of Access

The four intrusions chosen for this study and the location
of the transects across each are shown in Figure 3. All are
within the vicinity of the Town of Gowganda. The four
intrusions are informally named by the author as the Duncan
Lake Intrusion, Beaton Bay Intrusion, Milner Lake Intrusion and
Miller Lake Intrusion. ‘

The Castle Mine (number 3 shaft) is located four
kilometres northeast of the village of Gowganda and immediately
west of LeHeup Lake. The site is accessible by a dirt road
leading no?th from Highway 560 which connects Gowganda to Elk

Lake.



The Mann Mine site can be reached via a dirt road leading
south from Highway 560, located 4.9 kilometres west of
Gowganda.

The sample collection sites for the Duncan Lake and Beaton
Bay Intrusions can be reached by boat. A boat launch onto the
MontreallRiver from Highway 560 is located 16.2 kilometres west -
of Gowganda. There are many boat launch points on Gowganda

Lake from which the Beaton Bay Intrusion can be reached.

GEOLOGY OF THE GOWGANDA AREA NIPISSING INTRUSIONS
Within the Gowganda area, Nipissing Intrusions have —
penetrated Archean trondhjemite, intruded along the Archean-
Proterozoic unconformity and cut Huronian Supergroup
metasedimentary rocks. Emplacement of the magmas within the
area, has been dated at 2116 = 541 . (Fairbairn et al. 1969),
on the basis of whole rock Rb/Sr methods. They have also been ~
dated at 2,219 + 3.6 Ma (Corfu and Andrews 1986), based on a U-
Pb determination on baddeleyite separates. Northerly striking
faults have, to some degree, controlled the emplacement of the
intrusions. MclIlwaine (1978) has interpreted the dominant
northerly trending orientation of many of the Nipissing
intrusions to be a result of this fault influenced emplacement.
Local movement along such faults‘is believed to have continued
after emplacement. The intrusions in the Gowganda area are cut
by a number of later faults and quartz diabase dikes reported
to be 1,230 Ma (Fahrig and Wanless 1963) - a K/Ar biotite age.

The diabase dikes, however, have also been reported to be 2,180

1Rb-Sr ages in the report are corrected to the 1.42 X 10-10 gde?
constant



+ 125 Ma (Gates and Hurley 1973) - a whole rock Rb/Sr
determination. The disagreement in age may be the result of a
resetting of the Ar clock during the Grenville Orogeny, or the
presence of two distinct ages of dikes. The Nipissing
Intrusions are also cut by northwesterly trending olivine
diabase dikes. The olivine diabase dikes in the area are very
similar petrologically to the northwesterly trending olivine
diabase dikes cutting the Nipissing Intrusions within the
Sudbury area, with K-Ar ages of 950 to 75 Ma, (Wanless et al}
1966).

The form of the intrusions, (irregularly shaped, solid
bodies, open ring structures and dikes), are believed to be
primary, and are not significantly modified by later folding
and faulting.

The Nipissing Intrusions in the Gowganda area are the main
host for the native silver and cobalt - nickel-arsenide

deposits in the area.

Geology and Geological Setting of the Four Intrusions Under
Consideration
Duncan Lake Intrusion

The Duncan Lake Intrusion is a long, gently-curving
concave eastward body extending from the western edge of Leith
Township to the eastern edge of Raymond Township. The
intrusion dips concordantly with the Huronian Supergroup
metasedimentary host rocks, approximately 25° to the east

(Carter 1983).



Samples were collected along the shoreline as shown in
Figure 4, and projected onto a plane perpendicular to the
intrusion - host rock contact plane.

A lithologic transect across the present erosion surface
is shown in Figure 5. The lithologic section which takes into

account the dip of the intrusion is shown in Figure 6.

Beaton Bay Intrusion

The Beaton Bay Intrusion is a MNW - SSE trending linear
intrusion located between Milner Bay and Gowganda Lake (Figure
3). Samples were collected along the traverse shown in Figure —
7. Sample location was determined by pace and compass method
and the use of 1:20 000 air photographs of flightlines flown in
1986.

The northeasterly dipping intrusion has penetrated the
Huronian Supergroup metasedimentary rocks. The lithologic _
transect across the surface is shown in Figure 8. Assuming
that the pods of granophyric and pegmatitic gabbro represent
the upper contact of the intrusion, a reconstructed section was
drawn (Figure 9), and samples collected along the surface were
projected onto a plane oriented perpendicular to the contacts,
to produce a true section (Figure 10). Diamond drilling
carried out by Chimo Limited on fhe Northcliff Prospect, north
of the sampling transect, indicates that the intrusion must dip
less than 33 degrees to the east in that location (Figure 11).
Diamond drilling carried out on a claim, held by D. Sutherland
in 1969, located approximately 355 metres south of the sampling
transect, indicates the presence of a contact breccia zone

dipping approximately 22 degrees to the east in this location



(Figure 7). The author feels that a dip of approximately 20°
in the location of the transect, correlates well with the
lithologic distribution obéerved along the surface transect.
This shallow dip to the east differs from the dip determination
of Burrows (1922), who claimed that the intrusion-country rock
contact along Milner Bay dipped steeply to the west (60°).
This discrepency may be the result of local “folls“ in the
intrusion surface; however, the presence of pegmatitic gabbro
and pink graonphyre along the shoreline of Beaton Bay, and the
diamond drilling of both Chimo Limited and on the Sutherland
Property indicate to the author that the true dip is shallowly
to the east.

Based on the reconstructed section shown in Figure 9, the
Beaton Bay Intrusion is a 213 m thick intrusion consisting
predominantly of quartz-rich gabbro and granophyric

differentiated phases.

Milner Lake Intrusion at.the Mann Mine Site

The Mann Mine transect is located across the eastern limb
of a'basin defined by an undulating Nipissing sheet (Figure 3).
The intrusion has penetrated the Cobalt Group metasedimentary
rocks belonging to the Huronian Supergroup. The intrusion dips
45° to the west at the Mann Miné site (Cunningham 1985).

Samples were collected across the "Mann Ridge" in an east
to west direction (Figure 12). Sample location was determined
using the pace and compass method aided with 1986 air
photographs at a scale of 1:20 000. Figure 13 illustrates the
section across the intrusion. Underground diamond drilling at

the site (Figures 14a and 14b) (McIlwaine 1978) confirms the
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dip of 45° and suggests a true thickness of approximately 213
m. Using the data collected in this study as well as the
information provided by the drilling, a reconstruction of the
Mann Ridge section was produced (Figure 15). Figure 14
indicates that the projection of the basal contact onto the
surface plots 168 metres west of the Mann Fault. This
correlates well with the observed lithologies in the area,
although the chill margin is not exposed on the surface.

Three prominent north trending faults have been reported
in the intrusion at the Mine: the Hangingstone Fault, the Mann
Fault and the 89 Fault (Cunningham 1985). The direction of
movement on the 89 Fault is suggested to be east side down
(Cunningham 1985), however, the amount of displacement was not
determined. The direction and amount of movement on the Mann
and Hangingstone Faults either have not been determined or
reported at this time.

The relationship of samples 87-DMC-0100, 101, 102, 103 and
104, on the cross-section (Figure 15), to the rest of the
intrusion is uncertain and they have not been used in the
construction of the stratigraphic sections or subsequent
chemical studies. Figure 16 shows the true lithologic

variation through the intrusion.

Miller Lake Intrusion at the Castle Mine Site

The Castle Mine is located on the northwest limb of a
basinal structure within the undulating Nipissing sheet (Figure
3). At this location the Nipissing Intrusion has intruded the

Archean metavolcanic and the Huronian Supergroup



11

metasedimentary rocks. At the mine site both upper and lower
bordering host rocks are Archean metavolcanics.

The surface plan and section of the workings are shown in
Figure 17. As samples could not be obtained directly down the
number three shaft, samples were collected at 15.2 metre
intervals along a NNW-SSE trending drift on the sixth level,
145 metres below the surface and along a NW-SE trending drift
on the tenth level, 236 meters below the surface (Figure 18a
and 18b). When these sample sites are projected onto a plane
perpendicular to the intrusion-host rock contact plane, and the
dip of the intrusion (26°) is accounted for, a lithologic
section through the 274 m thick intrusion was obtained with a

sampling interval of 6.4 m (Figures 19a and 19b).

ECONOMIC GEOLOGY OF THE MILNER LAKE MILLER LAKE, BEATON BAY,
AND DUNCAN LAKE NIPISSING INTRUSIONS
Introduction

The Gowganda region, from which 60,000,000 ounces of
silver has been produced, is located within the Temiskaming
silver area (Cunningham 1985). Ninety-five percent of the
silver produced within the region was obtained from the basins
within the Nipissing Sheet, predominantly the Miller Lake Basin

(Cunningham 1985).

Mann Mine (Milner Lake Intrusion)

Silver was first discovered at the Mann Mine site in 1908,
in a 13 cﬁ thick quartz-calcite vein trending approximately
east to west, (McIlwaine 1978). From 1908 to 1984, 323,384

ounces of silver were produced from the Mann Mine (Cunningham
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1985). Table 1 lists the production record for the mine. The
high grade ore is predominantly native siiver and smaltite in
calcite. Gold may also be present (McIlwaine i978).

Two major vein systems have been reported in the intrusion
at the mine site: 1) an east-trending system perpendicular to
the intrﬁsion contacts and 2) a north-trending system parallel
to the intrusion contacts, both of which are productive. The
east-trending veins tend to be more productive than the north-
trending veins.

According to Thompson (1968), the best silver deposits
occurred near the central part of the intrusion within the
quartz carbonate veins. Figure 12b, indicates however, that
extensive workings are found in both the upper and central
parts of the intrusion. According to Cunningham (1985), the
intersection of veins adjacent to low angle faulting control to
localization of the ore shoots. This geological feature has
also been recognized in the Castle and Sisco Mines located on

the rims of the Miller Lake Basin.

Castle Mine (Miller Lake Intrusion)

Ninety-five percent of the silver produced from the
Gowganda area deposits have come from veins within the Miller
Lake basin, (Drake 1976). The o?e, which is predominantly
silver and cobalt-iron-nickel arsenides, occurs as a variety of
minerals, as listed in Table 2 (Drake 1976), in quartz-
carbonate veins and in adjacent fractures. Along with these
minerals, Burrows (1922) reported the presence of chalcopyrite
and specularite in parts of veins. Generally the veins are

steeply dipping (60° to 90°), although falt-lying veins have
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also been reported. Mineralization that is found in faults is
always in close proximity to the intersection of a fault with a
well mineralized vein (Drake 1976).

Generally the ore is almost always found within the upper
half of the Nipissing Intrusion, however small ore shoots have
also been found in all pre-Nipissing lithologies located
adjacent to the intrusion. Mineralization was found within the
lower half of the intrusion at the Everett Mine and along the
basal contact at the Lower Bonsall Mine both of which are
located on the western limb of the Miller Lake Basin, (Figure
3).

Native silver in leaf form or in a dendritic habit is
surrounded by cobalt-iron arsenides. 1In some of the best
mineralized section of the veins the calcite is pink in colour
(Drake 1976). The leaf silver occurs in calcite veins, in
joints within the wall rock close to the veins, rarely in fault
planes of the intrusion, and rarely in the quartz bearing
sections of the veins (Drake 1976).

The average ore grade recovered from the mine site was
between "20 and 40 ounces of silver per ton" (Drake 1976).
Silver production from the mine betwgen the years 1920 and 1931
totalled 6,461,021 ounces (Drake 1976) (Table 3). Work did not
begin again until 1970. Betweeﬁ 1970 and 1979 there was no
production from the mine. From 1979 to the present between 2.8
and 2.9 million ounces of silver were produced (personal
communication, M. Hackett Geologist, Aginco Eagle Mines,
Cobalt, Ontario) (Table 3). From 1979 to the present the

cobalt was left in the concentrate and not recovered.
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Beaton Bay Intrusion

Minor mineralization (McIlwaine 1978) was reported from
diamond drilling at a site on the southern part of Beaton Bay
(Figure 7). The mineralization, determined in this study
consists of galena and chalcopyrite in strained quartz and as
reported by McIlwaine (1978) is of sub-economic grade. For a
description of the occurrences elsewhere in this intrusion, the
reader is referred to the assessment work data section in

McIlwaine'’s report (1978).

Duncan Lake Intrusion

Although a number of thick (up to 30 cm wide), quartz
veins were observed near both upper and lower contacts of the
Duncan Lake Intrusion, mineralization of economic interest has
not been reported in the location of sample collection.
Descriptions of occurrences elsewhere in this intrusion are
documented by Carter (1983). These occurrences consist

predominantly of chalcopyrite, erythrite, silver, and hematite.

Lithologies of the Nipissing Intrusions within the Gowganda
Area
Introduction

The Nipissing Intrusions of the Gowganda area are composed
of several lithologies. All lithologies may not be present in
every intrusion, or in every part of a given intrusion. A
relationship between the lithologic stratigraphy and the
intrusion geometry exists within the Gowganda Nipissing
Intrusions; as was found in previous studies of the Sudbury and

Cobalt area intrusions (Conrod 1988, Hriskevich 1968, Jambor
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1971). Basinal portions of undulating sheets typically, but
not always contain a capping and basal border quartz diabase, a
central, thick gabbronorite that is typically overlain by
variably textured gabbro. The varied texture gabbro contains
pegmatitic gabbro pods within a finer-grained gabbro matrix.
The limbs of the sheet, which connect the arches with the
basins, typically contain a border quartz diabase and a central
zone of pegmatitic gabbro and granophyric differentiates. The
arch areas are characterized by an abundance of very quartz-
rich gabbros, varied texture gabbro containing the pegmatitic
phase and granitic and granophyric phases located predominantly
near the roof.

The following lithologies were observed in this study of
the Gowganda intrusions: chilled magma, quartz diabase,
gabbro, gabbronori;e, pegmatitic gabbro and the pink

granophyre. Transitional phases ﬁere also observed.

Chilled Mafic Phase

The chilled phase of the Nipissing suite was observed in
all four intrusions studied. It occurs as a very fine-grained
flinty, massive black rock immediately adjacent to the
intrusion - country rock contact. 1In all intrusions, this
.chilled phase grades into a fine.grained quartz diabase within
25 cm of the contact. No plagioclase or olivine phenocrysts

are recognizable in hand sample.

