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Conversion Factors for
Measurements in Ontario Geological Survey
Publications
If the reader wishes to convert imperial units to SI (metric) units or SI units to imperial units 
the following multipliers should be used:

CONVERSION FROM SI TO IMPERIAL

SI Unit

1 mm 
1 cm 
1 m 
1 m 
1 km

1 cm2 
1 m2 
1 km2 
1 ha

1 cm3 
1 m3 
1 m3

1L 
1 L
I L

19
19
1kg 
1kg
II 
1kg 
11

ig/t 

ig/t

Multiplied by

0.039 37
0.393 70
3.280 84
0.049 709 7
0.621 371

0.1550
1 0.763 9
0.38610
2.471 054

0.061 02
J5.3147

1 .308 0

1.759755
0.879877
0.219969

0.035 273 96
0.03215075
2.204 62
0.001 1023
1.102311
0.000 984 21
0.984 206 5

Gives

inches
inches
feet
chains
miles (statute)

square inches
square feet
square miles
acres

cubic inches
cubic feet
cubic yards

pints
quarts
gallons

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)
tons (short)
tons (long)
tons (long)

imperial Unit
LENGTH

1 inch
1 inch
1foot
1 chain
1 mile (statute)

AREA
1 square inch
1 square foot
1 square mile
1 acre

VOLUME
1 cubic inch
1 cubic foot
1 cubic yard

CAPACITY
1 pint
1 quart
1 gallon

MASS
1 ounce (avdp)
1 ounce (troy)
1 pound (avdp)
1 ton (short)
1 ton (short)
1 ton (long)
1 ton (long)

CONCENTRATION
0.0291666

0.583 333 33

ounce (troy)/
ton (short)
pennyweights/
ton (short)

1 ounce (troy)/
ton (short)
1 pennyweight/
ton (short)

CONVERSION FROM IMPERIAL TO SI

Multiplied by Gives

25.4
2.54
0.3048

20.1168
1.609344

6.451 6
0.09290304
2.589988
0.404 685 6

16.387064
0.02831685
0.764555

0.568 261
1.136522
4.546090

28.349 523
31.1034768
0.45359237

907.18474
0.90718474

1016.0469088
1.0160469088

34.2857142

1.7142857

mm
cm
m
m
km

cm2
m2
km2
ha

cm3
m3
m3

L
L
L

g
g
kg
kg
t
kg
t

g/t

g/t

OTHER USEFUL CONVERSION FACTORS
1 ounce (troy)Tton (short) 20.0 pennyweights/ton (short) 
1 pennyweight/ton (short) 0.05 ounce (troyj/ton (short)

NOTE Conversion factors which are in bold type are exact. The conversion factors have been taken 
from or have been derived from factors given in the Metric Practice Guide for the Canadian 
Mining and Metallurgical Industries published by The Mining Association of Canada in coop 
eration with the Coal Association of Canada.
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Introduction

The Precambrian rocks of Ontario contain almost all of the metallic mineral deposits and a 
significant portion of the non-metallic mineral deposits of the Province. Despite the fact few 
important discoveries have been made in recent years, the geology is such as to indicate 
that the probability of occurrence of additional valuable deposits is high. At the same time, 
exploration has reached a stage of maturity such that most of the deposits at the surface 
have been tested for their economic viability, and much greater reliance than formerly on 
increasingly sophisticated geoscience technology has become necessary.

In the Canadian Shield, exploration must be based on our knowledge of the spatial 
and genetic relationships of mineral deposits to rock type, geological structure and stratig 
raphy. However, because of difficulties in correlation between metavolcanic-metasedi- 
mentary belts separated by granitic and gneissic terrain, we have not been able to develop 
convincing models of the evolution of the Precambrian crust nor to relate the occurrence of 
mineral deposits to the evolutionary processes in a temporal sense.

Recognizing that geochronology could provide a valuable tool for improving our un 
derstanding of the occurrence of mineral deposits, and that this in turn might facilitate the 
identification of favourable areas for exploration, the Geological Branch (now the Ontario 
Geological Survey) in 1973 commissioned Mr. John Wood of the Precambrian Geology 
Section to study the state of the art and prepare a report as a basis for considering the 
establishment of a geochronology laboratory in Ontario to supplement our regular map 
ping program. In his report of April, 1974, Mr. Wood made the following recommendations:

1. There is a great need for age data on the Precambrian rocks of Ontario, in relation to 
understanding both the development of the Precambrian rocks as we now see them, 
and the metallogenic patterns in these rocks.

2. A geochronological laboratory should be established in Ontario.
3. This laboratory should be primarily research oriented. It should be established in close 

liason with and operate in close relation to the Geological Branch.
4. The laboratory should be equipped for both U/Pb and Rb/Sr dating methods.
5. The personnel hired to operate the laboratory should be the best available, and some 

formal mechanism of interchange with universities should be assured.
6. Initial cost including salaries and space rental would be in the order of SSOO.OOO; recur 

ring costs including salaries and space rental would be about SlOO.OOO/year.

As part of his study, Mr. Wood investigated the geochronology facilities of the Geophy 
sical Laboratory, Carnegie Institution of Washington. Dr. T.E. Krogh of the Geophysical 
Laboratory, in correspondence dated December 3, 1973, emphasized the point made by 
Mr. Wood that any new laboratory in Ontario should be strictly research oriented rather 
than production oriented if it was to be successful. Staffing constraints made it unlikely a 
laboratory could be set up within the Geological Branch. In the meantime Dr. S.B. Lumbers 
of the Department of Geology and Mineralogy at the Royal Ontario Museum (ROM) also 
had expressed an urgent need for and a keen interest in the possibility of a geochronology 
laboratory in Ontario. With these factors in mind, then, the Geological Branch and the De 
partment of Geology and Mineralogy prepared a joint proposal to the Cabinet Committee 
for Resources Development for the establishment of facilities in Ontario, patterned after 
those at the Geophysical Laboratory. The joint proposal was received and accepted by the 
Cabinet Committee in April, 1975; on June 9, the Minister of Natural Resources, the Hon. 
Leo Bernier, announced that a S300,000 grant was being made to the Royal Ontario Muse 
um. Staffing and construction were initiated immediately, and the Jack Satterly Geochro 
nology Laboratory, named after an outstanding Precambrian geologist who had served 32 
years with the Geological Branch, was officially opened at the Museum by the Hon. Frank 
S. Miller on March 9,1977.

Under the terms of the agreement between the Minister of Natural Resources and the 
Royal Ontario Museum, the services of a resident geochronologist are made available to 
the Ontario Geological Survey (OGS) in return for annual operating expenses. The facilities 
also are open to OGS personnel subject to the joint approval of the Survey and the Director 
of the Geochronology Laboratory. The OGS resident geochronologist is Dr. Paul Nunes.



This publication is the first summary of geochronology studies by OGS personnel, and 
is indicative of the type and breadth of work being undertaken in support of improving our 
understanding of Precambrian geology as an aid to mineral exploration. Although our geo 
chronology work is in its infancy, a review of the papers contained herein will indicate that 
even at this early date important results are being documented and original expectations 
for the program are being realized. The observations made by Dr. Nunes, in his overview, 
that our work indicates that the volcanic stratigraphy in the more northern 'greenstone' 
belts developed over time intervals of the order at 200-300 m.y. in contrast to time intervals 
of about 50 m.y. in the southern belts, and that all known economic Cu-Zn-Ag massive sul 
phide deposits occur in relatively young host rocks ranging in age from 2,740 m.y. to 2,700 
m.y., could have important implications.

E.G. Pye
Director
Ontario Geological Survey



OGS GEOCHRONOLOGY — OVERVIEW

The Ontario Geological Survey Geochronology Research 
Program — An Overview

P.O. Nunes1

The reports in this volume summarize new geochronolog- 
ical information obtained from a series of projects funded 
by the Ontario Geological Survey. The foundations for this 
information are the zircon U-Pb data obtained from No 
vember, 1977, to March 31, 1979, in the Jack Satterly 
Geochronology Laboratory directed by Dr. T.E. Krogh. 
The projects vary in degrees of completion from being 
relatively embryonic to being essentially finished.

The choice of areas for geochronology studies has 
been largely influenced by available geological mapping 
in the Province of Ontario. Much of the mapping, in turn, 
has been concentrated in Superior Province "green 
stone" belts   the host regions for most of Ontario's min 
eral deposits. All the studies in this volume share the fol 
lowing broad objectives:

1. to clarify our understanding of Archean "greenstone" 
belt evolution in the Superior Province of the Canadian 
Shield;

2. to test zircon age precision using detailed geological 
mapping as a relative age control, thereby demon 
strating the utility of U-Pb zircon dating as a time-stra 
tigraphic correlation tool;

3. to document, as well as possible, non-random rela 
tionships, if present, between ore deposits and the 
age of their host rocks at a variety of regional and 
local scales; and

4. to further our understanding of the temporal relation 
ships between the "greenstone" belts and intervening 
plutonic-gneissic terrains, thereby providing more 
fundamental insight into the geological evolution of 
the Superior Province.

So far, the zircon U-Pb technique has been used ex 
clusively, owing to its widely demonstrated superior age 
precision and accuracy relative to other radiometric dat 
ing techniques commonly used for age determinations of 
igneous and particularly metamorphosed igneous rocks. 
Methodology and data processing are important aspects 
of this research. Davis et al. (this volume) report a new 
technique for separating pyrite from zircon. The data re 
ported in Davis et al. (this volume) was obtained using 
Krogh's (1973) analytical procedure. Most of the data in 
the remaining reports were obtained using a different

1 Geochronologist, Ontario Geological Survey, with the Jack Sat 
terly Geochronology Laboratory, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto.

procedure developed by the author for the chemical iso 
lation of Pb. This is described along with other analytical

During this work, it became apparent that the solu 
tion of some of the problems encountered required that 
very small time intervals (*s20 m.y.) be resolved (see Da 
vis et al. this volume; Nunes and Jensen, this volume). 
The resolution of very small time intervals pushes current 
technique to its limits and underscores the importance of 
error evaluation. Two aspects of error evaluation are of 
fundamental importance: 1. the error evaluation of indi 
vidual data poirits which permits quantitative testing of 
whether or not a given set of data falls within analytical er 
ror of a line (i.e. whether or not "geological error" is sig 
nificant), and 2. linear regression analysis, which permits 
a quantitative error for concordia intercepts to be ob 
tained at least in cases where data define a discordancy 
line well within analytical error. The first aspect of error 
evaluation was refined by writing an error propagation 
program (for details, see Appendix 2). All data plotted on 
figures in the Uchi-Confederation Lakes, North Spirit 
Lake, and Abitibi belt studies were processed with this 
program. The second aspect of error evaluation has been 
investigated, where appropriate, with a program kindly 
provided by K. Ludwig of the United States Geological 
Survey. This program utilizes York's (1969) least squares 
regression analysis. His Model 1 uncertainties are used. 
This model assumes that samples are from populations 
which are precisely colinear. Low probabilities that a 
given set of data lie within analytical error of a line are evi 
dence that the uncertainies are underestimates owing to 
"geological error" (i.e. deviation from strict two-stage 
U/Pb evolution).

New information of a regional nature has been gen 
erated by these studies. Particularly interesting is the pre 
viously unknown presence of large time intervals of the 
order of 200 m.y. to 300 m.y. (Nunes and Thurston, this 
volume; Nunes and Wood, this volume) in the volcanic 
stratigraphies of the more northern regions, in contrast to 
much smaller volcanic stratigraphic time intervals of ^0 
m.y. in the more southern regions (Davis et al. this vol 
ume; Nunes and Jensen, this volume; Nunes and Pyke, 
this volume). This new knowledge enables one to note for 
the first time: 1. All the known economic Cu-Zn-Ag mas 
sive sulphide deposits in Ontario (all Abitibi belt deposits, 
the Mattabi mine deposit in the Wabigoon Subprovince, 
and the South Bay mine deposit in the Uchi Subprovince) 
occur in relatively young host rocks which range in age 
from about 2740 m.y. to 2700 m.y. Whether or not all de-



posits of this type are restricted to such a narrow time 
span in the Superior Province is of fundamental impor 
tance. 2. The range and geographical distribution of de 
pendable radiometric ages of metamorphosed igneous 
rocks in the Superior Province (this volume and the open 
literature) suggest that at least some of the 'greenstone 1 
belts and the intervening plutonic gneissic terrains 
evolved coevally from ^3000 m.y. ago to ^2700 m.y. 
ago.

Acknowledgments
Dr. I.E. Krogh, Director, Jack Satterly Geochronology Laborato 
ry, Royal Ontario Museum, designed the column used for the Pb 
chemistry and made 205Pb spike available. The author benefited 
from discussions with Dr. M. Tatsumoto, United States Geologi 
cal Survey, Dr. A.C. Nunes, University of Rhode Island, and D.M. 
Unruh, United States Geological Survey.

Appendix l — Analytical 
Procedure
Sample Preparation
Approximately 100-pound samples were blasted and/or sledged 
from fresh outcrop. They were crushed in a jaw crusher and pul 
verized in either a hammer mill or disc mill. Standard density and 
magnetic separation techniques were used prior to hand-pick 
ing zircon concentrates of ^9.907o purity. Concentrates were 
given a warm acid wash in 7 N HNO3 for s20 minutes and rinsed 
with clean water and clean acetone prior to digestion.

Zircon Chemistry
Zircon digestion procedures were those of Krogh (1973). Sam 
ples were totally spiked with a mixed 2ospD.235y spike with a Pb 
isotopic composition of:

205/206 = 24.671 g ?2 
206/207 = 250tTo7 
206/207 = 200!T28

No 204Pb correction was necessary when subtracting the spike 
Pb from the sample Pb. The 205Pb was a portion of the solution 
prepared by Krogh and Davis (1975). For most samples, Pb was 
isolated on a 0.012 cm3 resin column (Dowex 1 x 8) with a minia 
turized version of a single-column HBr technique (Nunes 1975) 
which evolved from previous HBr Pb isolation descriptions (E.G. 
Oversby 1970; Tilton 1973). U passed through the HBr column 
and was isolated with HCI on a 0.4 cm3 column (Krogh 1973). 
Twelve total chemistry Pb blanks ranged from 2.5 ng (first data) 
to 0.05 ng. Most of these blanks were in the 0.1 to 0.2 ng range. 
Other lead blanks ranged from 7 to 11 pg (nine loading blanks), 
26 to 11 pg (three HBr column blanks), and 44 to 300 pg (15 
teflon bomb digestion blanks). Radiogenic lead memory of 
reused digestion bombs was initially detected at levels of ap 
proximately O to 220 pg. Care was taken to ensure negligible 
cross contamina-

P.D. NUNES
tion of samples. Relatively high bomb blanks are probably a con 
sequence of impure teflon.

Hydrogen bromide was cleaned with an ion exchange col 
umn. All other reagents were cleaned with Mattinson's (1972) 
two-bottle technique.

All isotopic composition measurements were obtained with 
a Micromass mass spectrometer with a 30 cm radius of curva 
ture for the flight tube. Automatic peak switching capability was 
achieved with digital control of the magnetic field via interfacing 
to a Hewlett Packard 9830A desktop computer. Data was ac 
quired with a modified version of the BASIC program described 
by Stacey and Hope (1975). Lead was run with a modified ver 
sion of Cameron et a/.'s (1969) silica gel technique, much like 
that described by Tatsumoto etal. (1972). Uranium was run with 
the tantalum pentoxide technique (Krogh 1973).

