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INTRODUCTION INTRODUCTION

"Radiogenic Age and Isotopic Studies" is an annual collec-
tion of reports presenting data from the Geochronology Sec-
tion of the Continental Geoscience Division. The main
purpose of this collection is to make geochronological and
other radiogenic isotope data produced by the section avai-
lable promptly to the geological community. Reports make
full presentation of the data, relate these to field settings,
and make comparatively short interpretations. Readers are
cautioned that some data reported here are part of work in
progress, and more extensive publications may follow at a
later date. Other geochronological and isotope data produ-
ced in the laboratory but published in outside journals or sepa-
rate GSC publications are summarized at the end of this
report.

The first report describes Rb-Sr and Sm-Nd procedures
currently in use at the laboratory in a manner similar to pre-
vious presentations for U-Pb, K-Ar, and Sm-Nd using high
performance liquid chromatography (HPLC) methods.
40Ar/31)Ar analyses have become well established, and three
papers contain these types of data, including that on the age
of the New Quebec Crater, shown as the cover photograph
for this volume. Several contributions summarize work in
New Brunswick stemming from studies in part funded by
Mineral Development Agreements. Other papers dealing
with studies in the northwest Canadian Shield, Baffin Island,
Ontario, and Yukon Territory complement mapping pro-
grams of the division.

The Geochronology Section depends not only on the
financial resources and scientific expertise of Continental
Geoscience Division of which it is part, but also on other
groups within the Geological Survey. The Mineralogy Sec-
tion of the Mineral Resources Division in particular provi-
des us with mineral separations and rock powders, which
are carefully and tediously prepared from generally large
(10-30 kg) rock samples. For this we thank G. Gagnon, B.
Machin, R. Christie, and R. Delabio. D. Walker and M.
Villeneuve provide us with very high quality scanning elec-
tron photomicrographs of mineral grains for morphological
studies. Some of these have been prominently displayed on
previous covers of this publication series. They, in addition
to A. Roberts, help us identify problematic minerals using
microprobe and X-ray diffraction patterns, respectively.
Finally, the Analytical Chemistry Section of the Mineral
Resources Division allows us access to an atomic absorp-
tion spectrometer for potassium analyses for K-Ar dating.
We are thankful for all of this collective assistance.

«Age radiometrique et etudes isotopiques» est une collection
annuelle de rapports qui prescntent des donnees provenant
de la Section de la geochronologie de la Division geoscien-
tifique du continent. Le but principal de la collection est de-
range les donnees geochronologiqucs et les aulres donnees
sur les isotopes radiogeniques produites par la section faci-
lement accessibles a la collectivite du domaine geologique.
On trouve dans ces rapports une presentation complete des
donnees, le lien qui existe entre ces dernieres et la situation
sur le terrain ainsi que des interpretations comparativement
courtes. Le lecteur doit toutefois savoir que certaines don-
nees reproduites dans le present document originent de tra-
vaux en cours et que des publications plus detaillees
pourraient suivre. D'autres donnees geochronologiques et
isotopiques produites au laboratoire, mais publiees dans des
revues exterieures ou dans d'autres publications de la CGC.
sont resumees a la fin du present rapport.

Le premier rapport traite des methodes Rb-Sr et Sm-Nd
actuellement utilisees au laboratoire. d'une facon similairc
aux presentations anterieures des methodes U-Pb, K-Ar et
Sm-Nd par chromatographie liquide a haute pression. Les
a n a l y s e s
40 Ar/W sont maintenant bien etablies et trois documents
renferment des donnees en decoulant, y compris les donnees
sur I'age du cratere du Nouveau-Quebec montre en page cou-
verture. Plusieurs communications resument les travaux
effectues au Nouveau-Brunswick et qui resultent des etudes
financees en partie par les ententes d'exploitation minerale.
D'autres, consacrees a des etudes menees dans le nord-ouest
du Boucliercanadien, dans Pile de Baffin, en Ontario et dans
le territoire du Yukon completent les programmes de carto-
graphie de la division.

La Section de la geochronologie depend non seulement
des ressources financieres et des competences scientifiques
de la Division geoscientifique du continent, dont elle fait par-
tie, mais aussi d'autres groupes de la Commission geologi-
que. La Section de la mineralogie de la Division des
ressources mineiales, en particulier, lui fournit des separa-
tions de mineraux et des poudres de roches qui sont soigneu-
sement et fastidieusement preparees a partir d'echantillons
generalement grands (de 10 a 30 kg). Les membres de la
Section de la geochronologie tiennent a en remercier MM.
G. Gagnon, B. Machin, R. Christie et R. Delabio. MM. D.
Walker et M. Villeneuve ont fournis d'excellentes micro-
photographies a balayage electronique de grains de mine-
raux destinees a des etudes morphologiques. Certaines de
ces photographies ont ete avantageusement representees en
page couverture d'anciens numeros de la serie. Us ont en
outre, avec la participation de M. A. Roberts, aide les cher-
cheurs de la Section a identifier des mineraux douteux en
utilisant respectivement des methodes de microsonde et de
diffraction de rayons X. Enfin, la Section de la chimie analy-
tique de la Division des ressources minerales a permis a ces
memes chercheurs d'acceder au spectrometre d'absorption
atomique en vue d'y effectuer des analyses de potassium aux
fins de datation a I'aide de la methode K-Ar. La Section de
la geochronologie exprime de vifs remerciements a tous ces
collaborateurs.

R.R. Parrish



Methods for Rb-Sr and Sm-Nd isotopic analyses
at the geochronologj laboratory,

Geological Survey of Canada

R.J. Theriault1

Vieriault, R.J., Methods for Rb-Sr and Sm-Nd isotopic analyses at the geochronology laboratory. Geo-
logical Survey of Canada; in Radiogenic Age and Isotopic Studies: Report .?. Geological Survey of
Canada. Paper 89-2, p. 3-6, 1990.

Abstract

Chemical c id mass spectrometry procedures for Rb-Sr and Sm-Nd isotopic analyses at the Geologi-
cal Survey of Canada's geochronology laboratory are described. Tlte chemistry is performed in a clean
air environment and reagents are either redistilled or purchased as ultrapure products. Chemical proce-
dures consist of weighing and total spiking of samples with ^Rb-^Sr or NliSm-MSNd tracer solution;
HF and HNO.n dissolution, including high-pressure dissolution for Sm-Nd analyses; and two stages of
ion exchange column chemistry. Mass spectrometry is carried out on a Finnigan-MAT 261 mass spec-
trometer equipped with a variable multicollector. Sr, Nd and Sm, are analyzed in static multicollector
mode, whereas Rb is analyzed in single-peak jumping mode.

Resume

Le present document de'crit les methodes chimiques el de spectrometrie de masse des analyses isoto-
piques des syslemes Rb-Sr et Stn-Nd effectitees au laboratoire de geochronologie de la Commission ge-
ologique du Canada. Les manipulations chimiques sefont en salle blanche et les reactifs sont soil redistitles
soit achetes comme produits ultra purs. Les methodes chimiques comprennent la pese'e des e'chantillons
et I 'addition de solutions dosees de H7Rb - lW5r ou de NVSm — l4HNd agisstmt comme traceurs; la dissolu-
tion avec du HF et du HNO.t, v compris la dissolution sous haute pression pour les analyses de Sm-Nd;
et deux etapes de separation sur colonne echangeuse d ions. La spectrometrie de masse se fait a I aide
d'un spectrometre de masse Finnigan-MAT261 equipe d'un inulticollecteur variable. On analyse le Sr,
le Nd et le Sm en mode inulticollecteur statique. alors que I 'analyse du Rb se fait en mode pic par pic.

INTRODUCTION

The 147Sm-l43Nd decay scheme is ideal as a tracer for study-
ing the long term evolution of the lithosphere. The similar
geochemical behaviour of light rare earth elements (LREE)
makes the Sm-Nd pair relatively undisturbed by most crustal
processes thus allowing the Sm-Nd isotopic system to record
the evolution of rocks since their time of extraction from the
depicted mantle. Although more prone to resetting than the
Sm-Nd system, and less precise a geochronometer than the
U-Pb system in zircon and monazite. the Rb-Sr isotopic
system is widely used in S7Sr - S6Sr tracer studies - and
often complements the K-Ar or •"'Ar - "Ar systems - in
mica cooling ages.

The chemical procedures employed for Rb-Sr and Sm-
Nd analyses are similar in many respects. The similarity in
analytical methods warrants treatment of the two isotopic sys-
tems under one title. The procedures for extraction and sepa-
ration of LREE are a variant of those of Richard et al. (1976).
They have been recently introduced to the laboratory by post-
doctoral fellow E. Hegner.

The chemical treatment for Sm-Nd analysis described in
this paper is distinct from the high performance liquid chro-
matography (HPLC) method of LREE separation discussed
by Sullivan (1988).

I Geological Survey of Canada. 601 Booth Street. Ottawa. Ontario. K1A0E8



This paper outlines the reagents and materials employed
in chemistry, weighing, spiking, and sample dissolution,
column exchange chemistry, and mass spectromctry. The
object of this paper is two-fold. Firstly, it completes the des-
cription of analytical methods (Hunt and Roddick. 1987: Par-
rish et al., 1987: Sullivan, 1988; Roddick, 1990) utilized
at the Geological Survey of Canada's geochronology labo-
ratory. Secondly, it serves as reference for studies making
use of isotopic data generated at the geochronology labora-
tory by the procedures described below.

MATERIALS AND REAGENTS

The chemical reagents are distilled in quartz (HC1) or teflon
two-bottle(HF) (Martinson. 1972) stills, or purchased as
ultrapure reagents (HNO.i). De-ionized, ultrapure H:O is
produced by a Millipore-™ water purification system con-
sisting of reverse osmosis, organic scavenging, and ion
exchange cartridges. Rb-Sr and Sm-Nd chemistry makes use
of Savillex™ PFA teflon screwtop dissolution vessels. TFE
teflon bombs are additionally employed for Sm-Nd analy-
sis. The chemistry is carried out in laminar flow, class 100
air work cabinets and fumehoods.

WEIGHING AND SPIKING

The amount of rock powder or mineral separate weighed is
such that about 200 ng Nd and 1 ng Sr are provided for mass
analysis. The samples are weighed in PFA teflon screwtop
vials (Fig. 1) and moistened with approximately 1/2 ml of
16M HNO3, which is an oxidant during dissolution. Sam-
ples are immediately spiked with mixed tracers enriched in
87Rb-MSr or 149Sm-148Nd. The spike solutions are highly
enriched in these isotopes, and their isotopic compositions
have been accurately measured (J.C. Roddick, pers. comm.,
1989), thus permitting determination of isotopic composi-
tion and concentration on the same sample solution. The
amount of spike isotope added to the sample is such that error
magnification is minimal. Because Rb - Sr ratios can vary
greatly in mica and whole-rock samples, two specially cali-
brated spike solutions, differing in their Rb - Sr ratios, are
used.

SAMPLE DISSOLUTION
Sm-Nd

The dissolution process typically consists of a first dissolu-
tion in PFA teflon screwtop vessels and a second, high-
pressure dissolution in TFE teflon bombs in steel jackets.

The first step consists of adding about 3 ml of 48% HF
to the PFA teflon vessels and placing them on a hot plate
for at least 12 h at 150°C. This allows decomposition of
major silicate phases and formation of SiFj. Samples are
then dried at I5O°C.

The second dissolution step involves taking the dried resi-
dues up in 3 ml of HF and 1/2 ml of HNO3 and transfer-
ring them into TFE teflon bombs. These bombs are placed
in pressure-resistant steel jackets (Fig. l)and left to decom-
pose under high pressure at 200°C for 5 days. This proce-
dure ensures complete dissolution of all refractory phases
and equilibration of sample and spike. Sample solutions are
then dried and fluorides are converted to soluble chlorides
by adding up to 20 ml of 6N HC1 and heating them at about
80°C for up to 2 h. Finally, samples are dried, redissolved
in 1 ml of 2.5N HCI, centrifuged to remove potentially undis-
solved fluorides, and loaded on cation exchange columns.

Rb-Sr

The dissolution process for Rb-Sr analysis consists of two
HF-HNOi treatments similar to the first dissolution descri-
bed above for Sm-Nd analyses. The samples are brought to
complete dryness between acid treatments. The dual disso-
lution on a hot plate is adequate for breakdown of Rb- and
Sr-bearing phases and sample-spike equilibration. Dissolu-
tion under high pressure is not required for Rb-Sr analyses
as refractory phases contain negligible amounts of Rb and
Sr. Samples are finally transformed into chlorides by adding
approximately 10 ml of 6N HCI, dried, centrifuged, and
redissolved in 1 ml of 2.5N HCI prior to cation exchange
chromatography.

Figure 1 . Sample dissolution apparatus. From left to right:
PFA Savillex™ teflon screwtop vial, TFE teflon bomb, and
pressure resistant steel jacket.

Figure 2. First-stage cation exchange columns made of 10
mm bore quartz glass and a volume of 15 ml of resin for
extraction of Rb, Sr, and LREE.



CATION EXCHANGE
COLUMN CHEMISTRY
Separation and purification of Rb, Sr, Sni, and Nd is done
by elution through two stages of cation exchange columns.
The first stage is common to both Rb-Sr and Sm-Nd analy-
sis and serves as a preliminary method of extraction of Rb,
Sr, and LREE. Second-stage column chemistry serves to
individually purify Rb and Sr and separate Nd from Sm. The
elution schemes are calibrated by atoiaic absorption spec-
trometry for Rb and Sr and with Erioehrome Black T for
LREE.

Extraction of Rb, Sr and LREE

Sample solutions in I ml of 2.5N HCI are loaded onto quartz
columns packed with 15 ml of AG50W-X8 200-400 mesh
cation exchange resin (Fig. 2). After eluting 32 ml of 2.5N
HCI, Rb, accompanied by traces of K, Ca, Fe, AI, etc., is
collected as 20 ml of 2.5N HCI (32-52 ml cut). An additio-
nal 40 ml of 2.5N HCI are discarded before Sr, along with
elution tailings of Ca and Mg, is collected as a subsequent
25 ml fraction (92-117 ml cut). For obtaining LREE, 15 ml
of 6.2N HCI are eluted after Sr has been collected. The
LREE are then collected in 30 ml of 6.2N HCI (132-162 ml
cut). Once collected, all separates are brought to dryness.
Rb and Sr are redissolved in 1 ml of 0.6N HCI and LREE
in 0.2 ml of 0.18N HCI prior to loading on second stage
columns.

Purification of Rb and Sr

The second-stage column chemistry for Rb and Sr makes use
of low-normality HCI and resin with close cross-linkage to
individually purify the Rb and Sr separates obtained from
the first-stage columns. Purification is done on quartz
columns packed with 3 ml of AG50W-X12 200-400 mesh
cation exchange resin (Fig. 3). Clean Sr separates are ob-
tained by loading 1 ml of 0.6N HCI Sr solutions on the
second-stage columns and eluting with 84 ml of 0.6N HCI
followed by 20 ml 2.5N HCI and collecting the Sr in 15 ml

of 2.5N HCI (104-119 ml cut). Once the clean Sr separates
have been collected, Rb from the first-stage columns is dis-
solved in 1 ml of 0.6N HCI. This solution is loaded onto
the second-stage columns and purified by eluting 64 ml 0.6N
HCI and collecting Rb in the following 20 ml cut of 0.6N
HCI (64-84 mJ cut).

The blanks for the dissolution and the two-stage cation
exchange process are typically 1 ng for Sr and 50 pg for Rb.

Separation of Sm and Nd

Sm and Nd are separated on quartz columns packed with 2
ml of 100-200 mesh teflon powder coated with a HDEHP
(Di-2-ethylhexyl orthophosphoric acid) cation exchange resin
(Fig. 4). The active teflon powder is prepared by evapora-
tion of a 1:10:100 (by weight) solution of HDEHP, teflon
powder, and acetone. The dried LREE cuts from the first-
stage columns are dissolved in 0.2 ml of 0.18N HC1, centri-
fuged in order to remove possible resin beads from the first-
stage columns, loaded on the second stage columns, and
washed into the resin bed with four successive additions of
0.2 ml of 0.18NHC1. After eluting 12 ml ofO. I8Nof HCI,
Nd is collected in 6 ml of 0.18N HCI (12-18 ml cut). The
collection of Nd is followed by the clution of 4 ml of 0.4N
HCI and the collection of Sm in 5 ml of 0.4N HCI (22-27
ml cut). This method provides Nd free of Sm. but tailings
of elution peaks result in significant amounts of Ce, Pr. and
Nd in Sm. Dissolution and cation-exchange chemistry blanks
range from 100 to 300 pg for Nd and 30 to 100 pg for Sm.

MASS SPECTROMETRY
Isotopic measurements are made on a Finnigan MAT 261
mass spectrometer equipped with six variable Faraday cups
and one fixed collector. The instrument is used in static mode
to measure Sr, Nd, and Sm isotopic compositions and in sin-
gle collector peak jumping mode for Rb. using a collector
reserved for alkalis. The analyzer of the mass spectrometer
is pumped down to a vacuum better than W'7 torr
(1.333 x \0v Pa) prior to analysis. Samples are loaded on
Re and Ta filaments that have been outgassed at 2000°C

If .63 Fa -y n
(0;

Figure 3. Quartz columns (6 mm bore) packed with 3 ml
resin used for purification of Rb and Sr.

Figure 4. Quartz columns (6 mm bore) filled with 2 ml <e«on-
HDEHP resin bed for separation of Nd and Sm.



for 10 min. Loading of samples onto filaments is carried out
in a clean air cabinet prior to loading in the mass spectro-
meter. Sr, Nd, and Sm arc loaded on filaments in 2 |xl 0.5M
H3PO4. whereas Rb is dissolved in water and loaded as a
chloride. Rb, Nd, and Sin samples are loaded on the evapo-
ration filament of a double Re filament assembly. Sr is loa-
ded on a single Ta filament.

Measurement of Sr and Rb

Sr is measured at filament temperatures of 1200 to 1300°C
corresponding to *8Sr intensities in the order of 3 to 5 \ 10 s

A. Atomic masses 84, 85, 86, 87, and 88 are collected in
separate Faraday cups. Atomic mass 85 is monitored for the
presence of Rb, which interferes isobarically with K7Sr.
Typically, 80 to 120 8-s mass integrations are sufficient to
yield an internal precision of87Sr/l"'Sr better than 5 x 10 "\
The external precision determined on 80 measurements of
NBS SRM 987 standard is estimated to be better than 3 x
I0-5 yielding S7Sr/8()Sr = 0.710252 +/- 30 (2o of the popu-
lation; normalized to S6Sr/88Sr = 0.1194). Amplifier gain
calibrations are performed before every analysis, and base-
line measurements are done after every 20 mass integrations.

Rb is ionized by heating the sample-free ionization fila-
ment up to 800°C, corresponding to a S7Rb signal of 3 to
5 x 10'6 A. An analysis typically consists of 40 10-s mass
integrations. The KSRb - S7Rb is corrected for 0.07% frac-
tionation per atomic mass unit during analysis. This fractio-
nation has been determined from analysis of normal Rb.

Measurement of Nd and Sm

During analysis of Nd, the ionization filament is kept at
approximately 1900°C and the evaporation filament at 800
to 1000°C, resulting in a I44NH signal of 1.5 to 3 x 10 ' -
A. Atomic masses 143, 144, 145, 146, 147, and 148 are col-
lected. Mass 147 is monitored to detect and correct for the
presence of Sm, one of the isotopes of which is an isobar
of l44Nd. The ratios are corrected for mass fractionation by
normalization to l46Nd/144Nd = 0.7219. In static mode, 80
to 100 8-s mass integrations yield an internal precision for
i«Nd/ l44Nd e q u a i o r b e t t e r t h a n 10-5 T h e e x t e r n a ] preci-
sion is estimated to be better than 2.5 x 10"5. The La Jolla
Nd standard yielded l43Nd/ l44Nd = 0.511862 +/- 20
(2a of 80 measurements). Baseline measurements are done
after every 10 integrations, and amplifier gain calibrations
are done prior to every analysis.

For analysis of Sm. the ionization and evaporation fila-
ments are brought to temperatures similar to those for Nd.
Data arc collected when l4MSm is emitting a signal of ap-
proximately 4 x 10 i : A. Atoinic masses 147. 149. 152. and
156 are collected, the latter to monitor CeO, which inter-
feres isobarically with 152Sm. The 147/149 ratio is normal-
ized to 147/152 = 0.5608). An analysis typically consists
of 48 8-s mass integrations. Amplifier gain calibrations are
done after every three analyses.
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evidence for the age of the
New Quebec Crater,

northern Quebec

J.C. Roddick1

Roddick, J. C., 40Ar - 39Ar evidence for the age of the New Quebec Crater, Northern Quebec in Radio-
genic Age and Isotopic Studies: Report 3, Geological Survey of Canada, Paper 89-2, p. 7-16 1990.

Abstract
40Ar/39Ar analysis of an impactite from the New Quebec Crater indicates an age of 0.47+ 0.52 I

—0.47 Ma. The Ar systematics of the impactite sample are complex. Inclusions in the sample have old
apparent ages due to the presence of significant amounts of residual radiogenic Ar generated in the tar-
get Archean gneisses prior to the impact event. The melt matrix also shows the effects of the degassing
of this old radiogenic Ar from the inclusions. Rapid cooling of the melt after impact caused some of the
residual radiogenic Ar to be absorbed and trapped in the melt. Conventional age-spectrum ages are varia-
ble, but an isotope correlation plot successfully reveals the anomalous trapped Ar composition and indi-
cates the age of the impact event. The trapped Ar is shown to be correlated with anion sites containing
Cl. Glaciations were common in North America at the time of impact and some geological features sug-
gest that the impact may have taken place on glacial ice. The Ar systematics of this impactite are similar
to those of previous analyses of Mistastin Lake Crater samples and suggest that the Mistaslin impact
event may be 10 Ma younger than previously supposed.