Border Quartz Diabase
Border quartz diabase, in hand sample is dark green in

colour and contains distinct grey quartz crystals. It
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generally, but not in all places, occurs along both capping and

basal borders throughout most parts of an intrusion. This

lithology is uniformly textured, generally equigranular, and is

fine to medium grained. The diabasic texture is not easily _
recognized in hand sample because of the fine grain size and

extensive alteration. The overall colour of this lithology is

pale green - a reflection of saussuritization of the

plagioclase and the alteration of the clinopyroxene to uralite

and chlorite.

Gabbro -
The gabbro phase of the Nipissing Intrusive suite occurs

as a fine-to medium-grained, equigranular, and generally

uniformly textured rock. This lithology is coarser grained,

less altered, and contains less quartz in comparison to the

quartz diabase. Plagioclase and pyroxene are easily recognized -

in hand sample. A transitional phase from quartz diabase to

the gabbro is recognized by the loss of quartz, the lesser

amounts of alteration products, and the loss of the ophitic

texture between the plagioclase and clinopyroxen.

Pegmatitic Gabbro

Pegmatitic gabbro was found.to comprise part of the varied
texture gabbro within the Gowganda area intrusions, where it
occurs as distinct pods or schlieren containing both sharp and
diffuse boundaries with the enclosing gabbro or quartz diabase
(Photo 1). This phase consists predominantly of very coarse-
grained plagioclase and uralitized clinopyroxene, and therefore

weathers to a very rough and irregular surface. The pegmatite
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is never chilled against its quartz diabase matrix. The
plagioclase within the pegmatite is usually white in hand
sample but may also be greenish due to the alteration to
saussurite or may be pinkish due to hematitic dusting of the

crystals.

Gabbronorite

Gabbronorite was found to occupy the basal to central
portion of the Duncan Lake Intrusion, and the capping and basal
border zones, as well as the central portion of the Miller Lake
Basin. In hand sample, this lithology is medium grained,
equigranular, uniformly textured, and rather massive. It can
easily be recognized by the presence of brown phenocrystic
hypersthene along with dark green to black augite and white
plagioclase (Photo 2). It is generally the least altered
lithology of the Nipissing Intrusive Suite and therefore,
relative to the gabbro and quartz diabase, has an overall

lighter colour.

Granophyric¢c and Granodioritic Differentiates

The granophyre of the Gowganda area is locally known as
"red rock". In hand sample the most distinctive features of
this lithology are: the bright ﬁink colour of the feldspar,
the common clotty arrangement of the feldspar crystals (Photo
3), and the common occurrence of wvugs (Photo 4).

The granophyre occurs in close spatial association with
the varied textured gabbro as irregularly shaped patches

ranging from less than a metre to several metres in size.
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Altered clinopyroxene and hornblende are the main mafic
minerals and are greenish-black in colour. Calcite may also
occur as irregularly shaped crystals upto 2 mm in size.

Cobaltinitrite staining of the samples collected in this
study a test sensitive to the presence of the K+ cation (Nold
and Erickson 1967), indicated that most of the pink feldspar
was hematized plagioclase, not potassium feldspar.
Hematization of the feldspar probably occurred during late
stage hydrothermal alteration.

Although much of this lithology is medium grained, a
finer-grained, more felsic phase was observed within the
central part of the Beaton Bay Intrusion (Photo 5). This
finer-grained rock is a deep red-brown in colour and contains
fewer mafic minerals relative to the typical medium-grained
granophyre. White plagioclase crystals, generally. 2 mm in
length, are set in a deep red-brown matrix. Quartz occurs as
greyish crystals up to 2 mm in size, and locally the rock is
vuggy. Staining shows that much of the matrix is potassium

feldspar.

Altered Gabbro *

In hand sample the altered hornblende gabbro which occurs
within the Miller Lake Basin is Eecognized by the presence of
pale green rectangular shaped phenocrysts, up to 4 mm X 3 mm in
size, set in a medium-to fine-grained dark grey matrix. The
pale green phenocrysts are pyroxenes which have undergone
alteration to actinolite-tremolite which is discussed in the

petrology section.
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Lithologic Variation Across the Miller Lake Intrusion at the
Castle Mine Site

Samples collected along drifts on the 6th and 10th levels
of the Castle Mine number 3 shaft were projected onto planes
oriented perpendicular to the intrusion-country rock contacts,
to produce the lithologic section shown in Figure 19a, b. The
dip of the 274 metre thick intrusion was determined from
diamond drilling at the site, to be 26° to the southeast.

The intrusion is characterized by a basal and capping
chilled phase, a very thin border quartz diabase transitional
to gabbronorite, and a central core of gabbronorite that can be
subdivided into four zones separated by rock typically found
near intrusion - country rock border zones: (quartz diabase
and gabbronorite - quartz diabase transition rocks). The
interface rocks typically contain little to no orthopyroxene,
but contain significant amounts of pigeonite and inverted
pigeonite. The absence of well developed border quartz
diabases is somewhat anomalous in the Miller Lake Intrusion,
however, the gabbronorite of the Bonanza Lake Intrusion,
located south of Lake Wanapitei and east of Sudbury, contains
only a very thin to absent, basal quartz diabase, which rapidly
gives way to gabbronorite. No differentiated phases of
granite, granophyre, granodiorité or pegmatite were observed at

the mine site.

Lithologic Variation Across the Duncan Lake Intrusion
A lithologic section through the Duncan Lake Intrusion was
constructed by projecting samples collected along the

lakeshore, shown in Figure 4, onto a plane oriented
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perpendicular to the intrusion - country rock contacts and
taking into account the dip of the intrusion. The section
(Figure 6) assumes a dip of 35° to the east, conformable with
the dip of the Huronian Supergroup metasedimentary rocks.

The 274 metre thick intrusion is characterized by a
capping and basal fine-grained border quartz diabase, a basal
near border medium-grained gabbro - gabbronorite transition
phase, and a thick central medium grained gabbronorite which is
overlain by variable texture gabbro containing pods of
pegmatitic gabbro. In hand sample phenocrystic hypersthene of
the gabbronorite is not easily distinguished from

clinopyroxene.

Lithologic Variation across the Beaton Bay Intrusion

The distribution of lithologies throughout the Beaton Bay
Intrusion was determined from the cross-section shown in Figure
9. This section (Figure 10) assumed a dip of approximately 20°
to the east.

The 221 metre thick intrusion is characterized by a basal
chill zone, a thick central zone of quartz-rich gabbro,
pegmatitic gabbro and granophyre, and an upper near-roof zone

consisting of pegmatitic gabbro and granophyric differentiates.

Lithologic Variation across the Milner Lake Intrusion at the
Mann Mine Site

The distribution of lithologies throughout the Milner Lake
Intrusion Qas determined from the section reconstruction shown

in Figure 15. An average dip of 45 degrees to the west was
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determined for the intrusion, from diamond drilling by Manridge
Explorations in 1967 at the mine site (Figure 14a, Db).

The 213.m thick intrusion consists of a thin capping and
basal border chill phase, a thin border quartz diabase, and
central zone of quartz rich gabbro, varied texture gabbro and
minor grénodiorite. Aplitic dikes 1-3 cm wide occur near the
top of the intrusion, (Figure 16). At the upper contact a near
vertical, approximately 25 cm wide carbonate vein containing

chalcopyrite and cobalt arsenides occurs.

Lithologic Distribution and Geometry

The lithologic distribution across a typical Nipissing
Intrusion depends on'the part of the undulating sheet being
examined. If the four transects considered in this study were
placed on a hypothetical undnlating sheet, then the transects
would represent; (1) a section through the basin, (2) two
sections through the limbs which connect the arches to the

basins and (3) a section through an arch as shown in Figure 20.

PETROLOGY OF THE GOWGANDA AREA NIPISSING LITHOLOGIES
Chilled Phase

Chilled phases of most Nipissing Intrusions within the
Gowganda area grade into the bor&ering quartz diabase less than
50 cm from the country rock contact. The changes in texture
and grain size across this transition can be observed by
examining the following sequence of samples in Table 4.

The chilled phase is characterized by the presence of
quenched pyroxene and plagioclase crystals arranged in

radiating fan-like clusters (Photo 6). Intergranular pyroxene
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and magnetite are present between the radiating sheaths of
these fans. All completely chilled samples observed in this
study contained glomeroporphyritic plagioclase, occurring as
crystals up to 0.6 mm X 0.1 mm in size, and in clusters up to
0.55 m in size (Photo 7). Intratelluric, partially resorbed,
olivine phenocrysts, completely pseudomorphed by antigorite and
talc (Photo 8) may be present in the chilled phases but clearly
account for less than one volume percent. Hollow and forked-
tailed crystals of plagioclase are generally not observed in
these chilled samples.

An increase in grain size, quartz content, and diabasic
texture; and a decrease in the quench texture, marks the
transition from the chilled phase to the border quartz diabase.

Alteration within the chill involves the sericitization of
plagioclase and the uralitization and chloritization of the

pyYroxene.

Bordering Quartz Diabase

The bordering quartz diabase typically contains
plagioclase and pyroxene in a diabasic texture. The presence
of independent interstitial quartz crystals and quartz in
eutectoid, granophyric, intergrowth with feldspar along with
significant amounts of inverted bigeonite, often molded onto
augite, (Photo 9), is typical of this lithology in thin
section. The inverted pigeonite is easily identified by the
extensive exsolution of clinopyroxene as thin plates parallel
to (101) of the orthorhombic crystal structure, (which is (001)
of the original monoclinic crystal), and parallel to (100) of

the orthorhombic crystal. Exsolution lamellae occurring
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parallel to (001) of the clinopyroxene crystal produces a
herringbone texture with the (100) twin plane (Photo 10). The
molding of inverted pigeonite onto augite and augite onto
inverted pigeonite indicates that pigeonite and augite
crystallized from the melt simultaneously, however the
predominance of inverted pigeonite molded onto augite indicates
that the crystallization of augite slightly preceeded the
pigeonite but continued after the pigeonite crystallized.

Although varied in size, the clinopyroxene of this
lithology averages 0.44 mm X 1.65 mm. Plagioclase averaging
0.15 mm X 0.44 mm in size, is intergrown with pyroxene to form
the diabasic texture. Intratelluric olivine generally is most
abundant in this lithology occurring as phencrystic completely
altered and rounded crystals averaging 0.7 mm X 1.0 mm in size.
These commonly partially resorbed crystals in places are
surrounded by inverted pigeonite (Photo 11).

A relatively thin transition zone between the border
quartz diabase and the interior gabbronorite is charaacterized
by a decrease in the amount of inverted pigeonite and an
incréase in the amount of hypersthene.

The border quartz diabase of Nipissing Intrusions in the
Gowganda area and elsewhere is typically one of the most
altered lithologies of the suite. Alteration includes
uralitization and chloritization of the pyroxenes,
sericitization and saussuritization of the feldspars, the
alteration of magnetite - ilmenite to leucoxene, and
phenocrystic olivine to antigorite and talec.

While most intrusions and parts of intrusions contain the

bordering quartz diabase this zone is absent, to only very
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weakly developed in the Castle Mine area of the Miller Lake
Intrusion. 1In contrast to most Nipissing Intrusions, the
Miller Lake Intrusion contains a capping and basal hypersthene
to bronzite-bearing gabbronorite. Similarly, the eastern end —
of the basal quartz diabase in the Bonanza Lake Intrusion
located on the south shore of Lake Wanapitei in the Sudbury
area, is missing.

The capping quartz diabase of both the Beaton Bay and
Milner lake Intrusions contains pods of pegmatitic gabbro and

granophyre.

Gabbronorite

Gabbronorite is generally restricted to the basal and
central portions of basins in undulating Nipissing sheets. 1In
contrast, however, the Miller Lake Intrusion at.the Castle Mine
site contains a 73 metre thick basal gabbronorite, a 73 metre -
thick capping gabbronorite and two central gabbronorite zones,
each approximately 63 metre thick. The transition from border
zone quartz diabase to the central gabbronorite is observed by
the change from a diabasic texture to a gabbroic texture, the
loss of quartz, the loss of inverted pigeonite, and the
presence of phenocrystic orthopyroxene. The orthopyroxene, the
most distinctive feature of this‘lithology, undergoes
continuous changes across a given zone. Early orthopyroxene,
(that is those crystals found in close spatial relation to the
bordering quartz diabase), show the most extensive
clinopyroxene exsolution. These crystals are generally
irreqularly shaped and partially enclose plagioclase and less

commonly clinopyroxene in their crystal rims. They
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characteristically show exsolution of clinopyroxene as thin
plates along two crystallographic directions: along (100) and
(101), as well as irregularly shaped blebs generally occurring
in the crystal rims or as patches throughout the hypersthene
crystal (Photos 12 and 13). 1In some crystals the remnant
herringbone exsolution texture of the monoclinic inverted
pigeonite is retained in the orthohombic hypersthene (Photo
14). Toward the interior portion of a given gabbronorite zone,
the orthopyroxene becomes rounded to subhedral in shape and
shows higher birefringent rims. Areas in the section
containing the most abundant orthopyroxene, contain the most
euhedral and most exsolution-free cummulus orthopyroxene
(Photos 15 and 16).

Augite is the predominant clinopyroxene within the
gabbronorite averaging 1.3 mm X 0.44 mm. Occasionally long,
curved, phenocrystic, augite occurs up to 3.3 mm X 0.33 mm
(Photo 17). Plagioclase, averaging 0.33 mm X 1.5 mm, shows
selective alteration of the cores in zoned crystals. Olivine
is, for the most part, absent from the interior gabbronorite in
the Gowganda area, however, a few altered phenocrysts were
observed surrounded by orthopyroxene or inverted pigeonite,
generally near the outer edges of both basal and capping border
gabbronorite zones of the Miller‘Lake Intrusion.