Most of the 207P^206Pb values and about half the uranium 
ratios were obtained with a Faraday cup Gary vibrating reed 
electrometer detector system. The other lead and uranium ratios 
were obtained with a Daly knob-photomultiplier detector in the 
analogue mode.

Appendix 2—Error Evaluation 
Procedure
Three 235U^05Pb values for the mixed spike were obtained from 
two calibrations using ground portions of the United States Na 
tional Bureau of Standards (NBS)  50 ppm standard glass 
wafer (Barnes et al. 1973) and from two additional uranium and 
lead shelf calibrations. The average 238U^05Pb value was 109.4 
with a total range of 1.9^o. This ratio is thought to presently be 
accurate to about  1.007o. Because the spike was diluted during 
these determinations, absolute concentrations are slightly less 
accurate and estimated at  1.57o.

All age errors are precision error estimates. Where data 
within error of concordia were obtained, the age error was esti 
mated from the precision error of this analysis since the purpose 
of generating discordia lines is, after all, to extrapolate back to 
concordia. When data within analytical error defined a discordia 
line, ages and their uncertainties (QBYo confidence limits) were 
obtained with a program (K. Ludwig, United States Geological 
Survey, written communication, December, 1978) utilizing York's 
(1969) least squares correlated error treatment. Where the best 
fit line passed within error, but to the right of the origin of the con 
cordia diagram, the 207Pb^06Pb age of the centroid was used to 
infer a minimum age (i.e. one cannot have future Pb loss).

Accuracy age errors may be estimated by adding 3 m.y. to 
the precision errors in this paper   a consequence of the U half- 
life uncertainty of about   Q.1% (Jaffey et al. 1971). Constants 
used were those of Jaffey et al. (1971) for \235 and \238 and 
238U/235U ^ 137.88.

Uncertainties in the corrected sample Pb isotopic composi 
tions owing to the 205Pb spike isotopic composition uncertainties 
are negligible.

Uncertainties were propagated according to:

where AF is the final error, and AX( is the error in the i th variable. 
An error propagation program was written which enabled the 
computer to perform the partial differentiation for each variable.
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If X = F ( X.,, X 2 , .... X n ) 
df A X -, - F ( X- 
9X n

1( X 2 ,...X n ) -F(X 1 ,X 2j .,.X n )

The computer program calculates the right hand side of 
this equation for each variable and quadratically sums all these 
values according to the previous equation. Individual variables 
and errors propagated in this manner are as follows.
1. Sample and spike weighing errors. Weights obtained with the 

Sartorius semi-micro and Cahn micro balances were esti 
mated to be correct to   0.05 mg and 0.005 mg, respec 
tively.

2. Uranium fractionation values and uncertainties at the 2a level 
were determined to be - 0.06   Q.09% per atomic mass unit 
(measured heavy/light isotope ratios were too high) for the 
Faraday collector system and 0.09   Q.14% per atomic mass 
unit for the Daly knob-photomultiplier detector. These correc 
tion factors are based on seven and nine standard runs of 
NBS Standard As part of his study Material U500 for the Gary 
and Daly detector systems, respectively.

3. Lead fractionation values and uncertainties at the 2o- level 
are 0.11   0.04 07o per atomic mass unit (measured heavy/ 
light isotope ratios were too low) for the Faraday cup detector 
and 0.26   D.14% per atomic mass unit for the Daly knob de 
tector. These numbers are based on eight standard runs on 
each detector of Standard As part of his study Material 981, 
the NBS common lead standard (Catanzaro et al. 1968). 
Lead was run at s 1280 to 1350"C (Gary System) and 3=1180 
to 12800C (Daly System). A conservative Pb fractionation er 
ror of   0.1 47o per atomic mass unit was used for data ob 
tained with the Faraday cup prior to purchase of our optical 
pyrometer.

4. Measurement errors of isotopic ratios used are twice the 
standard error of the mean:

O m =

N
I, (X-X-,)
1=1 N (N- 1)

where x is the mean of N values and x, is the ith value. 
Typically, six to ten blocks of data were taken with 
each block consisting of at least six peak switching 
cycles of the isotopes being measured. 
All Pb and U blank uncertainties were estimated at   50^o. 
Total lead blanks were run alongside each set of five sam 
ples. Two total chemistry uranium blanks were 0.1 and 0.2 
ng. All samples were corrected for a U blank of 0.15 ng. 
Common lead subtracted from the data was assumed to 
have an isotopic composition defined by Stacey and Kram- 
ers' (1975) 2-stage evolution model. Possible errors associ 
ated with departures from this assumption were not evaluat 
ed.
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Geochronology of the North Spirit Lake Area, District of 
Kenora — Progress Report
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Introduction
Within the Superior Province of northwestern Ontario, me- 
tavolcanic-metasedimentary belts of low metamorphic 
grade are separated from each other by areas of granitic 
rocks and together with the granitic rocks, constitute 
"greenstone"-rich subprovinces, e.g. the Wabigoon Sub- 
province. These "greenstone"-rich subprovinces are 
separated by extensive high grade metasedimentary and 
plutonic terrains, e.g. the English River Subprovince. 
These low grade and high grade crustal subdivisions are 
known in Precambrian shield areas the world over.

Detailed mapping of the North Spirit Lake metavol- 
canic-metasedimentary belt (Figure 1), which lies in the 
Gods Lake Subprovince of the Superior Province of the 
Canadian Shield, has provided a base in this area for 
geochronological investigations. Objectives of this study 
are to: 1. clarify our understanding of the evolution of the 
North Spirit Lake metavolcanic-metasedimentary belt; 2. 
compare the absolute age framework of the stratigraphy 
in this "greenstone" belt with absolute age frameworks 
established for other belts (see the companion papers of 
this volume), and thereby demonstrate the utility of zircon 
U-Pb dating as a time-stratigraphic correlation tool; 3. 
elucidate possible relationships between ore deposits 
and the age of their host rocks at local and regional 
scales, and 4. begin to provide age information which will 
further our understanding of the temporal relationships 
between the "greenstone" terrains and intervening high 
grade metamorphic terrains.

During the course of fieldwork by Wood in 1971-72- 
73 and 1975 (Wood 1977, 1980) it was recognized that 
the supracrustal rocks within the belt belong to an upper 
and a lower sequence. An unconformity to disconformity 
separates the two sequences (Wood 1979). Until the 
present study was initiated no geochronological data 
were available for the North Spirit Lake area. An Early 
Precambrian age for the rocks was inferred owing to litho- 
logical and structural similarity to rocks in other areas of 
known Early Precambrian age. In addition the recognition 
of an unconformity posed the question of whether this un 
conformity represented a time break which could be defi-

1 Geochronologist, Ontario Geological Survey, with the Jack Sat 
terly Geochronology Laboratory, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto.
2 Geologist, Precambrian Geology Section, Ontario Geological 
Survey, Toronto.

ned by radiometric methods, and if so, was it of sufficient 
duration to be important from the viewpoint of crustal evo 
lution.

A major deposit of interlayered magnetite ironstone 
and chert is present near the top of the lower sequence. 
There are many occurrences of other economic minerals 
in the area (Wood 1977, 1980). However no economic 
deposits have yet been proven, perhaps because of the 
lack of easy access and high exploration costs. The 
question of whether any of the volcanic cycles within the 
North Spirit Lake belt could be chronologically correlated 
with volcanic cycles known to host economic mineral de 
posits in other areas was a prime consideration in this 
study.

Samples of metavolcanics and subvolcanic intrusive 
rocks from the North Spirit Lake metavolcanic-metasedi 
mentary belt and of a plutonic tonalite and its feldspar- 
amphibolite-quartz-biotite inclusion from the MacDowell 
Lake area of the Berens River Subprovince, totalling 
seven in all, were collected for zircon U-Pb age determi 
nation.

Geological Setting
The lower part of the sequence of supracrustal rocks con 
sists primarily of volcanic rocks that range in composition 
from peridotitic komatiite to rhyodacite. Clastic metasedi- 
ments are restricted to thin interflow units. Chemical met- 
asediments i.e. magnetite ironstone and chert, are impor 
tant near the upper part of the lower sequence.

The upper sequence consists of basaltic to dacitic 
metavolcanics, epiclastic rocks that range from conglom 
erate to mudstone, calcareous and dolomitic limestones, 
and magnetite ironstone and interbedded chert; intruded 
by intermediate to felsic subvolcanic stocks and ultra 
mafic to mafic sills. This upper sequence rests uncon- 
formably to disconformably on the lower sequence.

Batholithic granitic rocks intrude both sequences. 
Some of the granitic rocks almost certainly are older than 
the upper sequence, however no unconformity of supra 
crustal rock on plutonic rock was observed.

The supracrustal rocks have been metamorphosed 
and range in grade from greenschist to hornblende-cor- 
dierite facies. They have been deformed along a major 
northwest-trending fold set and in some places along a 
northeast-trending fold set, also. Faults that form part of 
the system separating the Gods Lake Subprovince from 
the Berens River Subprovince have also affected the 
rocks in the area.
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Localities of the North Spirit Lake samples used in 

this investigation are shown in Figure 1.

Geochronology
Fourteen samples of zircon from six different rocks have 
U concentrations which range from 192 ppm to 1051 
ppm. The range in U concentration is more narrowly defi 
ned (192-383 ppm) for twelve of the fourteen analyses. 
The highest U concentrations were found in zircons from 
sample N77-4 (felsic to intermediate metavolcanic).

Three U-Pb isotopic analyses of zircon from sample 
N77-2, the Bijou Point quartz diorite, define a best fit (York 
1969) least squares regression line with upper and lower 
concordia intercept ages of 2730   6 m.y. and 743 ± 126 
m.y. respectively (Figure 2). Errors are at the 9507o confi 
dence level, and the probability that the observed scatter 
is caused by the assigned analytical errors alone, is 4807o. 
This sample is of a subvolcanic stock considered by 
Wood (1977) to be of equivalent age to the intermediate 
to felsic volcanic rocks in the upper sequence.

Also shown in Figure 2 are two isotopic analyses of 
zircon from quartz diorite from the MacDowell Lake area 
of the Berens River Subprovince and one zircon isotopic 
analysis from a feldspar-amphibolite-quartz-biotite inclu 
sion in the quartz diorite. Although U and Pb concentra 
tions and 208Pb7206Pb values suggest that the zircon from 
the MacDowell Lake quartz diorite and its inclusion crys 
tallized from different source rocks, the discordance pat 
tern in Figure 2 suggests they are of the same age. A re 
gression line through these three analyses has upper and 
lower concordia intercept ages of 2768   17 m.y. and 
871   162 m.y., respectively. The probability that the ob 
served scatter is caused by the analytical errors alone is 
2307o.

The lower intersection, about 800 m.y. in both cases, 
does not correlate with any known geological event, and 
hence may be meaningless. The production mechanism 
of such a discordance pattern is still poorly understood. 
Because those patterns may have been caused by mix 
ing of zircons with complex U/Pb evolution histories, the 
upper concordia intercept ages of 2730 m.y. and 2768 
m.y. may or may not be physically real. The upper con 
cordia intercept ages for these colinear data remain, 
however, our best estimates for the true rock ages. What 
is absolutely certain is that the minimum ages of the Mac 
Dowell Lake quartz diorite (Sample N77-6, 2715   1 m.y.) 
and the Bijou Point quartz diorite (Sample N77-2, 2714   
1 m.y.), as defined by the 207Pb7206Pb ages of the most 
concordant analysis from each rock, are indistinguisha 
ble.

Polished grain mounts of zircons from all samples 
were etched with HF (Krogh and Davis 1974) in order to 
check for the possible presence of multiple episodes of 
zircon growth. Relatively less altered cores of apparently 
xenocrystic zircon were found in a -i- 200 mesh split of zir 
cons from N77-4, a sample of crystal tuff from the upper 
sequence. Hence, the N77-4 material analysed (Figure 2)

was likely mixtures of zircon which probably grew at two 
different times. Therefore, the two N77-4 analyses in Fig 
ure 2 do not yield meaningful age information.

The presence of xenocrystic cores in zircons from 
crystal tuffs from the Uchi Lake metavolcanic-metasedi- 
mentary belt (Nunes and Thurston, this volume) and from 
the Wabigoon Subprovince (Davis etal. this volume) sug 
gests that this rock type is more prone to having multi 
phase zircons in contrast to other pyroclastic and flow 
rocks.

Five zircon isotopic analyses of N77-3, a monolithic 
tuff-breccia from the lower sequence, do not define a line. 
Three of the five analyses define a line which intersects 
concordia at 3013 m.y. and 168 m.y. The probability that 
the observed scatter from the line is caused by analytical 
error alone, however, is only Q.2%. Such a poor linear fit 
and the departure of two analyses fom the line make a 
quantitative estimate for the age uncertainty difficult to 
determine. The position of the two most concordant anal 
yses of -l-200 mesh zircons slightly below this line could 
be caused by presence of xenocrystic material although 
none was identified in polished grain mounts. Despite the 
observed scatter outside of analytical error, the limited 
range in 207Pb7206Pb minimum ages from 3003 m.y. to 
3023 m.y. and the discordance pattern in Figure 3 indi 
cates that 3013   10 m.y. is a reasonable estimate for the 
age of this rock.

A single zircon analysis (N77-1A) from a granitoid 
clast taken from conglomerate which occurs just above 
the unconformity yields a minimum age of 2975 m.y.

Discussion
The 3013 m.y. old tuff-breccia from below the unconform 
ity is the oldest volcanic rock currently known within the 
Superior Province of the Canadian Shield. This rock to 
gether with the 2730 m.y. old Bijou Point subvolcanic 
quartz diorite from above the unconformity represent an 
evolutionary time interval of about 280 m.y. for this portion 
of the North Spirit Lake metavolcanic-metasedimentary 
belt. Since sampling this lower unit, further interpretation 
of the geology of the lower sequence has revealed that 
two volcanic cycles may be present rather than one as 
originally thought, most of the second cycle having been 
removed by erosion prior to deposition of the upper se 
quence. The precise stratigraphic position of the 3013 
m.y. old tuff-breccia (N77-3) within the lower sequence is 
obscure. If N77-3 is from the upper cycle in the lower se 
quence, the unconformity represents a hiatus of about 
280 m.y. and siliceous volcanic rocks significantly older 
than 3013 m.y. are present in this area. Alternatively, 
N77-3 may be from the oldest cycle and the unconformity 
may represent an hiatus of somewhat shorter duration 
than 280 m.y.

The minimum age of 2975 m.y. for the conglomerate 
siliceous boulder indicates at least part of the granitic 
source terrain for the post-unconformity conglomerate 
consists of plutonic rocks of similar antiquity to the pre-
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SAMPLE LOCALITIES

Q N - 77- 1 
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FELSIC INTRUSIVE ROCKS 

Batholithic rocks 

Subvolcanic rocks

MAFIC AND ULTRAMAFIC INTRUSIVE ROCKS

Mafic rocks 

Ultramafic rock

CHEMICAL METASEOIMENTARY ROCKS

Marble (Upper sequence

Quartz-magnetite iron formation (Upper and lower sequence) 

EPICLASTIC METASEOIMENTARY ROCKS (All upper sequence)

Shallow water sandstone and mudstone. 

Deep water sandstone and mudstone. 

Conglomerate, unsubdivided. 

METAVOLCANIC ROCKS

Upper sequence

Intermadiate-felsic rocks

Mafic flows 

Lower sequence

Figure 1—Index map (inset) showing location of North Spirit Lake area, and sample localities on geological map from 
Wood (1980).
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NORTH SPIRIT LAKE AREA
unconformity volcanic rocks. This granitic source terrain 
must have been uplifted and eroded to supply detritus to 
form the clastic rocks of the upper sequence. Hence we 
infer that a period of deformation occurred prior to the ob 
vious one that affected all of the supracrustal rocks.