Resume

L'analysepar la me'thode ^Arl^Ar d'une impactiteprovenant du cratere du Nouveau-Quebec in-
dique un age de 0,47 + 0,52/— 0,47 Ma. La classification et la taxonomie de I 'Ar de Vechantillon d'im-
pactite sont complexes. Les inclusions de I 'echantillon sont apparemment vieilles en raisci de la presence
d'importantes quantites d'Ar radioge'nique residue! praduit dans les gneiss cibles de VArcheen avant
I'impact. La gangue fondue montre egalement les effets du degazage de cet ancien Ar radiogenique des
inclusions. Le refroidissement rapide de la gangue fondue aj'res I'impact a etc a Vorigine de Vabsorp-
tion et dupiegeage d'une certaine quantite d'Ar radiogenique residue]. Les ages classiques obtenus par
le spectre des ages sont variables mais une courbe de correlation isotopique montre bien la composition
anormale de I'Ar piege et indique I 'age de I 'impact. On de'montre que I Arpie'ge correspond a des sites
d 'anions renfermant du Cl. Des glaciations etaient courantes en Ame'rique du Nord au moment de I 'im-
pact el certaines caracte'ristiques geologiques semblent indiquer que I 'impact aurait pu se produire sur
de la glace de glacier. La classification et taxonomie de I 'Ar de cette impactite ressembient a celles des
premieres analyses des echantillons du cratere du Lac Mistastin et portent a croire que 1 'impact de Mis-
tastin pourrait etre 10 Ma plus jeune qu 'on ne le croyait auparavant.

.i! Survey of Canada. 601 Booth Street. Ottawa, Ontario. Kl A 0E8



INTRODUCTION

Meteorite impac! cratering is an infrequent but common phe-
nomenon erratically recorded on the earth. The record is
generally confined to land areas, which occupy only 30%
of the total earth surface, though there is one exception of
a known underwater impact (Jansa and Pc-Piper. J987). Geo-
logical processes of uplift and erosion also generally limit
the terrestrial record to surfaces a few hundred million years
old (Grieve. 1984). The establishment of the frequency of
cratering is important to a number of fields of research.
Firstly, crater counts are used to estimate the age of plane-
tary surfaces, such as Mars, where direct sampling is not
available. Here, a crater production rate is required to relate
observed numbers of craters to age. With this information
a better understanding of planetary geological processes is
obtained. The correct cratering rate for the earth has yet to
be determined as there is some uncertainty in comparison
of recent terrestrial crater rates (0-120 Ma events) with esti-
mates from older crater rates (200-36J Ma events) and with
astronomical observations of earth-crossing asteroids
(Grieve, 1984). Secondly, attempts have been made to assess
the possibility of a periodicity in the recent cratering record
(Alvarez and Muller, 1984), but as yet the record is too
incomplete (Grieve et al., 1986). Finally the possibility of
correlation of impacts with major extinction events (Weiss-
man, 1985) and geomagnetic reversals (Muller and Morris,
1986) has been discussed.

Critical to the definition of a more precise terrestrial cra-
tering rate, and any variations in such a rate as might be pro-
duced by periodic eometary showers, is the determination
of the ages of impact craters. Owing to the complex nature
of impact rocks the 40Ar - '9Ar technique is the most sui-
table method of dating these events, though even this method
may have limitations depending on the suitability of the sam-
ple material. In Canada, a number of impact craters have
been dated, several by 4()Ar/19Ar methods, (see Grieve,
1982 and Grieve et al., 1986). The following presents new
results of ""'Ar/^Ar analyses on a sample from the New
Quebec Crater, a small structure in northern Quebec. It is
the youngest and best preserved of known craters in Canaan
(Innes, 1964) and though it has not been dated radiometri-
cally, it is estimated to be less than 5 Ma old (Grieve, 1982).

PREVIOUS STUDIES OF
THE NEW QUEBEC CRATER
The New Quebec Crater is a circular, Jake-filled depression,
about 3.4 km in diameter and 267 m deep located in the Ar-
chean tonalitic gneiss terrane of northern Quebec, just south
of the Cape Smith Belt. The bedrock rim rises 100 m above
the surrounding tundra (Fig. 1). It was first noted on obli-
que aerial photographs taken in 1943, and scientific investiga-
tions soon led to the speculation that it was a meteorite im-
pact crater (Meen, 1951). Interestingly, the discovery and
speculation on the origins of the New Quebec Crater led to
the establishment in 1951 of the meteorite crater program
of the Dominion Observatory (Innes. 1964). Subsequent
research was devoted to testing the impact hypothesis by ex-
amining the topographic form (Millman, 1956), structure of

the rim (Shoemaker, 1961; Currie and Dence, 1963; Cur-
rie. 1966). and gravity profile of the crater (Innes, 1964).
Harrison (1954) showed that the crate rim had been
glaciated. While all these studies supported a meteorite im-
pact origin, clear petrographic evidence of an impact was
not found.

Detailed geological mapping of the crater and its sur-
rounds by Currie (1966) did not resolve the uncertainty. Cur-
rie found no evidence of the expected ejecta blanket
associated with impacts but did document structural defor-
mation consistent with impact (Curric and Dence, r?63) or
a volcanic origin. The lack of definitive evidence for impact
led Currie (1966) to propose an origin by "up-doming of
country rock by hot fluids or possibly by a fluid-charged
magma." He supported this mechanism with the discovery
of a single vesicular glassy rock inside the crater, which he
concluded was of volcanic origin, though additional study
of the sample supported a meteorite impact origin, as a frag-
ment of impact melt rock with shocked mineral clasts
(Robertson et al.. 1968).

Despite several expeditions to the crater in the interval
1963 to 1986 in search of additional impact material, it was
not until 1986 that another small glassy impactite sample was
found about 3 km to the north-northwest of the crater (Mar-
vin et al.. 1988). More recently, a 1988 expedition
discovered 20 impactite fragments (total weight 1.5 kg) in
an apparent outwash channel, which originates on the eastern
crater rim and curves northward to Lac Laflamme, located
3 km north-northwest of the crater rim (R.A.F. Grieve, pers.
comm.. 1989).

SAMPLE DESCRIPTION

The 40Ar/-wAr analyses were carried out on a portion of the
original fist-sized sample of impact melt rock collected by
Currie (1966) and denoted DNQ-62-FI. The following is a
summary of Currie's description of the sample: On a fresh
surface the rock is dull grey, with 15 to 20% white to pale
buff inclusions. The matrix is highly vesicular, with vesicles
ranging in size from microscopic to 5 mm. The inclusions

Figure 1. Aerial view of the New Quebec Crater. Diameter
of the lake is about 3.4 km. Photo by P.B. Robertson (GSC
204955C-2.



range in size from 0.5 to 5 nun and arc round to lensoid,
with sonic being elongate. In thin section, the matrix is a
hrownish. glassy or eryptocrystalline material charged with
plagioclase microlitcs (An.it) and lesser amounts of
magnetite and opaque dust. The microlites comprise one third
to one half of the matrix, the opaque minerals 5 to l()9f.
The remainder of the matrix is translucent to transparent,
brownish or greenish brown isolropic material. The inclu-
sions range from fresh single crystals of plugioelase to blobs
of clear glass. The crystals are partly recrystallized. with
some showing sinuous lamellae of clear glass. The contact
of crystal and matrix is diffuse, with some formation of
microlites at the boundary. Most inclusions are clear glass
with minor amounts of partly melted fragments and usually
an unfilled vesicle in the centre. Around the inclusions the
plagioclase microlites are well orientated, bending around
the inclusions in flow textures.

Additional thin section examination reveals that the
groundmass also contains a quench texture of long needles
of a dark greenish fibrous mineral, presumed to be pyroxene
pseudomorphed by chlorite. The feldspar microlites are typi-
cally 50 to 100 |im long and 5 to 10 u.m in diameter (Fig. 2).

Marvin el al. (1988) provide petrographic detail for
another small (5 g) vesicular fragment found on the shore
of Lac Lallamme. Their description is similar to that of
DNQ-62-FI but has additional information from electron
mieroprobc analysis. Within this fragment, both feldspar (300
u.m long) and pyroxene crystallites arc present with
glass of siliceous peraluminous composition. The feldspar
laths have a higher An content than those in DNQ-62-FI
(An4oAbs40rf,). The inclusions are quartz, irregular masses
of silica, and rare apatite. The quartz displays two or three
intersecting sets of shock-produced planar features. Similar
planar features were described in the quartz of DNQ-62-FI
by Robertson et al. (1968).

ANALYTICAL TECHNIQUES
Sample preparation and neutron irradiation

A small 2 cm cube of DNQ-62-FI was crushed in an agate
mortar, sieved to -160 + 149 u.m size, ultrasonically wash-
ed in water, and magnetically separated into two fractions
on a Frantz™ LB-1 separator. The magnetic fraction con-
sists of grey homogeneous grains representative of the melt
matrix with fine feldspar microlites. It was carefully hand-
picked to eliminate any white feldspar or clear quartz/glass
inclusions. The non-magnetic fraction was handpicked to
concentrate the clear and white inclusions in the sample. A
selection of grains from both fractions were mounted, but
not polished, for electron microprobc determinations of their
approximate compositions. Five grains of the melt matrix
yielded approximate feldspar compositions with iron present
as well, while three of six grains of the inclusions had a
quartz/silica composition and three were feldspar.

The two samples were wrapped in aluminium foil packets
(0.49 g melt matrix; 0.086 g inclusions) for neutron irradia-
tion. They were arranged along with several other unrelated
samples in an aluminium can 40 mm x 19 mm diameter.

along with one CaF; sample and eight packets of FCT-3
biotite. a new 4"Ar/wAr flux monitor prepared by the
United Slates Geological Survey. Reston. Virginia, from the
Fish Canyon Tuff. Its age is 27.68 ± 0.03 Ma (M.J. Kunk.
pers. cumm. 1988). The can was irradiated for 45 min. in
position 5C of the enriched uranium research reactor at
McMaster University. Hamilton, Ontario. It received an ap-
proximate fast neutron fluenee of 3 x 10"' neutrons/cm-1,
which results in a J factor of 2.1 X 10 4. Flux variation over
the irradiation can had a range oi 3.0% and is mainly along
ihe axis of the can. The errors quoted on the integrated ages
take account of this uncertainty, though the individual step
ages do not.

The procedures for 4"Ar/"'Ar analysis are detailed in
Appendix I. since they have not been presented previously
for this laboratory. Data in isotope correlation plots have been
regressed using the two-error treatment of York (1969) with
dala-point errors and correlation coefficients on the errors
calculated according to Roddick (1988). Regressions that
scatter beyond experimental limits (MSWD>2.5) have been
multiplied by the squaro root of MSWD to provide realistic
error estimates. All errors are quoted at the 2a level, unless
otherwise stated.

ARGON SYSTEMATICS AND
DATA PRESENTATION
The dating of impact melt rocks by the 4"Ar/wAr technique
presents a number of problems not encountered in the
analyses of other terrestrial rocks and minerals. While most
geological processes take place at rates consistent with a close
approach to chemical and thermal equilibrium, al least on
a local scale, a meteorite impact is a catastrophic event in
which equilibrium is the exception. Thus, an impsictitc or

Figure 2. Photomicrograph of melt matrix texture of
DNQ-62-R from the New Quebec Crater. Melt matrix is
feldspar laths, long needles of pyroxene pseudomorphed by
chlorite and opaques set in a glassy or cryptocrystalline
base. Ballan quartz is present in the upper third (1); brown
glass or cryptocrysta'line melt is visible at (2); two vesicles
are located at (3).



impact melt rock i.s often an amalgamation of melted target
material with shocked and unmelted clasls or inclusions of
the target country rock. The effects on the K - Ar system
can be complicated enough to prevent the determination of
even an approximation to the time of the impact event.

In the ideal case, melt material would have been well
above the closure temperature for Ar and then quickly cool-
ed. It would then be completely degassed, and the measure-
ment of radiogenic Ar subsequently generated (denoted
4"Ar*) would precisely date the impact event. This i.s often
the case and conventional K - Ar dating of the Rics crater
in Germany, for example, has successfully determined the
time of impact (Gentner et at., 1963). In other cases, the
ages obtained may be anomalous. Mak et al. (1976) showed
thai some impactites with inclusions from the Mistastin Lake
crater yielded realistic J"Ar - !MAr spectra ages, whereas
others were clearly too old. This problem is related to the
incomplete degassing of radiogenic Ar generated in the
unmelted inclusions prior to the impact event (here denoted
as 4<lAr,,*). The presence of inclusions is common in impac-
tites, and if small enough they may go undetected in a dating
sample or prove impossible to separate.

In these cases, with incompletely degassed inclusions.
""'Ar/'^Ar step heating analysis may be able to resolve the
4"Ar* from the residual 4"Ar,,*. This residual 4"Ar,,* is
located in the most retentive sites in the inclusions, as it was
retained during exposure to melt temperatures. During
laboratory heating this residual 4"Ar,,* may not be releas-
ed until relatively high temperatures. If much of the 4"Ar*
generated since the impact is released at lower temperatures,
there will be a separation of the two Ar components. In an
age spectrum, in which the apparent age of each heating step
i.s plotted against the cumulative amount of wAr released,
the initial Ar release would have an age plateau reflecting
the time of impact. With further heating, ages would increase
with degassing of 4('Ar,,* in the retentive sites of the inclu-
sions. The successful separation of the components is depen-
dent on the degree of degassing of the inclusions and a mark-
ed temperature difference in the release of the two com-
ponents. This mode of Ar degassing has been modelled and
demonstrated for the common geological situation of
xenocrysts (granitic in this case) incorporated in a basaltic-
magma (Gillespie et al.. 1982, 1983).

Additional complications can arise if the residual 4"Ar,,*
diffusing from the inclusions is retained within the melt
phase. Rapid cooling after an impact will prevent this
4"Ar,,* from escaping from the impactite and will impose a
high Ar partial pressure on the melt component. In this case.
the melt absorbs some of this -"'Ar,,* and subsequent analysis
of the meit will yield ages that are too old. The anomalous
ages arise because the standard age calculation assumes that
any Ar trapped in a sample at the time of its crystallization
has the composition of present-day atmospheric Ar with a
4"Ar/'ftAr value of 295.5. Measurement of '6Ar in a sam-
ple thus permits correction tor the trapped 4"Ar component.
Numerous analyses of terrestrial rocks demonstrate that at-
mospheric 4"Ar/16Ar is an appropriate correction,
presumably because of interaction during crystallization with

fluids containing atmospheric Ar. In the case of the absorp-
tion of residual J"Ar,,*. the trapped component will no
longer have an atmospheric 4"Ar/1('Ar, and a different com-
position greater than 295.5 should be used. In previous
studies, this residual -"'Ar,,* has been termed excess Ar
(Lanphcre and Dalrymple. 1976).

The trapped Ar component is apparently located in sites
with diffusional characteristics that are different from the sites
of 4"Ar* generated by radioactive decay. Roddick and Rex
(1980), in analyzing plagioclase separates, first suggested
a correlation of this trapped Ar component with Cl and Br
in the mineral. This supported a theoretical assessment of
Harrison and McDougall (1981) that trapped Ar was
associated with anion vacancies. They also correlated the
anion vacancies with Ar released al high temperatures. This
anion dependence was subsequently documented by Claesson
and Roddick (1983). who showed a good correlation of trap-
ped Ar (high in 4OAr/3('Ar) in plagioclase with cTand Br
anion sites. They also showed that there were two trapped
components of different 4"Ar/1flAr compositions, one releas-
ed at low temperature and one at high temperature. Since
the trapped and radiogenic components may have different
diffusional mechanisms, step heating analysis may be used
to separate these two types of Ar and permit the determina-
tion of the correct trapped 4"Ar/-">Ar.

The usual method of resolving the different Ar com-
ponents is by three isotope correlation plots of 40Ar, •"'Ar.
•"•Ar (Turner. 1971; Roddick et al.. 1980; Claesson and
Roddick. 1983). 4()Ar is used as the reference isotope as it
is the most abundant and. therefore, can be measured precise-
ly, thereby minimizing correlations between errors in the two
ratios. On this plot, the X-intercept (inverse 4"Ar/:"'Ar.
comprising K-derived radiogenic ""'Ar and neutron-induced
'gAr) defines the age of a sample, while the Y-intercept (in-
verse 4"Ar/-v>Ar) represents the trapped Ar composition.
Binary mixing between the two end members defines a linear
array with negative slope. Roddick et al. (1980) used this
plot to discuss mixing relatioships c/i more than one trapped
component in metamorphic biotites. Recently. Heizler and
Harrison (1988) have successfully used this plot to
demonstrate that a variety of minerals may contain several
trapped, thermally distinct components, each with different
"Ar /^Ar values. During laboratory heating, one compo-
nent may dominate the Ar released in a particular temperature
range. By applying the appropriate trapped 40Ar/")Ar cor-
rections, they were able to resolve several apparently com-
plex age spectra and recover meaningful ages.

The preceding discussion suggests that several techniques
should be used to assess the results of 4"Ar - wAr dating of
impact rocks. Age spectra of both melt material and inclu-
sions may permit a rapid assessment of the presence of
residual 4"Ar,,*. but correlation plots have the advantage of
independently assessing the composition of the trapped
4"Ar/(hAr component. Finally, comparison of release pat-
terns of 1hAr with those of Cl and Br may distinguish dif-
ferent diffusional mechanisms for trapped Ar components
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in the sample and help reveal if more than one site is involv-
ed. The Cl and Br can be traced in slep heating experiments
via reactions during neutron irradiation which produce wAr
from Cl and S0Kr from Br. This is analogous to the use of
!7Ar to trace gas evolution from Ca sites in a sample. All
these gas isotopes may be ratioct! to K-derived wAr and
plotted against the cumulative amount of "'Ar released to
provide element variation plots comparable to the age spec-
tra, where the radiogenic 4l>Ar* is also ratioed lo K-dcrived
wAr. For the present impact sample, no Br.derived *"Kr
was detected.

Figure 3. Age spectrum plot of data from DNQ-62-FI melt
matrix and element variation plots for each heating step. The
Ca and Cl variations have been determined from
measurements of neutron derived 37Ar and 38Ar respective-
ly. The ratios in the variation plots refer to the amounts of
gases released in each step and are thus comparable to the
age spectra, where the apparent ages correspond to ratios
of "">Ar* to K-derived 39Ar. The subscript N indicates ratios
normalized to the integrated ratio for the sample.

Table 1 . Argon step heating data for the New-Quebec impactite.

TEMP.
(°C)

»Ar.. "Arc,
(x 10

DNQ-62-FI Melt Matrix (490.75 mg)
450
500
550
600
650
700
750
800
900

1000
1100
1200
1500

Total'
Conc.(/g)

0.001
0.102
0.084
0100
0.100
0.068
0.065
0.037
0027
0.017
0.010
0.004
0.014

0.63
1.3

DNQ-62-H Inclusions (85.92 mg)
500
600
650
750
850
950

1050
1150
1250
1350
1450
1550

Total'
Conc.(/g)

0.068
0.014
0 005

0002
0.005
0.010
0.011
0.017
0.018
0.037
0.010
0 009

0.21
2.4

0.016
0175
0.195
0.492
0.647
0.836
1515
1.735
1.933
0484
0.354
0.971
0362

0.27
19.80

0.287
0.034

0.011
0.057
0.112
0.054
0.068
0.120
0.086

0.071
0.021
0 035

0.03
11.13

"Ar,.
cm' STP)'

0001
0.019
0.035
0.048
0063
0.038
0026
0.015
0.014
0.004
0 003
0.001
0.000

9.72
0.54

0.014
0.004
0.002
0.001
0.002
0.002
0.000
0.003
0.001
0.000
0.000
0.002

0.96
0.35

"Ar,

0.006
1.017
2.078
2.900
3.705
2.697
2.889
2.488
2.569
0.537
0049
0.284
0.051

2163
44.08

0.104
0.106
0.097
0.157
0.184
0.144
0.136
0.175
0080
0.045
0.015
0.007

1.25
14.56

"Ar

0.30
37.73
43.12
50.49
55.57
36.63
33.38
20.50
16.69
7.48
6.03
287
6 09

316.9
645.7

24.58
24 63
15.88
35.70
45.13
58.25
89.10

160.77
261.92
177.94
39.48
31.50

964.9
11230.0

% Atmos
"Ar

54.8
79.7
57.5
58.4
53.3
54.8
57.3
53.0
47.5
67.3
49.8
407
69.9

58.6

813
17 2

8.9
2.1
3.4
5.1
3.7
3.1
20
62
7.5
8.4

63

Apparent age
Ma ±2a"

869 11.47

284 0.17
3 32 0.07
273 0.03
2.64 0.02
2 31 0.07
186 0.04
146 0.05
1.29 0.03
1.72 0.23
2.79 0.19
2.26 0.13
13.5 10.O

2.29 0.0

16.6 4.3
71 3 2 4
55.1 1.9
81.7 1.8
86.9 1.3

139.2 1.5
222.8 2.9
306.7 3.3
921.1 33.1

1026.8 34.7
729.4 348

1162.1 125.0

253.2 5.5

"Ar
l%l

0.0
4.7
96

13.4
17.1
12.5
13.4

11.5
119
2.5
19
13
0.2

83
84
7.8

126
14 7
11.5
10.9
14.0
6.4
36
12
05

' All gas quantities have been corrected for decay, isotopes derived from minor interfering neutron reactions, and blanks, tr denotes trapped Ar and Ca. Cl and K denote Ar derived
from these elements. "Ar denotes trapped plus radiogenic Ar. Almos. 4°Ar assumes a trapped Ar component of atmospheric composition.