The gabbronorite zones are less altered than other
lithologies within the Nipissing Intrusions. Alteration
commonly occurs in distinct zones within the gabbronorite.
Within an alteration zone hypersthene and bronzite typically
alter to actinolite and tremolite intergrowths, while the

augite alters to uralite and the plagioclase alters to sericite
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and saussurite. It is interesting to note that a zone of
alteration occurs approximately 100 metres above the basal
éontact of the Miller Lake Intrusion and also occurs about 100
metres above the base of the Cross Lake Intrusion within the

Cobalt Area.

Gabbro

The gabbro of the Nipissing Intrusions is found in close
spatial association with the varied texture gabbro in the
arches and limbs of undulating sheets. This gabbro generally
contains augite as the predominant pyroxene along with very
minor amounts of inverted pigeonite. The texture ranges from
subophitic to gabbroic. 1In subophitic samples augite occurs as
oikocrysts, upto 2 mm X 1 mm in size, partially enclosing
plagioclase. Orthopyroxene is absent from this lithology and
quartz varies from being relatively minor to occurring
extensively as individual crystals or in eutectic intergrowth
with feldspar.

| Plagioclase, augite, very minor inverted pigeonite,

quartz, and magnetite are the main minerals comprising this
lithology. The spatial distribution, variation in quartz
content, and variation in texture, has led the author to
believe that this lithology représents a transition from the
border quartz diabase to the pegmatite gabbro and also
represents the more uniform medium-grained portions of the
variable texture gabbro. Accessory minerals are zircon and

apatite.
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Alteration is extensive in this lithology. Plagioclase is
extensively sericitized, pyroxene is altered to actinolite and

tremolite, and biotite to chlorite.

Pegmatitic Gabbro

Pegﬁatitic gabbro was collected from the top of the Beaton
Bay and Duncan Lake Intrusions and from the central portion of
the Milner Lake Intrusion. 1In all three intrusions the
pegmatite forms part of the varied texture gabbro. Pegmatite
was not observed in the section across the Miller Lake
Intrusion at the Castle Mine site.

The pegmatite consists of uralitized clinopyroxene,
averaging 5 mm X 1.5 mm, seriéitized feldspar (plagioclase and
antiperthite), magnetite-ilmenite, 1.5 mm X 1.5 mm in size, and
abundant eutectic intergrowth of quértz and feldspar. Abundant
accessory minerals, including apatite, zircon and calcite,
occur in close spatial association with the quartz-feldspar
intergrowths. |

The pegmatitic gabbro lacks the diabasic texture of the
border quartz diabase, however, it can be better discribed as
subophitic rather than granitic. Some samples show a weakly
developed hornblende rim on a very altered pyroxene. The
primary or secondary nature of éhis hornblende is difficult to
determine in this case.

Alteration within the pegmatite is extensive. Plagioclase
is completely sericitized and saussuritized. Pyroxene is
altered to uralite and chlorite, and magnetite containing

exsolution plates of ilmenite is altered to leucoxene.
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Secondary biotite may occur in close spatial association to the
chlorite or with the magnetite-ilmenite.

A narrow transition phase Jjoins the pegmatite to the
quartz diabase. Sample 0118 shows the characteristic
irregularly shaped dots of coarser-grained magnetite,

plagioclase and pyroxene within a finer-grained matrix.

Granophyre

The term granophyre has been applied to the pink rock
found near the roof of the intrusions and in the interior of
limbs connecting basins to arches. The pink coloration may be
due to either the presence of potassic feldspar or a process
resulting in hematite dusting of the plagioclase. The results
of staining indicated that only two samples contained potassium
feldspar. The petrologic analyses indicated that the potassium
feldspar occurs predominantly as antiperthite in eutectoid
intergrowth with quartz in this lithology. The antiperthite
does not readily pick up the stain.

The granophyre is composed predominantly of sericitized
feldspar and uralitized pyroxene along with extensive eutectoid
intergrowth of feldspar and quartz (Photo 18). Abundant
accessory minerals including zircon, calcite, titanite and
apatite occurring as needles, of skeletal or resorbed crystals
(Photo 19).

This petrologic study indicated that the finer-grained
granophyre, represented by sample 0096, has considerably more
potassium feldspar and accessory minerals than the medium-
grained version found along the shoreline of Gowganda Lake.

The only mafic phase left in this lithology is chlorite which
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occurs as clusters of flakes, most likely replacing pyroxene.
The feldspar within this fine grained lithology are strongly
zoned.

Pink aplitic dikes observed as 2-3 cm wide dikelets in the
upper portion of the Milner Lake Intrusion were not studied in
this project, however, similar aplite from the Portage Bay
Intrusion 80 km directly to the southeast have been documented

by Hriskevich (1968), Jambor (1971), and Conrod (1988).

Modal Analyses across the Beaton bay, Milner Lake, Duncan Lake,
and Miller Lake Intrusions

The results of the modal analyses (about 750 counts per
thin section) for each of the intrusions are listed in Tables 5
to 8, and are displayed in Figures 21 to 24.

The volume percent of minerals display trends which are
related to the dip of the intrusion and the relative position
from which the transect was taken within the undulating sheet
(basin, limb, or arch).

The samples collected across the Milner Lake Limb, which
dips 45" W, shows an increase in late-stage crystallizing
minerals toward the center of the intrusion. This can be
observed in the variation of abundance of quartz (Figure 21).

A decrease in the clinopyroxene Ebundance accompanies this
variation. The variation in potassium feldspar was difficult
to evaluate due to the extreme alteration of the feldspars and
thus "hidden" amounts of antiperthite which did not apparently
stain.

Variation across the Duncan Lake Intrusion, which dips 35°

E, shows a relative decrease in the abundance of quartz and
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clinopyroxene toward the lower central portion of the
intrusion. A corresponding increase in the abundance of
bronzite accompanies this trend (Figure 22).

The modal analyses of quartz and clinopyroxene display
"mirror-image" trends across the Beaton and a rapid increase in
the late stage crystallizing phases such a quartz toward the
center of the intrusion. The modal analyses of quartz,
plagioclase, clinopyroxene, orthopyroxene and olivine across
the Miller Lake Limb have defined four zones of reverse -
followed - by - normal differentiation trends. These zones
labelled A, B, C, and D are best defined by the variations in
abundance of orthopyroxene. Each zone is an average thickness
of 65 metres and shows a trend of decreasing quarté content and
increasing orthopyroxene content toward the center of the zone.
Olivine is present only near the upper and lower contacts of
the intrusion. Clinopyroxene tracks in an opposite trend to
the orthopyroxene. The fact that the olivine is most abundant
in the near-contact zones, indicates that the olivine is most
likely intratelluric in nature. Comparison of the modal
analyses of selected minerals across these four Gowganda area
intrusions define trends that are related to the geometry of
the intrusion as was found in the previous studies by
Hriskevich (1968), Jambor (1971)‘and Conrod (1988). The cyclic
trends observed in the Miller Lake Intrusion, in this study,
are somewhat anomalous and may be a key factor for why this
particular intrusion is the major silver producer in the

Gowganda area.

Opaque Minerals
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A complete study of the opaque minerals within the
Gowganda area intrusion was not undertaken in this project,
however, the distribution of the opaques, their crystal shapes,
and textures appear to be identical to the opaque minerals
within the Cobalt and Sudbury Nipissing Intrusions. Detailed
studies of the opaque minerals within the Sudbury and Cobalt
areas (Hriskevich 1968, Jambor 1971, and Conrod 1988) led to
the conclusion that the dominant opaque mineral was magnetite
with exsolved lamellae of ilmenite in various stages of
alteration to leucoxene - an alteration product consisting of
finely crystalline rutile or brookite. Very minor amounts of
disseminated pyrite and chalcopyrite are generally present.
The opaque minerals of the Gowganda area intrusions are
expected to be the same as those of the Cobalt and Sudbury

areas.

Alteration within the Nipissing Lithologies

Most lithologies comprising the Nipissing Intrusive Suite
are considerably altered, however, some lithologies are more
suseptible to alteration than others. The border quartz
diabase, pegmatitic gabbro, and granophyric rocks are more
altered than the interior gabbro and gabbronorite. A detailed
study of the alteration was beyoﬁd the scope of this project,
however, the following alteration reactions were observed in
the petrologic study:

plagioclase sericite * chlorite

-’
plagioclase ;,saussurite (epidote + clinozoicite ) =
chlorite £ sericite

olivine ‘pantigorite
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olivine —talc
orthopyroxene _,uralite (fremolite + actinolite) = chlorite
orthopyroxene _jtalc

clinopyroxene uralite (actinolite + tremolite) z chlorite

The following reactions are believed to be applicable to
what is observed in thin sedtion. Although microprobe analyses
of the alteration products or the original minerals were not
undertaken, these reactions are expected to accurately

represent what is observed in thin section.

Plagioc] ! it 1t t
2 CaAl;SiOg + H20 - Caz2(ALOH) Al2Si3012 + HAISiO4
(anorthite) (zoisite) (base of mica)
(Shand, 1950,p.172)
CaAl;Siz0g + KAISi3Og + 2H20 - > 2 SiO2 + KAl
(A1Si3)010(OH)2
(anorthite) (microcline) (muscovite)
| + 2 CaAl3Si3012(OH)

(epidote)

(Mueller and Saxena 1977,p.193)

0livi ! Y i ¢ 1 tal 11 i
3 Mg2S8SiO4 + 4 H20 + SiO 2 Mg3Si205(OH)4
(olivine) (serpentine)
2 Mg3Siz05(OH) 4+ 3CO2 - Mg3Si040109(OH)2 + 3MgCO3 + 3H20
(serpentiﬂe) (talc) (magnesite)
(Deer et al. 1966,#.5)
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ortl to 1 1it 11 ]
3MgSiO3 + 2CaMgSiz0g + H20 & CajMgs5SigO32(OH)2
(enstatite) (diopside) (quartz) (tremolite)

(Deer et al. 1966,p.163)
Cli to 1 1it 1t ¢
5 CaMgSijOs + 3CO2 + H20 - CazMgSigO22(OH)2 + 3CaCo3 + 2Si0j
(diopside) (tremolite) (calcite) (quartz)

(Deer et al. 1966, p.165)
Cli + talc to t 1it 1t T
3CaMgSiz0¢ + Mg3SigO0109(OH)2 + H20 - CazMgsSigO22(OH)2
(clinopyroxene) (tale) (tremolite)

(Mueller and Saxena 1977, p.59)
Actinolit 3 cli isite hlorit 3 loif 1t .
3Caj(Mg,Fe)5Sig022(0OH)2 + 10CO2 + 8H20 + 2Caj3Al3Si3012(OH) —>
(actinolite) (clinozoisite)
3(OH)g(Mg,Fe)sAl3Si3099 + 10CaCO3 + 21SiO3p
(chlorite)

(Deer et al. 1966, p.67)
Qrthopyroxene to talc alteration
3 MgSiO3 + SiO2 + H20 - Mg3Si4g010(OH)2
(orthopyroxene) (talc)

(Mueller and Saxena 1977, p.43)

MINERAL CHEMISTRY

Orthopyroxene Chemsitry Across the Miller Lake and Duncan Lake
Intrusion
To help define differentiation trends across the Miller

dLake Intrusion, the Mg-numbers of 48 crystals from 22 samples
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across the intrusion were determined optically from their 2v
angles. The 2Vyx angles (Table 9) were determined on the
universal stage using the orthoscopic method described by
Phillips (1971) and the conoscopic method described by
Hutchison (1974). The proofs for those analyses, determined by
orthoscopic method, are displayed on the Wulff nets in Appendix
1. All proofs use a lower hemisphere plot.

The good correlation between the optical properties of
orthopyroxene and its chemical composition indicate a direct
relationship between the 2Vy angle and the Mg-number defined
as: 100 Mg/(Mg + Fe*2 + Fe*3 + Mn). Figure 25 shows the
samples and their 2V angles listed in Table 9, plotted onto the
2Vx - composition curve from Deer et al. (1980). The resulting
Mg number for those samples are listed in Table 10.

The variation in Mg-number of the orthopyroxene across the
Miller Lake Intrusion is shown in Figure 26. The plot
indicates that the orthopyroxene is predominantly bronzite and
hypersthene and that the mineral chemistry (Mg-number), tracks
well with the trends determined by the modal analyses of
orthopyroxene. The samples containing the most abundant
orthopyroxene contain crystals with higher Mg-numbers, as seen
when compared to the modal analyses plot, (Figure 24). Only
samples that are spatially very elose to the boundary between
zones, show decreased Mg-numbers in the orthopyroxene.

The compositions determined in this study compare well
with those determined by Hriskevich (1968) for the Colonial
Mine and Shag Silver Mine within the Cobalt area.

Comparison of these results with the microprobe analyses

of orthopyroxene from the Cross Lake Intrusion, Cobalt area and



35

the Bonanza Lake Intrusion in ihe Sudbury area (Conrod 1988)
indicate that the crystals from the central portions of the
cyclic zones within the Miller Lake Intrusion, are slightly
more enstatitic than those of the central portions of the other
two intrusions.

Only two samples from the central portion of the Duncan
Lake Intrusion contained hypersthene. The 2V measurements are
listed in Table 11 while the Mg-numbers are listed in Table 12.
Although only three crystals were measured the Mg-number on
average is less than those of the Miller Lake Intrusion and
more comparable to those of the Cross Lake and Bonanza Lake
Intrusions.

Core and rim measurements from selected grains across both
intrusions indicate that normal 2zoning is present. Both normal
and reverse zonation was observed for the Shag Silver and
Colonial Mine Transects in the Cobalt area (Hriskevich 1968)
and for the Cross Lake and Bonanza Lake Intrusions (Conrod

1988).

WHOLE ROCK CHEMISTRY OF THE GOWGANDA NIPISSING INTRUSIONS
Introduction |

The distribution of major and trace element concentrations
across the four intrusions was détermined in order to better
understand differentiation trends across various parts of an

undulating Nipissing Sheet.

Sample Preparation
All analyses were carried out at the Ontario Geological

Survey Laboratories in Toronto.
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Clean representative samples were crushed in a chrom-steel
jaw crusher to a 7 mm chip size. This material was then
pulverized to a - 50 mesh size powder with a ceramic plated
Braun Pulverizer and then finely ground to a - 100 mesh powder
in an alumina bowl using a Pulversette Planetary Mill.