The long time interval between the upper and lower 
sequences would have allowed sediments to be recycled 
several times before final deposition. This combined with 
the erosion of granitic rocks explains the occurrence of 
anomalously quartz-rich sediments (Donaldson and 
Jackson 1965) in the North Spirit Lake area.

Krogh and Davis (1971) obtained a U-Pb zircon age 
of about 2910 m.y. (recalculated to new decay constants) 
for gneissic trondhjemite in the North Trout Lake bathol 
ith. Further west, U-Pb zircon ages of about 2900 m.y. 
and 3000 m.y. have been reported for gneissic rocks on 
the east shore of Lake Winnipeg (Krogh et al. 1974). 
These ages, and the previous scarcity of zircon data for 
the metavolcanic-metasedimentary belts themselves, re 
sulted in widespread speculation that the Superior Prov 
ince 'greenstones' were *s 2800 m.y. old and that the 
gneissic rocks represented a pre-volcanism crust or "old 
basement" (e.g. Ayres 1977; Baragar and McGlynn 
1978). Zircon ages of 2959   2 m.y. (Nunes and Thurston 
1978 and this volume) and about 3013 m.y. (Nunes and 
Wood 1979 and this paper) have been obtained for the 
oldest sampled volcanic units in the Uchi Lake area and 
the North Spirit Lake area respectively. These ages have 
shattered the misconception that all Superior Province 
volcanic rocks are *s2800 m.y. old and illustrate that vol 
canic rocks in the metavolcanic belts and batholiths in 
the gneissic belts have developed coevally in the Supe 
rior Province at least from about 3000 m.y. ago to about 
2700 m.y. ago.

From an economic standpoint the lower sequence 
cannot be compared with other areas since it stands 
alone as the oldest known in the Superior Province. The 
large tonnage magnetite ironstone deposit within the 
lower sequence represents a deposit formed during a 
period of quiescence between volcanic cycles.

The volcanic activity in the upper sequence is almost 
identical in age to the uppermost volcanic cycle in the 
Uchi Lake area which hosts the South Bay mine (Nunes 
and Thurston, this volume). The Uchi Lake and North 
Spirit Lake belts are geographically close. The possibility 
that similar economic mineral deposits may be found in 
the North Spirit Lake belt is an attractive one. There are 
many occurrences of economic minerals within the belt 
and the geology is favourable.

Conclusions
1. Geologically the supracrustal rocks of North Spirit 

Lake area can be divided into an upper and lower se 
quence separated by an unconformity. A tuff-breccia 
unit from the lower sequence has an age of about 
3013 m.y. These volcanic rocks are the oldest known 
in the Superior Province of the Canadian Shield.

2. A subvolcanic quartz diorite from the upper sequence 
has a minimum age of 2714   1 m.y. and an upper 
concordia intercept age of 2730   6 m.y. Hence the 
unconformity represents a hiatus of up to about 280 
m.y. The age of these younger volcanic rocks is thus 
similar to the age of the mineralized cycle III rocks in 
the Uchi-Confederation Lakes area (s 2738 m.y. old, 
Nunes and Thurston, this volume).

3. A quartz diorite from the Berens River Subprovince 
has a minimum age of 2715   1 m.y. and an upper 
concordia intercept age of 2768   17 m.y.

4. A granitic clast from a conglomerate at the base of 
the upper sequence has a minimum age of 2975 m.y., 
close to the age of the older volcanic rocks.

5. Zircon ages from this and other reports in this vol 
ume, and in the literature indicate that metavolcanics 
and metasediments, and plutons and orthogneisses 
in the intervening high grade metamorphic terrains, 
developed coevally in the Superior Province at least 
from about 3000 m.y. ago to about 2700 m.y. ago.
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Appendix l — Petrography
N77-1A Trondhjemite clast in conglomerate 
immediately overlying the unconformity
A coarse-grained (quartz to 6 mm, plagioclase to 3 mm) hypi 
diomorphic-granular rock. It has been deformed; large quartz 
grains have been broken down into smaller domains and granu 
lar small grains have developed along fractures within large 
grains. In addition to deformation it has been subjected to low 
grade metamorphism, thus with the exception of quartz and ac 
cessory minerals, all others have been altered. Feldspar shows 
evidence of concentric zoning, but pervasive alteration to epi 
dote and sericite obscures original compositions. Some feldspar 
crystals are microperthitic suggesting that some potassic felds 
par was originally present. The rock is leucocratic. 
Minerals Estimated Mode 
Quartz 4207o 
Plagioclase 530Xo 
Biotite (pleochroic in brown) 20Xo 
Chlorite 207o 
Opaques and accessories 1 7o
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N77-2 Quartz diorite to syenodiorite, Bijou Point
Medium-grained (1.6 mm) porphyritic (phenocrysts to 5 mm) hy 
pidiomorphic igneous rock. Plagioclase, some crystals well 
formed, constitutes the bulk of the rock, all other minerals are in 
tergranular to the plagioclase. Biotite occurs in clumps and may 
represent recrystallized hornblende, crystals are about 0.15-2.5 
mm in length. Quartz also is fine grained (0.07 mrn) and granu 
lar.
Minerals Estimated Mode 
Feldspar, extensively altered to epidote, muscovite 6007o 
Quartz 1 57o 
Biotite, pleochroic in green 2007o 
Sphene (occurs with biotite in fine-grained granular 
aggregates) 1 07o 
Chlorite (occurs with biotite) 27o 
Carbonate (occurs with quartz and other intergranular 
minerals) 1 7o 
Zircon (intergranular) < 1 07o 
Apatite (intergranular)  i'r/o

N77-3 Felsic to intermediate monolithic tuff- 
breccia, from below the unconformity
Foliated and crenulated fine grained (0.15 - 0.20 mm) rock, with 
quartz and feldspar phenocrysts and clasts up to 1 cm long. The 
feldspar phenocrysts and quartz phenocrysts are euhedral. 
Lithic fragments are flattened and most of the quartz granulated. 
The clasts and matrix are overall of felsic composition. On the 
basis of observed texture the rock appears to be pyroclastic. 
Minerals Estimated Mode1 
Quartz, Plagioclase 657o 
Muscovite, Opaques 307o 
Chlorite 47o 
Zircon, Tourmaline ^7o 
Sphene (very fine-grained, granular aggregates) <^%

N77-4 Felsic to intermediate crystal tuff
A fine-grained rock with distinct foliation. Crystals of plagioclase 
give a porphyritic appearance. Most of the rock is a mosaic of 
quartz and feldspar. Since a few rock fragments are present in 
the rock in addition to large (1.0 mm) plagioclase crystals the 
rock is considered pyroclastic. Matrix grain size is about 0.05 
mm.
Minerals Estimated Mode 
Quartz, Feldspar 85 07o 
Muscovite 1007o 
Biotite 407o 
Opaques, Apatite, Sphene, Epidote 1 7o

N77-6A Quartz diorite, MacDowell Lake
Unaltered medium- to coarse-grained (1.5-4 mm) rock with 
abundant plagioclase showing sutured grain boundaries. Few 
idiomorphic crystals of any mineral. Sphenes are notable for ov 
ergrowths separated from the main part of the crystal by a black 
opaque mineral.
Minerals Estimated Mode 
Plagioclase 537o 
Microcline (in places micrographically 5 07o

intergrown with quartz) 
Quartz, interstitial to feldspar, 1007o

grains 0.1 to 0.2 mm
Biotite, pleochroic green to yellow 1 07o 
Hornblende, pleochroic green to straw 2007o 
yellow, twinned

P.O. NUNES cV J. WOOD
Sphene 1 7o 
Opaques, Apatite, Zircon (metamict 1 7o 
with overgrowths)

N77-6B Quartz diorite, MacDowell Lake
Medium-grained granoblastic rock, crystals 0.5 - 1.5 mm in 
length, with a weak gneissosity but distinct foliation. There are 
overgrowths of epidote on allanite and the rock has an unaltered 
appearance suggesting a metamorphic origin. 
Minerals Estimated Mode 
Quartz 2007o 
Plagioclase 34 07o 
Microcline 307o 
Biotite (pleochroic in green) 2007o 
Hornblende (pleochroic in green) 207o 
Sphene, Zircon, Opaques 307o
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An Absolute Age Framework for the Stratigraphy of the 
Uchi-Conf ederation Lakes Metavolcanic-Metasedimentary 
Belt, District of Kenora

P.D Nunes1 and P.C. Thurston2

Introduction
Detailed mapping of metavolcanic-metasedimentary 
belts in the Superior Province of the Canadian Shield has 
revealed extensive stratigraphic records of Early Precam 
brian crustal development. Prominent mineral deposits, 
commonly restricted to one or a very few volcanic hori 
zon^) within a given region (e.g. Goodwin 1961), provide 
an economic incentive to document as accurately as 
possible their geologic evolution.

The present detailed U-Pb zircon study of the Uchi- 
Confederation Lakes metavolcanic-metasedimentary belt 
was undertaken in order to: 1. clarify our understanding 
of the evolution of the belt; 2. test zircon age precision 
using detailed geologic mapping as a relative age con 
trol; 3. further demonstrate the potential of U-Pb zircon 
dating as a time-stratigraphic correlation tool; and 4. to 
document, in this and future studies, non-random rela 
tionships, if present, between ore deposits and the age of 
their host rocks at local and regional scales.

Geological Setting
The Uchi-Confederation Lakes belt is a sequence of me- 
tavolcanics and minor metasediments within the Uchi 
Subprovince of the Superior Province of the Canadian 
Shield (Ayres etal. 1971) (Figure 1). The belt trends north 
for 84 km, is 32 km wide, and has an estimated total strati 
graphic thickness of 8500 to 11 240 m folded about a 
central syncline and a marginal anticline on the eastern 
margin of the belt (Figure 2). The belt is bounded to the 
south by the gneissic, predominantly metasedimentary 
English River Subprovince (Breaks et al. 1978; Thurston 
and Breaks 1978) and to the east, west, and north by 
granitic rocks.

Two cycles of mafic to felsic volcanism recognized 
by Goodwin (1967) are herein termed cycles II and III. 
Pryslak (1971) recognized cycle l, the lowest strati-

1 Geochronologist, Ontario Geological Survey, with the Jack Sat 
terly Geochronology Laboratory, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto.
2 Supervising Geologist, North Archean Subsection, Precam 
brian Geology Section, Ontario Geological Survey, Toronto.

graphic unit. On the west limb of the central syncline, the 
rocks form a homoclinal, vertically dipping, east-facing 
sequence (Figure 2). The felsic metavolcanics of cycle III 
lie mainly within a graben defined by 1. northeast to north 
trending border faults and 2. northeast striking units 
folded about shallow plunging axes in contrast to the 
northerly striking units with steeply plunging structures 
outside the graben (Thurston 1978). Relations on the east 
limb of the central syncline are complicated by complex 
fold patterns (Thurston etal. 1974). The metavolcanics of 
cycle l are conformably overlain in the western part of the 
area by a maximum thickness of 90 m of marble and/or 
sulphide facies iron formation. Total thickness of cycle l 
metavolcanics is about 5300 m. Conformably overlying a 
welded felsic tuff at the top of cycle II is about 60 m of 
stromatolitic carbonate. This cycle has a maximum total 
thickness of about 6500 m. Cycle III (total thickness ^ 
3950 m) basalts conformably overlie the cycle II marble. 
A quartz- and feldspar-porphyritic endogenous dome 
(Pollock et al. 1972) within the graben in the upper portion 
of cycle III was radiometrically dated by Krogh and Davis 
(1971). For this program a quartz-porphyritic felsic flow 
outside the graben was dated.

The only massive sulphide deposit of economic sig 
nificance found so far in this region is a zinc-copper-silver 
deposit at the South Bay mine (Pollock et al. 1972; Thur 
ston etal. 1978) which occurs in siliceous volcanic rocks 
associated with the quartz-feldspar porphyry dome.

Rocks of cycle III are intruded by granodioritic to 
trondhjemitic synvolcanic rocks forming major sills and 
stocks mainly within cycle III (Pryslak 1970). These units 
have bulk and trace element chemistry similar to the fel 
sic metavolcanics of cycle III and have been linked to cy 
cle III magmatism by Thurston and Fryer (1979) on chem 
ical grounds.

The Uchi-Confederation Lakes belt metavolcanics 
contain assemblages indicative of low grade Abukuma- 
type metamorphism (Thurston and Breaks 1978). The 
belt is cut by several synkinematic to post-kinematic 
granitic bodies of quartz monzonite to trondhjemite. Rep 
resentative of these is the Okanse Lake pluton which was 
selected for dating.

The dated samples (see Appendix 1) contain green 
schist and amphibolite metamorphic facies assem 
blages.
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Figure 1—Map of Ontario illustrating location of the Uchi-Confederation Lakes area, and subprovinces of the Superior 
Province.
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Figure 2—Geological map of Uchi-Confederation Lakes area with sample localities. Geology after Thurston (1978).

Geochronology
Three zircon samples obtained from the post-meta- 
morphic and post-folding Okanse Lake pluton were ana 
lysed (Figure 3). One analysis, N77-8-1, is concordant 
within analytical error, and yields an age of 2729.6   1.3 
m.y. This age is interpreted as representing the time of 
formation of this pluton.

Four analyses of cycle III rhyolite zircons lie within 
analytical error of a O m.y. Pb loss line which yields an 
upper concordia intercept age of 2739 ± o 1m.y. (9507o con 
fidence limits). When the least precise analysis is exclud 
ed, an upper concordia intercept age of 2737 ± l m.y. 
(950Xo confidence limits) is obtained. An age and error es 
timate of 2738 ± o m.y. includes the range of the 
207Pb7206Pb ages and is a reasonable estimate for the 
time of formation of these rocks.

Three analyses of the metamorphosed granodiorite 
which intrudes the cycle III rhyolite do not, within analyti 
cal error, define a discordia line. They approximate a dis 
cordia line with upper and lower concordia intercept 
ages of 2744 m.y. and 321 m.y. respectively. The scatter 
in the data means that these ages are subject to geologi 
cal error impossible to treat statistically. The most concor 
dant analysis has a ^Pb/^Pb age of 2735 ± 3 m.y. and 
is interpreted as a minimum age for this rock. Since the 
granodiorite intrudes the 2738  | m.y. old cycle III rhyol 
ite, we infer it is younger than 2743 m.y. old. Hence, an 
age of 2737   5 m.y. is inferred as the time of intrusion of 
the granodiorite. The lack of discernable age difference 
between the granodiorite and the cycle III rhyolite sup 
ports the genetic link for these units inferred from their 
bulk and trace element chemistry (Thurston and Fryer 
1979).

17



UCHI-CONFEDERATION LAKES AREA

C wp *—
Kj — . 