" Emirs from steps are analytical only and do not include the error in the irradiation parameter J.
c Includes the ntegrated age. The uncertainty in J (0.5%) is included in the error.
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RESULTS
Table ) presents the analytical data and Figure 3 the age spec-
tra and element variation plots for the melt matrix of sample
DNQ-62-FI. The age spectrum, except for the initial 5%
!"Ar release at 2.8 Ma. is smoothly varying from a low
temperature Ar release at a maximum of 3.3 Ma decreasing
to 1.3 Ma at 94% of wAr release. It then rises abruptly for
the last 6% of gas evolved. The spectra is reminiscent of
(he saddle-shaped patterns seen in samples known to con-
tain excess 4tlAr (Lanphcre and Dalrymple, 1976). In those
cases, the minima in the saddle-shaped spectra approached
the crystallization ages of the samples. Thus, this age spec-
tra indicates a maximum age of 1.3 Ma for the impact melt
matrix.

In the context of the processes outlined in the last sec-
tion, it appears that this melt matrix contains a trapped Ar
component with a 4(lAr/-"'Ar greater than 295.5. The
vesitvlar nature of the sample demonstrates that a signifi-
cant fluid pressure was present during cooling, while the
quench texture seen in thin section (Fig. 2) suggests that cool-
ing was rapid. Thus, the absorption of some Ar from the
fluid would be expected. The element variation patterns
(Fig. 3) show that there is an excellent positive correlation
of (rapped '6Ar and Cl-derived Ar with the age spectra pat-
tern. The oldest ages are associated with the trapped Ar in
anion sites. In contrast, the Ca/K ratio has a continuous in-
crease with Ar release (Fig. 3). The patterns are similar to
those described by Claesson and Roddick (1983) in
plagioclase with excess 4"Ar.

Figure 4 presents an isotope correlation plot for the melt
matrix data. A good linear array with increasing wAr/40Ar
with release temperature is defined for the data from 550°C
to 900°C. These temperature steps correlate with the
smoothly decreasing age steps for 5 to 94% of the gas release
in Figure 3. A regression line fitted through these seven steps

(Fig. 4) defines an age of 0.47 +0.52 / -0.47 Ma from in-
tersection with the X-axis and a trapped 4l)Ar/">Ar value of
489 + 53. There is a significant scatter of the data beyond
the experimental error (MSWD = 48). suggesting that the
trapped component may be of a slightly variable composi-
tion. This is to be expected in a rapidly quenched melt that
is interacting with unmelted inclusions. This scatter con-
tributes to the high uncertainty in the age of the melt matrix.
The age is younger than the maximum of 1.3 Ma indicated
by the 900°C minimum in the age spectrum (Fig. 3) and in-
dicates that there is still a significant trapped component in
the 900°C step. The three steps at 1000°C and higher are
also disposed around the regression line. This suggests that
the trapped component in these fractions is of a similar com-
position to that in the lower temperature release, despite the
fact that the element variation plots (Figure 3) suggest another
anion reservoir is releasing trapped Ar.

An age spectrum using the 40Ar/3flAr determined by the
correlation plot for correction of trapped Ar results in a more
uniform and younger age for the melt matrix (Fig. 5). Two
steps (500 and 1000°C) have negative ages because their trap-
ped 4"Ar/3flAr components appear to be less than 489. Ex-
cluding these two steps the integrated age of the 550 to
l200°C steps, which represent 94% of the gas, is O.33±
0.08 Ma. an age similar to the correlation plot age. The er-
ror is unreal istically low because no error has been assign-
ed to the trapped composition.

Figure 6 presents the age spectrum and Ca/K variation
for the concentrate of inclusions in DNQ-62-FI. The initial
gas release indicates an age of 17 Ma and then exponential-
ly rises to a maximum age of about 1200 Ma. All heating
steps in the inclusions analysis record ages that are much
older than the melt matrix and indicate that they have not
lost all their previously generated radiogenic 40Ar* during

- <ATMK.A!»

3.0
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1.0
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Figure 4. An isotope corre-
lation plot for DNQ-62-FI melt
matrix. The regression line
was fitted through heating
steps 550-900°C and repre-
sents about 90% of the total
39Ar released. The intersec-
tion with the X-axis corres-
ponds to an age of 0.47
+ 0.52/ -0.47 Ma (MSWD =
48) and the Y-axis intercept to
a trapped Ar component with
a 40Ar/36Ar of 489 ± 53. Steps
450 and 1500°C,~wim high
errors and less than 0.25% of
39Ar have been omitted from
the plot. A chord from atmos-
pheric 36Ar/40Ar through any
data point will intersect the X-
axis at a ^Ar/^Ar value repre-
sentative of the conventional
""ArPAr age, calculated assu-
ming atmospheric composition
for the trapped " " ^
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Figure 6. Age spectrum plot of data from DNQ-62-FI inclu-
sions and Ca/K element variation for each heating step.

the impact event. Even the lowest temperature release con-
tains large amounts of residual 40Ar,,*. A correlation plot
(not shown) shows no separation of trapped and radiogenic
4l)Ar* components. The excessive amounts of residual
•"'Ar,,* dominate all gas steps. It is clear that these inclusions
arc the source of the trapped Ar with the anomalous
4OAr/36Ar in the melt matrix. The Ca/K variation follows
approximately the age spectrum pattern and indicates that
sites high in Ca have retained the greatest proportion of resi-
dual 4"Ar(1*. The Cl content of the inclusions is low and
precision on individual steps inadequate to define any clear
parterns of trapped Ar reservoirs.

DISCUSSION AND CONCLUSIONS
40Ar/31)Ar dating of an impact melt rock from the New
Quebec Crater has shown that the Ar systematics of impac-
tites may be complex, but with careful analysis the age of
the cratering event can be revealed, The inclusions in the
impactite still contain significant amounts of radiogenic 40Ar
generated in the target Archean gneisses prior to the impact
event, precluding their use in defining the time of the event.
Even the melt matrix shows the effects of the degassing of
this old radiogenic Ar from the inclusions. Owing to high
fluid pressures and the rapid cooling of the melt after im-
pact some of the residual radiogenic 4l)Ar was absorbed and
trapped in the melt. Conventional age spectrum calculations,
assuming an atmospheric 40Ar/36Ar trapped component,
yield ages that are too old. An isotope correlation plot suc-
cessfully reveals the anomalous trapped Ar composition and
indicates the best estimate of the age of the impact event is
0.47 +0.52 / -0.47 Ma. The trapped Ar is shown to be cor-
related with anion sites containing Cl. Even the highest
temperature fractions, when corrected for trapped Ar, have
ages indistinguishable from the bulk of the sample Ar gas.
This indicates that all inclusions have been removed from
the melt concentrate and that the trapped Ar in all fractions
is of a similar composition.

The age of the New Quebec Crater at 0.47 +0.52 / -0.47
Ma, while younger than the previous estimate of less than
5 Ma, is within the known geological constraints. Previous
work has shown that the rocks outside the crater rim have
been glaciated at least twice (Currie, 1966). The latest glacial
striations define a northeast direction of ice movement. The
effects of this glaciation are see in the scouring of northeast-
trending valleys crossing the crater rim (Currie, 1966). This
is the known direction of advance of the Laurentide Ice Sheet
in the region from 24 Ka to 7 Ka, when the last ice retreated
from the area of the New Quebec Crater (Dyke and Prest,
1987). Another set of striations indicate ice movement with
a S70°E trend, but valleys cutting the crater rim in this direc-
tion do not appear to be glaciated. This suggests that the im-
pact event took place between two periods of different ice
movement. The timing and movement of glaciations prior
to the Laurentide is more uncertain as any record of glacia-
tions in the area is lacking. The sediments in the New Quebec
Crater may provide the best record of earlier glaciations
(Bouchard, 1989), though they cannot extend the record back
beyond about 1 Ma, the upper error limit of the present
•"'Ar/^Ar age. The lower age limit for the time of impact
is thus poorly constrained but probably 25 Ka or older.
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One of the anomalous features of this crater is the lack
of an ejecta impact blanket. This has resulted in some uncer-
tainty as to the cause of the circular structure and to sugges-
tions that it is not a meteorite impact feature but one of ter-
restrial origin (Currie, 1966). While recent finds of addi-
tional impactites have resolved the uncertainty on the origin,
the lack of significant ejecta remains a puzzle. Since the re-
cent glaciations have only modified the crater rim structure
and not removed it, it is unlikely that they could have remov-
ed significant ejecta material. In addition, the crater site is
close to a centre of glaciation (Dyke and Prest, 1987), thus
minimizing the effects of glacial erosion. One possible ex-
planation for this apparently missing ejecta is that the im-
pact took place during a glaciation and that ejecta consisted
of both ice and rock material. In that case the ejecta would
be deposited on glacial ice to be subsequently transported
away from the impact site. Budd and Smith (1987) have
modelled ice thicknesses during the Laurentide Ice Sheet and
suggest that up to 3 km of ice may accumulate, more than
enough to provide a surface to remove ejecta from the region.
Glaciations in North America extend back to late Pliocene
time, and may have developed similar ice thicknesses. The
current estimate of the time of impact (up to I Ma) is within
this window of glaciations. Future models of the impact event
at the New Quebec Crater should perhaps consider that the
surface layer of the target may have been glacial ice.

Another feature observed by Currie (1966) also suggests
the presence of ice during the impact. He observed that all
the country rocks of the region out to 3 km from the crater
centre contained significant amounts of a distinctive bright
green epidotc. In the outer 2-3 km zone the epidote was con-
fined to major fractures. Beyond this halo of alteration the
epidote was absent or of a different character. He conclud-
ed that Ihe cpidote grew under almost static conditions at low
pressure (120 bars). This feature was consistent with his
model of an explosive fluidized dome. However, if the im-
pact took place on an ice layer, significant melting and
penetration of the r<x-k by water would take place. Subse-
quent alteration and the formation of epidote under near static
conditions could occur.

The age spectra pattern of the DNQ-62-FI melt matrix
is similar to that determined for the Type I samples of Mak
et al. (1976) for the Mistastin Lake impact crater. While it
was concluded that the age of the Mistastin impact was
38 + 4 Ma, the age spectra of those samples rose rapidly
to about 41 to 38 Ma and then decreased tnonotonically to
minima near 29 Ma at 85-97% gas release. The authors com-
mented on the remarkable coincidence of the minima ages
of four samples, all between 28.3 and 30.6 Ma. If the New
Quebec Crater melt matrix were to be analyzed in about 30
Ma, the age spectra pattern would mimic those of the
Mistastin Lake crater samples. Mak et al. (1976) did not pre-
sent isotope correlation plots, nor did they discuss the
possibility of excess argon in the samples. They did.
however, analyze inclusions of maskelynite and other
samples with significant inclusions. These samples yielded
spectra with ages of 200 to 700 Ma and rising age patterns
similar to DNQ-62-FI inclusions (Fig. 6), thus documenting
the incomplete degassing of the impactitcs. On the basis of

the interpretation of the New Quebec Crater melt matrix spec-
trum it is likely that the Type 1 samples from Mistastin also
contain anomalous trapped Ar and that the correct age of
the Mistastin Lake impact crater is 29 Ma or slightly younger.
Further analyses, as suggested by Mak et a). (1976). but us-
ing the detailed approach of correlation plots to defining trap-
ped argon composition should resolve this uncertainty.
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APPENDIX 1.

ANALYSIS

Argon extractions were performed in a double-vacuum
resistance-heated tantalum furnace, similar in design to that
described by Staudacher et al. (1978). The furnace
temperature was measured with a 3%-25% Re-W thermocou-
ple in the base of the tantalum furnace tube and maintained
by a Eurotherm™ three term electronic controller capable
of ±0.5°C stability. Samples were loaded into a glass
Christmas tree flanged to the top of the furnace tube and the
entire system baked to about 150°C under vacuum for 16
hours. Following further degassing of the furnace (to
1600°C) and getters (described below), a sample was drop-
ped into the crucible and step heating commenced. The fur-
nace was allowed to cool between 20-min heating steps and
the evolved gas purified in three stages of gettering. A get-
ter in the furnace section, consisting of SAES™-ST707
pellets at 25CC, absorbed H2 during sample heating. Gas
was then transferred to a second stage, using liquid nitrogen
cooled activated charcoal, where ST707 pellets maintained
at 250°C removed active gases. A final getter section of
SAES™-ST707 getter at 450°C ensured complete cleanup
of all active gases. Charcoal traps were heated to 150°C dur-
ing gas purification to desorb hydrocarbons (Roddick et al.,
1980) and ensure 100% absorption of Ar on the traps when
cooled with liquid nitrogen. Total extraction and purifica-
tion blanks are = 7 x 10"10 cm3 4(lAr below 1200 °C and

6 x 10"1* at I55O°C and have an uncertainty of +50%.

A modified MS 10 mass spectrometer with a 0.4 Testa
permanent magnet and solid state electronics was used to
analyze the argon. Sensitivity was 1.5 x 10~6 A/Pascal (or
7 x 10-8 cm3 STP/V) and additional collector slit plates
resulted in an abundance sensitivity of 15 ppm at IO~8

Pascals. Data collection involved computer — controlled
voltage peak switching to scan the five Ar masses and
baselines on either side of 36Ar. Twelve scans of the ion
beams were recorded by a Keithley™ 642 electrometer
with a 10" ohm resistor, feeding a Solartron™ DVM with
output to a HP 9826 computer for data reduction. The peak
switching interval of 5 s delay and 4 s integration resulted
in a detection limit of 1 x 10" l 2 cm3 STP of argon. Inten-
sities at masses 28, 43, and 80 were also monitored.

Measured mass spectrometer peak intensities were pro-
cessed and corrected in the following order:

(!) A dynamic memory (or zero) correction, caused by the
response of the electrometer to varying beam intensities.

(2) Linear extrapolation of Ar isotope peak heights or
isotopic ratios jAr/wAr (i = 40, 38, 37, 36) to the time
at which the mass spectrometer was equilibrated with
the inlet section.

(3) Tailing effects under 39Ar, 38Ar, and 37Ar peaks (zero
levels taken on either side of the 36Ar peak).

(4) Isobaric interference of doubly charged ""Kr on 40Ar.
Kr is produced by neutron reaction with Br in a sample.

(5) Spectrometer mass discrimination.

(6) Atmospheric Ar extraction blanks (listed above).

(7) Radioactive decay of 39 (X. = 7.05 x 1 0 6 day 1 ) and
37Ar (X = 0.01975 day 1 ) .

(8) Minor products of neutron reactions on K, Ca, and Cl:
(40Ar/39Ar)K =0 .025 , ( 3 8 Ar/"Ar) K =0.0107,
(4(lAr/39Ar)ca = 3.00, ( 3 8Ar/ 3 9Ar)C a=0.050,
(37Ar/39Ar)Ca=I480. Cl corrections to 36Ar were
determined using a 3flCl half life of 3.0 x 105 years
(Roddick, 1983).

Data Table I lists the Ar isotope quantities after the above
corrections. Mass spectrometer discrimination and sensitivity
were monitored with each sample by analyzing atmospheric
argon from a pipette system. Close monitoring of the sen-
sitivity and careful gas clean-up procedures allow the MS
10 to be used as a precise manometer (Baksi, 1973). Using
monitors with known amounts of K, Ca, and Cl the concen-
trations in unknowns may be determined.

The 40Ar - 39Ar ratio, age, and errors for each gas frac-
tion (Table I) were calculated using formulae detailed in Rod-
dick (1988). Duplicate analyses of sample gas fractions in-
dicate a precision of 0.2% (2a) in measured ''"Ar/^Ar
ratios for 39Ar beams greater than 0.8 x 10~9 cm3 STP.
Isotopic ratios for correlation plots may be derived from the
gas quantities of Table 1. Errors in these ratios were eva-
luated as detailed in Roddick (1988).
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Miocene ^Ar 39Ar and K-Ar ages for basaltic
volcanic rocks in southwestern Dawson map area,

western Yukon Territory
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Mortensen, J. K. and Roddick, J. C., Miocene 40Ar ->9Ar and K-Ar Ages fur Basaltic Volcanic Rocks in
southwestern Dawson map area, western Yukon Territory; in Radiogenic Age and Isotopic Studies:
Report 3, Geological Survey of Canada. Paper 89-2, p. 17-22, 1989.

Abstract

Several small occurrences of fresh olivine basalt were identified during geological mapping of south-
western Dawson map area in western Yukon Territory. These occurrences consist mainly of alkali olivine
basalt containing abundant peridotite nodules and xenoliths of underlying rock units, and typically form
small cinder cones and valley-filling flows. They closely resemble the Selkirk Lavas of western Yukon,
the Stikine Volcanic Bell of southern Yukon and northern British Columbia, and Prindle Volcano and
other centres in eastern Alaska. A whole-rock sample from one of the occurrences yielded 4"Ar lvAr
and K-Ar ages of 19.5 and 19.9 Ma, and a K-Ar whole-rock age of 17.2 Ma was determined for a sample
from a second occurrence. These ages are considerably older than any previously reported from other
young volcanic centres in this region, and their significance is uncertain. They appear to indicate that
basaltic volcanism in the northern Canadian Cordillera extended back at least to the Early Miocene Epoch.
The ages may, however, also reflect the effects of excess Ar derived from assimilated radiogenic xenoliths.
Further work is planned to test these hypotheses.

Resume

On a observe plusieurs petites manifestations de basalte a olivine frais au tours de travaux de car-
tographie ge'ologique du secteur sud-ouest de lafeuille de Dawson, dans I 'ouest du Yukon. Ces manifesta-
tions sont principalement constitutes de basaltes a olivine alcalins renfermant d 'abondants nodules de
peridotite et des xenolites des unites de roches sous-jacentes, et forment typiquement de petits tones de
scories et des coule'es de remplissage de vallee. Elles ressemblent etroitement aux laves de Selkirk de
I 'ouest du Yukon, a la zone votcanique de Stikine du sud du Yukon et du nord de la Colombie-Britannique,
ainsi qu 'au volcan de Prindle et autres centres de I 'est de I 'Alaska. Un echantillon de roche totale provenant
de I'une de ces manifestation.', a donne'des ages de 19,5 Ma et IP,9 Ma par les methodes '"'Ar-^Ar et
K-Ar et un age de roche totale de 17,2 Ma a ete determine par la me'thode K-Ar pour un echantillon
provenant d'une autre manifestation. Ces ages sont beaucoup plus anciens que tous ceux qu 'on avail
signales auparavant pour d 'autres centres volcaniques plus jeunes de cette region; leur signification de-
meure toutefois incertaine. Its semblent indiquer que te votcanisme basaltique du nord de la Cordillere
canadienne remonte au mains au Miocene inferieur. Les ages peuvent cependant aussi refle'ter les effets
d'un exces d'Ar provenant de xenolites radiogeniques assimiles. On prevoit d'av,ires ttavaux pour verifi-
er ces hypotheses.

INTRODUCTION the better known localities include the Miles Canyon-
. , . . , , . . Alligator Lake area south of Whitehorse, the Watson Lake

Isolated occurrences of olmne basalt of Late Tertiary and a r e a a n d t h e F o r t s d k i r k a r e a i n Y u k o n a n d P r i n d , e V o | _
Quaternary age have been ident.fied m several areas of c a n o j n e a s t e r n A ] a s k a ( F j {) , n w e s t e m Y u k o n t h e s g v o | .
southern and western Yukon Temtory and eastern Alaska c a n k r o c k s h a v e ^ i n f o r m a , i y r e f e r r e d , 0 a s t h e ^ S e l k i r k

(Mitchell, 1987). These centres typlcally comprise small ta ,. b a s e d o p a c o r r e l a t i o n w i t h b a s a l t s o f t h e S e , k i r k

cinder cones, massive flows and/or p illow basalt. Some of Volcanics near Fort Selkirk (Bostock, 1936; Sinclair et al,

1 Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario Kl A 0E8
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1978; equivalent to the Selkirk Series of Tempelman-Kluit,
1974). Some of the centres in southern Yukon have been
included in the Stikine volcanic belt (e.g. Alligator Lake,
Eiche et al., 1987). Relatively lew of the centres have been
mapped in detail or studied petrologically. Reliable ages for
volcanism are also limited; in a few cases isotopic ages are
available (reviewed by Hickson, in press), but the timing of
volcanism has generally been inferred from one of the fol-
lowing: a) state of preservation of constructional volcanic
landforms; b) observed relationships between extrusive rock
units ard reasonably well dated Pleistocene glacial features;
c) relationships with such regionally developed stratigraphie
markers as the White River Ash; or d) historical records.
Taken together, the data suggest that most volcanic activity
ranged in age from Late Pliocene (about 2.4 Ma) to Recent.

Four small accumulations of fresh basaltic volcanic rocks
were identified during regional mapping in the southwestern
Dawson map area in western Yukon (Mortcnsen. 1988a, b).
In this paper we briefly describe the four occurrences and
report and discuss new K-Ar and 4"Ar wAr whole-rock
ages from two of the localities.