The major element analyses were determined by conventional -
XRF technique on fused rock powders. The detection limits for
these elements and the precision at the 95% confidence level
are listed in Table 13a. The method of analyses, detection
limits and precision at the 95% confidence level for the LOI,

FeO, Coz, S and H20* and H20~ are listed in Table 13b. -

The trace elements, Nb, 2r, Y, Rb, Sr, and Th were
determined by XRF techniques on the fused powders. The

detection limits and precision of these elements for this

analytical method are listed in Table 14.

Major Element Variation within the Duncan Lake, Beaton Bay,
Milner Lake and Miller Lake Intrusions

The concentration of major elements across the Duncan
Lake; Beaton Bay, Milner and Miller Lake Intrusions are listed
in Tables 15 to 18.

Trends correlative with those observed in the modal
analyses across each intrusion cén be recognized in the
distribution of Si0O3, MgO, TiOz, P20s5, and MnO. The S$iO3,
content increases toward the contacts of the Duncan Lake
Intrusion and the borders of each of the four zones delineated
by the modal analyses in the Miller Lake Intrusion. 1In both
the Milner Lake and Beaton Bay Intrusions the SiO content

increases toward the center of the intrusion. TiO2, P20s5, and
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MnO follow the same trend as SiOj, while the variation in MgO
is opposite to that of the SiOj, as would be expected. The
SiOy, TiO3, P20s5, and MnO are enriched in the late stage
differentiates and the central portions of limbs, and depleted
in the central portions of the basins which are rich in
cummulate orthopyroxene. The differentiation trend across the
four intrusions can best be displayed with the variation in
whole-rock Mg-number defined as: (wt% MgO/mol. wt.)/[(wt%
MgO/mol. wt) + (wt% Fez03/mol. wt)]. These trends are
displayed in Figures 27-30.

A reverse differentiation trend is observed in the basal
to central portion of the Duncan Lake Intrusion. This trend is
followed by a normal differentiation trend extending from the
central to upper parts of the intrusion, as was observed for
the Cross Lake and Bonanza Lake Intrusions within the Cobalt
and Sudbury areas, (Figures 31-33) (Conrod 1988). Four of
these reverse, followed by normal, differentiation trends can
be observed across the Miller Lake Intrusion; each correlating
well with the modal analyses of orthopyroxene and the Mg-number
of the orthopyroxene crystals. The Beaton Bay and Milner Lake
Intrusion show a normal differentiation trend typical of that
produced by a sill-like body cooling inward equally from both
upper and lower contacts; very gimilar to that observed in the
Portage Bay Intrusion from the Cobalt area (Figure 34). The
concentration of late-stage differentiated material toward the
centre of the intrusion, accompanied by the increase in SiOj,
TiO2, P205, and MnO, correlates well with the decrease in Mg-

number.
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Reverse differentiation is not uncommon in many mafic
intrusions and has been recognized in other Nipissing
Intrusions (Finn 1984, Jambor 1971, Conrod 1988), as well as,
in the Waterfall Gorge Section of the Insizwa Complex in the
Karoo of South Africa (Lightfoot et al. 1984), the Fongen-
Hilligen Complex in Norway (Wilson et al., 1981), the
Stillwater Complex in Montana (Jackson 1961), and parts of the
Bushveld Intrusion, South Africa (Cameron 1980). These trends
are opposite to those of the Skaergaard Intrusion of Greenland
(Wager and Borwn 1968), and those of the Palisade Sill of New
Jersey (Walker 1969).

Although the precipitation of magnetite can affect the Mg-
number; the trend of whole rock Mg-number variation across the
Nipissing Intrusions appear to be unmodified; since the trends
define by the whole rock Mg-number are reflected in other major
elements (SiO3, P20s5, TiO2, MnO), the mineral chemistry, modal
analyses of orthopyroxene, and in the trace element
distributions which will be discussed in the next section.

The low whole rock Mg-number of all of the Nipissing
chilled phases and the presence of olivine phenocrysts within
the chilled phases suggests that significant amounts of olivine
fractionated from the melt prior to emplacement. Although the
source of the Nipissing magma is.unknown and mantle
heterogeneity can provide problems in estimating the chemical
composition of the source magma, magmas derived by the partial
melting of a mantle lherzolite with a Mg/Mg + Fe2* is
approximatély equal to 0.72 to 0.74 (Ringwood 1975, Hanson and
Langmiur 1978). The low values observed in the chilled phases

could be a reflection of a number of processes ranging from
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various degrees of partial melting of the source, derivation
from the source with a low Mg-number, significant amounts of
oliving fractionation, or contamination by a number of
lithologies moderately rich in Fe2* on the way to the surface.
The presence of olivine within the chill zone strongly suggests
that olivine fractionation prior to emplacement was involved.

A comparison of the Gowganda Nipissing chilled phases with
those from Cobalt and Temagami, (Table 19) indicate that all
chilled samples have an Mg-number significantly less than 0.72
- 0.74. The Mg-numbers of the Duncan Lake Intrusion are almost
identical to those of the Portage Bay Intrusion. The Temagami
area Nipissing intrusions are less primitive.

Although analyses for Ta and Yb were not done for the
Gowganda Nipissing Intrusions the Th values proved to be in
most cases less than the detection limits for the conventional
XRF techniques, accurate instrumental neutron activation
analyses of the Portage Bay chill margin (Conrod 1988) and
chilled samples from the Temagami area (Lightfoot et al. 1987)
plot in a location on the Th/Yb verses Ta/Yb plot of Pearce
(1982) (Figure 35) where either subduction zone enrichment or
crustal contamination appears to have accompanied olivine

fractionation prior to emplacement.

Trace Element Variation Within the Duncan Lake, Beaton Bay,
Milner Lake and Miller Lake Intrusions

The trace element concentrations across the Gowganda
Intrusions are listed in Tables 20 to 23. Except for the
granophyre and highly differentiated samples, all other

lithologies of the four intrusions contain concentrations of Nb



40

less than the detection limit of 5 ppm and concentrations of Th
less than the dection limit of 10 ppm. The variation in Z2r, Y,
Sr, and Rb across the four intrusions are shown in Figures 36
to 39.

Due to the very low distribution coefficients of Y and Zr
for the rock forming minerals, these elements are highly
incompatible as well as relatively immobile in hydrothermal
fluid devoid of complexing agents such as F-. Because of these
characteristics, these elements can be used to monitor chemical
changes to the residual magma during cooling and
crystallization.

Because of their similarly low distribution coefficients
for the minerals crystallizing from the melt, Zr and Y are
expected to track together across a given intrusion, which is
the case for all of the intrusions except along the upper and
lower boundaries of zone B in the Miller Lake Intrusion, where
the 2r appears to be depleted relative to the Y. Samples from
these zones are severely altered and it is expected that the Zr
was affected in these two zones by the hydrothermal fluids, or
that these particular analyses are suspect.

The erratic trends defined by the Rb and Sr across the
intrusions strongly suggests that these elements (Rb and Sr)
were mobile in the presence of déuteric or low grade
metamorphic hydrothermal fluids.

The distribution of Y and for the most part 2r define the
same trends defined by the variation in SiO3z, P20s5, TiO2, and
MnO, and trends opposite to that of the MgO content, the whold
rock Mg-number, the modal analyses of orthopyroxene, and the

Mg-number of the orthopyroxene.
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Post-Emplacement Magmatic Processes

Quantitative modelling of the Cross Lake and Portage Bay
Intrusion within the Cobalt area and the Bonanza Lake Intrusion
within the Sudbury area Figures 40 - 42 (Conrod 1988); as well
as selected intrusions within the Sault Ste. Marie and Temagami
areas (Lightfoot et al. 1987) indicate that assimilation of
Huronian Supergroup metasedimentary country rock accompanied
fractional crystallization. A simultaneous assimilation -
fractional crystallization (AFC) process described
mathematically by DePaolo (1981) can best explain the
chemistries of the various lithologies that comptise the
Nipissing suite. From these studies however, it was found that
the mass of the contaminant relative to the mass of material
fractionated from the magma through crystallization and removal
(Ma/Mf) was not constant throughout the cooling history; and
that not all parts of the undulating sheet were affected by the
contamination to the same degree. Campbell and Turner (1987)
have proposed that melted roof rock may initially mix with some
of the mafic magma within magma chambers, but because of the
density differences, remains for the most part isolated from
the rest of the magma. Lightfoot (in prep.) is curreﬂtly
testing this proposal on the Kerﬁs intrusion in the Cobalt
camp. The double-diffusive interface, proposed by Campbell and
Turner (1987), that separates the melted country rock from the
mafic magma, allows rapid thermal transport from the
crystallizing pile across the interface to assimilate more roof
rock but does not permit the transfer of significant amounts of

melted roof rock into the underlying mafic magma. This could
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explain why the Portage Bay Limb was best modelled by an AFC
process while the Cross Lake Basin was best modelled by a
Rayleigh Fractionation Crystallization process in the studies
undertaken by Conrod (1988) (Figures 40 and 41). The initial
assumption made in the modelling, carried out by Conrod (1988)
and Lightfoot et al. (1987), is that the Nipissing Magma was
emplaced by one large pulse. The assumption was made because
the chemical trends observed across the intrusions were
continuous and both capping and basal chilled magma were of the
same chemistry.

The four reverse, followed by normal, differentiation
trends found within the Miller Lake Basin indicate that
multiple pulse emplacement is more appropriate for at least
some of the Nipissing Intrusions.

A plot of whole-rock Y versus Zr for the four Gowganda
Intrusions (Figure 43) shows that most samples fall on a LIL-
enrichment trend with a bulk distribution coefficient for both
Zr and Y approaching zero. Some the Beaton Bay, Milner, and
Duncan Lake samples, however, deviate from the LIL-enrichment
line ‘and fall along a trajectory closer to the average
composition of the Huronian Supergroup metasedimentary rocks.
The granophyre with a Zr concentration of 159 ppm and an Y
concentration of 25 ppm is an exémple of this deviation, and
also indicates that the granophyre does not lie on a simple
binary mixing line between the initial composition of the
liquid at the time of emplacement and the Huronian rocks. The
concentration of Y plotted against Zr, however, is not
adequately sensitive to show contamination effects. Elements

such as Th, La and Ce are much better for detecting
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contamination; but their analyses could not be provided by the

laboratories in the time frame of this project.

A MODEL FOR THE EMPLACEMENT AND CRYSTALLIZATION OF THE GOWGANDA
AREA NIPISSING MAGMAS

The recent petrochemical studies of Conrod (1988) and
Lightfoot et al. (1987) show that the chemical distributions
across a given part of a Nipissing Intrusion produce smooth
continuous trends: a reverse differentiation pattern in the
basal to central portion of basins followed by a normal
differentiation trend; and a normal differentiation trend
expected of dike-like bodies cooling equally from upper and
lower contacts, in the arch portions. Similar trends were
documented amongst others by Hriskevich (1968) for the Cobalt
Intrusions and by Jambor (1971) for the Henwood Township
Intrusion. In contrast to the trends in these cycles, the
trends observed within the Miller Lake Intrusion show a basal
reverse differentiation trend across each zone or cycle. The
four zones of gradual reverse, followed by normal,
differentiation trends are similar to the one overall trend
observed for the Cross Lake and Bonanza Lake Intrusions,
'(Conrod 1988). The recognition of these trends and the
determination of the process tha£ formed them are of
importance, since the Miller Lake Basin is the major Ag -
producing intrusion in the Gowganda area.

Modelling of the Nipissing Intrusions must account for all
of the lithologies observed, the distribution of lithologies -
(gabbronorite cummulates in the basins and granophyric and

granodioritic differentiates in the arches), and the reverse
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differentiation in the basins and normal differentiation in the
arches observed in both mineral and whole rock chemistries.

The reverse differentiation within the Lake Wanapitei
Intrusion was proposed to be the result of the emplacement of
multiple pulses into an auxilary magma chamber, (Finn 1981).
The loosely packed cummulate crystals in the basins suggest
that trapped interstitial liquid 4id not play a major role in
the evoluation of the residual magma until late stage filter-
pressing, which liberated volatile-rich material from the
cummulate pile and formed the pegmatitic gabbros. The present
geophysical data is generally not detailed enough to support or
refute the proposal of feeders beneath the basins. For the
Miller Lake Intrusion a multiple pulse model would require the
emplacement of a progressively more primative magma in each
cycle which is then allowed time to differentiate before the
next pulse. It is interesting to note that the variation in
Mg-number across the Miller Lake Intrusion (Figure 30) shows
that each cycle "A" through to “C" has become more
differentiated (i.e., have progressively less Mg-rich liquids
near;the top of each cycle). If such a model were operative
then the replenishing primative magma would have to be
restricted to the basins only, and the arches would represent
the accumulation of differentiated material from the initial
pulse of magma which formed the chill in both arches and basins
is identical in chemical composition.

Because of the predominance of roof rock melting in the
limb and arch areas, Conrod (1988) proposed that convection and
perhaps the slumbing of crystal mushes form the arches into the

basins has played a major role in the present distribution of
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lithologies. This idea was suggested for the Henwood Intrusion
by Jambor (1971). Such a model would not require the presence
of a feeder under every basin but proposes the presence of one
feeder for a group of arches and basins, (ie,.an undulating
sheet rather than a cone sheet configuration). The periodic or
continuous erosion of a crystal mush located on the floor of
the arches and limbs and its subsequent gravity-driven slumping
down into the basins could account for the reverse
differentiation and presence of gabbronorite cummulates in the
basins. Because of the convex surface of the arches,
crystallization would have begun prior to that in the basins.
Initially, the slumping of the crystal mush into the basins may
have displaced hot magma upward along the roof of the limbs and
into the arches, where localized melting of the country rock
occurred. Because of the bouyant nature of the hybrid melt,
(mafic + melted country rock), it remained within the arches
and limbs (Conrod 1988).