I

IPD- o

-rO Q) K

W .to
-9? w

-OJ

I
.52 55 

.2 Q "o"

v./

ci

.0)ir
in in
d

o
in
O

in 
^
O

18



Zircons were obtained from three samples of cycle II 
felsic metavolcanics. Sample N76-8, which was sledged 
from a highly sheared outcrop, displays by far the most 
evidence of fluid alteration (e.g. complete sericitization of 
the plagioclase, see Appendix 1). Sample N76-12 is a 
rhyolite collected about 25 m from N76-8. It was blasted 
from a more coherent outcrop and is petrographically 
less altered. The least altered sample (N78-1) is a welded 
tuff collected about 12 km south of the other samples 
(Figure 2). It is relatively impervious to fluids. Three zircon 
analyses from the most altered sample (N76-8) define an 
area on Figure 4 which illustrates that the two analyses 
with the youngest 207Pb7206Pb ages (2780 m.y. and 2694 
m.y.) have suffered at least two periods of U/Pb disturb 
ance (i.e. they reflect a U-Pb evolutionary history of more 
than three stages). The least disturbed N76-8 analysis 
with the highest ^Pb/^Pb age (2788 ± 1 m.y.), together 
with three analyses of zircons from the less altered cycle 
II rocks, define within analytical error a discordia line (Fig 
ure 4) with upper and lower concordia intercept ages of 
2794 ± 6 m.y. and 136 ± 82 m.y. (957o confidence lim 
its). The 2794 ± 6 m.y. age is interpreted as representing 
the time of extrusion of the cycle II rhyolite. Thus, four of 
the six cycle II zircon analyses apparently represent two- 
stage U-Pb systems which lost Pb (or gained U) very re 
cently (about 136 m.y. ago). Had we only obtained analy 
ses N76-8-3 (a ^three-stage system), N76-8-1 and N78- 
1-1 (two-stage systems), we would have obtained a mix 
ing line of two-stage and ^three-stage U-Pb systems with 
too old an upper concordia intercept age of about 2830 
m.y. and a meaningless lower intercept age of 3=630 m.y. 
This observation stresses that more than two zircon anal 
yses are required for an accurate age determination. 
These patterns also suggest that many of the zircon dis 
cordia lines with lower concordia intercepts significantly 
^ in the literature obtained by analysing larger samples 
could reflect mixing lines of ^three-stage discordant zir 
cons and relatively less discordant material representing 
one- or two-stage systems. Such a mixing line would yield 
a meaningful concordia intercept age only if a mixture 
end member is concordant (i.e. a one-stage system). The 
accuracy of upper concordia intercept zircon ages infer 
red from such data heavily depends on how meaningful 
the lower concordia intercept age is, exactly how concor 
dant the most concordant data are, and how consistent 
the upper intercept age is with known geological relation 
ships and other U-Pb age data.

Seven U-Pb analyses of zircon from a cycle l crystal 
tuff reveal two distinct populations: one which is less 
magnetic, much more concordant, and without cores; 
and one which is slightly more magnetic, grossly discor 
dant, and contains xenocrystic cores. Three analyses 
(N76-9-1,2,3) of the less magnetic material (Figure 4) defi 
ne, once again, a Pb loss trajectory which passes within 
the uncertainties through O m.y. One of these analyses is 
concordant and yields an age of 2958.6 ± 1.7 m.y. This 
age is interpreted as representing the age of extrusion of 
the tuff and is, with one exception (Nunes and Wood 
1979, and this volume), the oldest metavolcanic known in 
the Superior Province.

P. D. NUNES ft P. C. THURSTON

Discussion
A distinct time interval of 8 ± 3 m.y. separates the meta 
morphosed 2738 m.y. old cycle III rhyolite and the post- 
metamorphic 2730 m.y. old quartz monzonite. Because 
the metamorphism in this region occurred after extrusion 
of the cycle III rhyolite and prior to the intrusion of the 
quartz monzonite, it is indirectly dated at 2734 ±1 m.y. 
This period of metamorphism and igneous intrusion 
3=2734 m.y. ago, in this portion of the Superior Province, 
appears to represent the Kenoran orogeny as defined 
geologically by Stockwell (1973) as the last period of im 
portant folding, metamorphism, and intrusion in the Supe 
rior Province. This 2734 ±1 m.y. age is the same within 
the uncertainties, as the zircon age Krogh et al. (1974) 
obtained for a diapiric pluton in the Berens River Subpro- 
vince just north of the Uchi Subprovince. Not far to the 
south, in the English River Subprovince, zircon ages from 
paragneiss leucosome material associated with meta 
morphism and post-orogenic granites (Krogh et al. 1976) 
yield ages which are in the 2700-2640 m.y. range for the 
Kenoran orogeny. Still further south and about 900 km 
east in the Abitibi Subprovince, zircon "Kenoran" ages of 
3=2650 m.y. have been determined for the Preissac-La- 
corne batholith in the Noranda area and a quartz mon 
zonite intrusion south of Lake Temagami (Steiger and 
Wasserburg 1969). Hence, late metamorphic to post-me- 
tamorphic ages appear to be older in the northern part of 
the Superior Province as first pointed out by Krogh et al. 
(1975). In particular, limited data currently available sug 
gest the Kenoran orogeny peaked 2=2734 ni.y. ago north 
of the Uchi-English River Subprovinces boundary and 
3=2650 m.y. south of this boundary.

The 2738 m.y. age for the cycle III felsic metavolcan 
ics, compares with an age based on three zircon analy 
ses of 3=2760 m.y. (Krogh and Davis 1971) for the "mine" 
porphyry (also cycle III) associated with the South Bay 
mine deposit. The reason for the discrepancy between 
these two age determinations is not clear. It is notewor 
thy, however, that the two most concordant analyses of 
Krogh and Davis (1971) approximately lie on a O m.y. Pb 
loss trajectory (analogous to the volcanic zircon data pre 
sented here) which intercepts concordia at ^2740 m.y. 
— an age analytically indistinguishable from the 2738 
m.y. age reported in this paper. Possibly, the most dis 
cordant analysis obtained for the mine porphyry was 
more readily disturbed by one or more Pb loss events be 
tween 2=2740 m.y. and 3=0 m.y. ago which did not affect 
the two relatively more concordant zircon populations 
from the same rock. If this explanation is correct, the dis 
cordia line reported by Krogh and Davis (1971) for the 
mine porphyry zircon data would be interpreted as a mix 
ing line of two-stage and three-stage U-Pb systems. Such 
a mixing line would yield an erroneous age slightly older 
than the true age. Alternatively, if the ^2760 m.y. age is 
correct, the data in this paper may reflect zircons which 
were disturbed by later events such as the Kenoran oro 
geny resulting in too young 207Pb7206Pb ages. We believe 
the 2738 m.y. age reported here is correct because: 1. if 
the cycle III data reflect Pb loss at a younger time (e.g.
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the Kenoran orogeny), the agreement of the four 
207Pb7206Pb ages must be explained by coincidence — 
thought by us to be unlikely; and 2. evidence that rela 
tively discordant zircons were more affected by the Keno 
ran orogeny than relatively concordant zircons from the 
same rock is documented in this paper for cycle II and 
cycle l zircons. Yet another, less likely, explanation for the 
3=20 m.y. age discrepancy between the cycle III mine 
porphyry (Krogh and Davis 1971) and the cycle III rhyol 
ite reported here is that they are, indeed, different in age 
— a possible consequence of cycle III material forming 
over an extended period of time, rather than exactly con 
temporaneously.

The slightly more magnetic cycle l zircon popula 
tions are grossly discordant, and define an area, rather 
than a line, on Figure 4. Ten-second etches of polished 
grain mounts with 48 0Xo HF, a technique described by 
Krogh and Davis (1974), reveal cores which were readily 
attacked. This indicates that the U concentrations of up to 
3=1800 ppm for the more magnetic splits (in contrast to 
3=190 ppm for the less magnetic zircons) result from Li- 
rich cores. The cores and overgrowths also have dis 
tinctly different Th/U values as inferred from measured 
208pb7206p b values. The U concentration, 2o8Pb7206Pb val 
ues, and etching experiments indicate that older xeno- 
crystic zircons from a different source were overgrown 
with zircon 2959 m.y. old, the age most likely represent 
ing eruption of the cycle l crystal tuff. The most magnetic 
zircon analysis of the cycle l tuff lies within analytical un 
certainty of the Pb loss trajectory defined by the ^2730 
m.y. old quartz monzonite. This strongly suggests that the 
two most recent disturbances of the older most discor 
dant zircon systems occurred 2=2730 m.y. ago during the 
Kenoran orogeny and within the last 400 m.y. The data 
(Figures 3 and 4) suggest that no geological events of 
any significance have affected the zircons in these rocks 
since 3=2730 m.y. ago, other than recent uplift and asso 
ciated leaching. The more magnetic zircon analyses for 
the cycle l tuff are, in part, mixtures of overgrowths and 
older cores. Hence, they represent at least four stages of 
U-Pb evolution: 1. formation of cores, ^959 m.y. ago; 2. 
formation of overgrowths and new grains, 2958.6 ± 1.7 
m.y. ago; 3. disturbance at 3=2730 m.y. ago; and 4. dis 
turbance ss400 m.y. ago. Additional periods of Pb loss or 
U gain cannot be ruled out. This complicated history and 
the discordant nature of the data do not allow an age of 
any credibility to be inferred for the core material, other 
than a minimum age of 2959 m.y. — the inferred age of 
the overgrowths and eruption of the tuff.

The high-U xenocrystic cores of the zircons form the 
cycle l tuff are indirect evidence of a pre-existing sialic 
crust in the Uchi region since they likely formed in a sili 
ceous rock prior to their incorporation in the cycle l mag 
ma. This observation supports, but does not prove, the 
conclusion drawn by Baragar and McGlynn (1976) that 
granitic rocks existed prior to the formation of the "green 
stone" belts in the Canadian Shield.

The 221 ± 7 m.y. time interval which separates the 
cycle l and cycle III metavolcanics dated is a minimum 
estimate of the evolution of the Uchi-Confederation Lakes 
metavolcanic-metasedimentary belt since still older, 
mafic metavolcanics stratigraphically underlie the cycle l
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tuff dated. Time intervals within a single cycle of volcan 
ism, however, may not be very great as evidenced by the 
ss11 m.y. interval inferred from preliminary zircon data for 
a single cycle of mafic to felsic volcanism near Kirkland 
Lake (Nunes et al. 1978; Nunes and Jensen, this volume). 
The carbonate units (chemical metasediments) which lie 
on top of the cycle l and II felsic units dated may mark 
paraconformities in the stratigraphic sequence.

The presence of both rather old (2958.6 ± 1.7 m.y.) 
and relatively young (2738 ±i m.y.) volcanic rocks in the 
Uchi-Confederation Lakes area complicates previous 
suggestions that a progressive younging of volcanism 
existed in the Superior Province from north to south (Go 
odwin 1966; Krogh and Davis 1971). Such a pattern may 
still hold for the oldest rocks in each belt, however, since 
no volcanic rocks clearly older than about 2750 m.y. have 
yet been found to the south and east of the Uchi-Confed 
eration Lakes metavolcanic-metasedimentary belt. Alter 
natively, major crustal discontinuities such as the Sydney 
Lake cataclastic zone forming the southern boundary of 
the Uchi Subprovince may mark abrupt changes in the 
age of volcanism.

The lack of continuity of volcanism, which is essen 
tially a rapid process, implies that an as yet undefined 
tectonic process must have controlled the episodic na 
ture of Archean "greenstone" evolution.

Conclusions
1. In favorable cases, Early Precambrian zircon ages 

may be precise to ± 1 m.y.
2. Zircon populations may be mixtures of one-stage, 

two-stage, and multi-stage U-Pb systems. Typically, 
the more complex the U-Pb history of a given zircon, 
the more discordant it will be. Unless concordant 
(one-stage U-Pb system) data are obtained, caution 
must be exercised in interpreting the upper concordia 
intercept ages obtained by extrapolating linear dis 
cordia trajectories back to concordia, particularly 
when the lower concordia intercept ages are geologi 
cally meaningless and significantly X). Such colinear 
data could result from analysing a mixture of zircons 
which have suffered a different number of U-Pb evolu 
tion stages, just as easily as from analysing material 
which has all experienced a two-stage U-Pb evolution 
history. If the mixing explanation is more common 
than previously thought, many of the upper concordia 
intercept ages in the literature could be incorrect. The 
degree of age accuracy increases with increasing 
concordance of the data. For much of the Early Pre 
cambrian zircon data from the Canadian Shield, re 
ported upper concordia intercept ages are probably 
accurate within about 20 m.y., owing to the only 
slightly discordant nature of the data.

3. Excellent agreement of zircon ages and relative ages 
based on detailed geological mapping demonstrate 
the utility of zircon age determinations as a time strati 
graphic tool in the Canadian Shield. Time intervals
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of about 165 m.y. and 56 m.y. separate the upper fel 
sic rocks of volcanic cycles ! and II and cycles II and 
III respectively. The overall development of this vol 
canic section took at least 221 ±i.

4. One of the oldest volcanic rocks known in the Supe 
rior Province is dated at 2959 ± 2 m.y. Zircons from 
this tuff contain high-U cores of still older material 
which is indirect evidence for the existence of pre-ex 
isting sialic material in this part of the Superior Prov 
ince.

5. A major period of metamorphism in the Uchi-Confed- 
eration Lakes area is bracketed by pre- and post-me- 
tamorphic rock ages and thus indirectly dated at 2734 
±lm.y.

6. The South Bay mine massive sulphide deposit occurs 
in the youngest (2738 ± i m.y.) volcanic cycle.
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Appendix l — Petrography
N76-9 Cycle I Crystal Lithic Tuff
Bedded felsic lapilli-tuff with 5-10 mm lithic fragments and bro 
ken crystal fragments in a fine-grained matrix. Mineral assem 
blage: very fine-grained plagioclase (albitic) with phenocrysts of 
quartz and plagioclase, minor porphyroblasts of biotite, white 
mica and carbonate; accessories: apatite. Location: Latitude 
51 0 12'N; Longitude 92051'W.

N76-8 Cycle II Amygdular Felsic Flow
Quartz and minor sericitized plagioclase phenocrysts in a very 
fine grained matrix of heavily saussuritized plagioclase and seri 
cite plus quartz. Secondary carbonate in patches. Location: Lati 
tude 51 0 12'N; Longitude 92051'W.

N76-12 Cycle II Felsic Flow
Quartz and minor plagioclase phenocrysts in a matrix of very 
fine-grained quartz, albite, sericite, and chlorite with minor sec 
ondary carbonate grains. Relict pyroxene phenocrysts replaced 
by chlorite and stilpnomelane. Location: Latitude 51"12'N; Lon 
gitude 92051 'W.

N76-7 Cycle III Felsic Porphyritic Flow
Quartz and feldspar (albitic) phenocrysts in a very fine grained, 
massive matrix of plagioclase (albitic) -i- quartz-i- epidote + 
biotite -i- sericite + carbonate with traces of opaque iron oxides. 
Location: Latitude 51 003'N; Longitude 92040'W.

N76-11 Granodiorite
Laths of slightly sericitized plagioclase (An5 ) in a matrix of quartz 
and chlorite with occasional grains of heavily sericitized ortho- 
clase-quartz symplectic intergrowths. Minor fine grained opaque 
iron oxides, white mica. Location: Latitude 51 007'N; Longitude 92042'W.

N77-8 Okanse Lake Quartz Monzonite
Plagioclase (An5 ) phenocrysts in a matrix of hypidiomorphic- 
granular quartz and quartz-microcline symplectite with anhedral 
grains of chlorite and brown biotite, trace of opaque iron oxides. 
Location: Latitude 51 009'N; Longitude 92036'W.

N78-1 Cycle II Welded Felsic Lithic Tuff
Lithic and pumiceous fragments and devitrified glass displaying 
eutaxitic texture. Now composed of very fine-grained anhedral 
albitic plagioclase, quartz and oriented secondary potassic 
feldspar. Minor epidote, sericite and carbonate. Pumice frag 
ments replaced by quartz. Location: Latitude 51 008'N; Longi 
tude 92045'W.