REGIONAL SETTING
Southwestern Dawson map area is mainly underlain by
polydefbrmed metamorphic rocks of the Yukon-Tanana Ter-
rane, considered to be largely of middle and late Paleozoic-
age (Mortensen. 1988a, b, unpublished data). Undeformed
upper Cretaceous andesitic volcanic rocks and clastic
sediments, and related hypabyssal intrusions locally overlie
and intrude the metamorphic assemblage. Bimodal niid-
Eocene dykes and small plugs occur in a narrow band adja-

\j

* - 1
sif

\ as

X
7

Figure 1 . Distribution of Late Tertiary and Quaternary vol-
canic centres in northern British Columbia, Yukon Territory,
and eastern Alaska. Individual centres include: 1) Mt. Edziza;
2) Watson Lake area; 3) Alligator Lake-Miles Canyon; 4) Fort
Selkirk; 5) Prindle Volcano. Study area is hatchured.

cent to the Tintina Fault Zone (Fig. 1), and Lower to mid-
Eocene clastic sediments fill an elongate graben structure that
marks the Tintina Fault Zone itself (Mortensen, 1988b).

The study area was not affected by Pleistocene glacia-
tion and is heavily vegetated: hence outcrop is generally res-
tricted to stream valleys and road cuts. Although unglaeialed,
the present land surface reflects substantial modification by
periglacial and permafrost-related processes (e.g., cryopla-
nation, see Hughes et al., 1972); thus distinctive volcanic
iandforms may not be preserved.

A prominent raised-terrace system is developed along
Yukon and Fortymile rivers in the study area (Fig. 2), and
can be traced more than 50 km up the Fortymile River from
the Yukon-Alaska border (Foster, 1976). The age of these
terraces is not well constrained.

Occurrences of Young Basaltic Rocks
Fortymile Occurrence

The best exposure of young mafic volcanic rocks in the study
area is located at the edge of a raised river terrace on the
west side of the Yukon River, 5.5 km upstream from the
mouth of Fortymile River (Fig. 2. 3). It was briefly descri-
bed by Green (1972, p. 104). Volcanic rocks at this locality
appear to fill a valley cut into underlying carbonaceous
quartz-muscovite schist (Fig. 3). A section of volcanic rocks
approximately 125 m thick is exposed. The lower 100 m con-
sists of massive, lithic-rich debris flow deposits passing up-
wards into crudely stratified scoriaceous basaltic agglomerate

, 64-30'

Figure 2. Location map for basalt occurrences discussed
in this paper. Solid stars represent outcrop occurrences; open
stars represent float occurrences. Locality numbers are:
1) Fortymile River; 2) Clinton Creek townsite; 3) Sixtymile
road; 4) Moose Creek.

18



and breccia. The upper 25 m of section consists of a single
massive flow displaying spectacular columnar jointing (Fig.
3). The basalt is fresh and unaltered, dark grey, and wea-
thers to a medium chocolate brown. Euhedra! to anhedral
olivine and pyroxene phenocrysts (and possible xenocrysts)
to 0.8 cm in diameter locally comprise up to 3% of the rock
by volume. Rounded coarse-grained peridotite nodules to 3
cm in diameter are also common. Many of these nodules have
weathered out. leaving round cavities lined by olivine and
pyroxene grains. It is uncertain what proportion (if any) of
the isolated olivine and pyroxene phenocrysts in the rock
were derived by disaggregation of peridotite nodules.

The massive jointed flow is truncated by a raised river-
terrace surface and is covered by thick terrace gravel depo-
sits. Terrace gravels in this area locally contain significant
amounts of placer gold, and it was hoped that an age for the
volcanic unit would provide a maximum age for both ter-
race development and for deposition of the gold-bearing
gravels.

Sixtymile Occurrence

Fresh basaltic rocks are exposed in a small area of bulldo-
zed trenching about 100 m west of the Sixtymile Road,
approximately 8.4 km from the junction with the Top-ot-
thc-World Highway (Fig. 2). The volcanic rocks overlie
older sandstones, siltstones, and mudstones of Late Creta-
ceous age (Mortensen, 1988b), and consist mainly of sco-
riaceous basalt and agglomerate that probably originally
formed a small cinder cone. Olivine phenocrysts to 2 mm
and plagioclase phenocrysts to I mm in diameter make up
less than 2% of the rock by volume. The basalt is unaltered
except for minor chloritization of olivine phenocrysts. Some
vesicules are partly filled with carbonate and/or zeolites.

The basaltic rocks are observed both overlying and cross-
cutting baked and bleached Cretaceous sediments, and sedi-
mentary xenoliths and less commonly xenoliths of the
underlying metamorphic rocks are abundant. Ultramafic
nodules were not observed at this locality, although many
of the olivine phenocrysts display corroded outlines and may

Figure 3. View looking west-southwest towards the Forty-
mile basalt occurrence. The heavy dashed line shows the con-
tact between basaltic rocks and underlying schists. Exposed
basalt section is approximately 125 m thick.

be in part xenocrysts derived from disaggregated peridotite
nodules. Glasmacher (1984) reports a single geochemical
analysis of basalt from this occurrence, which falls in the
alkali olivine basalt field.

Clinton Creek Townsite Occurrence

A third exposure of fresh, olivine-phyric basalt occurs 1.3
km west of the abandoned Clinton Creek townsite (Fig. 2)
(Htoon. 1979). Htoon mapped two small areas of basalt in
this area, each less than 150 m in maximum dimension, situa-
ted about 200 in apart. The exposures have now been much
disrupted by road construction in the area, and original con-
tact relationships are difficult to decipher. When examined
by the first author in 1987, much of the exposed basalt con-
sisted of variably scoriaccous material that may iiave been
derived from either Hows or agglomerate. Htoon (1979) des-
cribed the occurrences as "undeformed columnar jointed
flows lying unconformably on metamorphic rocks."

The basalt in this occurrence consist? of a fine-grained
groundmass of plagioclase. olivine, pyroxene, magnetite, and
glass surrounding scattered euhedral to irregular olivine phe-
nocrysts t / 1.5 cm in diameter. Much of the glass is altered
to palagonite. Rounded medium-grained peridotite nodules
to 8 cm diameter as well as xenoliths of the underlying meta-
morphic rocks arc locally abundant.

Moose Creek Occurrence

Large angular boulders (to 1 m in diameter) of fresh and unal-
tered, massive, olivine-phyric basalt are abundant in the head-
waters of Moose Creek (Fig. 2), and occur with decreasing
frequency for at least 5 km downstream. The basalt contains
abundant xenoliths of locally derived metamorphic rocks.
Although the source of the boulders was not located, their
distribution constrains the vent position to approximately that
shown in Figure 2.

Other Occurrences

Clasts of locally derived, unaltered, olivinc-phyric basalt
occur in stream gravels in a number of other localities in
the study area, suggesting that additional volcanic centres
were present. One such example is about 7 km above the
mouth of Bruin Creek (Fig. 2), where boulders of vesicular
basalt containing olivine phenocrysts to 0.8 cm diameter
make up a small proportion of creek gravels.

In the aroa immediately adjacent to the Tintina Fault
Zone, basalts of the bimodal I: >cene suite may be mistaken
for the younger olivine basalt suite. The Eocene rocks, howe-
ver, arc typically less vesicular ynd more highly altered than
the younger basalts, and are plagioclase- rather than olivine-
phyric.

SAMPLING AND ANALYTICAL
TECHNIQUES

Two samples were selected for dating in this study, one from
the massive jointed flow at the Fortymile occurrence
(M-1077), and the other from massive, non-vesicular basalt
from the Sixtymile occurrence (M-263). In both cases
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xenoliths were avoided and the samples checked during crus-
hing to select only massive basalt. The samples were sieved
to -50 + 80 mesh and washed in cold 10% reagent grade HCI
for 5 min in an ultrasonic bath and then repeatedly washed
with water (Souther et al., 1984).

The conventional K-Ar analyses were performed using
procedures detailed in Roddick and Souther (1987). The sam-
ple selected for *Ar~ w Ar dating was wrapped in an alu-
minium foil packet and irradiated along with several other
samples and aliqtiots of FCT-3 biotite. This biotite is a new
4 0Ar"MAr flux monitor prepared by the United States Geo-
logical Survey, Reston, Virginia, from the Fish Canyon Tuff.
Its age is 27.68 + .03 Ma(M.J. Kunk, pers. comra., 1988).
The can was irradiated for 45 min in position 5C of the enri-
ched uranium research reactor at McMaster University,
Hamilton, Ontario. It received an approximate fast neutron
fluence of 3 x 1016 neutrons/cm2, which results in a J fac-
tor of 2.1 x IO4. Flux variation over the irradiation can had
a range of 3.0% and is mainly along the axis of the can. The
errors quoted on the integrated age take account of this uncer-
tainty, though the individual step ages do not. The procedu-
res for ^ A r - ^ A r analysis are detailed in Roddick (1990).

RESULTS AND DISCUSSION
Table 1 presents the two conventional K-Ar results. The
17.2 ± 0.5 and 19.9 ± 0.5 Ma are both Early Miocene ages
and though similar are distinct from each other when the error
limits are considered. In addition the ages are considerably
older than expected. Although closely similar in lithology,
geochemistry, and nature of included xenoliths to many other
young volcanic centres in southern and western Yukon, the
oldest age previously obtained for any of these centres is only
2.4 Ma. Prindle Volcano, which lies less than 50 km west
of the Sixtymile Road and Moose Creek occurrences des-
cribed in this paper, consists of xenolith-rich alkali olivine
basalt (Foster et al., 1966). It is also considered to be very
young (probably Quaternary, Foster et al., 1987; and H.L.
Foster, pers. comra., 1989) because of its well preserved
cinder cone. The only direct age constraint for Prindle Vol-
cano is provided by the presence of White River Ash dated
at 1880 years BP (Lerbekmo et al., 1975; Downes, 1985),
which mantles both the cone and a related lava flow (Fos-
ter, 1981). Volcanic rocks in the Fort Selkirk area. 200 km
southeast of the study area, range in age from about 1.6 Ma
to Recent (Hickson, in press; Jackson, 1989, pers. comm.,
1989).

The above indirect evidence suggests that the two K-Ar
ages reported on Table 1 may be too old. Souther et al. (1984)
obtained anomalously old K-Ar ages (up to 22 Ma) for whole-
rock samples from Mount Edziza in northern British Colum-
bia, a volcanic complex known to be no elder than 8 Ma.
They attributed anomalously old ages to two possible fac-
tors: 1) the presence of excess argon in xenolith-rich or
rapidly cooled basaltic magmas from ice-contact or suba-
queous environments; and 2) isotopic fractionation of atmos-
pheric Ar during vacuum bakeout of a sample prior to Ar
analysis as originally proposed by Baksi (1974).

Table 1. K-Ar data for volcanic rocks, Dawson map area.
Yukon Territory.

Field No. Lab
no

Material Rad lrAr % Almos Age + 2n
cmVg 10 "Ar Ma

M-263 3942 Whole cock t 033 ± 0
M-1077 3994 Whole cock 1.315 ± 0

6.953
10 22

37 5
81 3

172 + D3
19 9 t 0 5

a = standard error; ccn7g is deteemmed at standard temperature aod pressure
o = corrected ol a line blank of 2 X 10 cm' atmospheric Ar

For the two samples in the present study it appears that
both factors may be responsible for prodding anomalously
old ages. Country-rock xenol'ths are present :tl both of the
localities sampled in the present study, und it is also possi-
ble that excess Ar has been incorporated. However, the two
ages are very similar and would require the absorption of
excess argon proportional to K content. Furthermore. Pb iso-
topic analyses of basalt samples from each of the localities
yield non-radiogenic compositions (M.L. Bevier. pen.,
comm., 1989) suggesting minimal amounts of crustal con-
tamination.

The second factor, atmospheric Ar fracticnaticn. may
have occurred in sample M-1077 during Ar analysis, as it
has a much higher atmospheric Ar content than the other sam-
ple (Table 1). When compared to the amount of atmosphe-
ric Ar expected in basaltic rocks (Roddick. 1978). M-263
has a typical amount whereas M-10" 7 has ten times as much.
This is usually a good indicator of secondary alteration (Rod-
dick, 1978) and suggests that, despite the apparent freshness
of the sample in thin section, it must have some incipient
alteration. Baksi (1974) first showed that loosely held atmos-
pheric Ar can fractionate during vacuum bakeout of basalts
prior to analysis and that this results in K-Ar a^es that are
older than if no fractionation took place. Souther et al.
(1984), noting a correlation of anomalously old ages with
high atmospheric Ar suggested that isotopic fractionation of
atmospheric Ar had produced the old ages.

In order to investigate the effects of isotopic fractiona-
tion in M-1077 and to attempt to determine if excess argon
is present in this sample, 40Ar~' l 'Ar analysis was underta-
ken. Table 2 and Figure 4 present the results of the age spec-
trum analysis of M-1077. Table 2 shows that this analysis
also reflects a high atmospheric Ar component {11%). only
slightly lower than the conventional analysis (81%. Table
1) but that it is concentrated in the initial heating steps. Cal-
culations show that 90% of the atmospheric /-.r in the analy-
sis is released in the first three heating steps and that the
remaining atmospheric Ar is of an amount similar to that
in sample M-263. Previously a similar pattern was demons-
trated in basalts containing devitrified glass (Roddick. 1978).

The age spectrum (Fig. 4) has significant variation in the
ages of the steps. The initial 30% of lgAr released has an
age of about 22 to 21 Ma and then a plateau is defined al
19.5 Ma for up to 77% of wAr released. The remaining gas
defines a U-shaptd pattern with a minimum age of 18 Ma
and then rises to a maximum of 66 Ma.

The possible effects of isotopic fractionation of at-
mospheric Ar may be reflected in the first 3u# gas release.
The ages are 1.5 Ma older than the subsequent plateau and
are consistent with the fractionation of atmospheric Ar as
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originally proposed by Baksi (1974). The effects are minor
in this sample because the amount of radiogenic Ar is a
significant proportion ( = 25%) of the total Ar. If the sam-
ple had a small fraction of radiogenic Ar (2-3%) and were

40.

20.

¥-1077 BASALT

0 . 20. 40. 60. 80. 100.

Cum % A r
Figure 4. '•"Ar/^Ar spectrum plot and Ca/K variation of
data from basalt sample M-1077, Fortymile locality. The Ca
was determined from neutron derived 37Ar.

only 1 or 2 Ma old, as some samples were in the study of
Souther et al. (1984), the increase of 1.5 Ma would almost
double the age of a conventional K-Ar analysis. Since this
large amount of atmospheric Ar, associated with alteration,
is degassed in the first three steps, the effects of isotopic frac-
tionation are considered to not affect subsequent gas release.
The excellent agreement with the conventional K-Ar age also
indicates that, if present, the effects of isotopic fractiona-
tion are minor in the conventional analysis.

A small amount of excess Ar is present in the high-
temperature release of this sample with apparent ages of 62
Ma. This excess correlates with release from Ca-rich sites
in the sample, presumably pyroxene (Fig. 4). It is unclear
if there is any excess Ar present in the rest of the gas frac-
tions between 30 and 80% gas release, but the well defined
plateau suggests that it is minor or that it must be proportio-
nal to the radiogenic Ar in the sample. Only the small trough
at 85% gas release suggests that there may be an excess com-
ponent that is minimized in the release at this temperature.
Thus the present interpretation is that the correct age of this
sample may be represented by the plateau at 19.5 Ma. This
age is only slightly younger than the conventional K-Ar age
and is in better agreement with the age of the other sample.

CONCLUSIONS
Two basalt samples from southwestern Dawson msp area
in western Yukon Territory yield ages of 17 to 20 Ma. These
ages are much older than expected and their significance is
unclear. Three different explanations are possible: 1) extru-
sion of alkali olivine basalt in southern and western Yukon
and eastern Alaska occurred over a period of at least 20 Ma;
2) the basalts dated in this study represent an older and unre-
lated volcanic event; or 3) the samples analysed contained
enough excess 40Ar to produce ages that are considerably

Tab le 2 . A rgon step heat ing data for Dawson m a p area samp le .

TEMP.
(°C)

''Ar,,

BASALT M-1077 (497.86 mg)
450
600
650
700
750
800
850
900
950

1000
1050
1100
1150
1200
1300
1400
1500
Total5

Conc.(/g)

1.145
3.611
0.524
0.173
0.105
0.067
0.032
0.021
0.011
0.006
0.007
0.024
0.009
0.012
0.016
0.030
0.026
5.82

11.7

37ArCa ^Arc,
(X 10'9 cm 3 STP)a

0.058
0.630
0.457
0.336
0.365
0.333
0.215
0.207
0.229
0.295
0.536
1.699
5.034
5.735
3.582
1.131
0.244
0.54

42.35
1 All gas quantities have been corrected for decay

Cl and K denote Ar derived from these elements,
composition.

" Errors from steps are analytical only and do no
c Includes the integrated age. The uncertainty in

0.012
0.108
0.056
0.044
0.031
0.015
0.012
0.013
0.013
0.016
0.024
0.044
0.049
0.055
0.027
0.013
0.003

21.08
1.08

39ArK

0.052
1.218
1.445
1.477
1.241
0.800
0.342
0.245
0.216
0.217
0.258
0.448
0.323
0.334
0.165
0.074
0.016
8.87

17.82

4DAr

343.80
1155.06
236.13
127.92
95.62
60.86
27.41
19.07
14.30
13.20
14.39
28.69
18.46
20.78
19.44
21.45
10.23

2226.8
4472.8

, isotopes derived from minor interfering neutron

% Atmos.
"Ar

98.4
92.4
65.6
39.9
32.5
32.6
34.7
32.4
23.5
13.1
13.8
24.6
13.7
16.9
24.8
41.9
75.1
77.2

Apparent age
Ma + 2 o "

39.7 205 .8
27.1 5.B
21.1 0.2
19.5 0.1
19.5 0.1
19.2 0.6
19.6 0.2
19.7 0.4
19.0 0.4
19.8 1.3
18.0 0.4
18.1 0.1
18.5 0.2
19.4 0.2
33.0 0.4
62.2 2.4
59.9 148.7
21.4 1.5

39Ar
(%)

0.6
13.7
16.3
16.6
14.0
9.0
3.9
2.8
2.4
2.4
2.9
5.1
3.6
3.8
1.9
0.8
0.2

reactions, and blanks, t, denotes trapped Ar and Ca,
40Ar denotes trapped plus radiogenic Ar. Atmos. MAr assumes a trapped Ar component of atmospheric

include the error in the irradiation parameter J.
J (0.5%) is included in theerror.
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older than the true emplacement age. The first two possibi-
lities cannot be tested as yet because of the very limited age
data base tor Upper Tertiary and Quaternary volcanic rocks
in this region. The third possibility appears unlikely in view
of 1) the similarity in ages obtained from widely separated
localities; 2) the apparent absence ofcrustal contamination
as indicated by measured Pb isotope compositions for the
basalts; and 3) the apparently well defined plateau observed
in a • '"Ar'^Ar age spectrum.

Further examination and sampling of young basalt occur-
rences in western Yukon for petrological and geochronolo-
gical study will be carried out during the 1989 field season.
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a differentiated mafic sill in the Ogilvie Mountains,
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J.K. Mortensen1 and RX Thompson2
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the Ogilvie Mountains, west-central Yukon Territory; in Radiogenic Age cmd Isotopic Studies: Report
3, Geological Survey of Canada, Paper 89-2. p. 23-28. 1990.

Abstract

Abundant gabbroic to dioritic sills occur within Mis.iissippian and Jurassic strata of the North Ameri-
can Corditteran miogeocline along a strike length of over 200 km in west-central Yukon Territory. These
sills had previously been assigned an Early Cretaceous age. Zircon and baddeleyite recovered from a
granophyric differentiate near the top of one sill in .southern Ogilvie Mountains, however, yielded a U-
Pb age of 232.2 +1.51-1.2 Ma (latest Middle Triassic). The sills are clearly intrusive into Mississippian
sedimentary units; however, if all sills are of Triassic age. contacts between the sills and Jurassic units
must be entirely tectonic. Although the sills were intruded at shallow depths, sill emplacement does not
appear to tin e affected the style of concomitant Triassic sedimentation. Evidence for Triassic magma-
tism elsewhere in the miogeocline of the Canadian Cordillera is extremely limited, and the tectonic signi-
ficance of the sills in west-central Yukon remains enigmatic.

Resume

Les auteurs out decouvert de nombreux filons-couches clonl la nature varie de grabbrofaue a dioriti-
que a I "imerieur de couches du Mississippien et du Jurassique du miogeosynclinal de la Cordillere de
I 'Amerique du Nord. repartis sur une longueur suivant la direction de plus de 200 km dans le centre-
ouest du Yukon. On avail auparavant fait remonter ces filons-couches an Cretace inferieur. Touiefois.
du zircon et de la badde'le'yile provenam d 'une roche granophyrique formee par differentiation magmati-
que et siluee pres du sommet des filons-couches dans le sud des monts Ogilvie, ont donne tin age U-Pb
de 232,2 + 1,51— 1,2 Ma (partie superieure du Trias moyen). Les filons-couches sont /tenement intru-
sifs dans des unites sedimentaires du Mississippien; toutefois. si tous les filons-couches sont triasiques.
leurs contacts avec des unites jurassiques doivent etre de nature entierement tectonique. Bien que les
filons-couches se soient introduits a defaibles projondeurs, leur mise en place tie setnhle pas avoir per-
turbe le style de la sedimentation concommitlante qui s est produile an Trias. Les indices du magmatisme
triasique, dans le miogeosynclinal de la Cordillere canadienne. sont e.xlremement limites ailleurs, et
I 'importance tectonique des filons-couches du centre-ouest du Yukon resle enigmatique.