The following model (Figures 44a-e), which attempts to
combine these two proposals, seems the most appropriate for the
data available at this time. 1Initially hot mafic magma was
emplaced into an auxillary magma chamber beneath the
Proterozoic-Archean unconformity. This initial magma
assimilated some of the Archean rock during the formation of
this auxilary magma chamber and is therefore contaminated with
crustal material. Fractionation of olivine began within the
auxiliary chamber. A pressure build up within the auxiliary
magma chamber or a new influx of denser magma allows the
initial magma to penetrate upward, (above the original feeder

where it is hottest), and to move along the structurally
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weakened zone of the unconformity, as a thin slightly
undulating sheet coating both roof and basal contacts with
differentiated, contaminated magma. In-situ crysfallization of
undifferentiated magma against the chills produced the border
quartz diabases, found along both upper and lower contacts in
both basins and arches. The draining of the auxiliary magma
chamber allows a new influx of hot mafic magma into the
auxiliary magma chamber. This magma is hotter and more
primitive than the initial magma because the conduit and
chamber had already been formed. The second pulse being more
primitive undergoes limited mixing with the residual magma and
spreads out laterally along the floor of the auxiliary chamber.

The second magma pulse has a lower residence time in the
auxiliary chamber and becomes less fractionated than the
initial one, before it moves up the conduit and along the
unconformity. Because this magma is hotter it may even absorb
some of the olivine precipitated from the initial magma as
suggested by Finn (1984). This second magma is more primitive
than the initial magma for two reasons: (1) it remains hotter
longer and thus was less fractionated because the conduit was
already formed by the penetration of the initial magma and (2)
it may have absorbed olivine precipitated from the initial
magma making it more Mg-rich. Because of the convex surface in
the arches cooling is expected to proceed at a faster rate than
in the basins. The crystal mush accumulating on the floor of
the arches slumps downward into the basin under the influence
of gravity and with the incoming denser pulse. Subsequent
pulses proceed as did pulse number 2, with progressively

shorter residence times in the auxillary chamber. The roof of
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the unconformity sheet directly above the conduit becomes very
hot and may be subjected to much melting as each new hot pulse
enters the sheet. The hybrid mamga formed by the melting of
tyhe country rock is not expected to undergo extensive mixing
with the hot magma because of its bouyant nature and is
expected to remain along the upper ?urface of the arch and 1limb
sections. During the latest stages of magmatism the magma has
a longer residence time in the auxiliary chamber and is allowed
to fractionate to the point of producing a highly volatile
granitic or granodioritic differentiate. This differentiate
may be not only the product of fractionation, but also local
melting of the wall rock. This magma makes its way up into the
unconformity sheet and mixes with the local melts derived from
melting of the roof rock in the arches and cools from both the
upper and lower contact at an equal rate. Filter pressing of
the crystal mush accumulated in the basins expells highly
volatile material which produced the gabbor pegmatite veins
which cut the gabbronorites and accumulated above the
gabbronorites as the variable texture gabbros. The
accummulation of these volatile phases above the gabbronorite
cause their lateral migration up the limbs and toward the
‘arches.

This model explains why most assimilation of country rock
accurs in the arch areas and why the arch and limb areas can
best be modelled quantitatively by an assimilation - fractional
crystallization process and the basins by a Rayleigh Fractional
Crystallization process (Conrod 1988). The reverse
differentiation trend within the basins is the result of the

emplacement of continuously more primative denser, but hotter
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magma from the auxiliary chamber, with simultaneous slumping of
any crystal mush accummulating on the floors of the arches.

The most convincing evidence for the emplacement of a later
granitic phase from the auxiliary chamber is seen in the
chondrite normalized rare-earth element (REE) plot for the
lithologies comprising the Portage Bay Intrusion within the
Cobalt area, (Figure 45). The two features on the plot which
indicate the presence of two magmas which have crystallized as
distinct entities are: (1) a gap separating the chilled phase,
quartz diabase, gabbro, and gabbro pegmatite from the
granodiorite differentiates, and (2) the uniform value for the
Eu for each group - a function of the absolute Kp value for Eu
into plagioclase being very close to the value of 1. Sample 12
(a granodiorite), however, appears to belong with the lower
group indicating that some interaction occurred, between the
fractionating magma and either partial melts of the country
rock or the later emplaced granodioritic magma.

The determination of the correct genetic model is critical
for understanding where and how the native Ag, the Co and Ni
arsenide mineralization, as well as possible Pt concentrations
may occur. The model proposed in this paper indicates that
areas of intrusions high in heat, such as feeder zones as well
as areas that have undergone mulfiple pulse emplacement and
contamination by wholesale or partial melting of the country
rock (Huronian Supergroup metasediments) are good exploration
targets. Regardless of whether the Ag and Co-Ni arsenides were
derrived by hydrothermal leaching of the adjacent country rock
or fractionation and contamination processes within the magma,

the hottest areas can set up the best convecting hydrothermal
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systems and can assimilate the most country rock, which can
play an important role in the precipitation of sulfides as seen
for the Sudbury ores (Naldrett et al. 1986). This study
provides good evidence for multiple pulse emplacement in the
Miller Lake Basin - the largest Ag producing intrusion within
the Gowganda area. This feature may prove to be a good
indicator for areas of concentrated Ag and Co-Ni a;senide
mineralization. Intrusions showing features of significant
silica contamination may have undergone sulfide saturation and
exsolution. If the exsolving sulfide phase is in contact with
large volumes of the mafic magma, then, because of the very
high distribution coefficient of the PGEs for the sulfide phase
over the silicate magma, the seggregating sulfide may act as a
scavenger and éoncentrator of the PGEs. Significant
concentrations of PGEs in sulfides of the Nipissing suite have
been documented for the Wanapitei Intrusion within the Sudbury

area (Rowell 1984).

TECTONIC SETTING OF THE NIPISSING INTRUSIONS

‘Little is known about the tectonic setting of the
Nipissing Intrusions. They are commonly thought to repfesent
the intrusive equivalents of an extensive eroded continental
flood basalt plain extending ac?oss the Nipissing Province.
Lovelle and Caine (1979) proposed that much of the Nipissing
Magmas may have been fed from a rift located under Lake
Timiskaming. pecent geochemical studies of the Sudbury and Cobalt
area intrusions (Conrod 1988), however, indicate a moderately

strong calc-alkalic character to the magmas.
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Conrod (1988) and Lightfoot et al. (1987) indicated that
all Nipissing lithologies, including the chilled phases are
enriched in the large ion lithophile elements (LILs); a feature
most likely a function of combined fractionation and
contamination prior to emplacement and assimilation of country
rock and fractionation after emplacement (Conrod 1988).
Comparison of the Nipissing Intrusive suite to a representative
of rift-related continental flood basalt volcanism, (the
Keweenawan continental flood basalt reference suite), on a
chondrite-normalized spidergram, shows the pronounced
enrichment in the LILs in the Nipissing suite over the
Keweenawan suite (Figures 46 and 47). The enrichment within
the chill phases indicates that the enrichment process began
prior to emplacement of the magma. While the source of the
Nipissing magmas is unknown, chondrite-normalizing allows easy
comparison between different suites of rocks. The profile of
the Nipissing lithologies in Figure 45 very closely resembles
the profile generated when dolerite sills have undergone pelite
contamination (Figure 48) (Thompson et al. 1984). The strong
Sr depression within the Nipissing granodiorite profile matches
well with the contaminated dolerites.

Normalizing to ﬁid-ocean-ridge basalt (M.O.R.B.) also
allows comparisons to be made befween suites of rocks, without
invoking a specific tectonic environment. The MORB-normalized
spidergram profiles of the Nipissing suite (Figure 49a and b)
are very similar to that of a basaltic magma which has been
contaminated by 20 percent of a quartz diorite which has
undergone 50 percent partial melting, (Pearce 1984), (Figure

50). Both profiles show a similar enrichment in the LIL



51

elements on the left hand side of the diagram relative to those
elements on the right, and similar Ta and Nb depressions. The
pronounced depressions for P and Ti in the Nipissing suite,
[erroneously recorded as P205 and TiO2 in Conrod (1988)], are
not observed in the contaminated M.O.R.B.

A similar enrichment in the LIls is observed in the calc-
alkalic basalts from Central Chile (Figure 51) (Pearce 1984).
Pronéunced Ta and Nb depressions are observed in both profiles.
Ti and P depressions are not as pronounced in the Chilean
magmas as in the Nipissing lithologies.

The above data raises the question of whether spidergram
profiles adequately discriminate between various tectonic
settings, or whether similar enrichment processes in different
tectonic settings could lead to a similar spider profiles.
Thompson et al. (1984) compiled geochemical data an a number of
representative continental flood basalts and hypabyssal
intrusions and showed that different types of contamination led
to different spidergram profiles. |

To try to solve the above problem, the Nipissing
lithologies were plotted on a number of tectonic discrimination
plots. Figure 52 shows the position of the Nipissing suite on
the Th-Hf-Ta discrimination plot of Wood (1980) (data from
Conrod 1988). All lithologies including the chilled phases
plot within the field designated by Wood (1980) as "destructive
plate-magin calc-alkalic basalts and their differentiates".

The elements used in Wood’'s triangular plot are relatively
immobile and incompatible. (The Nipissing samples from Conrod
(1988) were crushed in an agate mill and therefore no

contamination of Ta is expected).
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The same data were plotted on the Zr-Ti-Y plot of Pearce
and Cann (1973), (Figure 53). Again the data plots within the
calc-alkalic basalt field and not the within-plate basalts.
Ti, 2Zr and Y are all high field strength elements (HFSE),
having a high charge to radius ratio, and are both fairly
incompatible and immobile. Even though Ti can substitute into
the ilmenite structure, the entire suite including the chilled
phases falls outside of the within plate basalt field and
within the calc-alkalic basalt field.

Samples of chilled Nipissing phases from the Temagami
Lake, Cobalt and Gowganda aeas (Table 24) were plotted on a
Zr/Y verses 2r discrimination plot of Pearce and Norry (1979)
for non-cummulate basalts of three tectonic settings, (Figure
54). All but one of the samples lie outsidé of the three
fields delineated in the plot, especially the within-plate
basalts. The same samples plotted on the Ti versus Zr plot of
Pearce (1980) also distinguishes the chilled Nipissing phases
from within-plate basalts (Figure 55).

Beard (1986) proposed that the chemical composition of
coexisting olivine and plagioclase in gabbro cummulates can be
used to determine the tectonic setting of ancient volcanic
complexes. Microprobe analyses of plagioclase and olivine from
the Cross Lake Intrusion, Cobalg, (Conrod 1988), plot within
the arc field on this discrimination plot and fall outside of
the tholeiitic layered intrusion field, (Figure 56). Fresh
olivine was not present in the Gowganda area intrusions.

Samples of Nipissing chilled margins from the Cobalt,
Temagami and Sudbury Nipissing Intrusion as well as the Portage

Bay, Cross Lake and Bonanza Lake Nipissing lithologies all plot
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in the calc-alkalic field on the Th/Yb versus Ta/Yb plot of
Pearce (1982) (Figure 35).

All of the Nipissing data from this study and that of
Conrod (1988) plot outside of the within-plate basalt field and
in the calc-alkalic field on the various discrimination
diagrams. The spidergram profiles of the Nipissing lithologies
are very similar to calc-alkalic basalts of Chile and different
from the lithologies which make up the Keweenawan Reference
Suite, however, they are also very similar to the profile
generated by the contamination of MORB with partial melts of
quartz diorite and similar to the profile of dolerite
contaminated with pelite. If the discrimination diagrams
adequately distinguish the tectonic settings, then the above
data indicates that the Nipissing magmas may be genetically
related to a plate-boundary collision type of tectonic setting.
If this is the case, then the Nipissing Intrusions provide a
window to processes within the magma chambers beneath arc type
volcanos - that is enrichment processes such as fractionation,
contamination or a combination of the two. 1If, however, the
discrimination diagrams do not adequately distinguish one
tectonic setting from another, then the above data indicates
that similar processes of selective element enrichment can be
operating in different tectonic‘settings and can produce very
similar profiles on the spidergrams.

Hawkesworth et al. (1982) have proposed that the chemical
variation observed within the Andean lavas from Chason to
Purico aré the result of a shift from subduction related‘magmas
to magmas showing a greater crustal affinity; involving

processes of bulk assimilation of crustal material, mixing
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between mantle - and crustal-derived magmas, and partial
melting of pre-existing crust. This could explain the chemical
similarities observed between the Nipissing suite and the
Chilean lavas, however, the chondrite normalized REE profiles
of both Purico and Chason are considerably steeper than those

observed within the Nipissing suite. -

Introduction

Hollow quenched zircon crystals (Photo 20) from two
samples of the granodiorite phase within the Bonanza Lake
Intrusion, located immediately south of Lake Wanapitei in the
Sudbury area, were separated and used in a U-Pb age
determination (Krogh 1982) at the Royal Ontario Museum in
Toronto. The preliminary results are listed in Table 25, and
represent a minimum age only. This age of 2210 Ma and 2214 Ma
is in close agreement with the age of the Miller Lake Intrusion
in Gowganda (2219 = 3.6 m.y., Corfu and Andrews 1986); but is
considerably older than the K/Ar age determination of 2109 = 40
Ma documented for the Wanapitei iake Intrusion on the

northeastern shore of Lake Wanapitei (Rowell 1984).

Implications for Age-related variation in the type and style of
mineralization spatially associated with the Nipissing

Intrusions
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Card and Pattison (1973) recognized a change in the type
and style of minefalization spatially associated with the
Nipissing Intrusions from east to west across the Nipissing
Province. Recent work by Buchan and Card (1985) on the
paleomagnetic direction of samples of Nipissing Intrusions from
across the province suggests that there may be two distinct
stable paleomagnetic directions: Nj which is north and up 40°
or south and down 40° and N3 which is steeply down to the west.
Symons and Londry (1975) proposed that Nj was primary and that
N, was a secondary overprint. Ray and Lapointe (1976) proposed
that N; was the primary direction and that Nj; was a metamorphic
orverprint. Both directions have been observed in the
contacting baked Huronian Supergroup metasedimentary rocks,
(Symons 1967, Morris 1979, Roy and Lapointe 1976). Neither Nj
or Ny can be exclusively associated with petrologically fresh
or altered samples, however Nj appears to be more prominent in
the Cobalt - Sault Ste. Marie area while N2 is more prominent
in the Blind River - Sudbury area. Morris (1979) and Stupavsky
and Symons (1982) have interpreted the above data to indicate
the presence of two ages of intrusion for the Nipissing magmas,
however, as Buchan and Card (1985) point out, if these two
paleomagnetic directions, that are both found within fresh
samples, are indeed primary, theh two periods of magma
emplacement is inevitable. If, however, some of the
petrologically fresh samples have aquired a second magnetic

~direction resulting from a thermal overprinting without
chemical alteration, then one or both directions may be

secondary. If the first case is correct then the variability
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in type and style of mineralization across the Nipissing
Province may well be age related.