References
Ayres, L.D., Lumbers, S.B., Milne, V.G., Robeson, D.W.
1971: Explanatory Text, Legend, Diagrams, Title, Scale for On 

tario Geological Map; Ontario Department of Mines and 
Northern Affairs, Map 2196.

Baragar, W.R.A., and McGlynn, J.C.
1976: Early Archean Basement in the Canadian Shield: a Review 

of the Evidence; Geological Survey of Canada, Paper 76- 
14, p.1-21.

Breaks, F.W., Bond, W.D., and Stone, D.
1978: Preliminary Geological Synthesis of the English River Sub- 

province, Northwestern Ontario and its Bearing upon Min 
eral Exploration; Ontario Geological Survey, Miscellaneous 
Paper 72, 55p.

Goodwin, A.M.
1961: Some Aspects of Archean Structure and Mineralization; 

Economic Geology, Vol.56, p.897-915.
1966: Archean Protocontinental Growth and Mineralization; Can 

adian Mining Journal, Vol.87, p.57-60.
1967: Volcanic Studies in the Birch-Uchi Lakes Area of Ontario; 

Ontario Department of Mines, Miscellaneous Paper 6,96p.
Krogh, T.E., and Davis, G.L.
1971: Zircon U-Pb Ages of Archean Metavolcanics in the Cana 

dian Shield; Carnegie Institution Yearbook, Vol.70, p.241- 
242.

1974: Alteration in Zircons with Discordant U-Pb Ages; Carnegie 
Institution Yearbook, Vol.73, p.560-563.

Krogh, T.E., Ermanovics, l.F., and Davis, G.L.
1974: Two Episodes of Metamorphism and Deformation in the 

Archean Rocks of the Canadian Shield; Carnegie Institution 
Yearbook, Vol.73, p.573-575.

22



Krogh, I.E., Davis, G.L., Harris, N.B.W., and Ermanovics, l.F.
1975: Isotopic Ages in the Eastern Lac Seul Region of the En 

glish River Gneiss Belt; Carnegie Institution Yearbook, 
Vol.74, p.623-625.

Krogh, I.E., Harris, N.B.W., and Davis, G.L.
1976: Archean Rocks from the Eastern Lac Seul Region of the 

English River Gneiss Belt, Northwestern Ontario, part 2, 
Geochronology; Canadian Journal of Earth Sciences, 
Vol.13, p.1212-1215.

Nunes, P.D., and Wood, J.
1979: A 300 m.y. Hiatus in the Stratigraphy of the North Spirit 

Lake Greenstone Belt, Northwestern Ontario (Abstract); 
Program with Abstracts, Geological Association of Canada, 
Annual Meeting, Universite Laval, Quebec.

Nunes, P.D., Pyke, D.R., and Jensen, LS.
1978: Toward an Absolute Age Stratigraphy for the Abitibi 

Greenstone Belt, Eastern Ontario — Zircon Ages from the 
Timmins and Kirkland Lake Areas (Abstract); Program with 
Abstracts, Geological Society of America, Annual Meeting 
for 1978, Toronto, Vol.10, p.464-465.

Pollock, G.D., Sinclair, LG.L., Warburton, A.F., and Wierzbicki, U.
1972: The Uchi Orebody — a Massive Sulphide Deposit in an Ar 

chean Siliceous Volcanic Environment; Proceedings of the 
24th International Geological Congress, Montreal, Section 
4, p.299-308.

Pryslak, A. P.
1970: Mitchell Township, District of Kenora (Patricia Portion); On 

tario Department of Mines, Preliminary Map P.593.
1971: Corless Township, District of Kenora (Patricia Portion); On 

tario Department of Mines and Northern Affairs, Preliminary 
Map P.634.

P. D. NUNES Z P. C. THURSTON
Steiger, R.H., Wasserburg, G.J.
1969: Comparative U-Th-Pb Systematics in 2.7 X 109 yr. Plutons 

of Different Geologic Histories; Geochimica et Cosmochi- 
mica Acta, Vol.33, p. 1213-1232.

Stockwell, C.H.
1973: Revised Precambrian Time Scale for the Canadian Shield; 

Geological Survey of Canada, Paper 72-52,4p.
Thurston, P.C.
1978: Confederation Lake Area, District of Kenora (Patricia Por 

tion); Ontario Geological Survey, Preliminary Map P. 1975.
Thurston, P.C., and Breaks, F.W.
1978: Metamorphic and Tectonic Evolution of the Uchi-English 

River Subprovince; p.49-62 in Metamorphism in the Cana 
dian Shield, Geological Survey of Canada, Paper 78-10.

Thurston, P.C. and Fryer, B.J.
1979: The Geochemistry of Repetitive Cyclical Volcanism from 

Basalt through Rhyolite in the Uchi-Confederation Green 
stone Belt, Canada; submitted to Precambrian Research.

Thurston, P.C., Raudsepp, M., and Wilson, B.C.
1974: Earngey Township and Part of Birkett Township, District of 

Kenora (Patricia Portion); Ontario Division of Mines, Prelimi 
nary Map P.932.

Thurston, P.C., Wan, J., Squair, H.S., Warburton, A.F. and Wierz 
bicki, V.W.
1978: Volcanology and Mineral Deposits of the Uchi-Confedera 

tion Lakes Area, Northwestern Ontario; p.302-324 in To 
ronto 1978, Field Trips Guidebook, A.L. Currie and W.O. 
Mackasey, Geological Association of Canada.

23



SAVANT-CROW LAKES AREA

Geochronology of the Savant-Crow Lakes Area, Western 
Wabigoon Subprovince, Districts of Kenora, Rainy River, 
and Thunder Bay

D.W. Davis1 , C.E. Blackburn2, N.F. Trowell2, and G.R. Edwards3

Introduction
The Savant-Crow Lakes area (Figure 1) of northwestern 
Ontario is underlain by volcano-sedimentary sequences 
intruded by granitoid batholiths of Precambrian age. The 
supracrustal rocks are part of a belt that extends from Sa 
vant Lake westward to Lake of the Woods and into Mani 
toba, and southwestward to Rainy Lake and into Minne 
sota. The area under study is about 300 km long by 50 km 
wide.

In 1976, C.E. Blackburn and N.F. Trowell com 
menced a regional correlation study of this same area. 
Two field seasons (1977, 1978) were allocated to ground 
check-up of key geology, and G.R. Edwards was em 
ployed, under contract, for this phase of the study (Tro 
well et al. 1977, 1978). The purpose of the study was to 
elucidate, as far as available mapping would allow, the 
stratigraphy and structure of the metavolcanic-metasedi- 
mentary belt across the entire area, and to assess the 
place and time of known mineral deposits within this 
framework. From the outset it was recognized that suc 
cessions could be established in limited, separated 
areas. However, the absence of suitable chronostrati 
graphic markers, and the complexity of the structural ge 
ology, make an assessment of stratigraphy across the 
entire area at best an educated guess. Preliminary results 
of this study are given in (Trowell et al. 1980).

With the intention of further defining chronostrati 
graphic limits both within individual successions and 
across the belt, the geochronologic program, under the 
direction of D.W. Davis, was commenced during the 1978 
field season.

Results of previous Rb-Sr geochronology (Birk 
1978), combined into a composite pooling of isochrons, 
yielded an age of 2620 ± 62 m.y., suggested as the tim 
ing of plutonism for granitoid rocks at the west end of Wa 
bigoon Subprovince (Birk 1979). Apart from data re 
ported by Krogh and Davis (1971) on the Sturgeon Lake 
metavolcanics, which indicated an age between 2750

and 2800 m.y., the preliminary results presented here are 
the first U-Pb zircon ages from volcanic rocks of the Wa 
bigoon Subprovince.

Geological Setting
The Savant Lake-Crow Lake metavolcanic-metasedimen- 
tary belt is composed of submarine and subaerial, mafic 
to felsic, tholeiitic to calc-alkaline to marginally alkaline, 
volcanic rocks, and associated clastic and chemical sed 
imentary rocks. Marginal batholiths have been recog 
nized to both intrude and act as feeders for more felsic 
parts of the volcanic terrain. Lowermost volcanic rocks 
are everywhere recognized to be submarine, tholeiitic, 
predominantly magnesian basalts. No feeders have been 
recognized for the lowermost sequence. Middle se 
quences are mixed tholeiitic to calc-alkaline, submarine 
to subaerial, flows and pyroclastics of basaltic to rhyolitic 
composition, with minor trachyandesites. Subvolcanic 
feeders can be traced to batholithic rocks. Clastic and 
chemical sedimentary rocks are predominantly associ 
ated with these middle sequences. Sedimentary rocks 
vary from proximal facies, alluvial to submarine inner fan 
deposits, to distal outer submarine fan turbidites. Upper 
most volcanic sequences are submarine, tholeiitic, Fe- 
tholeiitic basalts. Their structural position remains proble 
matical, there being considerable evidence that some 
units, for example the Boyer Lake Volcanics (Trowell et al. 
1980), were at least in part technically emplaced at the 
top of the sequence.

Blackburn et al. (1978) pointed out that the postu 
lated stratigraphy of the Savant Lake-Crow Lake belt 
presents a certain degree of bilateral symmetry, and in 
particular that the lowermost volcanic rocks invariably oc 
cur at the edge of the belt, whereas the middle and up 
permost volcanic rocks occur towards the centre.

Geochronology
1 Geochronologist, Research Fellow, Jack Satterly Geochronol 
ogy Laboratory, Royal Ontario Museum, Toronto.
2 Geologist, Precambrian Geology Section, Ontario Geological 
Survey, Toronto.
3 Postgraduate Student, University of Western Ontario, London.

Fifty samples (Figure 1) were collected for the purpose of 
zircon dating. Appendix 1 identifies each sample accord 
ing to rock type and location. These samples comprise 
felsic to intermediate extrusive rocks from the Savant
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SAVANT-CROW LAKES AREA
TABLE 1 — DISCORDIA ANALYSES OF ZIRCON U-PB DETERMINATIONS.

Sample Upper intercept Lower intercept Probability of fit Number of 
points

DD78-4
DD78-43
DD78-6
DD78-7
DD78-26
DD78-24
DD78-17
DD78-8
DD78-19

DD78-50
DD78-12
K76-30

2756.1 12.8
2742.5 6.9
2748.5 3.0
2745.2 2.8
2752
2732.1 2.3
2739.6 15.9
2789
2739
2739.7 ± 10.6
2704
2776
2678 minimum
207pb-2oepb age

820 81
908 121
562 30
405 94
589
291 72
853 576
1050
1030
1085
56
766

130Xo
5007o
547o
3607o
Q.3%
4607o
28 07o
007o
QO/O

2307o
007o
307o

3
3
4(1 pt. rejected)
4
4
3
3
4
4
3(1 pt. rejected)
3 (3 best pts.)
3(3bestpts.)

Lake, Sturgeon Lake, Sioux Lookout, Eagle-Stormy 
Lakes, Kakagi-Rowan Lakes, Off Lake and Fisher Lake 
areas as well as associated plutonic and porphyritic 
rocks. Three porphyritic andesites were collected as an 
experiment to test their feasibility for dating. The ones 
which have been processed, DD78-1 and DD78-13, how 
ever, were found to contain no zircons. Analytical proce 
dures are described in Appendix 2.

The results of the discordia analyses are given in Ta 
ble 1. The errors are estimated to be 0.1 07o in 207Pb7206Pb 
and 1.007o in U + Pb at the 2cr level. The best fit age val 
ues and their errors were determined using a program 
written by K. Ludwig (United States Geological Survey, 
Denver, personal communication).

DD78-4 (Figure 2) is a trondhjemite phase of the 
Atikwa Batholith which intrudes the lowest sequence of 
volcanic rocks. DD78-43 (Figure 2) is a rhyolite flow at the 
bottom of the middle mixed calc-alkaline sequence. The 
discordia f it for the trondhjemite gives 2756.1 ± 12.8 m.y. 
The distribution of points has only a 1307o possibility of ly 
ing within experimental error, which is low but still possi 
ble in a random distribution. The discordance of the 
points leads to a large error. The rhyolite points lie well 
within error of a discordia giving 2742.5 ± 6.9 m.y., but 
the error is still rather large on account of the high initial 
intercept and the small spread of points. The difference 
between the two ages lies outside the 9507o confidence 
limit of either age and suggests but does not confirm that 
the trondhjemite is older than the flow.

DD78-6 (Figure 3) is another trondhjemite phase of 
the Atikwa Batholith collected from Eagle Lake. DD78-7 
(Figure 4) is a porphyritic dacite thought to be its volcanic 
equivalent. Providing one rejects one point of DD78-6 
which is widely disparate and may therefore be in error, 
the other four points define an excellent discordia giving 
an age of 2748.5 ± 3.0 m.y. The dacite also defines a 
good age of 2745.2 ± 2.8 m.y. Although these ages are 
very close together and may be the same, the difference 
still lies outside the 9507o confidence limit of any single

age and suggests that the trondhjemite is slightly older 
than the dacite.

Sample DD78-26 (Figure 5) is a trondhjemite from 
the Kishkutena phase of the Sabaskong Batholith. The 
points definitely do not lie within experimental error of a 
discordia. The age defined by the best fit line is 2752 m.y. 
DD78-24 (Figure 5) is a sample from the Phinney-Dash 
Lake Stock, thought to be related to the plutonic activity 
associated with the Sabaskong Batholith (Edwards in 
Trowell era/. 1977). The points lie well within experimental 
error of a discordia giving an age of 2732.1 ± 2.3 m.y. 
Again, the batholith appears to be older than the subvol 
canic phase by about 20 m.y., although this number is 
not well defined on account of the scatter in DD78-26.

DD78-17 (Figure 6) is a gabbro pegmatite phase 
from the south Sturgeon Lake Volcanics. It defines a con 
sistent discordia of 2739.6 ± 15.9 m.y. Although the 
points are close to concordia the error is large because of 
their limited spread.

DD78-8 (Figure 7) is a porphyritic dacite from Thun 
dercloud Lake which may be associated with the Meggisi 
Batholith. The points definitely do not lie within error of a 
discordia. Putting a best fit line through the scatter gives 
an age of 2789 m.y., older than anything so far dated. 
Furthermore, rounded cores have positively been iden 
tified in grain mounts of this sample suggesting that there 
may be two generations of zircon present of differing 
ages which perhaps produces the scatter in the points.

DD78-19 (Figure 8) is a gabbro pegmatite phase 
from the ultramafic sills at Kakagi Lake. Again, all four 
points will not fit a discordia within experimental error but 
a best fit age gives 2739 m.y. If one point is rejected, the 
other three are within error, giving an age of 2739.7 ± 
10.6 m.y. The fit may be coincidental, however.

DD78-50 (Figure 9) is a rhyolitic lapilli-tuff collected 
near Kabagukski Lake from the uppermost, high iron tho 
leiite sequence. The points do not define a discordia, the 
O0 non-magnetic fraction being radically different from the 
others. The three magnetic fractions still do not lie within
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Figure 2—Concordia diagram with zircon analyses from 
Atikwa Batholith at Dore Lake, DD78-4 (circles) 
and rhyolite flow from Wabigoon Volcanics at 
Wabigoon Lake, DD78-43 (triangles).
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Figure 3—Concordia diagram with zircon analyses from 

Atikwa Batholith at Eagle Lake.
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Figure 4—Concordia diagram with zircon analyses from 

a dacite at Eagle Lake, Wabigoon Volcanics.
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Figure 5—Concordia diagram with zircon analyses from 
phase of Sabaskong Batholith at Kishkutena 
Lake, DD78-26 (circles) and Dash Lake Stock, 
DD78-24 (triangles).
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Figure 9—Concordia diagram with zircon analyses from rhyolitic lapilli-tuff, Boyer Lake Volcanics, Kabagukski Lake.

experimental error of a discordia but are much closer to 
being collinear and give a best fit age of 2704 m.y., sub 
stantially younger than the other volcanic rocks. The O0 
non-magnetic zircons are morphologically quite different 
from the more magnetic ones. They are all colourless and 
anhedral, being smooth and spheroidal in shape 
whereas the magnetic ones are brown and euhedral. 
They also have only about one-third the uranium content 
of the magnetic zircons.