1 Gunlogiial Survey nl Canada. MM Booth Street. Ottawa. Ontario KIA EX
? Geological Survey of Canada. I(X) West Pender Street. Vancouver. B.C. V6B R8
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Lower Schist Unit

Cretaceous plutonic rocks

Figure 1 . Distribution of Keno Hill Quartette and Lower Schist Division in west-central Yukon (after
Tempelman-Kluit, 1970). Mafic sill occurrences are shown in solid black where they have been mapped
in detail in the Tombstone Range, and areas where isolated exposures of malic sills are known to occur
farther east are shown in hatchure.



INTRODUCTION
Thick mafic sills intrude Phanerozoic sedimentary strata of
the North American Cordilleran miogeocline in a narrow
band that extends from the Tombstone Range in eastern part
of Dawson map area (II6B. C) to the Keno Hill District in
southern Nash Creek (106D) and northern Mayo (105M) map
areas (Fig. 1). a strike length of over 200 km. In the Keno
Hill District the sills form an important host to Ag-rich vein
ores (Boyle, 1965; Lynch. 1986). The sills are associated
with only two stratigraphic units, the Keno Hill Quartzite
and the Lower Schist Division (Green. 1972). Whereas the
Lower Schist Division is known to be of Jurassic age from
macrofossil collections from several widely separated loca-
lities (Poulton and Tempelman-Kluit. 1982), the age of the
Keno Hill Quartzite has been in dispute for many years.
Tcmpelman-Kluit (1970. see also Poulton and Tempelman-
Kluit. 1982) argued for an Early Cretaceous depositional age
for this unit based on a presumed conformable contact with
the underlying Lower Schist Division. Blusson (1978). on
the other hand, suggested a probable late Paleozoic deposi-
tional age. This controversy was recently resolved when mid-
Mississippian eonodonts were recovered from a sample of
Keno Hill Quartzite from the Ogilvie Mountains (M.J.
Orchard, pers. comm.. 1986). Contacts between Keno Hill
Quartzite and the Lower Schist Division are now conside-
red to be faults.

In view of the clearly intrusive relationships of the mafic
sills into Keno Hill Quartzite. Tempelman-Kluit (1970) and
Green (1972) assigned them an Early Cretaceous age.

Samples for U-Pb geix-hronology were collected from
two mafic sills in the Tombstone Range in 1986. In this paper
we report a U-Pb zircon-baddeleyite age for one of these sam-
ples, and discuss some of the implications of this age for the
evolution of the North American continental margin.

REGIONAL SETTING
The Ogilvie Mountains in west-central Yukon Territory are
underlain by a stratigraphic sequence ranging from mid-
Proterozoic through Jurassic in age (Tempelman-Kluit. 1970:
Green. 1972: R.I. Thompson and C.F. Roots, unpublished
mapping). This sequence has been greatly foreshortened by
northward-directed thrust faults, which produce multiple
structural repetitions of individual lithological units. A com-
posite stratigraphic section for mid-Paleozoic and younger
units in the area is shown in Figure 2. In this area, mafic
sills are observed intruding only the Keno Hill Quartzite.
Farther east, in the Nash Creek and Mayo map areas, simi-
lar thrust complications exist, and the sills occur within both
the Keno Hill Quartzite and Lower Schist Division (Green.
1972: Boyle. 1965).

The mafic sills range from less than I m to more than
240 m in thickness, and individual sills can be traced up to
40 km along strike. They are typically fine to coarse grai-
ned, cquigranular. and dioritic to gabbroic in composition.
Some thicker sills are weakly differentiated from base to top
(Tempelman-Kluit, 1970). Quartz commonly occurs as an
interstitial phase and comprises up to 15% by volume in the

upper parts of some thick sill exposures. Narrow chill zones
are developed along sill margins, and adjacent sedimentary
wall rocks are strongly bleached and hornfelsed. Tempelman-
Kluit (1970) estimated that the total volume of mafic sill mate-
rial present in the Tombstone Range alone is in excess of
250 km-'.

Although generally massive and unfoliated. the sills have
been folded and faulted together with the enclosing strata

SAMPLE SELECTION AND PROCESSING

Samples weighing approximately 25 kg were collected from
two sites near the lops of two separate .sill exposures (Fig.
3). In each case the samples consisted of coarse-grained
hornblende-clinopyroxene gabbro containing 4-5% intersti-
tial quartz. Heavy mineral concentrates were prepared using
standard Wilfley table and heavy-liquid techniques, and zir-
con and baddeleyite were further concentrated by magnetic
separation. Final mineral fractions for isotopic analysis were
selected based on magnetic susceptibility and grain size, mor-
phology, and clarity. Techniques for sample dissolution, U
and Pb separation, mass spectrometry and data reduction are
described by Parrish et al. (1987). Errors for Pb-U and Pb-
Pb ages of individual analyses, and for calculated concordia
intercept ages, are given at the 2o level.

ANALYTICAL RESULTS
Only one of the two samples col lected (sample TW-87-158.
Fig. 3) yielded sufficient zircon and baddeleyite for dating.
Zircon recovered from the rock ranges from euhedral. highly
fractured grains with abundant mafic inclusions to clear,
colourless, irregular grains and shards. Baddeleyite occurs
as pale to dark brown and reddish brown, transparent clea-
vage fragments. A total of six fractions of zircon and one
fraction of baddeleyite were analyzed. Analytical data are
given in Table 1 and are plotted in Figure 3. Uranium con-
centrations in the zircons range from moderate to high, and
the degree of discordance is generally proportional to ura-
nium concentration.

The seven analyses fall on a discordia line with calcula-
ted upper and lower intercept ages of 232.5 +2.3 / -1.7 Ma
and 40.3 +37.3/ -37.6 Ma. respectively. One analysis (frac-
tion C) is relatively imprecise and falls slightly above this
regression line. Omitting this analysis from the regression
yields upper and lower intercept ages of 232.2 +1.5/ -1.2
Ma and 27.8 +28.7/ -28.8 Ma. with a MSWD = 0.77. The
upper intercept age is interpreted to be the emplacement age
for the sill, and the lower intercept age is considered to reflect
mainly recent lead loss. The dated sill was therefore intru-
ded in latest Middle Triassic time.

DISCUSSION
A late Middle Triassic crystallization Hge for mafic sills in
the Tombstone Range is consistent with the Mississippian
conodont age determined for Keno Hill Quartzite, which the
sills intrude. It poses a problem farther east, however, where
lithologically identical sills occur within both Keno Hill
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Figure 2. Generalized stratigraphic
columns for Dawson map area (adapted
from Roots and Thompson, in press), north
of the Tintina Fault. Column A, the shelf
assemblage, consists of Proterozoic shelf
clastic and carbonate rocks. Column B, the
off-shelf assemblage, consists of Late Pro-
terozoic sandstone and shale (Hyland
Group), Paleozoic shale, volcanics, conglo-
merate and quartzite (Road River and Earn
groups; Keno Hill Quartzite and unnamed
units), and unnamed Triassic and Jurassic
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Quartzite in the Dawson map area.
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Table 1. U-Pb zircon results.

Fraction.'
Size

Weight
(mg)

U
(ppm)

Sample TW-87-158 (64 21.0M; 138 29.8'W)

A + 149,M2.clr
B +149.M2.cldy
C +62-74.M2.clr
E H-74.N1.clr
F +74.N1.clr.a
G +74.M2.clr.a
H baddeleyite

0.316 1731
0.366 16 75
0.062 1645
0.110 217
0.207 213
0 061 1268
0.033 418

Pb'
(ppm)

81.6
77.6
77.9
8.4
8.1

57.5
13.9

"PbJ

""Pb

4313
2759
973

5967
13200
14800

1994

Pb,'
IPS)

275
469
224

9
8

12
16

""Pb1

1%)

54 4
56.1
59.6

mo
17.4
404

2.3

"Pb + SEM*
"U

0.03429 (.06)
0.03337 (.07)
0.03335 (.08)
0.U3616 ( 12)
0.03626(09)
0.03620(09)
0.03593(09)

•'Pb+SEM%
" U

0.23989 (.10)
0 23341 (.11)
0 23260 (.16)
0 253371 13)
0 25405 ( 10)
0 25356 | 10)
0.251501 12)

0 050/5 (.05)
0 05078 (06)
0 050591 12)
0.05082 ( 08)
0 05082 I 03)
0 05080 I 03)
0 05077 ( 071

Pb age. error
(Mar

229 3 (2 2|
230 8 (2 61
222 2 (5 4|
232 8 13 5|
232 2 (1 5)
2317(1.5)
£30 4 (3 1)

Notes: 'sizes (-74+62) reler to length aspect oi zircons in microns (i.e.. through 74 micron sieve but not the 62 micron sieve): cl=clear; cldy = cloudy. NM1 = non-magnetic
cut with (rantz at 1 degree side slope. MagO=magnelic cut witti (rant? at 0 degree side slope: radiogenic Pb: 'measured ratio, corrected tor spike and Iractionation 'total
common Pb in analysis corrected lor fractionation and spike: 'coirected for blank Pb and U. common Pb, errors quoted are one sigma in percent, 'corrected lor blank and
common Pb, initial common Pb compositions are from Stacey and Kramers (1975). errors are two s/gma in Ma: decay constants used are those ol Steiger and Jager 11977):
for analytical details see Parrish el al. (1987).

[ jj Cretaceous Plutonic rocks

•• [ 1 3 mafic sills

[̂ ~ : unnnamed phyllite and slate unit

[^^1 Keno Hill Quartzite

Figure 3. Detailed geological map of part of the southern
Tombstone Range (modified from Tempelman-Kluit, 1970).
Two localities sampled for U-Pb geochronology are shown
as solid stars.

Quartzite and the Lower Schist Division, which has yielded
a Jurassic fossil age. Three possible explanations exist: 1)
mafic sills of more than one age are present; 2) the Lower
Schist Division includes both f'ossilifcrous Jurassic strata and
older (pre-Middle Triassic) components; or 3) contacts bet-
ween the sills and the Lower Schist Division are all faulted.
Isotopic dating of other mafic sills is required to test the first
possibility. Complex thrust imbrication has been documen-
ted in this area (J.G. Abbott, pers. comm., 1989), hence the
third possiblity is presently favoured by the authors.

Triassic magmatism is well documented in accreted ter-
ranes outboard of the North American continental margin
(Wheeler and McFeely, 1987; Woodsworth et al., in press),
but is extremely rare within the miogeocline itself. Host strata
for the mafic sills described here, however, can unquestio-
nably be tied stratigraphically to cratonic North America.

Only two other Triassic intrusions have been recognized
within the miogeodine of the Canadian Cordillera. One is
a small foliated granitoid intrusion that cuts Middle Ka/.a
Group stratigraphy in east-central British Columbia, and
yields a preliminary Early or Middle Triassic U-Pb zircon
age (D.C. Murphy and R. Parrish. pers. conim.. 1989). The
other is the Cross kimberlite in the southern Rocky Moun-
tains near Elkford. which has yielded Early Triassic Rb-Sr
mica ages (Pell. 1987).

The volume and extent of the Triassic intrusive event in
western Yukon, and the fact that virtually all of the magma
was apparently emplaced as sills rather than dykes, may have
important implications for the tectonic evolution of the con-
tinental margin in Triassic time. Feeder dykes for the sills
have not been recognized. This is probably because, in the
Ogilvie Mountains at least, the sills intruded only the relati-
vely thin Keno Hill Quartzite. and the base of this unit is
invariably a thrust fault; thus the sills have been decoupled
from their feeder dyke systems, which now presumably lie
in lower thrust units farther to the southwest. Intrusion as
sills rather than dyke swarms reflects emplacement at very
shallow depths, where deviatoric stresses favour flat-lying
rather than dyke-like magma chambers. Observed thicknes-
ses of the Upper Mississippian through Triassic section
overlying the Keno Hill Quartzite (Fig. 2) confirms this, and
suggests that the sills were likely emplaccd at a depth no grea-
ter than 1-2 km. The overall regional stress regime during
sill emplacement, therefore, cannot be constrained by their
horizontal orientation. It is likely that the sills were fed by
a dyke system at depth, which itself may have been intruded
into extensional fractures.

More puzzling is the apparent absence of any significant
perturbation in the style of sedimentation during sill empla-
cement. Triassic sediments in the Ogilvie Mountains com-
prise a condensed section of carbonaceous, wavy laminated
sihstones, fine sandstones and limestone that thins to the north
and is considered to represent a starved basin deposit. These
units yield conodont ages spanning the entire Triassic Period
(M.J. Orchard, pers. comm.. 1987). Although Ihesedimen-
tology of the Triassic strata has not been studied in detail,
there is no evidence for a significant change in the nature
or style of sedimentation, coincident with sill emplacement.

The Triassic sills in western Yukon, therefore, remain
something of an enigma in the evolution of the continental
margin. Further work is required on their field relationships
and petrology in order to better understand the significance
of this major magmatie event.
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Abstract

U-Pb zircon and monazite ages are reported for samples from five of six groups of plutonic rocks
in the map area. A synvolcanic quartz porphyry (C2) has yielded a U-Pb zircon age of 2660.4+0.91-0.5
Ma, whereas a biotite tonalite (C3) that predates D2 has yielded an age of 2649 ± 2 Ma. About 40
Ma separates this earlier plutonic phase from syn-D2 (C4) diorite and tonalite units dated at 2608.0
± 1.0 Ma and 2608 +5/-3 Ma. A leucotonalite of the C5 group is of similar age. Four syn-D3 (C6)
two-mica granites and monzogranites have yielded a cluster of ages close to 2583 Ma.

Resume

On donne les ages obtenus par la me'thode U-Pb appliquee au zircon et a la monazite pour des
echantillons de cinq des six groupes de roches plutoniques de la region cartographiee. L 'age obtenu
par la methode U-Pb appliquee au zircon d'un porphyre a quartz synvolcanique (C2) est de
2660,4 + 0,9 — 0,5 Ma alors que celui d'une tonalite a biotite (C3) anterieure a D2 a donne un age
de 2649 +1—2 Ma. Environ 40 Ma separent cette premiere phase plutonique des unites de diorite et
de tonalite contemporaines a D2 (C4) pour lesquelles on a obtenu des ages de 2608 + 1 Ma et de
2608 + 5/— 3 Ma. Une leucotonalite du groupe C5 a un age similaire. Quatre echantillons de granites
a deux micas et de monzogranites contemporains a D3 fC6) ont donne une serie d 'ages proches de
2583 Ma.

INTRODUCTION
This study reports ages from nine plutonic units in the
western Contwoyto Lake area of the central Slave Province,
District of Mackenzie, Northwest Territories (Fig. 1). Pre-
cise ages on the plutonic units are important not only to date
individua! ages of crystallization, but also to 1) evaluate the
time span and possible diachroneity of each of the groups;
2) to bracket or date the time of sedimentation and deforma-
tion events; and 3) to integrate the tectonic evolution of (he
Contwoyto Lake area with that of the Slave Province in

general. The study is part of ongoing geochronological
research investigating plutonic rocks in the Slave Province
by van Breemen (van Breemen et al., 1987; Henderson et
al., 1987; van Breemen and Henderson, 1988). In the Con-
twoyto Lake area, the geochronological research is closely
intergrated with 1:100 000 scale mapping of the Contwoyto
Lake map sheet (NTS 76E) by J.E. King and coworkers
(King et al., 1988, 1989), a project partly funded by the
Canada-NWT MDA agreement (Project Cl. 1.1). U-Pb ages
of volcanic units from the region are reported by Mortensen
et al. (1988).

1 Geological Survey of Canada, 601 Booth Street. Ottawa. Ontario K1A 0E8
2 184 University Ave., St. John's, Newfoundland. AIB 1Z7

Department of Earth Sciences, Memorial University of Newfoundland, St. John's Newfoundland, AIB 3XS
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GENERAL GEOLOGY
The western Contwoyto Lake area is underlain by turbidites
of the Contwoyto and Itchen Formation, basaltie lo fclsic
volcanic rocks of the Central Volcanic Belt, and numerous
plutons of variable composition and age (Trcmblay. J976;
Bo.shx.-k. 1980: Kingetal.. 1988,1989). The area has under-
gone high-T/low-P metamorphism and at least three phases
of regional Archean deformation (DI-D3) (King et al.. 1988.
1989; Relf, 1989). Iron formation in the turbidites of the
Contwoyto Formation hosts the Lupin gold deposit (Bullis,
1988.: Kerswi.M, 1986). and the Central Volcanic Belt hosts
the Condor massive sulphide (Zn-Ag-Pb-Cu) deposit (Bubar
and Heslop. 1985).

Table 1 . U-Pb zircon and monazite data.

Plutonic rocks in the area have been subdivided into six
groups on the basis of cross-cutting relations, modal com-
position, relative strain slate, and geochemistry (King et al.,
1988. I989; Davis and King. 1988; Davis. 1989). These
groups arc identified by the nomenclature CI.C2.. . .C6,
which denotes their geographic location ( ' C for Conlwoyto)
and their interpreted age of emplacement. Relative time rela-
tions are based on field observations as reported in King et
al. (1988, 1989). The salient features of each of the groups
are as follows.

Cl- Synvolcanic

Strongly metamorphosed gabbro bodies within the Cen-
tral Volcanic belt.

Fraclion.'
Size

Weight
|mg)

U
(ppm)

Pb'1

(ppm|

1 Quartz-porphyntic granodionte (KGA-D221-87)
a. -74+62
b. -62+44
c. -62+44
d. -62+44

0 009
0014
0.014
0.021

109 6
2208
190.5
136.4

65.02
1312
1134
81.84

'"'Pb'
•""PD

1284
1757
3052

10140

2A Olga biotite tonalite. melanocratic (KGA-D72b-87, D172-88I
a. -74+62 NM3
b. -74 + 62 NM3
c. -62+44 NM3
d. 74 NM3

0.O29
0.021
0 008
0.007

109.6
190.2
76.60

104.7

2B Olga biotite tonalite (KGA-D72a-87)
a. +74
b. +74

0017
0.006

103.2
87.5

3 Southern diorite (KGA-D218-87)
a, +149 NMO
b. -149+74 NMO
c, -149+74 NMO

0.051
0051
0.059

4. Chunky tonalite (0110-881
a. +74 NMO
b. +74 NMO
c. +74 NMO
d. -74+62 NMO

0.012
0.011
0.003
0.009

82 53
90.39
95.64

130.07
242.4
408.4
96.B0

5. Siege leucotonalite (KGA-D217-87|
a, -149+74 NM2
b. -149+74 NM2
c, -149+74 NM2
d. -149+44 NM2
e, -74+44 NM2

0.009
0.012
0.106
0.012
0.014

158.0
85.97

179.4
93.37

132.0

59.97
99.85
44.07
59.74

52.54
98.98

48.84
55.51
59.01

75.17
133.8
222.3
56.24

81 35
4841
93.46
51.12
70.35

6 Biotite-muscowle monzogranile (KGA-D216-87)
a. monazite
b, monazile
c. monazite
d, monazile

0.007
0.004
0.002
0.002

5598
3451
2185
5560

7. Pegmatitic granite dyke (KGA-K308)
a. monazite
b. monazite
c, monazile
d, monazite

0.005
0.006
0.002
0.003

15099
25418
16331
7018

8. Biotite-muscovite monzogranite (KGA-K193)
a. monazite
b, monazite
c. monazite

0.003
0.004
0.005

3284
3294
5234

9. Woli/erine monzooranite (KGA-D78-88)
a. monazite
b. monazite
c, monazite
d. monazite

0.O02
0.001
0.002
0.001

1645
1789
2523
6978

14070
9473

14080
16120

11040
18790
11840

4549

3414
2931
4333

10310
12250
5912

12980

1278
367a
1005
904

1773
2187

5707
3207
2266

4175
5683
3148
2097

1350
5203
3785
2961
2594

1792
8836
3233
8724

11560
24820
13950
12020

12550
17700
14940

3966
2306
6840
2209

Pb'
(P9)

26
56
28
9

77
32
20
26

28
15

23
45
79

-
12
14
12
12

32
6

15
16
22

62
51
32
42

19
20
65
50

24
20
49

23
24
24
93

"•Po

0 174
0 178
0177
0.181

0.127
0 103
0 151
0134

0141
0136

0.243
0.261
0 266

0.178
0.134
0.164
0.169

0.063
0.130
0.109
0.098
0.074

4.806
5.303
13.85
5.584

0.551
0593
0.543
0.339

1.268
0918
0.791

13.52
14.84
4.326
3.441

Notes:' fraction sizes are in microns; samples are zircon unless indicated otherwise, NM1 =

•"Pb+SEM'V

0.50853 (.16)
050792 ( 10)
0.50914 (093)
0 51171(0901

048669 (.089)
0.47599 (.086)
0.50233 (20)
0.50504 (.20)

0.44842 ( 093)
0.46663 I 098)

0.48463 (086)
0.49645 (.0881
0.49702 (.10)

0.49608 (.096)
0.49047 (.087)
0.47345 (.10)
0.49496 (.13)

0.48313 (.10)
0.50035 (.11)
0.47146 (.21)
0.49950(11)
0.49568 (.095)

0.48555 (.089)
0.48961 (.094)
0.49476 (.14)
0.49544 (.090)

0.49206 (.10)
0.48567 (.11)
0.49016 (.084)
0.49723 (.084)

0.49301 (.089)
0.49284 (.084)
0.48886 (.083)

0.49211 (,094|
0.49306 (115)
0.49219 (.090)
0.46592 (.085)

•' Pb+SEM%h

12.682 (.17)
12.665 ( 12)
12.689 (.11)
12 759 ( 10)

12.035 (.12)
11 733 (.10)
12.430 (.21)
12.502 (.20)

11.048 (.11)
11.519(11)

11.695(098)
11.992 (10)
12 003 (.12)

11.971 (.11)
11.813 (.099)
11.249 (.11)
11.927 (.14)

11.720 (.12)
12.259 (.12)
11.419 (.21)
12.150 (.12)
12.026 (.11)

11.485 (10|
11.601 (.11)

11.770 (.15)
11.758 (.10)

11.712 (.11)
11.522 (.12)
11.647 (.096)
11.928 (.0961

11.782 (.098)
11.771 (.096)
11.607 (.096)

11.722 (.106)
11.722 (.106)
11.698 (.102)
11.022 (.104)

R

0 97
0.94
0.96
0.96

0.87
0.95
0.98
0.98

0.94
0.95

0.96
0.95
0.94

0.96
0.96
096
0.97

0.92
097
099
0.96
0.95

097
0.97
0.98
096

0,97
0,98
096
0.96

0,96
096
096

0.96
0.97
096
092

non-magnetic cut with frantz at 1 degree side slop
ratio, corrected for spike and fractionation:' total common Pb in analysis corrected for fractionation and spike:

"Pb age. error"
** Pb

2660 8
26606
2659 8
2660 6

2546.9
2641 6
2647.9
2648.6

2640 7
2643 9

2606.3
2607.9
2607.5

2606.1
2603.1
2580.3
2603.8

2614.9
2631.5
26124
26195
2615.2

2572.9
2575.8
2582.4
2578,4

2583.3
2577.9
2580.5
2596.3

2590 0
25891
2579.2

2584,6
2581 3
2580.9
2573.1

(Ma)'

(1.3)
(14)
(10)
(0.9)

(2.0|
01)
(1.5)
(1.4)

(1.3)
(12)

(1.01
(1.1)
(1.4)

(11)
10.9)
(1.1)
111)

(17)
(1.0)
(10)
(1.1)
(1.21

(0.9)
(1.0)
(1.11
(1.0)

(0.9)
(0.9)
(0.9)
10.9)

10.9)
10.9)
(0.9)

(1.1)
(11)
(1.0)
(1.4)

j ; ' radiogenic Pb; ' r

SEM%

0038
0042
0 031
0 028

0.060
0.033
0.045
0041

0.039
0.035

0.029
0.033
0.041

0.032
0.029
0.O33
0.O34

0.050
0.030
0.030
0 034
0.035

0.028
0.028
0 032
0.026

0.028
0.028
0.028
0.028

0028
0.028
0028

0.032
0034
0029
0.042

neasured
corrected for blank Pb and U. common Pb, errors quoted

are one sigma in percent: R, correlation of isotope ratio errors; * corrected for blank and common Pb, errors are two sigma in Ma; '
1 sigma.

error for corresponding isotope ratio at
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Contwoyto- •
Nose lakes'.
map area

Figure 1 . Sketch map showing Contwoyto-Nose lakes map
area within the Slave Province (stippled).