The minimum ages obtained for the Bonanza Lake Intrusion,
located in the central sector of the Nipissing Province which
is devoid of any known silver mineralization, are in close
agreement with the U/Pb ages obtained by Corfu and Andrews
(1986) for the Miller Lake Intrusion located in eastern sector
of the Province which contains abundant silver mineralization.
Even when the errors on the age determinations are considered,
the age of the Bonanza Lake and Miller Lake Intrusions
contrasts with the whole rock Rb/Sr age determined by Fairbairn
et al. (1969) for a Gowganda area intrusion (2116 * 54 Ma) and
a K/Ar age determined for the Wanapitei Lake Intrusion located
on the northeastern shore of Lake Wanapitei. The dates also
contrast with the whole rock Rb/Sr age determined by van Schmus
(1965), for the Nipissing Intrusions located along the north
shore of Lake Huron between Bruce Mines and Blind River, (2109
+ 80 Ma). The data does, however, indicate that intrusion of
at least some of the Nipissing magmas occurred in a moderately
close time interval between the central and eastern sectors of
the province and only the intrusions in the eastern region
appear to contain the spatially associated silver
mineralization. This data also indicates that the emplacement
of the magma began in both the central and eastern sectors at
approximately the same time. While there is no paleomagnetic
data for the Bonanza Lake Intrusion, Buchan and Card (1985)
have determined the Miller Lake Intrusion in Gowganda to have
both N; and N; paleomagnetic directions. A number of other

intrusion across the Nipissing Province also contain both
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magnetic directions. Therefore, it appears that at least in
some intrusions one of the directions is the result of thermal
overprinting - either metamorphic, deuteric, or contact
metamorphic through the emplacement of other intrusions.‘ Since
the Miller Lake Intrusion contains silver and the Bonanza Lake
Intrusion does not; and both intrusions are of similar age, it
appears that the variation in the type and style of
mineralization across the Nipissing Province is probably not

likely age-related.
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Appendix 1

Wulff Net Plots of the Orthopyroxene Optical Measurements and
the 2V Determinations (all measurement are on a lower

hemisphere plot)



68

1987 DMC 0202 1
grain 1

iv —arc oad
Y=192 ; 383 <), ¥ 40.5

X=277, & 55




69

1987 DMC 0202
grain 2

iv arc oad
Y=3545,9 «3, A 245

2-086; 17 <)




70

1987 DMC 0206 | 3
grain 1

Iv. arc oad
Y=296.S‘e> 20.5;1 21

Z:199.5,(> 205




71

1987 DMC 0209
grain 1

iv arc oad
Y=230; 2 ;¥ 195

Z=318 ;6> 195




72

1987 DMC 0211 5
grain 1

Iv. - arc oad
Y=210 | 57 <9 ; v 25

2:299, > 107




73

1987 DMC 0211 6
grain 2

Iv arc oad

Y:=2325.63<) , ¥ 245 and A 505
2:322 , 6 12




74

1987 DMC 0213
gran 1

IV arc oad
Y=138.7.6> 2585, ¥ 305 and £.485

23054; 8 <—)




75

1687 DMC 0213 8
grar. 2

iV arc oad
Y=170,6 265, A 485

Z=0845; 4 <




76

1987 DMC 0213
gran 3

IV arc oad
Y=1185; & 306, 4 231

X=188 , 26 <)




1987 DMC 0213
grain 4

iv arc oad
Y=3222, 305, A 267

X=213 , 295

77

10




1987 DMC 0242
grain 1

iv arc oad
Y= 0595, 15 ; 435core, L 44rim
X=1485 ;21

78

"




1987 DMC 0242
grain 2

lv. arc oad
Y= 0665,6> 175, ¥ 46

X=1575 ;6 35 -

79

12




80

1987 DMC 0241
grain 1

IV arc oad
Y=292, 0 ;, T3R5

X=0213 , 6107

13



81

1987 DMC 0239
gran 1

iv arc oad
Y= 260,13 <9

. Te)

}

X=351 ;12 <

V=38

+\
+
- X

14



1987 DMC 0238
gran 1

iv arc oad
y= 016, 6> 3, L 31

0863, 29

X

82




1987 DMC 0238
grain 2

iv. arc  oad
Y= 061, 6 243, 4 28

X=1363 ,29 ©

83

16




84

1987 DMC 0237
grain 2

iv_ arc oad
Y=104 , 185, L 11

183 ;24 ©

. V=37
2Vx =74

— X

+

OA

17



1987 DMC 0237
grain 3

iv._ arc oad
Y=2975,6> 445, L 26

Z=188 ; > 182

85

18




1987 DMC 0237
grain 4

iv.arc oad
Y=099, 2729, L 9

86

19




1987 DMC 0236
grain 1
v arc oad

Y=0965,315<), L 6
X=216.5; 40.5 H

87

20




88

1987 DMC 0236
grain 2

Iv_ arc oad
Y=280,35«) , 2 35core, T 11.5rim

Z-006, > 385

V=345 , 2vx=69 core

V=265

,2VX =53 rim

21



987 DMC 0235
grain 1

Iv arc oad
Y=1545,2 <) ;T28.5

X=063,28 <

89

22




1987 DMC 0235
grain 2

90

v - arc oad

Y=349, 19
Z-2595,30 ©

., ¥V 75 core, A 2rim

23




91

1987 DMC 0235
grain 3

Iv. ar¢ oad
Y=1725,13 <, 2 19

X=273 , 365 <)

24



1987 DMC 0233
grain 1

iv_ arc oad
v=0215.22 «3, 1 34

2=292 , 22 <)

92

25




1987 DMC 0233
grain 2

v arc oad
Y=2835,¢> 225, A 25
Z-0235, 6285

93

26




1987 DMC 0233
grain 3

Iv._ arc oad
Y=358;1759;L.31.5

22685, 4 ©

94




1987 DMC 0232
grain 1

iv arc oad
Y=276,399 . L 25

2=2095;6> 23

95

28




1987 DMC 0232
grain 2

iv arc oad
Y=318;6> 22, 4305

2=227,6> 25

96

29




97

1987 DMC 0232
grain 3

Iv. arc  oad
Y=3595,8 «3 ; £ 47 and J 17 (core), and A 39 and § 9(rim)

Z-268 ;14
90

2Vx =50 (rim) > 2Vx =64 (core)

i

+
X
A
L g
+
OA

30



1987 DMC 0230
grain 1

iv arc oad
Y=098;6 10, £ 155

X=358 , & 395

98

31




1987 DMC 0229
grain 1

IV arc oad
Y=260 ,28 < A 392 and V38

Z=350; O

99

32




1987 DMC 0229
grain 2
iv. arc oad
Y=2633,¢> 305,V 385 and L 405
Z=3545, O

100

33

-



1987 DMC 0229
grain 3

iv. arc oad
Y=2595,6> 30, L 2

2=1705 ;1 <)

101

34




1987 DMC 0227
grain 1

iv arc oad
Y=1665 6 ¢« T 85

X=0635 335 <

102

35




103

1987 DMC 0227
grain 2
iv_ arc oad
Y=211 ,28<9; | 18 and A 365

2:=2995,>7




1987 DMC 0227
grain 3
iv_ arc oad
Y=3205,6> 16, | Bcore,J 105 rim
2:234,18 <

104

37




1987 DMC 0227
grain 4
Iv_ arc oad
Y=201 , 20, X R and [ 225

22955, > 4

105

38




106

1987 DMC 0227 39
grain S

iv_ arc oad
v=214 , 27, L 4

Z=304,38 <«




1987 DMC 0225
grain 1

iv arc oad
Y=395, 642 ;4175

X=040 ; 197 @

107

40




1987 DMC 0225
grain 2

iv. arc oad
Y=289,R25 9 , L 305

X=@35,22 9

108

41




109

1987 DMC 0223
grain t

iv. arc oad
Y=343;’ (936‘5; .i 20

Z:0587,185 <)

42




1987 DMC 0221
grain 1

iv_ arc oad
Y=2645, O , ¥ 205

X=3535, > 335

110

2Vx =74
V=37

43



111

1987 DMC 0074
grain 1
v arc oad

Y=270,23<); §J S55core and ~F 17rim
X =3355; 6> 405

X OA ’OA
+»
\-—-—\f'—"
S s
2Vx=54 2Vx =72

rim core




112

1987 DMC 0074
grain 2

lv. arc oad
Y=324,6 10 ; & 17core and A 65rim

Z=230, & 21

435




113

1987 DMC 0075
grain 1

v arc oad
Y=0795,6 337, & 215

X=148 , 295 <«

46




Photo 1.

Hand specimen

114

of varied texture gabbro.
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Photo 2. Hand specimen of Gabbr

onorite containing phenocrystic
orthopyroxene.



Photo 3.
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Feldspar clots within the Granophyric phase.
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Photo 4. Vugs within the Granophyric Phase indicating a

highly volatile environment at the time of
crystallization.



Photo 5.
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Medium~grained,

vuggy, granitic phase.
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Photo 6. Radiating fan-like clusters of pyroxene and plagioclase
crystals within the chilled magma.



120 -

Photo 7. Glomeroporphyritic plagioclase within the chilled
magma.
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J

Photo 8. Olivine phenocrysts pseudomorphed by antigorite and
talc within the chilled magma. .
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Photo 9. Inverted pigeonite molded onto and in crystal
continuity with augite.
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Photo 10. Herringbone exsolution lamellae of clinopyroxene in
inverted pigeonite. Note the augite core.



Photo 11.
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Partially resorbed olivine crystals surrounded by
altered pigeonite.
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Photo 12. Clinopyroxene exsolving as plates along two
crystallographic directions in the, orthopyroxene.
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Photo 13. Blebby exsolution of clinopyroxene in the rim of an
orthopyroxene crystal.



127

Photo 14. Remnant herringbone exsolution retained in the

. orthorhombic orthopyroxene (hypersthene).
"exs." exsolution plates of clinopyroxene
"t.p." remnant twin plane
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Photo 15. Phenocrystic orthopyroxene within gabbronorite.



129

Photo 16. Cummulate orthopyroxene within gabbronorite.
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Photo 17. Phenocrystic augite within gabbronorite.
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Photo 18. Eutectoid intergrowth of quartz and plagioclase
within a granophyric phase.
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Photo 19. Skeletal apatite within the granophyric phase.
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Photo 20a, 20b. Hollow, quenched zircons within the Bonanza
Lake granodiorite. :
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Table 1: Silver Production from the Mann Mine (Mcllwaine,

1978)
Year Ounces of silver
Produced
1908-1920 98,822
1952 20,150
1968-1970 174,412
1984 30,000

Table 2: Ore Minerals Within the Gowganda Area Listed in
Decreasing Abundance (Drake 1976)

Native Silver Tetrahedrite Galena
Lollingite Smaltite Niccolite
Skutteridite Chloanthite Breithauptite
Safflorite Arsenopyrite Chalcopyrite
Rammelsburgite Cobaltite Sphalerite

Table 3: Production Figures for Castle Trethewey Mine

Year Ore and Conc Cobalt Silver
shipped tons pounds ounces
1920 45 254 48,373
1921 30 - 33,952
1922 9 1,530 40,098
1923 44 5,295 146,981
1924 163 ‘15,994 544,575
1925 346 32,708 961,950
1926 313 32,443 979,890
1927 312 32,536 932,806
1928 310 33,557 800,968
1929 272 34,453 879,505
1930 238 47,125 723,226
1931 144 63,952 368,697
1979 to
present - - 2,800,000

Total - 299,847 9,261,021
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Table 4: Variation in Texture and Grain Size from the
Chilled Magma to the Quartz Diabase

Sample Number Texture Average
clinopyroxene size
(mm)
0217 quenched: (radiating Fan- 0.12 X 0.017
0067 like crystals of plagio- 0.38 X 0.07
clase and pyroxene)
0099 and 0112 quenched-diabase 0.65 X 0.10
transition 0.72 X 0.20

0069 diabasic 0.74 X 0.20

0072
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Table 5: Modal Analyses Across the Miliner Lake Intrusion

Sample Number 0067 0062 0103 0065
Quartz 0.13 .22 1.33 9.27
Plagioclase 35.13 53.57 43.14 29.7
Clinopyroxens 61.15 41.50 47.40 30.20
Orthopyroxene 0 0 0 0
0livine 0.98 0 0 0
Opaques 2.70 2.46 7.06 8.62
Chlorite” 0 0 0 0
Biotite" 0 0 1.06 0
Titanite 0 0.25 0 0
Potassic Feldspar 0 0 0 24.2
n 780 812 751 755

A1} values are given in volume percent
The values include both the mineral and its alteration products
* Secondary biotite and chlorite for which the primary mineral is unknown

0064

6.24

50.46

36.12

4.65

2.52

753

0105 0106
11.01 14.57
38.98 44.90
41.11 34.57
0 0
0 0
5.84 4.90
0 0.26
3.05 0.79
0 0
0 0
754 755

0108

10.74
51.96
29.58

0

0
6.40
0.52
0.78

764

o101
6.02

56.94
35.21

1.70
0.13

764

0109

2.90
53.65
38.29

2.4
1.13
0.38
1.81

794

0100
5.9
45.97
45.71

.1

157

0110

7.00
41.76
40.98

6.09
3.1
0.52
0.52

m

0112
3.u
30.61
62.77

0.26
2.48

0.65

m
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Table 6: Modal Analyses Across the Duncan Lake Intrusion

Sample Number 0069 0072
Quartz 3.56 4.61
Plagioclase 57.71 42.11
C)inopyroxene 37.28 46.71
Orthopyroxene 0 0
0livine 0 2.5
Hornb lende 0 0
Opaques 0.26 3.81
Chlorite” 0.53 0
Biotite” 0 0.26
Titanite 0.66 0
n 759 760

0073

2.10
51.58
42.76

0.39

0.13

3.03

760

0071
1.45
43.52

47.49
1.59

3.57

756

0074

3.78
54.24
23.21
17.73

0.91
0.13

767

0075

2.58
50.26
24.35
20.34

2.46

172

0076

.1
48.24
36.99

2.48

3.14
1.44

765

0077
10.64

49.94
34.50

1.29

1.82

1.82

m

761

0078
11.37

38.24
45.35

3.36

1.68

174
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Table 7: Modal Analyses Across
Sample Number

Quartz
Plagioclase
Clinopyroxene
Epidote
Opaques
Chlorite”
Biotite"
Hornb lende
Titanite
Perthite
Apat ite
calcite

n

the Beaton Bay Intrusion

0099
9.47

29.34

54.61

6.58

L - - I -

760

0093
8.53

52.10

23.62
5.38

8.27
1.44

0.66
762

10.69
48.24
3.