Sample DD78-12 (Figure 10) again has three points 
which are approximately collinear and one which is 
widely disparate. This is a tuff from the top of the mixed 
calc-alkaline sequence. The disparate point is the finest 
and most magnetic fraction. If this is rejected the other 
three have only a 307o probability of lying within experi 
mental error of a discordia which is still too low to be ac 
ceptable. They define an approximate best fit age of 
2776 m.y.

Sample K76-30 (Figure 11) which was collected from 
a late post-tectonic stock at Taylor Lake by Krogh and 
Blackburn again does not define a discordia. The mini 
mum age defined by 207Pb^06Pb ratio of the least discor 
dant point is 2678 m.y. Cores have also been identified in 
grain mounts of this sample. A Rb-Sr whole-rock age of 
2640 ± 31 m.y., using A. s 1.39 x 10' 11 yr 1 , was reported 
by Birk and McNutt (1977). Using the new decay con 
stant, K= 1.42 x 10- 11 yr 1 , this would give an age of 2584 
±30 m.y.

Discordant cores have definitely been identified in 
grain mounts of DD78-8 as well as K76-30 and this may 
explain their lack of fit to a discordia (Figures 7 and 11). 
Sample DD78-18, a trondhjemite porphyry from the Bei- 
dleman Bay intrusion contains colourless, spheroidal zir 
cons in the non-magnetic fraction and brown, euhedral 
fragments in the magnetic fraction, very similar to DD78- 
50. This sample has not yet been analysed but it can be 
seen that the spheroidal zircons are indeed low U cores 
and the euhedral zircons are overgrowths, since in some 
cases there are fragments of euhedral overgrowths on 
the outside of the cores. This suggests that the spheroi 
dal zircons of DD78-50 are also cores which seem to 
have a distinctly different age from that of the pyroclastic 
activity. Cores have also been identified in grain mounts 
of another fragmental rock DD78-16, from the Abram 
Group. The presence of xenocrystic cores in porphyries 
and tuffs which appear to have distinctly different ages 
from the overgrowths suggests that sialic crust which 
predates this period of volcanism participated in their for 
mation.

Further work will consist in analysing the fine zircon 
fractions from those samples which do not define discor- 
dias to see if this will give the age of igneous activity. At 
tempts will also be made to date the core material where 
it can be well separated from the overgrowths. Work will 
also be continued on those samples listed in Appendix 1 
which have not yet been analyzed.
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Figure 10—Concordia diagram with zircon analyses from 

dacitic pyroclastic, Wabigoon Volcanics, Wa 
bigoon Lake.

Discussion
These new U-Pb zircon ages are older than any previ 
ously given by Rb-Sr. Discounting the Taylor Lake Stock 
(sample K76-30: 2678 m.y. minimum age) the youngest 
age (2704 m.y.) was obtained from sample DD78-50, the 
lapilli-tuff near Kabagukski Lake, near the top of the Fe- 
tholeiitic Boyer Lake Volcanics. The oldest age (2789 
m.y.) is from sample DD78-8, the Thundercloud porphyry 
that intrudes the top of the magnesian Wapageisi Volcan 
ics, and therefore would give a minimum age for the top. 
Both these latter ages are at present uncertain because 
they do not define consistent discordias. Given that the 
Wapageisi Volcanics are on the order of 8000 m thick, if 
the present ages are close to the real ones it would sug 
gest that development time of the volcanic-sedimentary 
pile at Manitou Lake exceeded 100 m.y., and that volcan 
ism commenced prior to 2800 m.y. ago.

The only analysis to date from the east end of the belt 
gave an age of 2739.6 ± 15.9 m.y. for sample DD78-17, 
gabbro pegmatite from Sturgeon Lake. The age of this in 
trusive rock gives a minimum age for the South Sturgeon 
Lake Volcanics. If the gabbro is considered to be synvol- 
canic, this age may be near the true age for the top of this 
assemblage. If so, it compares closely with the 2745.2 ± 
2.8 m.y. age for sample DD78-7, the Eagle Lake dacite, 
the 2742.5 ± 6.9 m.y. age for sample DD78-43, the Wabi 
goon Lake rhyolite, and the 2740 m.y. age for sample 
DD78-19, the gabbro pegmatite from the Kakagi Lake 
sills, all three of which define a similar level in the volcanic 
stratigraphy to that at Sturgeon Lake. This suggests that 
similar events were occurring concurrently at different 
places along the Savant-Crow Lake belt.

048
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Figure 11—Concordia diagram with zircon analyses from porphyritic quartz monzonite, Taylor Lake Stock. Post-tectonic 
intrusion.
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The consistently older ages for granitic batholithic 

rocks compared to their postulated subvolcanic and vol 
canic phases is at first puzzling, i.e. 2748.5 ± 3.0 m.y. 
(DD78-6, Atikwa Batholith, Eagle Lake) vs. 2745.2 ± 2.8 
m.y. (DD78-7, Eagle Lake dacite); 2752 m.y. (DD78-26, 
Kishkutena phase, Sabaskong Batholith) vs. 2732.1 ± 
2.3 m.y. (DD78-24, Phinney-Dash Lake Stock); 2756.1 ± 
12.8 m.y. (DD78-4, Atikwa Batholith, near Wabigoon 
Lake) vs. 2742.5 ± 6.9 m.y. (DD78-43, rhyolite flow, Wa 
bigoon Lake). If these ages truly reflect the time of em 
placement, the subvolcanic and volcanic rocks would 
represent the final crystallizing melt, whereas the bathol 
ithic rocks would have been emplaced prior to this final 
crystallization. The lowest mafic sequence of volcanic 
rocks, which has not yet been dated, can still be older 
than the batholiths. A second explanation depends on 
the fact that the larger the age difference between the two 
then the further is the scatter of points about the best fit 
discordia, suggesting that the batholiths may have been 
emplaced at an age close to that of the volcanic rocks but 
have some older inherited zircon component which tends 
to make their apparent ages greater. Based on the limited 
information of these three cases, the age differences be 
tween dated batholith and dated equivalent subvolcanic 
or volcanic rocks increases with distance between them.

The 2776 m.y. age for sample DD78-12, the tuff from 
near the top of the calc-alkaline sequence at Wabigoon 
Lake, although ill-defined because of the lack of fit to a 
discordia, appears to be older than rhyolite stratigraphi- 
cally below it (sample DD78-43: 2742.5 ± 6.9 m.y.). Top 
determinations made by Satterly (1943) and by Black 
burn (in Trowell etal. 1977) leave little room for doubt that 
stratigraphic relations between these two units are cor 
rectly interpreted. One explanation may be that zircons in 
the tuff are derived from wall-rock material in the vent 
area. If that is so, then tuffs in general may prove to be 
poor lithologies for geochronologic work.

The 207Pb7206Pb minimum age of 2678 m.y. obtained 
for sample K76-30, from the Taylor Lake Stock, is in 
agreement with field interpretation that this is a post-tec 
tonic intrusion. It sets a greater minimum age than the Rb- 
Sr age of 2584 ± 30 m.y. recalculated from Birk and 
McNutt(1977).

Economic Implications
Although the majority of samples taken for geochronol 
ogy from the east end of the Savant-Crow Lake belt are 
yet to be processed, the geochronology to date indicates 
that volcanic sequences at the west end of the belt, and 
in particular those from the middle sequence of mixed 
tholeiitic to calc-alkaline, flows and pyroclastics are of the 
same general age as those rocks that host economic 
mineral deposits at Sturgeon Lake. In particular, at Eagle 
and Wabigoon Lakes, there is indication that the dated 
stratigraphic levels given by dacite (sample DD78-7) and 
rhyolite (sample DD78-43) are very similar, as suggested 
by Trowell et al. (1980), and chronostratigraphi-

cally similar to the Sturgeon Lake deposits host rocks. 
Because a sill at Kakagi Lake (sample DD78-19: 2740 
m.y.) gives a minimum age, and since the sills are pretec- 
tonic (Edwards in Trowell et al. 1977) and probably em 
placed shortly after the deposition of the mixed felsic to 
intermediate pyroclastic rocks that they intrude, then this 
mixed sequence may also be chronostratigraphically 
similar to that at Sturgeon Lake. At any event, the mixed 
sequence at Kakagi Lakes is probably not older than 
2752 m.y., the age of sample DD78-26, from the Sabas 
kong Batholith.

Similarly, sequences at Manitou Lake of mixed tholei 
itic to calc-alkaline, flows and pyroclastics, tentatively 
bracketed by 2704 m.y. (sample DD78-50) and 2789 m.y. 
(sample DD78-8) may be of similar age.

The similarity of metavolcanics in the Wabigoon, Ea 
gle, Kakagi, and Manitou Lakes areas to those at Stur 
geon Lake (cyclical, mafic to felsic, tholeiitic to calc-alka 
line sequences of mixed pyroclastics and flows) that host 
economic mineral deposits, suggested to Trowell et al. 
(1980) that these metavolcanics are possible targets for 
base metal exploration. Their similar age, as shown by 
the preliminary results of this study, support this sugges 
tion, since in Japan, Kuroko-type base-metal sulphide 
deposits, similar in many respects to those at Sturgeon 
Lake, occur at a discrete stratigraphic level, and formed 
during a short time interval (1 m.y.), over a 500 km length 
in the island arc environment (Ueno 1975).

The reasons for sampling felsic subvolcanic and vol 
canic phases adjacent to granitoid batholiths were to test 
the hypothesis that the former are associated high-level 
phases of the latter, and also to test the timing of pluton 
ism in relationship to the chronostratigraphy of the vol 
cano-sedimentary sequence. Because base-metal sul 
phide mineralization has been recognized to be 
associated with the type of mixed volcanic sequence typ 
ical of the South Sturgeon Lake assemblage, and be 
cause a number of workers have hypothesized that at 
Sturgeon Lake the Beidelman Bay granitoid intrusion is 
associated with the ore-forming process, as discussed in 
Trowell et al. (1980), this intrusion was sampled as part of 
the geochronologic program. Its age relative to the foot 
wall rocks at Mattabi may throw further light on possibili 
ties for exploration at Eagle, Wabigoon, Kakagi, and Man 
itou Lakes.
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SAVANT-CROW LAKES AREA
Appendix l — Sample 
Descriptions and Locations
DD78 

DD78

DD78 
DD78

DD78 

DD78 

DD78 

DD78 

DD78 

DD78-

DD78- 
DD78-

DD78-

DD78-

DD78-

DD78-

DD78-

DD78-

DD78-

DD78

DD78

DD78

DD78

DD78

DD78

DD78

DD78

DD78

DD78

-2

-4

Porphyritic andesite flow. 
Wabigoon Volcanics, near Butler Lake. 
Dacitic tuff.
Wabigoon Volcanics, near Godson Lake. 

3. Felsic porphyry dike cutting DD78-2. 
. Trondhjemite.
Atikwa Batholith, near Dore Lake. 

5. Coarse-grained, quartz-feldspar porphyritic dacite.
Wabigoon Volcanics, Eagle Lake. 

•6*. Trondhjemite.
Atikwa Batholith, Eagle Lake. 

7*. Fine grained, quartz-feldspar porphyritic dacite.
Wabigoon Volcanics, Eagle Lake. 

8*. Porphyritic dacite.
Thundercloud porphyry, Thundercloud Lake.

9. Quartz-feldspar porphyry. 
Phase of Meggisi Batholith, Meggisi Lake.

10. Coarse, K-feldspar rich granitoid rock.
Dominant phase of Meggisi pluton. Meggisi Lake.

11. Gneissic phase of Meggisi pluton, Kinnyu Lake. 
12*. Dacitic pyroclastic rock.

Wabigoon Volcanics, Wabigoon Lake.
13. Andesite porphyry with feldspar and amphibole phe- 

nocrysts. 
Central Volcanic Belt, Minnitaki Lake.

14. Porphyritic granodiorite.
Conglomerate clast in Abram Group, Abram Lake.

15. Equigranular trondhjemite.
Conglomerate clast in Abram Group, Abram Lake.

16. Autoclastic breccia with quartz phenocrysts.
Rhyodacitic felsic dome, Abram Group, Abram Lake. 

17*. Coarse-grained pegmatitic phase in gabbro.
South Sturgeon Lake Volcanics, east of Watcomb. 

18. Biotite trondhjemite to granodiorite.
Beidelman Bay Intrusion. 

19*. Gabbro pegmatite phase. 
Kakagi sills, Kakagi Lake.

20. Porphyritic andesite. 
Kakagi Lake.

21. Plagioclase-porphyritic andesite crystal tuff. 
Rowan Lake.

22. Rhyodacitic flow. 
Rowan Lake.

23. Rhyolite flow from felsic dome.
Dash Lake. 

24*. Trondhjemite (subvolcanic) equivalent of DD78-26.
Dash Lake. 

25. Trondhjemite stock.
Dash Lake. 

26*. Hornblende-biotite trondhjemite.
Sabaskong Batholith, Kishkutena Lake.

27. Quartz-amphibole gabbro. 
Katimiagamak Lake.

28. Rhyodacitic to rhyolitic quartz-porphyry intrusion. 
Reed Narrows.

29. Felsic tuff.
Daredevil Formation, Little Vermilion Lake.

* Samples analysed up to the time of writing. 
tCollected by T. Krogh.

DD78-30. Quartz porphyry.
Early felsic intrusion into Patara group, Big Vermilion
Lake. 

DD78-31. Medium-grained, trondhjemitic intrusion.
Minnitaki Lake. 

DD78-32. Porphyritic dacitic crystal tuff.
Handy Lake Volcanics, north of Savant Lake. 

DD78-33. Porphyritic dacitic to rhyodacite crystal tuff.
Transition between Sturgeon and Savant Lake Volcan 
ics, west of Beckington Lake. 

DD78-34. Andesitic to dacitic tuff with quartz phenocrysts.
Handy Lake Volcanics, Boucher Township. 

DD78-35. Quartz-porphyritic tuff.
Central Volcanic Belt, northeast of Abram Lake. 

DD78-36. Porphyritic andesitic tuff.
North Sturgeon Lake Volcanics, southeast of Fourbay
Lake. 

DD78-37. Trachyte dike intruding Patara group.
Frog Rapids. 

DD78-38. Quartz-porphyry vent intrusion.
Whitefish Island, Big Vermilion Lake. 

DD78-39. Rhyolite tuff or f low.
Southern Volcanic Belt, Southeast Bay, Minnitaki
Lake. 

DD78-40. Conglomerate clast.
Minnitaki Group, Minnitaki Lake. 

DD78-41. Porphyritic rhyolite.
Central Volcanic Belt, Superior Junction. 

DD78-42. Pyroclastic rhyolite.
Near Church Lake. 

DD78-43*. Porphyritic rhyolite.
Wabigoon Volcanics, Contact Bay, Wabigoon Lake. 

DD78-44. Quartz-feldspar porphyry, vent plug.
Off Lake. 