C2- Synvolcanic
Quartz-porphyritic biotitc granodiorite that forms veins
and irregular plutons within the Central Volcanic Belt.

C3- Predates D2 (relationship to D\ not known: predates
C4 diorites and tonalites and was probably broadly coe-
val with volcanics of the Central volcanic belt.)
Composite body (Olga tonalitc) of biotite quartz diorite
to tonalite that forms numerous texlurally and minera-
logically distinct tabular intrusive units.

C4- Syn D2
Medium-grained biotite-hornblende gabbro to quartz di-
orite and biotite tonalitc to granodiorite with accessory
magnetite.

C5- Late D2
Fine- to medium-grained biotite leucotonalite to granodi-
orite with accessory apatite, magnetite, and muscovite.
Contains abundant xenoliths of host rocks and is ubiq-
uitously intruded by Icucocratic veins.

C6b- Pre- lo post D3
Fine- to very coarse-grained biotite-muscovite granodi-
orite to syenogranite with accessory apatite, tourmaline,
and magnetite. It is intimately associated with pegma-
tites and contains abundant xenoliths of host rocks.

C6b- Pre- to post D3 (relative time relationship between C6a
and C6b not known from field relations).
Medium grained, commonly K-feldspar porphyritic
granodioritc to syenogranite with accessory biotile and
muscovitc.

GEOCHRONOLOGY
Analytical techniques for U-Pb zircon and monazite analyses
have been described in Parrish cl al. (1987). who also
described a modified form of the regression analysis tech-
nique of York (1969). In this method, the degree of (it is
indicated by the mean square of weighted deviates (MSWD),
which if greater than 2.5 is taken to indicate that there is
significant geological scatter beyond analytical uncertainty.
For the more concordant data sets, the regression techniques
of Davis (1982) are used. In this case a probability of fit less
than 10% indicates significant geological scatter. References
to York (1969) and Davis (I982)are indicated by " Y " and
" D " . Isotopic data are presented in Table I and displayed
in isotope ratio plots Figures 2. 3 and 4. Treatment of ana-
lytical errors has been described by Roddick (1987). Uncer-
tainties for ages are quoted at the 2 sigma level. Zircons have
been strongly and monazites lightly abraded (Krogh. 1982).

The samples collected arc described below (field num-
bers are as indicated in Table I).

C2 - quartzporpyriticgranodiorite (sample I; KGA-
D 2 2 1 - 8 7 : 6 5 ° 3 4 ' N , H I 0 4 7 ' W )

Zircons in this sample of porphyritic granodiorite arc not
abundant and arc small ( < 74 microns). Crystals are clear,
euhedral, and simple prismatic (with square cross sections)
and have length (L) to breadth (B) ratios of approximately
2:1. Continuous euhedral zoning is seen in some, and there
is no evidence of cores. Cracks and inclusions are not abun-
dant. Uranium concentrations range between 110 and 220
ppm. On a concordia diagram (Fig. 3) the data points arc-
within 0.5% of the concordia. These data lit a chord (D)
yielding an upper intercept age of 2660.4 +0.9/ -0.5 Ma
and lower intercept of 50 Ma with a probability of fit of data
points to the chord of 387<.

C3 - Olga biotite tonalite, ntelanocratic (sample 2A;
KGA-D72b-87: 65° 27 '30"N. 111° 46 'W)

Zircons arc not abundant and are generally clear to light
brown. Zircons are prismatic with L.B of 2:1 to 5:1. Both
(201) and (011) prism faces are prominently developed and
facets on pyramids arc multiple. Some round fluid inclusions
are present and transverse cracks are common. No cores were
recognized.

U concentrations range from 190 lo 80 ppm. U-Pb data
points are from 1 to79r discordant. Regression analysis (D)
yields an upper intercept age of 2649 + 2 Ma and a lower
intercept of about 220 Ma with a 79? probability of fit.

C3 - Olga biotite tonalite (sample 2B: KGA-D72a:
65° 27"30 'N . 111° 46"W)

Zircons are scarce and generally fine grained. They are sim-
ple prisms with L.B of 2.1 to 5:1. The zircons are in gener-
al clear and colourless, although some, fluid inclusions and
finer dark inclusions and fine cracks are present. Some grains
(hat appear to have cores were avoided in the selection for
analysis.

31



20 km

o

JK88

32



Lllholoalc Unit!

Early Protorogolc (?E

GouHx/rn Group

l cpx-mt leucogabbro

Inlruslvt unlu

Archean

I o I qtt-plag porphyry

| ~ n C^-r^granodiontelosyeiiogranite

| x | C6a - bic-musc tonaMe to syenogranite

P P H C5biolonal<Mtogranodiori1e

g g 9 C4-Diogranorjiorite

fffffl C4-bio(nbl)tonalite

f g f l C4 • bo-hU (qtz) dtorite

fcsg.%1 C3 - bio tonalile to granodionte

&<</<l C2 - porphyritic granodiorite

f ^ 3 Ci-KHgabbro,diorite

[ N T T I I"*!' tonaNle, metasedimenl
xenoliths)

Ycllowknlfa Supergroup

mtgmatitic paragneiss
(from Itcrwn Fm)

1^33 migmitrtic pvagneiss
(from Contwoyto Fm)

E g ^ Contwoyto Fm

1-^-=} anthoph-cord schists

Votoanics:

| 7
 g | qtz-aye voteanidastics

\r-s--] mainry intennediate
votcanidastics

mainly basalt, gabtoro.
volcanicfasticsEia

Structure*

Prof manic

Faults:

— daxtral transcurrent

^ dextrallr oblique normal

^- dextrally oblique reverse

— normal

— reverse

— displacement not known

anticline axial trace

syndine axial trace

cleavage

04
synlorm axial surface trace

aniiform axial surface trace

fold axis

cleavage

Iddaxis

synform axial surface trace

antiform axial surface trace

oneissic layering

gneissic layering trace

02
S2 cleavage (or undiffer-

entatad cleavage)

" cleavage trace

fold axis

loU axial surface trace

mineral lineation

cleavage

bedding

(ornament on high-T side)

~W w conjerne-andakjsite

- • m— siWmaniia

Figure 2. General geology of Contwoyto Lake and region
to south of it. Sample locations are shown by large numbe-
red circles.

Only two fractions were of sufficient quality for analy-
sis. Their discordance of 9 and 14% is remarkable in view
of the low U content of 90-100 ppm. A line through these
two points (Y) yields an upper intercept age of 2650 + 5
Ma and a lower intercept of ca. 180 Ma. The age is identi-
cal to that of sample 2. However, the error on the upper inter-
cept age is purely analytical and does not include a possible
component of data-point scatter beyond that of analytical

C4 - Southern diorite (sample 3; KGA-D218-87; 65° 27'N,
1110 53'W)

Zircons range from fine to coarse and from equidimension-
al to simple prismatic, L:B of 4:1. Crystals are clear and
light brown. There are some fluid inclusions, few cracks,
and no observable cores. In polished and etched sections in-
ternal zoning is seen to be commonly discordant, especially
near the outer margins, which imparts a rounded appearance
to many crystals. Such features suggest changing interfer-
ence to zircon growth during crystallization of a magma (van
Breemen and Hanmer, 1986).

U concentrations are low, ca. 90 ppm, and range from
virtually concordant to 3 % discordant. Regression analysis
(D) yields an upper intercept age of 2608.0 + 1.0 Ma and
a lower intercept of ca. 150 Ma with a 62% probability of fit.

C4-Chunky tonalite (sample 4; KGA-D110-88;
65° 13'44"N, 111° 40'38"W)

Zircons are subhedral prismatic with L:B ratios of 2:1 to
6:1. Terminations are generally rounded. The colour is clear
to light brown. Many grains have inclusions and cracks, but
evidence for cores is rare.

U concentrations range from ca. 100 ppm to 400 ppm.
Data points range from one to 8% discordant. Regression
analysis for all four data points (D) yields a line with an up-
per intercept age of 2608 +5/ -3 Ma, a lower intercept age
of 950 Ma and a probability of fit of 43%. The upper inter-
cept age is interpreted as the time of intrusion.

C5 - Siege leucotonalite (sample 5; KGA-D217-87;
65° 22'N, 111° 40'W)

Zircons range from equidimensional crystals to prisms with
L:B ratios of 2:1 to 4:1. Prism cross sections are mostly
square. Crystals are generally colourless and clear with some
fluid and some fine dark inclusions. Some crystals contain
cores. Cracks occur most commonly in the fraction of flat
crystals (5c). In such flat crystals, cores can be more easily
recognized and avoided. Cores could also be avoided in frac-
tions 5a and 5e, which consisted of prisms (L:B < 2) with
regular zoning parallel to the prism faces clearly visible in
transmitted light. Fraction 5b consisted of stubby crystals
(L:B < 2) without clearly visible zoning in which cores
would be more difficult to recognize. Fraction 5d consisted
of both stubby and prismatic types.
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Figure 3. U-Pb isotope ratio plot showing zircon data points with error envelopes for
samples 1, Synvolcanic porphyry (C2); 2A,B Olga plutonic suite (C3); 3, Southern diorite
(C4); and 4, Chunky tonalite (C4). Note age gap between plutonic-rocks groups C3 and
C4. Numbers and letters with data points correspond to those of Table 1.
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Figure 4. U-Pb isotope ratio plot showing zircon data points (closed error envelopes)
for sample 5, the Siege leucotonalite (C5), and monazite data points (open error envelo-
pes) for samples 6, biotite-muscovite monzogranite (C6), and 7, Pegmatite granitic dyke
(C6). Regression line through samples 5a, 5c, and 5e has upper and lower intercepts at
2616 ± 2 Ma and 140 Ma. This upper intercept age may be too old owing to an inherited
radiogenic Pb component as seen in samples 5b and 5d. Numbers and letters with data
points correspond to those of Table 1.

34



Uranium concentrations range from 90 to 180 ppm. Data
points vary from 0.5 to 7% discordant with the more dis-
cordant points corresponding to fractions higher in U. Points
5a, 5c, and 5e fit a chord with a probability of 21% with
an upper intercept age of 2616 + 2 Ma and a lower inter-
cept of 137 Ma (Fig. 4). Low U fractions 5b and 5d consis-
ting entirely or partly of stubby crystals correspond to
207Pb _ 206Pb a g e s o f 2632 Ma and 2620 Ma.

Field evidence (King et al., 1988) indicates that the Siege
pluton cuts the Southern diorite and it should, therefore, yield
an age younger than that diorite, which is dated at 2608 +
1 Ma. The siege leucotonalite, however, contains an abun-
dance of xenoliths of country rock. Older 207Pb - 206Pb ages
for the nearly concordant fractions 5d and 5b are thus inter-
preted to reflect undetected cores. Although, in spite of the
microscopic evidence, a small component of inherited radio-
genic lead cannot be ruled out for fractions 5a, 5c, and 5e,
such inheritance is likely to be small in view of the align-
ment of data points. One cannot, in fact, rule out the possi-
bility that parts of the Siege leucotonalite crystallized before
the Southern diorite. Finally it is considered unlikely that
the Siege tonalite is more than several million years youn-
ger than the Southern diorite.

C6 - Biotite-muscovite monzogranite (sample 6;
KGA-D2I6-87; 65° 28 '30"N, 111° 40 'W)

Zircons are translucent, strongly magnetic, and contain abun-
dant cores. Only monazite was analyzed, i.e., four single
grains. Data points 6b and 6a are normally discordant where
6d and 6c lie above the concordia with reverse discordances
of 0.8% and 0.4%. Points 6a, 6b, and 6d fit a regression
line (Y) with upper and lower intercept ages of 2576 Ma and
601 Ma and a MSWD of 1.08. This line is interpreted in
terms of a lead loss line for isotopic systems that started above

the concordia as a result of an excess of thorogenic 206Pb
(Scharer, 1984). According to this interpretation, the
207Pb _ 235ij a g e o f t h e n i g h e s t p o i n t i 6 d j e ? 2585 Ma, is
slightly younger than the age of crystallization of the mag-
matic monazite. Fraction 6c has an older 207Pb - -'"'Pb age,
even though it is more Th-rich than fraction 6d, which would
suggest an inherited component of monazite in 6c (Copeland
et al., 1988). The age of intrusion and uncertainties are assi-
gned at 2585 + 4 Ma.

C6 - Pegmatitic granite dyke (sample 7; KGA-K308;
65° 27 '30"N, 111° W)

Zircons from this sample are metamict. Four single mona-
zite grains were analyzed. Data points 7a, 7b, and 7c are
concordant to slightly discordant and are close to a regres-
sion line (Y) with upper and lower intercept ages of 2583.5
Ma and 832 Ma and a MSWD of 3.4 (Fig. 4). Again it is
possible that a Pb loss line was generated from points ini-
tially slightly above the concordia so that the age of intru-
sion was slightly older. The upper intercept age and
uncertainty of 2584 + 4 Ma is taken as the age of igneous
crystallization. Sample 7d is slightly reverse discordant with
a 207Pb - 235U age of 2599 ± 2 Ma; it may contain an inhe-
rited Pb component.

C6a - biotite-muscovite monzogranite (sample 8;
KGA-K193-88; 65° 49 '30"N, 1110 25 'W)

Zircons are highly variable and of poor quality. Three sin-
gle monazite grains were analyzed. Two data points 8a and
8b are almost concordant with an average 2O7Pb - 206Pb age
of 2589.5 Ma, whereas a third point 8c is 0.7% discordant
with a 207Pb - 206Pb age of 2579.2 Ma (Fig. 5). If a Pb loss
line similar to that of sample 6 is taken (lower intercept of
600 Ma) and passed through point 8c, an upper intercept age of

0.50

Figure 5. U-Pb isotope ratio
plot showing zircon data points for
samples 8, a biotite-muscovite
monzogranite from the Contwoyto
Batholith (C6), and 9, a monzo-
granite from the Wolverine pluto-
nic suite, Yamba Batholith (C6).
Numbers and letters with data
points correspond to those of
Table 1.
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2581 Ma is obtained. As the original isotopic system may
have started above the concordia and as we lack duplicate
analyses, an inherited component cannot be ruled out. In view
of this, we assign a larger uncertainty with the age at 2581
+ / 9-5 Ma. This sample requires more work.

C6 - Wolverine monzogranite (sample 9; KGA-
D78-88; 65° 12'N, 111° 37 'W)

Zircons are of poor quality. Three single monazite grains
were analyzed. One, 9d, is strongly discordant and is not
on the isotope ratio plot (Fig. 5). Three of the analyses yield
concordant data points wiih similar 207Pb - 206Pb ages
(Table 1) and overlapping 2O7Pb - 235U age uncertainties.
The average of the former model Pb ages is 2582.3 Ma and
of the latter 2581.8 Ma, from these we infer the age of gra-
nite emplacement at 2582 + 4 Ma.

DISCUSSION
All of the lower intercepts for chords are less than 300 Ma
from the origin and there is therefore no evidence for a Pro-
terozoic lead loss effect. Upper intercept ages interpreted as
ages of crystallization of zircon in a magma support the rela-
tive times of emplacement as determined in the field. The
oldest plutonic ages, for the C2 porphyritic granodiorite, is
2660.4 +0.9/ -0.5 Ma. This age is slightly younger than the
2667.6 +3.0/ -1.6 Ma age (Mortensen et al., 1988) of an
intermediate volcanic tuff in the Central Volcanic Belt with
which it is spatially associated (King et al., 1988). The ca.
2649 ± 2 Ma age for the melanocratic phase of the Olga
plutonic suite is 10-20 Ma younger than the Central Volca-
nic Belt and porphyry magmatism but is 40 Ma older than
the next known age of magmatism, the C4 tonalite-diorite
episode (see below). Like the volcanics and porphyry, the
Olga plutonic suite is thought to have experienced both Dl
and D2, whereas the C4 bodies are interpreted to have been
emplaced syn-D2. The C3 Olga tonalite is therefore consi-
dered to be more closely related in tectonic context to the
earlier, C1-C2 phases of magmatism than to the later, C4
phase.

The age of 2608 + 1.0 Ma for the C4 Southern diorite
and 2608 +5 / -3 Ma for the C4 Chunky tonalite provide ages
for ongoing D2 regional deformation, although the time of
initiation and absolute duration of D2 has not yet been esta-
blished. A porphyritic sill at Concesssion Lake (see discus-
sion in Mortensen et al., 1988), contains the D2 cleavage
(S2) and has been dated at 2603.9 +0.9/ -0.8 Ma (Morten-
sen et al., 1988). This indicates a minimum time span of 3
Ma for the D2 event. The C5 Siege Tonalite has also been
interpreted to be emplaced syn-D2. Although a precise
crystallization age has not been determined, the constraints
imposed by the radiometric data suggest emplacement was
consistent with the timing of D2 indicated by the Southern
diorite and Chunky tonalite.

Ages obtained for the final, C6 plutonic episode cluster
at 2583 ± 5 Ma. These ages establish a time during the D3
phase of deformation associated with the C6 plutonic episode.

The ages reported in this paper suggest that there were
two plutonic episodes in the Contwoyto Lake area. The first
(2660-2650 Ma), including the C2-C3 groups, associated in
time and space with volcanism in the Central Volcanic rtelt.
The second (2610-2580), including the C4-C6 groups com-
prises the bulk of the granitoids presently expose in the area.
Major element geochemistry of the C4 group of the second
magmatic episode is similar to that of recent continental mar-
gin arc magmatism (Davis, 1989).

The present geochronologic data base from the Cont-
woyto Lake area allows preliminary comparison with data
from elsewhere in the Slave Province. The lithology, struc-
tural setting, and close temporal relation (slightly younger)
to volcanism of the Olga plutonic suite are similar to those
of the Hackett River granodiorite, 140 km to the east of the
present area, which has yielded a U-Pb zircon age of 2666
+ 20/ -28 Ma (Frith and Loveridge, 1982). Given the large
age uncertainties, these two bodies may be products of tem-
porally related magmatism. The ages for the C4 magmatism
are apparently younger than magmatism of similar compo-
sition in the Artillery Lake area dated at 2622 + 1.4/ -1.2
Ma and 2717 ± 7 (van Breemen and Henderson, 1988).
Circa 2.62 Ga ages have also been reported from the Yel-
lowknife area, although in that case uncertainties were con-
siderably greater (Henderson et al., 1988).