3.78
2.99

0.39

(- )

167

0092 0097
10.93 8.41
48.53 47.17
32.93 39.68

0 0
6.66 2.89

0 1.84
0.66 0
0.28 0

0 0

0 0

0 0

0 0
750 761

0036
18.93
38.80

1.00
12.93

28.27
tr

750

0114

27.30
31.56
8.65

5.33
2.93
0.53

18.71
tr

1.73
751

0113

10.73
48.48
38.40

1.19
0.93
0.26

758

o118

5.36
39.22
46.14

1.70

2.88

4.7

765
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Table 8 Modal Analyses Across the Miller Lake Intrusion at the Castle Mine Site

Somple Number

Quartz
Plagioclase
Clinopyroxene
Orthopyroxens
Olivine
Opaques
thiorite”
Blotite”
Titanite
calcite

n{counts per slike)

0201

3.64
49.02
38.62

4.94

1.69

2.08

0

768

0202

1.1
45.85
43.08

3.69

3.43

1.84

0.13

0.26

0
0

759

0206

1.56
45.63
30.38
20.73

0.26

1.30

0.13

0
0
0

161

0208

0.66
54.43
21.40
21.27

0.40

.n

0.13

%

0210

3.4
44.09
42.80

8.23

0.13

1.02

0.26

178

0211

0.79
46.56
31.22
21.03

0.26

0.13

758

0213

1.20
40.61
a.17
36.09

0.13

0.80

(-2 - -

%

0242

.87
39.3%
26.99
20.38

w
©

o000

767

0239 0235
3.3 1.96
48.88 48.30
26.48 23.69
18.711 25.26
0 0
1.1 0.78
0.39 0
0.3 0
0 0
0 0
759 784

0232

1.72
58.20
22.62
16.67

0.79

758

0231

3.98
46.35
28.02
20.32

1.06

753
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Table 9: 2Vyx Angle Determinations in Orthopyroxene Across
the Miller Lake Intrusion

Sample . 2VX
Number Grain 1 Grain 2 Grain 3 Grain 4 Grain 5
1987-
DMC
-0221 74
-0223 86
-0225 90 75
-0227 92 54.5 . 82core, 54 84
57 rim
-0229 717 79 78
-0230 66
-0232 70 69 64core,
50 rim

-0233 64 55 54
-0235 68 75core, 66

56 rim
-0236 72 69core,

53 rim
-0237 69* 74 77 66
-0238 50 60
-0239 76
-0241 93 84*
-0242 68core, 82

50 rim

-0213 80 86 68 56
-0211 68 76 84*
-0210 75.5*
-0209 79
-0208 80*
-0206 86

-0202 84 76

- all values represent core measurements unless stated
otherwise

* .2V measurements determined by the direct conoscopic
method
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Table 10: Mg-Numbers of Orthopyroxene from the Miller Lake

Intrusion
Sample Mg-number
Number Grain 1 Grain 2 Grain 3 Grain 4 Grain 5
1987-DMC
-0221 78.6
-0223 85.5
-0225 87.5 79.1
-0227 88.1 61.8 83.9core 61.1 84.5
65.2 rim
-0229 80.7 82.4 80.9
-0230 73.5
-0232 76 75.7 72 core,
54.5 rim
-0233 72 62.5 61.1
-0235 75.2 79.1core 173.5
64.1 rim
-0236 77.6 75.7core,
60 rim
-0237 75.9 78.6 80.7 73.5
-0238 54.5 68.2
-0239 79.8
-0241 88.4 84.5
-0242 75.2core, 83.9
54.5 rim
-0213 82.8 84.5
-0211 75.2 79.8 84.5
-0210 81.1
-0209 82.4
-0208 82.8
-0206 85.5
-0202 84.5 79.8
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Table 11: 2Vx Angle Determinations of Orthopyroxene within
the Duncan Lake Intrusion

Sample 2VX
Number Grain 1 Grain 2
1987-DMC-0075 66
-0074 72core, 54 rim 78core, 58 rim
Table 12: Mg-Numbers of Orthopyroxene within the Duncan Lake
Intrusion
Sample Mg-number
Number Grain 1 Grain 2

1987-DMC-0075 73.5
-0074 77.6core, 61.1 rim 81.5core, 58 rim
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Table 13a: Detection Limits and Precision for the
Analyses of the Major Element Oxides

Fusion discs

Component Range Precision
% %
§i03 30-80 2.0
Al203 0-20 0.4
Fe203 0-15 0.6
MgO 0-20 0.3
Naj0 0-10 0.5
K20 0-10 0.1
Cao 0-15 0.15
P05 0-1 0.15
TiOj 0-3 0.16
MnO 0-1 0.015

Note: The precision quoted is the 95% confidence limit (2X
the standard deviation (A)

Table 13b: Detection Limits and Precision for the Analyses
of FeO, CO2, S, H0+, H20- and LOI

Component Method Detection Precision MRV %
Limit (%) @ MRV(%)

LOI Gravimetric 0.4 £0.4 4

FeO Volumetric 0.2 0.2 5

Coy - IR 0.05 0.06 2

(Total C)

S IR 0.03 0.02 0.1

H20+ IR 0.2 0.6 2

H20 Gravimetric 0.05 0.1 0.5

e ——— o bvmem i v e e R
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Table 14: Detection Limits and Precision for the Analyses
of the Trace Elements: Nb, Rb, Sr, Th, Y, and Zr

Element Method Detection Optimum Range Precision @10X
Limit (PPM) Detection Limit
(PPM)

Nb XRF 5 5-1000 10

Rb XRF 5 5-1000 5

Sr XRF 5 5~1000 5

Th XRF 10 10-5000 15

Y XRF 5 5-1000 10

2r XRF 5 5-1000 10
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Table 15:

Sample
No.

0078
0078
0077
0075
0074
0073
0072
0069

$i0,

52.1
50.2
§3.6
§1.2
§1.5
§1.3
51.0
§2.6

A1 03

13.9
13.8
12.7
15.0
16.0
15.1
14.3
18.5

Fe 03

3.z
3.81
4.40
2.15
1.84
2.13
.37
2.28

Fe0

8.85
8.19
10.8
7.05
6.66
1.72
8.58
8.12

Major Element Concentrations Across the Duncan Leke Intrusion

g0

6.15
6.16
3.56
7.35

1.15
7.34
5.74

Ca0

7.60
6.80
5.30
9.02
9.92
10.4
9.07
0.30

Naz0

.47
1.80
4.18
2.07
2.12
2.19
2.18
6.06

Kp0

1.57
2.19
0.99
2.19
1.75
0.86
1.60
0.06

110,

1.04
0.96
1.65
0.65
0.63
0.61
0.74
0.95

P20g

0.07
0.05
0.17
0.06
0.04
0.05
0.04
0.07

Mn0

0.22
0.20
0.26
0.19

‘0.16

0.15
0.18
0.06

€0,

0.23
1.69
0.27
0.50
0.15
0.18
0.25
0.14

0.10
0.10
0.06
0.07
0.07
0.08
0.10
0.02

2N°¢

2.23
2.49
2.08
2.39
1.87
0.90
21
4.19

0.00
0.24
0.00
0.00
0.08
0.00
0.00
0.08

Lol

1.7
3.6
1.4
2.5
1.5
1.6
1.6
3.8

Total

99.8
98.8
10.00
99.9
99.7
98.8
99.8
99.2

gl
(atomic)

0.553
0.573
0.370
0.650
0.654
0.623
0.604
0.557
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Table 16:

Sample

$10;

52.0
§0.1
56.7
51.6
61.2
51.7
52.5
63.6
51.4
52.4
52.1
52.9
52.0
54.4
51.5

Alz03

14.1
13.1
13.8
14.2
12.7
14.1
12.7
14.2
14.7
13.7
13.9
13.6
13.8
12.7
14.4

Fep03

3.4
3.80
4.12
3.01
5.19
4.32
6.70
.97
an
3.10
3.16
4.10
3.40
5.40
3.00

fe0

8.58
9.33
6.46
8.45
7.03
8.98
9.45
5.52
1.23
10.2
8.32
9.78
7.92
9.25
8.19

Major Element Concentrations Across the Beaton Bay Intrusion

g0

5.54
5.15
4.49
5.81
2.29
5.46
2.76
1.65
6.30
4.76
5.55
4.03
5.27
3.30
6.27

Ca0

7.38
5.24
2.80
1.75
1.91
3.70
3.62
0.76
8.88
7.61
7.92
6.13
8.11
3.94
9.17

2.70
2.96
4.7
3.3
5.70
4.13
4.98
5.33
2.69
3.01
2.41
3.39
2.91
5.05
2.04

K20

1.98
1.52
0.84
1.61
0.19
0.92
0.88
1.88
1.88
1.38
2.15
1.60
1.96
1.00
1.48

T10,

1.02
1.02
1.00
0.65
1.00
1.16
1.47
0.88
0.76
0.99
0.90
1.23
0.92
1.37
0.85

P20

0.08
o.n
0.14
0.06
0.26
0.12
0.19
0.20
0.07
0.09
0.09
0.12
0.12
0.14
0.08

0.20
0.21
0.17
0.21
0.16
0.25
0.23
0.05
0.17
0.18
0.19

.. 0.24

0.17
0.31
0.18

€0,

0.26
2.85
1.25

0.26
0.31
0.7
0.4
0.16
0.11
0.19
0.08
0.30
0.42
0.20

0.09
0.11
0.07

0.01
0.1
0.01
0.01
0.10
0.10
0.08
0.14
0.09
0.16
0.10

.23
3.40
2.80
2.4
1.68
3.
1.80
2.00
2.28
2.4
2.28
2.20
Ry
1.91
2.12

H0"

0.00
0.40
0.31
0.00
0.00
0.27
0.17
0.00
0.18
0.00
0.07
0.00
0.24
0.21
0.09

Lo1

1.0
5.0
3.3
2.5
1.2
27
1.4
1.8
2.0
1.8
1.5
1.7

1.4
1.5

Total

99.6
98.8
99.2
99.5
99.6
100.0
99.3
99.5
99.4
99.6
99.6

II
No.
(atomic)

0.53§
0.496
0.553
0.551
0.367
0.520
0.342
0.348
0.608
0.454
0.543
0.423
0.543
0.389
0.577
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able 17:

Sample
No.

0217
0218
0220
0225
0228
0229
0230
0232
0236
0237
0238
0240
0242
0216
0215
0214
0212
0210
0208
0206
0205
0203
0202
0201

510,

51.9
§0.9
50.2
51.2
52.2
61.6
51.5
51.1
50.1
51.7
45.3
51.1
51.6
48.0
48.5
3.9
41.2
50.9
50.0
50.8
49.7
50.1
50.4
50.6

A1203

14.7
14.8
14.6
15.3
15.8
15.6
15.5
16.7
15.5
12.8
14.8
16.0
14.1
14.1
14.7
15.8
14.2
15.7
15.3
14.0
14.6
14.5
14.7
15.0

Fey03

an
1.58
1.56
1.40
1.68
1.63
1.71
1.86
1.7
1.52
1.67
1.39
1.18
1.30
1.16
1.12
1.30
0.96
1.2

1.31
1.20
2.37
1.58
2.67

Fe0

7.05
7.85
7.59

1.85
1.72
8.45
6.92
6.32
7.18
6.79
6.68
7.39
7.19
6.66
5.48
5.59
6.66
7.19
7.65
7.65
7.32
8.12
7.59

Major Element Concentrations Across the Miller Lake Intrusion

Ng0

6.73
7.10
8.20
9.66
6.18
1.12
7.25
7.12
8.19
11.00
6.76
8.76
10.8
11.4
9.87
7.38
6.75
8.42
10.2
10.5
8.82
7.65
8.69
7.76

Ca0

7.48
10.2
10.1
1.3
10.7
u.a
1.2
1.2

9.28
10.1
10.5
10.7
10.1

8.23
10.8
13.2
15.5
11.6
10.5

9.47

9.33

9.73

9.78

8.78

Nap0

3.45
1.62
1.99
1.15
2.19
1.62
1.78
1.59
1.22
1.29
1.84
1.30
1.32
1.94
1.66
2.97
2.42
1.84
1.30
1.46
2.44
1.94
1.56
1.64

K0

1.42
2.00
1.27
0.92
0.70
0.69
0.42
0.74
2.713
1.09
2.03
1.26
0.78
1.38
1.4
10.5
1.04
0.67
0.59
1.42
2.00
1.87
1.87
2.26

T10,

0.65
0.57
0.52
0.37
0.52
0.55
0.47
0.46
0.35
0.39
0.43
0.41
0.36
0.34
0.32
0.38
0.32
0.32
0.37
0.45
0.51
0.62
0.55
0.64

P205

0.06
0.03
0.02
0.01
0.03
0.04
0.03
0.01
0.01
0.00
0.02
0.02
0.01
0.03
0.01
0.03
0.02
0.01
0.01
0.03
0.03
0.03
0.03
0.04

0.31
0.19
0.21
0.16
0.18
0.17
0.20
0.17
0.16
0.17
0.18
0.18
0.17
0.22
0.19
0.27
0.33
0.15
0.16
0.17
0.20
0.18
0.18
0.29

€0,

0.09
0.07
0.09
0.11
0.06
0.07
0.05
0.09

0.08
§.25
0.13
0.13
1.10
1.1
5.31
8.02
0.14
0.10
0.08
0.19
0.12
0.09
0.30

0.07
0.09
0.07
0.06
0.10
o.n
on
0.09

0.06
0.04
0.06
0.06
0.04
0.05

0.04

0.04
0.07
0.06
0.07
0.07
0.09
0.06
0.08

Ha0*

2.58
2.40
3.24
1.84
1.70
1.96
1.33
n
2.38
2.19
3.33
1.92
1.54
4.22
3.02
3.0
2.7
2.11
.17
2.10
3.12
2.66
2.09
2.21

Ho

0.15
0.00
0.00
0.07
0.00
0.00
0.06
0.05
0.00
0.00
0.00
0.08
0.00
0.18
0.09
0.07
0.11
0.05
0.00
0.10
0.00
0.06
0.00
0.00

Lol

1.9
1.7
2.5
1.2
1.1
1.5
0.8
1.3
2.8
1.5
8.0
1.5
1.1
4.5
34
7.8
10.1
1.6
1.7
1.6
2.5
2.2
1.4
1.9

Total

89.4
99.4
99.6
100.1
99.9
98.9
100.0
99.8
99.9
99.6
98.9
100.0
89.5
99.7
99.6
99.9
99.5
99.6
99.1
99.6
99.8
99.2
99.7
99.8

sl
No.
(atomic)

0.630
0.617
0.651
0.723
0.584
0.622
0.605
0.647
0.722
0.732
0.640

0.723
0.739
0.726
0.707
0.683
0.693
0.717
0.710
0.673
0.651
0.656
0.646
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Table 18: Major Element Concentrations Across the Milner Lake Intrusion

Sample
No.