DD78-45. Quartz porphyry.
Potts Lake. 

DD78-46. Rhyolitic lapilli-tuff.
Upper Manitou Lake. 

DD78-47. Microgranodiorite porphyry, vent plug.
Frenchman Island, Upper Manitou Lake. 

DD78-48. Porphyritic rhyolite.
Populus Volcanics, Fisher Lake. 

DD78-49. Rhyolite tuff.
Pictograph Point, Stephen Lake. 

DD78-50*. Rhyolitic lapilli-tuff.
Boyer Lake Volcanics, Kabagukski Lake. 

K76-301". Porphyritic quartz monzonite.
Taylor Lake Stock, Sunshine Lake. Post-tectonic intru 
sion.

Appendix 2 — Analytical 
Procedure
The weathering on the samples was usually chipped off in the 
field. The samples, weighing 50-120 pounds, were passed ini 
tially through a jaw crusher. The coarse-grained rocks were then 
passed through a disk mill and the fine-grained ones through a 
hammer mill to pulverise them. The powder was passed over a 
Wilfley table and the heavy fraction, containing the zircons, re 
moved. This fraction was sieved at 70 mesh to remove coarse 
material and fed past a magnet by free fall to remove the ferro 
magnetic material. The non-magnetic fraction was put into bro-
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moform to remove further light weight material, the zircons being 
retained in the heavy fraction. This fraction was then run through 
the Frantz isodynamic separator with a 100 slope to remove par 
amagnetic material. The non-magnetic fraction, containing the 
zircons, was put into methylene iodide to remove most of the 
apatite and any other light material left. If the sample contained 
substantial amounts of pyrite, this was removed either by disso 
lution in nitric acid or by electroplating the sulphide grains with 
cobalt and removing them magnetically. The zircon fraction was 
usually sieved into a -325, a 325-200 and a -i-200 fraction. 
Each of these fractions was then further processed on the Frantz 
isodynamic separator to split the zircons into several magnetic 
fractions from 5C magnetic to O0 non-magnetic. The final stage in 
volved hand picking under a microscope to accumulate about a 
milligram of sample. At this point a polished grain mount was 
usually made and the crystals etched in HF vapour to determine 
the degree and distribution of radiation damage in the zircons.

The individual samples were washed in nitric acid to re 
move surface lead, weighed, and loaded into teflon dissolution 
capsules along with 1 ml HF and a weighed quantity of mixed 
2ospD zasy tracer (Krogh 1973). The capsules were secured in 
side monel bombs and left at 2200C for five days. The HF was 
then dried down and the sample taken up in 1 ml 3.1 N HC1 to 
ensure complete equilibration of sample and tracer. The sample 
solution was then passed through an anion exchange column 
and the Pb and U fractions eluted into separate beakers. The Pb 
was run on a VG Micromass 30 mass spectrometer using the sil 
ica gel technique while the U was loaded in a slurry of Ta2O5 and 
phosphoric acid and run as the oxide.
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TIMMINS-MATACHEWAN AREA

Geochronology of the Abitibi Metavolcanic Belt, 
Timmins-Matachewan Area — Progress Report

P.O. Nunes l and D.R. Pyke2

Introduction
The Timmins-Matachewan area is located in northeastern 
Ontario approximately 200 km north of Sudbury and 100 
km west of the Ontario-Quebec provincial boundry (Fig 
ure 1).

Within the area, two main supergroups of volcanic 
rocks have been delineated. Much of the mineralization in 
the area has a close spatial relationship to the contact be 
tween the two supergroups. Objectives of this project 
are: 1. to geochronologically document the evolution of 
these two supergroups and to compare the results with 
ages of other volcanic sequences in the Abitibi belt and 
elsewhere in the Superior Province; 2. to test zircon age 
precision using detailed geologic mapping as a relative 
age control; 3. to geochronologically correlate mineral 
ized volcanic sequences in outlying areas with the two 
established supergroups (e.g. the Kidd Creek deposit of 
Texasgulf Incorporated) where field correlations are diffi 
cult owing to lack of outcrops; and 4. to compare the 
ages of these volcanic rocks with those of associated ba- 
tholiths and porphyries.

Samples analysed so far include a younger rhyolite 
and an older dacite which bracket about 11 000 m of vol 
canic rocks south of Timmins (Pyke 1978b, Figure 2). The 
dacite and rhyolite are from the "Redstone River Group" 
and "Blake River Group" of Goodwin (1977) respectively. 
Analysis of a pyroclastic rhyolite breccia from the edge of 
the Texasgulf Incorporated pit further north has begun. 
More analyses of this sample should allow us to place this 
massive sulphide host rock into the absolute age stratig 
raphy being worked out to the south.

Geological Setting
General Statement
In the Timmins-Matachewan area the volcanic rocks are 
readily divisible into a Lower and Upper Supergroup (Fig 
ure 2). The division between the two supergroups marks

1 Geochronologist, Ontario Geological Survey, with the Jack Sat 
terly Geochronology Laboratory, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto.
2 Supervising Geologist, South Archean Subsection, Precam 
brian Geology Section, Ontario Geological Survey, Toronto.

a major change in volcanism and is the single most im 
portant stratigraphic marker in the area. Felsic calc-alka- 
line, largely pyroclastic volcanic rocks with abundant 
associated iron formation forms the upper part of the 
Lower Supergroup; the base of the Upper Supergroup is 
dominated by komatiitic volcanic rocks, in large part ul 
tramafic in composition. Interlayering along the contact 
between the calc-alkaline and komatiitic volcanic rocks is 
common, as is the intercalation of turbidites, marking the 
first major influx of sediments into the area.

The komatiite volcanic rocks shown in Figure 2 are 
interpreted to represent a common lithostratigraphic unit 
throughout the area, and thus form the basis on which 
much of the stratigraphic interpretation is formulated 
(Pyke1978b).

Lower Supergroup
The Lower Supergroup is largely a calc-alkaline se 
quence. Tholeiites are only known to be prominent to 
ward the bottom of the supergroup in the Peterlong Lake 
area (Pyke 1978a). Ironstone is common at or near the 
top of the supergroup and forms a persistent strati 
graphic marker throughout much of the area south of the 
Destor-Porcupine Fault. In fact, the abundance of iron 
stone is perhaps one of the most readily noticeable differ 
ences between the two supergroups, for by comparison 
ironstone is virtually absent from the Upper Supergroup. 
Furthermore, dunitic intrusions are also an entity confined 
almost solely to the Lower Supergroup.

The Lower Supergroup is confined to domal-type 
structures such as the Shaw Dome and Pamour Dome (?) 
or to the margins of granitic plutons (eg. Kenogamissi Ba 
tholith) which have pushed up (domed) the surrounding 
supracrustal rocks.

Upper Supergroup
The Upper Supergroup is divided into three groups each 
characterized by a distinct chemical composition. This 
subdivision is essentially an extension of the manner in 
which the Tisdale Group was partitioned in the Timmins 
area (Pyke 1975). The chemostratigraphic breakdown as 
shown on Figure 2 is largely based on a number of un 
published analyses.

The base of the Upper Supergroup is composed 
mainly of basaltic and peridotite komatiites and magne 
sium-rich tholeiitic basalts; the komatiitic rocks being 
most common near the base of the lower group. The
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Figure 1—Location of the Timmins-Matachewan area.

overlying group is dominantly an iron-rich tholeiitic se 
quence and is interpreted to form the westward extremity 
of the Kenojevis Group (Dimroth et al. 1973; Jensen 
1976). The upper group is composed almost entirely of 
volcanic rocks of calc-alkaline chemical affinity and is in 
terpreted to be part of the Blake River Group of Dimroth 
et al. (1973) and Jensen (1976).

Structure

Near the Ontario-Quebec boundary the main structure 
within the Upper Supergroup is an easterly plunging syn 
clinorium (Jensen 1976). The Timmins-Matachewan area

is interpreted to be in the nose of this synclinorium. Here, 
not only are the volcanic strata rapidly thinning, but they 
have been highly disrupted by batholithic intrusions. The 
emplacement of the Kenogamissi Batholith and the resul 
tant updoming of the adjacent volcanic rocks of the 
Lower Supergroup marks the westward termination of the 
Upper Supergroup and associated synclinorium.

Two major easterly trending faults, the Destor-Porcu- 
pine and Larder Lake Faults, form prominent structures; 
the westerly extension of the Larder Lake 'break' has not 
yet been traced with certainty further than the Matache 
wan area, but is interpreted to extend as far as the Keno 
gamissi Batholith. These faults probably formed part of a 
major fracture system in the Early Precambrian crust, 
possibly related to rifting, along which prominent komati- 
itic volcanism and sedimentation occurred.
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F/gure 2—Regional stratigraphy of the Timmins-Matachewan area (after Pyke 1978b) with sample localities.

Economic Considerations
In a regional context it appears that the contact of the two 
supergroups is of special economic significance. Cer 
tainly the contact represents a dramatic change in vol 
canism from felsic (calc-alkaline) to ultramafic (komatiit- 
ic). The nickel and gold deposits are related to the 
komatiites (Pyke 1975; Coad 1977), whereas the Cu-Zn 
deposits are found in the underlying calc-alkaline se 

quence. Furthermore, many of the quartz-feldspar por 
phyries were emplaced along or near the general con 
tact, and the porphyries have been postulated as 
sources for the Au (Karvinen 1978), Cu-Zn (Pyke and 
Middleton 1972) and Cu (Griffis 1962) mineralization. In 
deed, regardless of one's bias as to the origin of much of 
the sulphide and precious metal mineralization in the Tim 
mins-Matachewan area, one cannot avoid the observa 
tion that a significant number of the producing mines,
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past producing mines and significant prospects are spa 
tially related to the contact of the two supergroups. There 
fore, as many of the mineral deposits display stratiform 
features, in that they appear to be preferentially devel 
oped at or near a particuar stratigraphic interface, then 
geochronology can play a significant role in the Tim- 
mins-Matachewan area by establishing the age relation 
ships between various volcanic centres where lack of 
outcrop or complicated structure inhibits correlations. In 
particular, we shall examine geochronologically whether 
or not the Kidd Creek deposit occurs along this super 
group interface.

P.D. NUNES to D.R. PYKE 
the heavy mineral separate.

Four analyses of N77-18 zircons (lower dacite) 
define a discordancy line which intersects concordia at 
2725 ± 2 m.y. and 85 ± 33 m.y. (Figure 3). These age un 
certainties may be somewhat underestimated owing to 
the low (27o) probability that all four analyses lie within 
analytical error of the line. The slightly discordant nature 
of the most concordant anlysis and the relatively recent 
nature of the disturbances of these U-Pb systems (*S120 
m.y. ago) indicate however that 2725 m.y. is very close to 
the true age of formation of this rock.

A single zircon analysis from the Texasgulf Incorpo 
rated rhyolite yields a minimum 207Pb7206Pb age of 2708 
± 1 m.y.

Geochronology
Three samples (Figure 2) were selected from the Tim- 
mins-Matachewan area as a preliminary step in age de 
terminations in the region. These samples are as follows. 
1. Calc-alkaline dacitic crystal tuff from the uppermost 
part of the Lower Supergroup in Bartlett Township. The 
tuff is massive, and intercalated with minor ironstone. The 
outcrop is located on the power line, 580 m south of the 
road to the Texmont Mine Limited deposit. 2. Calc-alka 
line rhyolite-dacite lapilli-tuff from the north central part of 
Douglas Township. This sample is from the upper part of 
the Upper Supergroup. Samples 1 and 2 are therefore 
from felsic metavolcanics at the upper part of the Lower 
Supergroup and the upper part of the Upper Supergroup 
respectively. 3. Calc-alkaline rhyolitic breccia on the east 
side of the Kidd Creek mine open pit in Kidd Township. 
From the stratigraphic interpretation in Figure 2, this brec 
cia would form part of the felsic volcanic rocks near the 
upper part of the Lower Supergroup.

Five analyses of zircon from the stratigraphically 
youngest rhyolite are plotted in Figure 3. Four of these 
analyses are colinear whereas the fifth (the only -i-200 
mesh population analysed) lies distinctly off this linear 
trend, possibly owing to the presence of xenocrystic zir 
con in some of the larger grains. The four colinear analy 
ses define a discordancy line which intersects concordia 
at 2702.4 ± 1.7 m.y. and - 17 ±69 m.y. These age un 
certainties are based on the assumption that the samples 
are from a truly colinear population (K. Ludwig, United 
States Geological Survey, written communication, Nov. 
1978). The probability that all four analyses lie within ana 
lytical error on this line is, however, only Q.05%. This sug 
gests that the four colinear data points represent zircons 
which have deviated very slightly from a strict two-stage 
U-Pb evolution history and the age uncertainties may be 
too small. Nevertheless, the slightly discordant nature of 
the most concordant analysis and the fact that most of the 
Pb was lost (or U gained) ^50 m.y. ago (207Pb7206Pb ages 
of the four colinear analyses range from 2702 ± 1 m.y. to 
2704 ± 1 m.y.) indicate that an age of 2703 ± 2 m.y. is a 
reasonable estimate for the time of extrusion of this rhyol 
ite. Unusually high common lead contents in these zir 
cons may be related to the mineralized nature of the rock; 
several milligrams of native silver were found in

Discussion and Conclusions
The ages of the younger rhyolite (2703 ± 2 m.y.) and the 
older dacite (2725 ± 2 m.y.) south of Timmins reveal a 
time interval of 22 ± 4 m.y. (errors are qualitative esti 
mates) for the development of this portion of the Abitibi 
belt. This compares with a shorter time period of 7 ± 4 
m.y. for the accumulation of a much thicker volcanic se 
quence north of Kirkland Lake (see Nunes and Jensen, 
this volume). The presence of prominent iron formation in 
the sequence south of Timmins contrasts with the ab 
sence of significant quantities of chemical sediments in 
the stratigraphic section north of Kirkland Lake. The older 
dacite dated in this report occurs just below the bulk of 
the iron formation. The presence of abundant iron forma 
tion in the volcanic sequence which evolved over a 
longer period suggests that the iron formation may repre 
sent a paraconformity, analogous to the possible para- 
conformities marked by carbonate rocks in the Uchi Lake 
area (Nunes and Thurston, this volume). Glikson (1978) 
has also suggested that major paraconformities are often 
marked by chemical sediments and acid volcanic units.

The younger rhyolite (2703 ± 2 m.y.) southeast of 
Timmins is the same age within the error limits as the 
youngest units north of Kirkland Lake (2703 ± 2 m.y., 
Nunes and Jensen, this volume). Hence Jensen's (1976) 
and Goodwin's (1977) assignment of all these rocks to 
the Blake River Group agrees with the age correlation.

The oldest volcanic rocks dated from south of Tim 
mins (Redstone River Group, 2725 m.y.) and north of 
Kirkland Lake (Hunter Mine Group, 2710 m.y., Nunes and 
Jensen, this volume) are distinctly different. Unless the 
felsic volcanism in one or both of these areas occurred 
over an extended period of time, the Redstone River 
Group felsic rocks are distinctly older than the Hunter 
Mine Group.

The minimum age of 2708 ± 1 m.y. for the Kidd 
Creek rhyolite indicates this ore body (assuming that the 
sulphides are syngenetic) is definitely older than the Up 
per Supergroup felsic rocks. This age information is con 
sistent with Pyke's geological prediction that this ore 
body is probably related to the supergroup boundary.
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P.O. NUNES 6- D.R. PYKE
The supergroup boundary represents a relatively short 
time interval more than 2703 ± 2 m.y. old (upper felsic 
volcanic rocks) and very close to but slightly less than 
2725 ± 2 m.y. old (lower felsic volcanic rocks). More 
analyses of the zircons from the Kidd Creek rhyolite are in 
progress.