In the Contwoyto Lake map area, the ages obtained from
the C6 bodies do not overlap with C4 to C5 plutonic ages.
However, a temporal break is not likely in light of data for
other late-tectonic, granites in the Slave Province. In addi-
tion to ca. 2685 Ma ages for two-mica granites reported from
the Slave Province northeast of the Bathurst Fault (van Bree-
men et al.,1987), a two-mica granite in the Artillery Lake
area to the southeast has yielded a U-Pb monazite age
of 2606 + 5 Ma and a large megacrystic granite, from the
same area, an age of 2596 + 3 / -6 Ma (van Breemen and
Henderson, 1988). The presently available data are, there-
fore, compatible with a continuum of C4- to C6-type mag-
matism across the Slave Province. The data set is small,
however, and more geochronological information, intergra-
ted with careful mapping, is necessary to separate more detai-
led spatial-temporal relationships.
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U-Pb ages of zircons from the Anton Complex,
southern Slave Province, Northwest Territories
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southern Slave Province, Northwest Territories; in Radiogenic Age and Isotopic Studies: Report .?,
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ABSTRACT

U-Pb analyses of zircon from two samples of the Anton Complex metatonalile indicate crystallization
ages of approximately 2642 ± 15 Ma for each. Vie Anton Complex is therefore significantly younger
than the Sleepy Dragon Complex, which is considered to he a basement unit. It is also younger than
most of the volcanics in the Yellowknife Supergroup, indicating that the Anton Complex cannot he base-
ment to the supracruslal sequence in the western part of Slave Province. The age of the Anton Complex
overlaps, within uncertainly, with the age of the western granodiorite phase of the Defeat Plutonic Suite,
and it is possible that the Anton Complex is a slightly older, more deformed member of the Defeat Suite.

Resume

La methode U-Ph appllque'e aux zircons provenant de deux echantillons de la metatonalite du com-
plexe d'Anton indique des ages de cristallisation d'environ 2642 ± 15 Ma pour chaque echantillon. l,e
complexe d 'Anton est pur consequent beaucoup plusjeune que le complexe de Sleepy Dragon qu 'on sup-
posait i'lre une unite du socle. II est e'galement plusjeune que la plupart des roches volcaniques du super-
groupe de Yellowknife. indiquant qu 'il ne peut done pas constituer le socle de la sequence supracrustale
de la partie ouest de la province des Esclaves. L'age du complexe d'Anton une centimes incertitude.
Concorde, avec certaines limites d"incertitude, avec celui de la phase granodioritique occidental de la
se'rie plutonique de Defeat, el il est possible que le complexe d'Anton soil un membre legerement plus
vieux el plus deforme de la se'rie de Defeat.

INTRODUCTION

The southern part of (he Slave Structural Province consists
of four Archaean lithologic or litho-teetonic units: foliated
granitoids and gneisses (the Anton and Sleepy Dragon com-
plexes), granitoid intrusions, volcanic rocks (the Ycl-
lowknife, Cameron River and Bcaulicu River greenstone
belts), and sedimentary rocks. The predominantly basaltic
volcanic and sedimentary rocks that make up the Yellowknife
Supergroup have been interpreted as overlying basement
represented by the Anton and Sleepy Dragon complexes.
Continuing field mapping (Hcnder.son. I98S; Helmstaedt and
Padgham, 1986; Lambert. 1988; James, 1989) and gc-
ochronological studies (Henderson el al., 1987; Mortensen
et al.. 1988) have revealed an increasingly complex picture
of the relationships between these units, and have made it
possible to propose and to test regional tectonic models for
the evolution of the Slave craton (McGlynn and Henderson,
1970; Henderson, 1985; Easton, 1985; Padgham, 1985;

Helmstacdt et al.. 1986; Hoffman, 1986; Fyson and Helm-
staedt, 1988; Kusky, 1989). In this paper, we report U-Pb
analyses of zircons from two samples of the Anton Com-
plex and interpret the results in light of recent tectonic models
for the Slave Province.

The Anton Complex (Henderson, 1985) is a 30 x 15 km
body that lies north-northwest of Yellowknifc (Fig. I).
Although it has not been mapped in detail, the Anton Com-
plex is known to consist mainly of foliated granodioritic and
granitic intrusions with some granitoid gneisses. The com-
plex is older than the plutonic rocks adjacent to it (the western
phase of the Defeat Plutonic Suite, the Awry Plutonic Suite,
the Prosperous Granite, and the Duck fish Granite), although
it has gradational contacts with the Awry, Defeat, and
Prosperous granitoids (Henderson, 1985). There is no evi-
dence that rocks of the Anton Complex intrude xupracrustal
rocks of the Yellowknife Supergroup.
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6 3"

Anlon Complex

PALEOZOIC ROCKS

PROTEROZOIC ROCKS

DUCKFISH GRANITE granite, massive,matic-poor

MOROSE GRANITE granite, massive, biotite-muscovtte

' . ' . ' . DEFEAT PLUTONIC SUITE granodiorife, fonatife, granrte,
' , ' , " , undivided, massive to weakly foliated, biotite,rarely hornblende

:••: REDOUT GRANITE granite, biotite-muscovite

PROSPEROUS GRANITE, granite, massive,bioTite-muscovite

MEANDER LAKE PLUTONIC SUITE- gronite, granodiorite,
undivided, massive, biotite, locally muscovite

AWRY PLUTONIC SUITE granite,granodiorite, undivided,
massive to locally weakly foliated, biotite-poor

STAGG PLUTONIC SUITE: granite,granodiorite,tonalite,undivided,
massive to weakly layered or foliated, biafife, locally hornblende

WOOL BAY QUARTZ DlORITE quartz dionte, dionfe, massive to
locally weakly layered, hornblende

AMACHER GRANITE granite,massive, biotite in aggregates

YELLOWKNIFE SUPERGROUP
Greywacke, siltstone, mudstone.intcrbedded, greenschist grade
Schist, psammilic to pelitic, interlayered, amphibohte grode

Felsic volcanic rocks, mainly dacilic to rhyohtic, includes massive,
structureless domes to ttitck massive volcaniclastic units to thin
bedded sediments,minor more mafic volcanic units locally present

Andesitic pillow lavas, pillowed breccias, minor massive
flows, volcaniclastic sediments

Basalt, minor andesite,massive and pillowed flows,minor fragmental
units, locally minor more felsic units, includes contemporaneous
intrusions of gabbroic dykes, sills and irregular bodies

ANTON COMPLEX- granodiariieTtonalite, granite, undivided,
weakly to moderately foliated, may be m part older than Yellowknife
Supergroup but also includes younger intrusive phases

SLEEPY DRAGON COMPLEX' granodiorite, tonolite, granite,
undivided, rr.ylor.itic gneisses to massive bodies, in part older than
Yellowknife Supergroup, may include some post-YeilowKmfe intrusions

Figure I . Geologic sketch map of part of the southern Slave Province showing the location of samples
collected from the Anton Complex and reported in this paper. In addition, the location of previously analy-
zed Anton Complex samples are also indicated. Locations 1 through 8 are previously reported geochro-
nological data: 1 and 2 - Sleepy Dragon Complex; 3 and 4 - Yellowknife vofcanics; 5 and 6 - Defeat Plutonic
Suite; 7 - Awry Plutonic Suite; 8 - Stagg Plutonic Suite (Henderson et a!., 1987).
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The Anton Complex has been compared in its structural
setting to the Sleepy Dragon Complex, a somewhat similar
granitoid terrane to the east (Fig. 1) that has been shown on
both geological and geochronological grounds to represent
basement to the Yellowknife Supergroup (Henderson, 1985;
Henderson et al., 1987). Because the Sleepy Dragon com-
plex is somewhat similar to the Anton Complex in its geolo-
gical setting and lithology, the Anton Complex may also
represent basement to the Yellowknife Supergroup (Hender-
son, 1985).

In a recently proposed tectonic model, a large structural
basement block in the western part of Slave Province was
christened the "Anton Terrane" (Kusky, 1989). If the Anton
Complex is to represent the "type location" for the "Anton
Terrane," an accurate age determination for the Anton Com-
plex is required. Kusky (1989) suggested that the "Anton
Terrane" and the "Sleepy Dragon Terrane" are fragments
of a once-contiguous pre-Yellowknife Supergroup cratonic
block.

This model is testable, to some degree, by determining
whether the two complexes are of similar age. Previous
geochronologic studies (K-Ar and U-Pb on zircons) suggest
that the Anton Complex is broadly contemporaneous with
the adjacent Yellowknife greenstone belt. We initiated this
study of the geochronology of the Anton Complex to address
these concerns.

SAMPLE DESCRIPTIONS AND
ANALYTICAL PROCEDURES

Two samples of metatonalite were collected from two of the
more mafic and gneissic localities known in the complex (Fig.
I). They are quite similar given the known lithological varia-
bility of the Anton Complex. Both outcrop areas are fairly
heterogeneous, everywhere foliated, locally discontinuously
layered, and consist of dark, pinkish grey, medium-
grained, weakly inequigranular metatonalite. The

Table 1 . U-Pb zircon results.

metatonalite in both areas is cut by a few dykes and veins
of purple-pink leucocratic granite to pegmatite, presumably
related to the lithologically similar Awry Plutonic Suite to
the west (Fig. 1).

The two rocks analyzed are altered to varied degrees, but
originally consisted of quartz-plagioclase-hornblende-biotite
metatonalite with trace amounts of opaque minerals, zircon,
and apatite. Sample MLB-88-12, the more mafic of the two
rocks, contains about 30% mafic minerals; it is also the least
altered, with plagioclase about 10 to 50% saussuritized and
about half of the mafic minerals altered to chlorite. Sample
MLB-88-11, on the other hand, contains only about 15%
mafic minerals, but these have all been altered to chlorite.
The plagioclase is between 50 ana 70% saussuritized. Both
samples have an annealed protomylonitic aspect with a mode-
rate to strongly developed fabric, due primarily to the elon-
gate quartz lenticles but also to the orientation of the mafic
mineral aggregates and plagioclase porphyroclasts. Any ori-
ginal igneous textures have been obliterated during subse-
quent metamorphism and deformation, which was followed
by a static retrograde event expressed by the pseudomorphing
of the mafic minerals by chlorite and the saussuritization of
plagioclase.

Approximately 30 kg of each sample were processed
using standard Wilfley table and heavy liquid techniques. Zir-
con was the only mineral recovered that was datable by U-
Pb analyses. Most of the zircons in both samples were
strongly magnetic. Analytical techniques employed are as
described by Parrish et al. (1987).

RESULTS
Sample MLB-88-11
Polished and etched grain mounts of zircon from this sam-
ple display well developed igneous zoning with no evidence
for metamorphic overgrowths. Coarse zircon grains (>200
u.m length; fractions A, B, and E on Table 1) were pinkish

Fraction,1

Sample MLB-88-11

A +200.N2.a
B +250.N2,a
C -150.N2
D -15O.N2.a
E +150.N2,a
F -15O.N2,a

Sample MLB-88-12

A +250,N1,a,s
B +250,N1.a,s
C +250,N1,a,s
D -200,N1.a
E -10O.M5,a
F +150,N1,a
G +150,M1,a
H +150.M1.a,s

Weight

W

00108
0.0150
0.0101
0.0074
0.0053
0.0063

0.0275
0.0303
0.0361
0.0367
0.0050
0.0113
0.0169
0.0091

U

»«")

191
385
662
491

39.5
303

698
635
751
731
609
747
693
525

Pb!

iprt

105.2
199.1
297.9
238.5

21.9
164.9

357.0
325.7
381.6
379.9
322.8
393.4
374.7
293.6

2793
11290
11250

893
1012
1836

29870
22500
39590
28590

4566
9737

15490
19200

Pbc"
ira)

23
15
16

1T5
7

32

20
26
21
29
20
27
24
8

(%l

9.9
11.5
9.5

11.1
10.3
14.6

4.9
52
4.4
7.7

15.1
7.3
7.9

11.5

najj" tSEM%s

0.49004 (.09)
0.46638 (.08)
0.41391 (.09)
0.43949 (.09)
0.50209 (.21)
0.47714 (.09)

0.485)8 (.08)
0.48500 (.09)
0.48370 (.09)
0.48218 (.08)
0.46501 (.09)
0.49022 (.08)
0.50042 (.08)
0.50225 (.08)

" £ tSEM^

12.0415 (.11)
11.2154 (.10)
9.6894 (.10)

10.5152(14)
12.2929 (.22)
11.6850 (.11)

11.8490 (.09)
11.8804 (.10)
11.8313 (.10)
11.6839 (.10)
11.2026 (.10)
11.9450 (.10)
12.2810 (.10)
12.3563 (.09)

Notes: 'sizes (+150) refer to sieve size of zircons in microns (i.e.. through 200 micron sieve but not the 150 micron sieve);

^ .SEMI,5

0.17882 (.04)
0.17441 (.03)
0.16978 (.03)
0.17353 (.08)
0.17757 (.09)
0.17761 (.04)

0.17713 (.03)
0.17766 (.03)
0.177401.03)
0.17574 (.03)
0.17473(03)
0.17672 (.03)
0.17800 (.03)
0.17843 (.03)

*"PD age. error
" f t [Maf

2636.3(1.1)
2600.4 (0.9)
2555.5(1.0)
2592.0 (2.8)
2630.3 (3.0)
2630.7 (1.5)

26261(0.9)
2631 1 (0.9)
2628 7 (0.9)
2613.1(0.9)
2603.4(1.0)
2622.4 (0.9)
2634.3 (0.9)
2638.3 (0.9)

a=abraded, s=single grain analysis. N1=non-magrietic cut with frantz at 1 degree side slope, M1=magnetic cut with Irantz at 1 degree side slope; 'radiogenic Pb; 'measured
ratio, corrected for spike and fractionation; total common Pb n analysis corrected for fractionation and spike: 'corrected for blank Pb and U, common Pb, errors quoted are one
sigma in percent; "corrected for blank and common Pb, initial common Pb compositions are from Cumming and Richards (1975), errors are two sigma in Ma;
used are those of Steiger and Jager (1977); for analytical details see Parrish et al. {1987).

ecay constants
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to reddish, rust-stained, and intensely fractured. The grains
were mostly subhedral and broken prisms, with length-to-
width ratios between 2 and 4. Although fractures and iron
stains obscured much internal detail, several of these grains
appeared to have rounded cores 50 - 150 \im in length. These
grains were strongly abraded prior to analysis; the fractions
analyzed averaged less than 50 urn in diameter, and inclu-
ded only colourless, fracture-free, non-magnetic grains. A
finer zircon population ( < 200 um in length, averaging near
150 |im; fractions C, D and F on Table 1) consisted of clear,
colourless to faintly pinkish, subhedral prisms with length-
to-width ratios between 4 and 10 (averaging between 6 and
7). These grains showed no cores, few fractures, and few
inclusions.

Six zircon analyses from this sample range from 0.4 to
15.1% discordant (Fig. 2), with the degree of discordance
correlating closely with measured U-contenl (Table 1). The
data form a roughly linear array, and a best-fit regression
line through the data (MSWD= 188) yields upper and lower
concordia intercept ages of 2642 +16/ -14 Ma and 844 Ma,
respectively. One fraction (E) is nearly concordant, and
yields a ^ P b - ^ P b age of 2630 Ma. None of the grains
analyzed contained visible cores, hence we interpret the data
array mainly to reflect post-crystallization Pb-loss from a sin-
gle igneous population. The 2O7Pb-2OflPb age of the most
concordant analysis (2630 Ma) should, therefore, be a mini-
mum age for the sample. Fraction A is 3.0% discordant but
yields a slightly older ^ P b - ^ P b age (2636 Ma). It is
uncertain whether this indicates the presence of an optically
undetected, minor inherited zircon component in this frac-
tion, or whether the scatter in the data is due to complex,
multi-stage Pb-loss from the zircon population. If some or
all of the zircon fractions contain inherited zircon, our age
estimate may be slightly too old. We consider the calculated
upper intercept age and associated error, however, to be a
reasonable and conservative estimate of the crystallization
age for the sample.

Sample MLB-88-12

Zircons in the least magnetic fraction of this sample were
predominantly dark brown, anhedral. prismatic to equanl
fragments. Most grains were coarse ( > 200 urn. some excee-
ding 500u.m) and intensely fractured, with hydrous iron oxide
coatings along the fractures. Several of these grains appea-
red to be aggregates of smaller zoned zircons cemented by
complexly zoned igneous zircon. As in the previous sam-
ple, there is no evidence for metamorphic overgrowths on
the grains. Even after severe abrasion to grain sizes below
100 nm, clear, unfractured zones within the zircons remai-
ned dark brown. Fractions A. B. C, and F of Table 1 repre-
sent this group of zircons. Smaller grains of the same
population (fraction D of Table 1) were subhedral, rounded
prism fragments, only 50% of which showed terminations.
These dark brown zircons were also intensely fractured.
Relatively fracture-free and colourless zircons (fraction E
of Table 1) occurred only in the more magnetic zircon frac-
tions. The colourless zircons were mostly subhedral, roun-
ded prisms with length-to-width ratios exceeding 3, and were
much smaller than the dark brown zircons that make up the
bulk of the zircon concentrate. Fractions G and H of Table
1 were taken from an intermediate magnetic fraction, but
have morphological features similar to fractions A, B. C.
and F.

Eight zircon fractions, four of which were single crystals,
range from 0.7 to 7.6% discordant (Fig. 3). A best-lit regres-
sion line through the data (MSWD = 138) yields upper and
lower concordia intercept ages of 2641 + 5 / -4 Ma and 862
Ma (Fig. 3), respectively. The most concordant fraction (H,
0.7% discordant), yields a -<"Pb-2l)6Pb age of 2638 Ma
(Table 1). As with the previous sample, we consider the data
to reflect post-crystallization Pb-loss in a single igneous zir-
con population. We therefore interpret 2638 Ma to be a mini-
mum age for the sample, and the calculated upper intercept
age to be the best estimate for original crystallization age
of the gneiss.

MLB-BB-11
0.52

0.4B •

Figure 2. Concordia plot of
U-Pb zircon data for sample
MLB-88-11.
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DISCUSSION
The U-Pb data suggest that the age of the two samples is
2.64 Ga. Assuming no inherited zircon was present, sample
MLB-88-11 has a minimum age of 2630 Ma, and sample
MLB-88-12 a minimum age of 2638 Ma. The degree of scat-
ter of individual analyses about best-fit regression lines may
either reflect complex, multi-stage Pb-loss from the zircons,
or the presence of a very minor inherited zircon component,
or both. If inherited zircon cores were present in some or
all of the fractions analyzed, the actual crystallization may
be slightly younger than 2.64 Ga.

Four U-Pb analyses of unabraded, multi-grain zircon
fractions were carried out in 1978 on samples of Anton Com-
plex gneisses (Henderson, 1985; W.D.Loveridge, pers.
comm., 1989). These analyses range from 12 to 22% dis-
cordant, and lie within the general array of data generated
in this .study.

Several units surrounding the Anton Complex have pre-
viously been dated (Henderson et al., 1987), Among these,
the Townsite flows in the central part of the Yellowknife
Supergroup at Yellowknife are significantly older (2684+ 16/
-24 Ma) than the Anton Complex, and suggest that what we
have sampled of the Anton Complex was not basement to
the Yellowknife Supergroup. Based on observed contact rela-
tionships the western granodiorite phase of the Defeat Plu-
tonic Suite (2620 + 8 Ma) and the Awry Plutonic Suite
(2550 - 2630 Ma) are clearly younger than the Anton Com-
plex, although their ages overlap within the uncertainty of
the analyses. The Anton Complex could be an older, more
strongly deformed unit of the Defeat Plutonic Suite.

U-Pb zircon ages for two units of the Sleepy Dragon
Complex (2683 and 2819 Ma; Henderson et al., 1987) are
significantly older than those determined for the Anton

Complex samples. The relatively young age of the Anton
Complex suggests that the term "Anton Terrane" may be
an inappropriate name for basement exposures in the
western part of Slave Province, some of which have yielded
U-Pb zircon ages as old as 3480 Ma (Bowring and Van
Schmus, 1984). and in which the world's oldest rocks, the
3962 Ma Acasta gneisses (Bowring ct al.. 1989) also occur.

The zircon age of the Anton Complex places it in an appa-
rent hiatus in igneous activity in the Slave Province. Well-
dated Yellowknife Supergroup volcanic rocks' in the Slave
Province fall within the age ranges 2698 - 2687 Ma and 2675
- 2663 Ma, whereas plutonic units fall mainly in the age range
2625 - 2580 Ma (Henderson et al., 1987; Mortensen et al..
1988; van Breemcn et al.. 1987. 1990; van Breemen and
Henderson, 1988). With the exception o.'thc G'.g.i: plutonic
suite in Contwoyto Lake map area, dated at 2649 + 2 Ma
(van Brcemen ct al., 1990), rocks with ages between 2625
and 2660 Ma are conspicuously absent. It is possible that
other as yet undated plutonic units of similar age to the Anton
Complex may occur elsewhere in the western part of Slave
Province.
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Late Archean U-Pb zircon age for the Clinton-Colden
gabbro-anorthosite intrusion, eastern Slave Province,

District of Mackenzie, Northwest Territories

R.I. Macfie1, O. van Breemen2, and W.D. Loveridge2

Macfie, R.I., van Breemen, O., and Loveridge, W.D., Late Archean U-Pb zircon age for the Clinton-
Colden gabbro-anorthosite intrusion. Eastern Slave Province, District of Mackenzie Northwest Territo-
ries; in Radiogenic Age and Isotopic Studies: Report 3, Geological Survey of Canada, Paper 89-2,
p. 45-48, 1990.