0112
0110
0109
0106
0105
0065
0063
0062
0100
0101
0103
0104
0067

510,

51.2
5.04
51.1
§3.3
52.3
§5.0
54.8
50.1
50.7
§1.0
49.8
§3.4
50.1

A0,

14.3
2.81
14.3
12.2
11.9
12.4
12.5
13.8
16.1
16.4
12.6
12.4
14.1

Fep03

2.65
8.72
3.70
4.40
4.50
5.60
5.10
2.40
1.93
2.04
§.20
5.97
3

Fed

8.78
8.72
9.98
12.0
13.0
10.2
10.0
9.18
1.7
ne
12.3
8.58
1.72

g0

6.79
7.9
4.09
2.70
2.44
2.84
3.16

6.16
$.75
3.56
3.32
6.87

Ca0

9.29
8.32
6.26
4.52
6.12
3.03
4.66
7.81
9.96
10.3
5.40
4.13
7.96

Nap0

1.86
1.86
3.es
3.94
2.95
4.73
4.34
3.38
2.42
2.14
3.84
5.93
3.or

a0

2.06
1.67
1.70
1.81
1.21
1.17
1.41
1.14
1.24
0.73
1.45

110,

0.72
0.81
1.7
1.74
1.99
1.83
1.34
0.88
0.69
0.68
1.84
1.52
0.87

P20s

0.05
0.0s
0.09
0.185
0.15
0.21
0.18
0.08
0.05
0.05
0.12
0.14
0.05

0.22
0.18
0.18
0.24
0.27
0.2t
0.25
0.20
0.16
0.15
0.38
0.34
0.23

0.42
0.28
0.36
0.61
0.18
0.15
0.24
0.08
0.60
0.40
0.20
0.42
1.0

0.08
0.06
0.19
0.13
0.08
0.06
0.05
0.10
0.06
0.07
0.1
0.14
0.12

Hoo*

2.40
2.70
2.34
1.98
2.26
1.78
2.09
2.81
2.08
2
2.55
1.58
2.31

Ho-

0.15
0.00
0.12
0.00
0.00
0.22
0.18
0.14
0.07
0.14
0.17
0.00
0.06

Lol

2.0
2.1
1.7
1.7
1.1
1.2
1.3
2.2
2.0
1.7
1.6
1.6
2.4

Total

99.8
99.6
89.7
99.5
99.8
99.6
99.9
98.9
100.0
99.8
99.3
98.8
99.3

s:
Mo.
(atomic)

0.580
0.620
0.422
0.286
0.051
0.332
0.360
0.574
0.587
0.590
0.340
0.408
0.613
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Table 19: The Mg-numbers of chilled Nipissing phase from
the Gowganda, Cobalt, and Temagami

Intrusion Chill Mg ~ Area
Upper Lower

Milner Lake b 4 0.580 }

Milner Lake x 0.613 }

Beaton Bay X 0.577 } *

Duncan Lake x 0.553 }Gowganda

Duncan Lake X 0.557 }

Miller Lake X 0.630 }

Portage Bay x 0.536 |

Portage Bay X 0.550 }Cobalt

Temagami x 0.66 }

Temagami X 0.68 |

Temagami x 0.64 }

Temagami X 0.70 }Temagami

Temagami x 0.60 }

* data from the present study

* % data from Conrod (1988)
*** data from Lightfoot et al. (1987)
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Table 20: Trace Element Concentration Across the Duncan Lake
Intrusion

Sample Nb Rb Sr Y 2r Th

Number

0078 -5 68 150 21 103 12
0079 -5 91 130 17 89 12
0077 -5 43 147 33 154 -10
0076 -5 45 204 16 93 -10
0075 -5 80 191 13 78 -10
0074 -5 65 202 12 78 -10
0071 -5 98 177 18 93 -10
0073 -5 39 199 17 84 ~10
0072 -5 66 169 14 80 11
0069 -5 -5 22 18 86 -10
Note:

The negative values indicate that the concentration of that
particular element is below the detection limit
for the method of analyses
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Table 21: Trace Element Concentration Across the Beaton Bay
Intrusion

Sample Nb Rb Sr Y 2r Th

Number

0117 -5 31 103 31 147 13
0116 -5 65 129 24 118 -10
0113 -5 63 145 17 88 -10
0118 -5 89 156 20 118 -10
o114 8 -5 48 53 239 14
0094 -5 36 163 27 133 10
0095 -5 36 120 37 164 -10
0096 6 27 23 25 159 15
0090 -5 81 190 16 105 -10
0091 -5 63 196 22 117 -10
0097 -5 95 152 20 114 13
0092 -5 75 201 28 145 12
0098 -5 84 139 22 111 10
0093 -5 46 132 37 159 -10

0099 -5 58 194 19 91 -10
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Table 22: Trace Element Concentration Across the Milner Lake
Intrusion

Sample Nb Rb Sr Y 2r Th

Number

0112 -5 40 150 19 85 -10
0111 -5 61 153 17 84 -10
0110 -5 61 157 18 83 -10
0100 -5 61 194 13 84 -10
0109 8 87 145 21 115 -10
0101 -5 48 205 13 82 -10
0108 -5 57 129 36 156 12
0107 5 68 145 37 164 -10
0106 6 65 140 37 167 -10
0105 -5 52 192 37 169 10
0064 5 79 132 37 169 10
0102 -5 36 159 27 119  -10
0065 -5 42 93 39 174 12
0104 -5 29 89 35 158 -10
0103 +5 50 134 32 148 11
0063 -5 66 116 34 162 -10
0062 -5 48 171 18 99 -10

0067 -5 62 143 17 85 -10
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Table 23: Trace Element Concentration Across the Milner Lake
Intrusion

Sample Nb Rb Sr Y Zr Th

Number

0236 -5 94 94 -5 47 -10
0237 -5 44 90 9 50 -10
0238 -5 85 82 14 55 11
0239 -5 55 116 12 61 -10
0240 -5 48 121 9 58 -10
0241 -5 31 120 12 58 -10
0242 -5 32 123 11 55 -10
0216 -5 51 66 10 47 -10
0215 -5 58 897 10 49 -10
0214 -5 45 100 13 51 -10
0213 -5 37 111 9 55 -10
0212 -5 46 97 25 51 -10
0211 -5 21 116 14 57 -10
0210 -5 29 116 9 53 -10
0209 -5 33 123 13 64 -10
0208 -5 22 128 11 57 12
0297 -5 56 112 9 61 -10
0217 -5 41 127 22 80 -10
0218 5 80 130 16 72 -10
0219 -5 64 144 16 72 -10
0220 -5 49 142 15 67 11
0221 -5 50 126 13 64 -10
0223 -5 52 126 11 61 11
0224 -5 47 117 12 58 -10
0225 -5 33 129 10 54 -10
0226 -5 23 131 13 63 -10
0227 -5 16 118 15 65 -10
0228 -5 31 137 16 71 -10
0230 -5 15 134 12 60 -10
0231 -5 23 123 15 67 -10
0232 -5 33 136 14 61 -10
0233 -5 48 128 14 61 -10
0235 -5 45 114 11 57 -10
0206 -5 52 119 10 63 -10
0205 -5 79 116 12 63 12
0204 -5 100 142 12 70 -10
0203 -5 72 131 13 77 -10
0202 -5 71 137 14 70 -10

0201 -5 88 151 15 75 10
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Table 24:

Ir, Y

and T10, Contents of Chilled Nipissing Phases from the

Cobalt, Gowganda and Temagami Areas

Samp le Intrusion Area Lower Ir Y Ir/Y Ti0,
Number Contact Contact (ppm) (ppm) (wt¥)
PB-951 Portage Bay Cobalt X 60.32 15.73 3.83 0.77
PB-747 Portage Bay Cobalt X 72.26 17.43 4.15 0.80
TM-86/148 N.W. Lake Temagami X 61.00 17.00 3.59 0.61
Temagami
TM-86/141 E. Lake Temagami X 60.00 16.00 3.75 0.63
Temagami
TM-86/136 SW Lake Temagami X 70.00 17.00 4.12 0.72
Temagami
ML-0217 Miller Lake Gowganda X 66.00 18.00 3.67 0.66
MR-0112 Milner Lake Gowganda X 80.00 22.00 4.54 0.65
MR-0067 Milner Lake Gowganda X 85.00 19.00 4.47 0.72
DL-0072 Duncan Lake Gowganda X 85.00 17.00 5.00 0.87
DL-0078 Duncan Lake *  Gowganda X 103.0 21.00 4.90 1.04
BB-0099 Beaton Bay Gowganda X 91.00 19 4.79 0.85
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Table 25: Preliminary Results of the U-Pb Age Determination
on the Bonanza Lake Granodiorite

Sample Number of Pb207 /pp206 Percent
Number grains used age discordant
in the (m.y.) (percent of
analyses common Pb lost)
WL 636 4 2210 1.2%

WL 182 6 2214 2.3%
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Sample collection sites across the Beaton Bay
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Figure 12. Sample collection sites across the Milner Lake

Intrusion at the Mann Mine site.
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Figure 13. Lithologic surface transect across the Milner
Lake Intrusion.
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Distribution of Nipissing lithologies throughout a hypothetical
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Variation in the Mg—number of orthopyroxene
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Figure 27. Variation in the whole rock Mg—number
across the Duncan Lake Intrusion
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Figure 28. Variation in the whole rock Mg-number
across the Beaton Bay Intrusion
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Figure 29.

Variation in the whole rock Mg—-number
across the Milner Lake Intrusion
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figure 30. Variation in the whole rock Mg-number
across the Miller Lake Intrusion
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Figure 35. Cobalt and Temagami area Nipissing chilled margin samples plotted
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Variation in Zr, Y, Sr, and Rb across the Duncan Lake Intrusion.
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Figure 37. Variation in 2r, Y, Sr, and Rb across the Beaton www. Intrusion.
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Figure 38. Variation in Zr, Y, Sr, and Rb across the Milner Lake Intrusion.
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Figure 39.
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the unconformity sheet. Any crystal mush beginning to accumsmuiate on the floors of the arches are washed down siope by the incoming pulses or
simply silump under the infuence of gravity. Patches of wall rock meiting begin around the auxillary chamber but remain isolated from the
mafic magma due to its bouyant nature. Accumulation of bronzite and hypersthene gabbros occur within the basins of the undulating
unconformity sheet. ,

Figure 44 (con'd). Model for the emplacement and crystallization

of the Gowganda area Nipissing magnas.
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5. In the latest stages of gmatism a longer residence time in the auxillary chamber allows the last pulses to fractionate and to mix
with the pockets of partially meited country rock before emplacement into the unconformity sheet. Once emplaced this magma
mixes with partially melted Huronian rocks above the conduit and along the limbs. This bouyant viscous magma tends to remain in the
arch an central portions of the limbs. Filter pressing within the gabbronorite pile in the basins causes the migration of volatile material
upward through the crystal pile to form the varied texture pegmatitic gabbro above the gabbronorites. Some of this volatile material
moves upward and mixes with the granodioritic and granitic magmas in the limbs and arches. Aplites lacking chills most iikely represent the
last magma differentiates coming from the auxillary chamber or remobilized meited country rock.

Model for the emplacement and crystallization

Figure 44 (con'd). ent ar
of the Gowganda area Niplssing magmas.
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Figure 45. Chondrite-normalized Rare Earth Element (REE)

plot of the lithologies comprising the Portage
Bay Intrusion.
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Figure 46. Chondrite-normalized spidergram of the lithologies
comprising the Nipissing Suite.
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Figure 47. Chondrite-normalized spidergram of the lithologies
comprising the Keweenawan Reference Suite.
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Figure 48. Chondrite-normalized spidergram of pelite-contaminated dolerite sills.
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Figure 49a.
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Figure 49b. MORB-normalized spidergran of the lithologies
comprising the Nipissing Suite.
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Figure 50. MORB-normalized spidergram of primitive basalt
which has undergone crustal contamination.
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Figure 51. MORB-normalized spidergram of Chilean
calc-alkalic and continental calc-alkalic
basalts.
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Figure 52. z»wwmmwso.mcwﬂm plotted on the Th-Hf-Ta discrimination plot of Wood (1980).
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Figure 53. Nipissing Suite plotted on the Zr-Ti-Y
discrimination plot of Pearce and Cann (1973).
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Figure 54. Chilled Nipissing magmas from the Gowganda, Cobalt, and Temagami

areas plotted on the Zr/Y versus Zr discrimination plot of Pearce
and Norry (1979).
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