Acknowledgments
We thank P. Coad of Texasgulf Incorporated for aiding in our se 
lection of the rhyolite associated with the Kidd Creek deposit. 
Skilful mineral separation and mass spectrometry support were 
provided by J. Hodgson and B. Podstawskyj, Jack Satterly Geo 
chronology Laboratory. We thank R. Monterro, Ontario Geologi 
cal Survey, for help with manuscript preparation.

Appendix l — Petrographic 
Descriptions
1. N-77-16 (Bartlett Township)
Composed largely of a fine grained (0.03 mm) mosaic of albitic 
feldspar and quartz in part interlaced with a mesh work of fine 
sericite, some of which imparts a crenulation cleavage. Subhe 
dral quartz fragments 1.8 mm, remainder are recrystallized and 
of 1.0 mm or less in size (these larger quartz fragments form 
about 3^o of the rock).

Sericite 1507o 
Quartz -i- Albite 8007o 
Clinozoisite 1 "fc 
Chlorite, Apatite, Opaque Minor

2. N-77-18 (Douglas Township)
Extremely fine mosaic of quartz and feldspar (0.01 mm) which in 
corporates 20*)k by volume of larger fragments averaging ap 
proximately 0.25 mm in size and consisting dominantly of quartz, 
albitic plagioclase (partially saussuritized and chloritized) and 
minor opaques.

3. N-77-22 (Kidd Creek)
An extremely fine mesostasis of quartz, feldspar and carbonate 
containing crystal fragments of quartz to 1.5 mm and carbona- 
tized lithic fragments up to 5 mm in size. Fine matrix is approxi 
mately 70-75^0 of the rock.
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KIRKLAND LAKE AREA

Geochronology of the Abitibi Metavolcanic Belt, Kirkland 
Lake Area — Progress Report

P.D. Nunes1 and L.S. Jensen2

Introduction
The Kirkland Lake area (Figure 1) encompasses the area 
bounded by Longitudes 79030' and 80030'W and Lati 
tudes 47045' and 49045'N, an area of about 6000 km2 lo 
cated along the boundary between Ontario and Quebec 
in northeastern Ontario. The area is well served by High 
ways 11, 101, and 66 and by forest access roads and 
recreational roads that extend off these highways.

Kirkland Lake is a gold mining camp located midway 
between the mining camps of Timmins to the west and 
Noranda to the east. The Kirkland Lake area shares many 
of the same rock types found in these two adjoining min 
ing camps as all three mining camps are located in the 
Abitibi "greenstone" belt of the Superior Province.

The Kirkland Lake portion of the Abitibi belt is com 
posed of at least three cycles of volcanism (Jensen 
1979). Our objectives are:
1. To geochronologically document the evolution of the 

volcanic sequences in the Kirkland Lake area and to 
compare the results with the ages of other volcanic 
sequences in the Abitibi belt and elsewhere in the Su 
perior Province.

2. To seek non-random relationships, if present, in the 
ages of mineralized volcanic rocks in the three mining 
camps (Timmins, Kirkland Lake and Noranda) as well 
as in other mining camps associated with "green 
stone" belts throughout the Canadian Shield.

3. To test zircon age precision using detailed geological 
mapping as a relative age control.

4. To compare the ages of the volcanic rocks with those 
of the surrounding batholiths. 
Samples analysed at present (Figure 2) represent 

the base and the top of the uppermost volcanic cycle. 
This cycle is represented by an ultramafic to felsic vol 
canic succession greater than 30 000 m thick north of 
Kirkland Lake (Jensen 1976). These samples bracket the 
Munro volcanic rocks and the Blake River Group of Go 
odwin (1977).

1 Geochronologist, Ontario Geological Survey, with the Jack Sat 
terly Geochronology Laboratory, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto.
2 Geologist, Precambrian Geology Section, Ontario Geological 
Survey, Toronto.

Geological Setting
In the Kirkland Lake area, the volcanic succession con 
sists of successive volcanic piles composed of komatiitic 
rocks at their base overlain in turn by tholeiitic and calc- 
alkalic rocks and capped by alkalic volcanic rocks. Two 
such piles, plus the top of an older third pile, are pre 
served in the Kirkland Lake area (Figure 2). The succes 
sive piles together form a stratigraphic section greater 
than 50 000 m thick, with the uppermost pile being in ex 
cess of 35 000 m thick. The volcanic succession is pre 
served in a large east-plunging synclinorium 80 to 120 
km wide between the Lake Abitibi Batholith in the north 
and the Round Lake Batholith in the south (Figure 2).

On the north limb of the synclinorium, the basal ko 
matiitic section of the younger volcanic pile is called the 
Stoughton-Roquemaure Group (SRG). The SRG is about 
10 000 m thick and disconformably overlies calc-alkalic 
volcanic rocks of the Hunter Mine Group that belongs to 
an older volcanic pile. Except for a few iron-rich tholeiitic 
basalts at the base and at the top of the SRG, the rocks 
are peridotitic komatiite, basaltic komatiite and magne 
sium-rich tholeiitic basalt along with a few thin interflow 
units of cherty tuff and iron formation.

On the south limb of the synclinorium, the basal ko 
matiitic section of the younger volcanic pile is called the 
Larder Lake Group (Jensen 1978). The Larder Lake 
Group disconformably overlies calc-alkalic volcanic 
rocks (Skead Group) of an older volcanic pile to the 
south. The thickness of the Larder Lake Group (LLG) is 
still unknown. It consists of peridotitic komatiite, basaltic 
komatiite and magnesium-rich tholeiitic basalt interlay- 
ered by turbiditic conglomerate, greywacke, argillite, car 
bonate and iron formation.

Both the SRG and LLG are unconformably overlain 
by tholeiitic rocks belonging to the Kinojevis Group. The 
Kinojevis Group consists of magnesium-rich and iron-rich 
tholeiitic basalt with tholeiitic andesite, dacite and rhyolite 
toward its top. The Kinojevis Group is about 10 000 m 
thick.

Above the Kinojevis Group is a calc-alkalic se 
quence called the Blake River Group (BRG). It consists of 
magnesium-rich tholeiitic basalt plus calc-alkalic basalt, 
andesite, dacite and rhyolite flows and pyroclastic units 
derived from two or more volcanic centres represented 
by massive rhyolite domes at the centre of the synclinori 
um. The BRG is about 10 000 m thick.

Unconformably overlying the Kinojevis Group, the 
Blake River Group and possibly the Larder Lake Group,
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Figure 1—Index map of the Kirkland Lake area.
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is the Timiskaming Group. It consists of alkalic volcanic 
rocks interlayered by fluviatile sedimentary rocks about 
3000 m thick.

The north and south limbs of the synclinorium each 
contain a major fault zone called the Destor-Porcupine 
Fault and the Larder Lake-Kirkland Lake Fault, respec 
tively (Figure 2). Subvertical movements along these 
faults were in the order of a few thousand metres during 
and after the development of the volcanic pile in the syn 
clinorium.

Regional metamorphism is subgreenschist to lower 
greenschist metamorphic rank throughout the area. In 
many places this low grade metamorphism is overprinted 
by greenschist to amphibolite grade contact meta 
morphic aureoles around high-level intrusive rocks (Jen 
sen 1975; Jolly 1976).

Geochronology
At present, zircons from the lower felsic volcanic rocks of 
the Hunter Mine Group (Sample N76-3) and the upper fel 
sic volcanic rocks of the Blake River Group (Samples 
N76-17 and N77-12) have been analysed. Locations (Fig 
ure 2) and descriptions are detailed in Appendix 1.

Ten U-Pb zircon analyses from the three rocks have 
U concentrations which vary from 68 to 162 ppm. Four 
zircon analyses from a quartz-feldspar porphyry (N76-17) 
and two from a rhyolite of equivalent age (N77-12), both 
rocks from the top of the volcanic pile already described, 
define a discordancy line (Figure 3) with concordia inter 
cept ages of 2703 ± 2 m.y. and 404 ± 64 m.y. (950Xo confi 
dence limits). The probability that all six analyses lie 
within analytical error of this line is 30"7o. The 2703 ± 2 
m.y. age is interpreted as representing the time of forma 
tion of the quartz-feldspar porphyry and the rhyolite, and 
thus the end of volcanism for this complex.

Four zircon analyses from the dacite at the bottom of 
the pile define a discordancy line with concordia inter 
cept ages of 2710 ± 2 m.y. and 226 ± 85 m.y. The proba 
bility that these four analyses lie within analytical error of 
the line, however, is only Q.3%. This low probability sug 
gests that at least some zircons in this sample do not ex 
actly reflect a two-stage U-Pb history, making it difficult to 
quantitatively estimate the uncertainty in the 2710 m.y. 
age. The 207 Pb7206Pb age of the most concordant analysis 
is also 2710 ± 2 m.y., a minimum age for this rock if no 
xenocrystic zircon was present in the material analysed. 
Examination of HF etched polished grain mounts in the 
manner reported by Krogh and Davis (1974), revealed no 
evidence for the existence of xenocrystic zircon, although 
moderate pervasive alteration sites are present in these 
grains. Therefore, the 2710 ± 2 m.y. 207Pb7206Pb age of 
the least discordant analysis is interpreted as represent 
ing the minimum age of crystallization for this rock. In this 
case, this minimum age is thought to be very close to the 
true age because the least discordant analysis is only 
slightly discordant and the bulk of the Pb lost (or U 
gained) from all the material analysed, appears to have

P. D. NUNES b L. S. JENSEN 

occurred within the last few hundred million years.

Discussion
The age determinations from samples which bracket the 
30 000 m thick cycle of ultramafic to rhyolitic volcanic 
rocks north of Kirkland Lake indicate that this pile evolved 
over an apparently distinct period of 7 ± 4 m.y. This rapid 
accumulation of volcanic rocks contrasts with a some 
what longer time interval for the development of another 
volcanic complex in the Abitibi belt south of Timmins 
(Nunes and Pyke, this volume) and much longer time 
spans documented for the more northern "greenstone" 
belts near Uchi Lake (Nunes and Thurston, this volume) 
and North Spirit Lake (Nunes and Wood, this volume).

These ages of 2703 ± 2 m.y. and 2710 ± 2 m.y. are 
the same within analytical error as the ^2709 m.y. age 
(recalculated to new decay constants) Krogh and Davis 
(1971) obtained for two granodiorite bodies within the vol 
canic pile at Noranda, where the granitic rocks have 
been described as consanguineous with the extrusive 
rocks (Goldie 1979). Extending their earlier work, Krogh 
and Davis (1974) washed zircons from the Dufault grano 
diorite with 5QyoHF. The residue yielded an analysis 
which was only 1^0 discordant and has a minimum 
207Pb;206Pb age of 2701 m.y. (T.E. Krogh, Royal Ontario 
Museum, oral communication, October 1979), an age 
consistent with the 2703 ± 2 m.y. age for the Blake River 
Group rocks presented in this paper. The agreement of 
these ages is encouraging since the Noranda and Kirk- 

•land Lake samples are all from the same volcanic com 
plex (Blake River Group of Jensen 1976 and Goodwin 
1977). An approximate age of 2739 m.y. (Krogh and Da 
vis 1971) for a granitic rock in the Chibougamau volcanic 
pile suggests that at least some volcanism occurred 
somewhat earlier in the northeastern portion of the Abitibi 
belt.

These data indicate that mineralization in the Kirk 
land Lake area (Jensen 1975) developed at about the 
same time as the several massive sulphide deposits in 
the Noranda mining camp, if the mineralization and vol 
canism were syngenetic.

Work under way will enable us to more exactly com 
pare the ages of volcanic rocks in this area with those 
which host major massive sulphide occurrences, such as 
tha.Kidd Creek deposit of Texasgulf Incorporated (see 
Nunes and Pyke, this volume).

Conclusions
Zircon analyses from a Rand Township dacite yield an 
upper concordia intercept age of 2710 ±2 m.y. The un 
certainty in the age is a qualitative estimate. Zircon analy 
ses from a quartz-feldspar porphyry and a rhyolite from
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Pontiac Township yield an upper concordia intercept age 
of 2703 ± 2 m.y. (95^o confidence limits). These samples 
bracket a single cycle of ultramafic to felsic volcanism 30 
000 m thick in the centre of the Abitibi belt. The ages ob 
tained are completely consistent with relative rock ages 
deduced from mapping and indicate that the pile devel 
oped over a small time interval of 7 ± 4 m.y.

Comparison of this absolute age stratigraphy with 
the Timmins section about 120 km to the west (Nunes and 
Pyke, this volume) indicates that the youngest rocks from 
both areas are approximate time equivalents, and that 
the volcanic section north of Kirkland Lake developed 
much more rapidly than the one studied south of Tim 
mins.
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Appendix l — Petrography
N76-3 Dacite, Hunter Mine Group
Sample N76-3 is located in Rand Township. Its exact location is 
1220 m east and 610 m north of the southwest corner of Rand 
Township on the southwest side of a forest access road 2.7 km 
north of Highway 101. The rock is a porphyritic crystal tuff of da 
cite composition. It has a grey to light-grey matrix of 60 to 70 per 
cent quartzofeldspathic material 0.01 to 0.1 mm mixed with 20 
percent subhedral to euhedral grains of epidote and 20 percent 
anhedral to subhedral chlorite. Magnetite, leucoxene, and 
sphene form the accessory minerals. The phenocrysts consist of 
scattered round quartz grains 0.2 to 0.5 mm in size, and subhe 
dral to broken plagioclase grains 0.2 to 3 mm in size which form 
about 15 percent of the rock. The plagioclase grains are strongly 
saussuritized. Scattered angular lithic fragments 1 to 5 mm in 
size of more mafic volcanic rock are also present. They consist 
of fine-grained epidote, chlorite and magnetite.

N76-17 Quartz-Feldspar Porphyry, Blake River 
Group
Sample N76-17 is located in Pontiac Township 3.2 km west and 
0.5 km north of the southeast corner of the township. The loca 
tion is on the northwest side of a trail that extends northeast from 
the road that leads to Sunrise Lake along the south boundary of 
Pontiac Township. The rock is a light-grey quartz-feldspar por 
phyry of rhyolite composition.

The rock consists of 10 to 15 percent bipyramidal quartz 
phenocrysts 0.5 to 2 mm across, that have been rounded and

embayed by resorption, and 10 to 15 percent euhedral plagioc 
lase (An20.3o) phenocrysts 0.1 to 3.0 mm long. The feldspar phe 
nocrysts are weakly altered to prehnite and kaolinite in places. 
The phenocrysts occur in a quartzofeldspathic matrix of 0.01 to 
0.02 mm. Disseminated magnetite and chloritized pyroxene oc 
cur as accessory minerals in the matrix.

N77-12 Quartz-Feldspar Porphyry, Blake River 
Group
Sample N77-12 is located 1000 m west of Clarice Lake, in Pon 
tiac Township, along a foot trail that extends west from the lake. 
The sample is 6.7 km north of N76-17. The rock is a light-grey 
quartz-feldspar porphyry composed of 15-20 percent strongly 
sericitized plagioclase phenocrysts 1 to 3 mm long, and 5 per 
cent rounded and embayed bipyramidal quartz phenocrysts 1 to 
3 mm across. The phenocrysts occur in a quartzofeldspathic 
matrix with abundant sericite. Accessory epidote and sphene 
are disseminated throughout the matrix.
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