Abstract

A gabbro anorthosite intrusion in the eastern part of Slave Structural Province has yielded a U-Pb
zircon age of 2686 + 3 Ma. This age provides a minimum for basic-to-intermediate volcanic rocks cut
by thi' intrusion. In addition, the age is within the range of published ages for volcanic rocks in the eas-
tern part of Slave Structural Province, suggesting that this basic intrusion is associated with the volcanism.

Resume

L 'age obtenu par la me'thode U-Pb appliquee au zircon d une intrusion d 'anorthosite a gabbro situe'e
dans la partie est de la province des Esclaves est de 2686 ± 3 Ma. Cet agefournit un age minimum
pour des roches volcaniques de nature basique a neutre traverse'es par I 'intrusion. De plus, il se situe
a I 'inte'rieur de la fourchette des ages publie's pour des roches volcaniques se trouvant dans la partie
est de la province des Esclaves, phe'nomene qui semble indiquer que cette intrusion basique est associe'e
au volcanisme.

INTRODUCTION
The Clinton-Colden gabbro-anorthosite intrusion underlies
an area of approximately 20 km2 at the southeast end of
Clinton-Colden Lake in the eastern part of the Slave i'ro-
vince (Fig. I). The area lies within Artillery Lake map area
(NTS 750) (Henderson et al., 1987), and the intrusion was
discovered during the course of mapping in 1984 (Hender-
son and Macfie, 1985).

The gabbro-anorthosite body intrudes tholeiitic mafic,
calcalkaline intermediate, and minor felsic meta-volcanic
rocks (Wodicka, 1987) of the Yellowknife Supergroup at the
southern end of the greenstone belt at Clinton-Colden Lake
(Fig. 2). The intrusion contains inclusions of mafic to felsic
meta-volcanic rock, and anorthosite plagioclase-phyric dykes
are observed to cut adjacent meta-volcanic rocks. The body
consists of meta-gabbro to meta-anorthosite, the composi-
tion varying in an irregular manner depending upon the

closeness of packing of magmatic plagioclase, the most abun-
dant mineral in the intrusion. Layering such as character-
izes most Archean anorthositic intrusions is absent. Local
geology and the macroscopic appearance of the intrusion have
been described by Macfie (1987).

The intrusion has been partly hydrated during deuteric
or subsequent metamorphism. The magmatic mineral
assemblage consisted predominantly of medium- to coarse-
grained plagioclase (An65 85), coarse oikocrystic clinopyrox-
ene, and an opaque oxide, probably titanomagnetite.
Clinopyroxene has been almost completely replaced by pseu-
domorphic actinolite to tschermakite, the latter occurring as
rims adjacent to plagioclase that supplied A1, not one for
further growth of the fine tschermakite grains. The opaque-
oxide phase was altered to open trellis networks of ilmenite
and rutile. interstices being filled by fine chlorite and
amphibole. Apart from marginal overgrowth of some

1 Department of Geology. University of Ottawa and Oltawa-Carleton Geo.scic.cc Centre. Ottawa. Ontario KIN 6N5
2 Geological Survey of Canada. 601 Booth Street. Ottawa, Ontario K1A 0E8
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plagiocla.se grains by amphibole and fine epidotc adjacent
to epidote-calcite fractures, the plagioclase appears unaltered
and grains retain near-magmatic calcic compositions. The
only other magmalic phase preserved is minor zircon in fine
cuhcdral grains occurring with amphibole pseudomorphs of
clinopyroxene that are interstitial fo magmatie p/agioc/ase
in some rocks. These grains appear to be of primary origin,
for they show no evidence of melamorphic overgrowth.

The intrusion is undefbrmed apart from a sub-rectilinear
set of fine fractures, along which plagioclase is strongly al-
tered to fine epidote. and minor high-strain zones trending
NI5°E. which are approximately parallel to shear zones in
adjacent younger granitoid rocks. These high-strain zones
are related to Proterozoic movement along the Thelon Tec-
tonic Zone, which lies approximately 30 km to the east. Out-
side of such /ones, which rarely exceed I m in width, the
intrusion is unfoliatcd.

Rare Earth Element (REE) evidence suggests that the
gabbro-anorthositc intrusion is petrogenetically related to
rocks of the volcanic pile that it intrudes (Macfie. 1989).
It may be the largest syn-volcanic mafic intrusion known in
the Slave Structural Province.

SAMPLE DESCRIPTION AND
ANALYTICAL RESULTS
The sample was collected near the southeastern margin of
the intrusion (Fig. 2). It is a coarse-grained gabbro with eu-
hcdral to subhedral. well preserved, little-epidotized. calcic
plagioclase grains enclosed in coarse-grained Ca-amphiboie
pseudomorphs of oikocrystic clinopyroxene. Zircon occurs
as microscopic euhedral to anhedral grains in coarse amphi-
bole. In a zircon separate most of the grains showed the
characteristic irregularities of crystals formed in basic mag-
mas at a late stage (Poldervaart. 1956), although there are
also simple dipyramidal shapes. Most grains contain cracks,
are of poor quality, and range from colourless to brown.

Analytical techniques for U-Pb zircon analysis have been
described in Parrish et al. (1987). U-Pb analytical data are
presented in Table 1 and an isotope ratio plot in Figure 3.
Analytical uncertainties are calculated according to the
methods of Roddick (1987). Uncertainties for ages are given
at the two sigma level.

Figure 1 . Location of the Clinton-Colden gabbro-anorthosite
intrusion (X), at Clinton-Colden Lake (C-CL) in the eastern
Slave Province (SP). Artillery Lake map area, enclosed in box,
includes a portion of the Thelon Tectonic Zone (TTZ) at the
margin of the Churchill Province (CP).

Figure 2. Local geology and sample location (X). Mafic and
intermediate volcanic rocks (1) and felsic volcanic rocks (2)
are intruded by the Clinton-Colden gabbro-anorthosite intru-
sion (3) having an age of 2686 ± 3 Ma; both are cut by a
diorite-quartz diorite intrusion (4) and by a voluminous
granodiorite-tonalite intrusive complex (5). Unit 5 is a pluton
of the Tarantula plutonic suite dated elsewhere in the Artillery
Lake and Healey Lake map areas at 2622 +1.4/ -1.2 Ma and
2616 +71 -6 Ma (van Breemen and Henderson, 1988; van
Breemen et al., 1987). C-CL = Clinton-Colden Lake.
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Table 1 . U-Pb zircon data.

Fraction,'
Sue

Weighl Pb'
Ippui)

Pic'
W

«»Pt>
jSEMV' ^ ' * , ; ; "

Clinton Colden anorthosite (HBA-G95A)

a, +149 ,n= 6
b. +105,n=12
c. +105.n=13
d, +149.n= 1

0.030
0.008
0015
0.007

59.87
122.4
373.2
533.1

35.51
78.70
238.4
423.6

3860
3243

26070
14080

15
10
7
8

0 156 0.51441 (.093]
0.269 0.51420 (.091)
0.259 0.51360 I 083)
0.611 0.51360 (.084)

13.0235 (.11)
13 0137 < 11)

13.0051 1095)
12.9975 (.097)

0.96
0.95
0.96
0 96

2685.8(1.31 0 031
26853(1.1) 0035
2684 2 (0.9) 0 028
2685 1 (0 9) 0.028

Notes: 'fraction sizes are in microns; n=number of cyslals; 'radiogenic Pb; 'measured ratio, corrected lor spike and fractionation. 'total common Pb in analysis correcled lor frac-
tionation and spike: ''corrected lor blank Pb and U, common Pb. errors quoted are one sigma in percent; R correlation ol errors in isotope ratios; ''corrected for blank and common
Pb. errors are two sigma in Ma; 'error for corresponding isotope ratio at one sigma.

Uranium concentrations in the four fractions vary great-
ly, from 60 ppm to 530 ppm. In view of this, it is remarka-
ble that all four data points are clustered at about 0.5 %
discordant. The average 2U7Pb~2U6Pb model age is 2685.1
Ma. A regression line drawn through the four data points
and a postulated lower intercept of 500 Ma yields an upper
intercept age of 2686.2 ± 0.7 Ma (York, 1969). A similar
regression using a maximum likely lower intercept age of
1000 Ma yields an upper intercept age of 2688.2 ± 0.9 Ma.
The age of igneous emplacement is assigned at 2686 + 3
Ma.

DISCUSSION
Volcanic activity resulting in the Clinton-Colden greenstone
belt must have begun before 2683 Ma, the minimum U-Pb
date obtained for intrusion of the cross-cutting gabbro-
anorthosite. Thus volcanism in the area had begun at least
8 million years before a rhyolite from the central part of the
belt crystallized at 2671 + 4 Ma (van Breemen and Hen-
derson, 1988). On the basis of accumulated geochronolo-

gical data for the Slave Structural Province, Mortensen et
al. (1988) have suggested that two periods of volcanic ac-
tivity occurred, one from 2698 to 2687 Ma and the other
from 2675 to 2663 Ma, with an apparent concentration of
the older ages in the east. The date obtained for the Clinton-
Colden intrusion (providing a minimum age for the onset
of volcanism in the area) falls near the end of the older vol-
canic episode, whereas the dale obtained for the rhyolite falls
within the younger. The date obtained by van Breemen and
Henderson (1988) from the rhyolite suggested that the
Clinton-Colden belt was anomalously young relative to other
volcanic belts in the eastern part of Slave Province, but our
date for the gabbro-anorthosite demonstrates that volcanism
was occurring in the Clinton-Colden volcanic belt at approx-
imately the same time as in other belts in the eastern part
of Slave Province.
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Abstract

A 1994 +6/ -4 Ma U-Pb zircon age has been obtained from the central part of the Trys megacrystic
granodiorite, Himag plutonic suite. This age falls within the 2.0-1.9 Ca range of ages for plutons within
the Thelon Tectonic Zone.

Resume

Un age de 1994 + 61 -4 Ma a ete obtenu par la methode U-Pb appliquee au zircon de la puttie cen-
trale de la granodiorite a megacristaux de Trys, de la se'rie plutonique de Himag. Cet age se situe dans
la fourchette des ages {2,0 a 1,9 Ga) des plutons se manifestant a I'interieur de la zone tectonique de
Thelon.

INTRODUCTION
This paper reports on the dating of the Trys megacrystic
granodiorite, which forms part of an extensive body of
megacrystic granodiorite and granodiorite orthogneiss, in-
formally referred to here as the "Himag plutonic suite."
These granitoids form the principal rock types of a
batholithic-scale intrusion that underlies an anomalously high
aeromagnetic pattern dominating the eastern half of the El-
lice River map area. The same aeromagnetic high is hosted
by a variety of rock types outside the Ellice River map area
and it may be traced within the Thelon Tectonic Zone (TTZ;
Fig. 1; Thompson and Henderson, 1983). South of the Mac-
Donald Fault, Bostock et al. (1987) have termed this zone
the Taltson Magmatic Zone in order to emphasize the oc-
currence of large relatively undeformed plutons, in contrast
to the much greater degree of deformation and abundance
of gneiss in the TTZ to the north.

GEOLOGICAL SETTING
The Ellice River map area (Frith, 1982), at the southeastern
end of the the Bathurst Fault System (Fig. 1, 2), straddles
the boundary between the eastern Slave Structural Province
and the Thelon Tectonic Zone, a Proterozoic feature separat-
ing the Archean Slave Province from the Archaean Queen
Maud Block to the east. The western boundary of the

TTZ, or Thelon Front, has been left-laterally faulted along
the Bathurst Fault System (BFS; Fig. 2). In the Ellice River
area, rocks in the northwest half of the system show brittle
failure with displacement along one or two major fault planes.
Along the southeast part of the fault system the major fault
planes splay into multiple branches, and movement takes
place, with decreasing throw, along increasingly wide, duc-
tile shear zones.

The eastern part of the Slave Structural Province south
of the Bathurst Fault System comprises of supracrustal rocks
of the Yellowknife Supergroup made up of metasedimen-
tary turbidites of granodioritic composition (Frith, 1987) and
mafic to intermediate volcanic flows and pyroclastic rocks
(Frith and Roscoe, 1980) intruded by late Archean (ca. 2.6
Ga) granodiorites and tonalites (Hill and Frith, 1982; Frith
and Fryer, 1985). In the southern part of the Ellice River
map area, beyond the migmatite line, round pluton shapes
typical of the eastern Slave Structural Province, become elon-
gated (Frith, 1982; Henderson et al., 1987). The rocks west
of the Thelon Front, but north of the Bathurst Fault System
(i.e., in the Tinney Hills-Overby Lake area; Thompson et
al., 1986;1985) are similar to those of the Slave Structural
Province near the southern margin of the Ellice River map
area. However, they have been folded or uplifted into elon-
gated crests and troughs that parallel the regional NNE-SSE
trends of the Thelon Tectonic Zone.

1 Geological Survey of Canada, 601 Booth Street. Ottawa, Ontario K1A 0E8
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The Thelon Front lies near the peak of a gradual east-
ward prograding sequence of regional Late Archean
metamorphism at the eastern margin of the Slave Structural
Province (Fig. 1; Frith. 1982; Frith and Loveridge, 1982).
Both Proterozoic retrograde metamophism and north-south
deformation, as shear zones, extend into the Slave Structur-
al Province. Archean cordierite porphyroblasts near the The-
lon Front have been completely retrograded and locally
sheared out parallel to the Thclon Front.

Thelon Tectonic Zone

The Thelon Tectonic Zone in the Ellice River (Frith, 1982)
and Tinney Hills-Ovcrby Lake (Thompson et al., 1985) map
areas has been divided into two subzones (A and B on Fig.
2) as in Thompson et al. (1985; Fig. I).

Subzone A:

The rocks east of the Thelon Front are highly deformed and
stretched in a northerly orientation along sub-vertical planes,
which may be referred to as a "straight zone." Amphibolite

6 9 1 0 0'

6 0 "

CHURCHILL
PROVINCE

A It aTT -J~k Tii a n

Figure 1 . Thelon Tectonic Zone (Thompson and Hender-
son, 1983), and Taltson Magmatic Zone (Bostock et al., 1987)
showing the location of the Tinney Hills-Overby Lake (west
half) (1) and Ellice River (2) map areas. BFS = Bathurst Fault
System; MFS = MacDonald Fault System.

derived from basic volcanic rocks and diabase dykes is abun-
dant, particularly adjacent to the Thelon Front. Elsewhere
in the subzonc, rusty-coloured paragneiss and migmatite are
most prevalent, commonly with remnant textures that sug-
gest a derivation from Slave-like supraerustal rocks. U-Pb
zircon analyses from a granodiorite migmatite complex in
the northern part of subzone A provide an approximate age
of 2.6 Ga. (van Brcemen et al., 1987). As this age is close
to the peak of maginatic activity within the Slave Structural
Province, zone A may represent a deeper level of the same
Archaean craton (van Breemen and Henderson, 1988).

Subzone B:

There are (wo principal rock groups in the subzone; various
igneous intrusions (Fig. 2) and host rocks. The host rocks
are similar to those of subzone A but have a higher propor-
tion of migmatite, whereas paragnciss is locally of higher
metamorphic grade (granulite facics). There is also a sig-
nificant increase in the presence of K-feldspar augen in both
the leueosome and within the paleosome of the host rocks.
Some narrow mafic to intermediate volcanic belts are present
on both sides of the subzone. Generally, the metamorphism
is higher than subzone A, commonly at granulite facies. The
margins of the Himag plutonic suite are locally gradational
with augen textured paragneiss and migmatite. Rocks of the
Himag plutonic suite are described in more detail below. In
the eastern part of the zone garnet leucogranites or tonaiites
intruded granulite-facies (orthopyroxene-bearing) paragneiss
and migmatite. The.se and various other igneous intrusive
rocks, one of which is a megacrystie K-feldspar granodiorite
of the Himag plutonic suite, have yielded Early Proterozoic
ages (Fig. 2).

Himag intrusive suite

The suite is 25-30 km wide in the Ellice River map area and
tapers toward the north-adjacent Tinney Hills-Overby Lake
map areas (Fig. 2). The single mappable unit in the Ellice
River area is named the Trys megacrystic granodiorite. Small
related intrusions, which may connect at depth, extend along
strike to the north. The suite consists of massive to heter-
ogenous granodiorite, diorite, and granite, commonly with
biotitc, plagioclase, quartz, and characterized by K-feldspar
megacrysts. It is the ubiquitous presence of these K-feldspar
megacrysts that unifies this heterogeneous suite of rocks. The
megacrysts are variable in size, shape, and abundance. They
most commonly have a rounded, anhedral shape, are white
to buff coloured, and are 2-4 cm across. In some thin-
sections, perthitic and rapakivi textures may be observed.
Where ductile conditions prevailed, quartz occurs as elon-
gate lenticles, and the megacrysts occur as augen in a matrix
of biotite schist or gneiss. Secondary deformed simple
alaskite pegmatites are also present (Fig. 3). Locally these
deformed pegmatites give the rocks a migmatitic appearance.
The degree of augen development is highly variable, but the
granites are most attenuated near major shear zones that cut
the intrusion in a northerly direction parallel to the Thelon
Front or parallel to the ductile deformation that forms part
of the Bathurst Fault Zone.

50



SUMMARY OF APES

B}otite o ranodlor i te
2.6 Qa. (1)

Megacrystic k-feldspar
granodiorlie
1960-1940 Ma. (1)

Clinopyroxene
granodlor l te
1978 t 2 Ma. (2)

"Charnock i te "

ca. 1.98 Ga (3)

Mylonit ic gneiss

2 0 0 0 - 1SSO Ma. (1)

Agmat i t lc g ranod lor i te

2 0 2 0 - 1 910 Ma. (1)

Garnet gran i te

19081 2 Ma. (1)
Tinney Hills-
Overby Lake

Tryi megacrystic
granodlorit*

f
0 5

Figure 2. Geological sketch map showing the important tectonic elements, metamorphic isograds, and
geochronology along the central sub-zone of the Theion Tectonic Zone and the distribution of the nor-
thern part of the Himag intrusive suite. Ages are from the following sources: 1) van Breemen et al. (1987);
2) conventional U-Pb single crystal analyses (O. van Breemen); and 3) U-Pb ion probe analyses (J.C.
Roddick). Geology is after Thompson et al. (1986) for the Tinney Hills-Overby Lake (west half) map area
and Frith (1982) for the Ellice River map area.
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Table 1 . U-Pb zircon data.

Fraction.'
Size imgi

U
ippmi

PDc"
IPS) "V SEMV

1 Trys megacrystic granite

a. + 149.NM1.n = 1 0 003 190 4 72.80 976 12
b.+149.NM1.n = 1 0.006 349 1 133.7 3190 15
c. +149,NM1,n = 1 0.019 418.6 160.5 8563 21
d.+149.NM1.n = 1 0006 1968 77.21 2027 13

0.113
0.118
0.118
0.152

0 35985 ( .22)
0 35866 (.099)
0.35949 (.084)
0.35795 ( .13)

6.0838 I .25)
6.0559 I .11)
6.0672 (.096)
6.0166 ( 14]

0.93
0.93
I i6
0 94

1994 7(3.3)
1992 4 (14)
1991.6 110)
1984.3 (1.7)

0093
0.040
0.029
0.047

Notes: 'fraction sizes are in microns); NM1=non-magnetic cut with Irantz at 1 degre" side slope. n=number of cystals: 'radiogenic Pb: 'measured ratio, correued (or spike and
fractionation: Jtotal common Pb in analysis corrected for fractionafjon and spike; Corrected for blank Pb and U. common Pb, errors quoted are one sigma in percent; R correlation
of errors in isotope ratios; "corrected for blank and common Pb. errors are two sigma in Ma: 'error tor corresponding isotope ratio at one sigma.

Paragneiss enclaves of rusty quartzofeldspathic-biotite
gneiss, with or without hornblende, garnet, aluminosilicate,
and aplite segregation veins, occur within the suite, particu-
larly at the margins. Like the megaerystic orthogneiss, the
inclusions are commonly sheared and mylonitized where
close to the principal northerly trending shear zones.

SAMPLE DESCRIPTIONS AND
ANALYTICAL RESULTS
The sample of Trys megacrystic granodiorite collected for
zircon extraction was typical of ilie coarser variety of the
Himag plutonic suite. The rocks contain the characteristic
K-feldspar megacrysts, which make up from 30 to 60% of
the rock in a matrix of biotite, grey quartz, and white to light
buff plagioclase or K-feldspar. The megacrysts are 2-6 cm
long and were both rounded and euhedral. The degree of
augen development can be related to the degree of strain.
In thin section, augens are sheared and show aggregate tex-
tures owing to grain diminution and polygonization, a fea-
ture most prevalent around the margins of larger grains (Fig
3). The mafic minerals commonly form schlieren-like wisps
of biotite and retrograded hornblende, which looks drawn
out b> strain. Quartz is concentrated along leucocratic layers,
with granulated plagioclase (andesine?) and K-feldspar.
Magnetite is the most prominent accessory mineral and is
present along with apatite, sphene, and zircon.

Figure 3. Augen granodiorite orthogneiss from the central
part of the Trys megacrystic granodiorite, showing the varia-
tion of megacryst/augens, the attenuation, and grain reduc-
tion along shear surfaces owing to regional strain related to
the Bathurst Fault System.

Zircons range from subhedral prismatic (length to breadth
ratios up to 4:1) to ovoid and irregular forms. Cracks are
common. There is little evidence of cores. Four single
crystals of the coarse prismatic variety (ca. 160 microns long
by 80 microns wide) were selected and strongly abraded.
Analytical techniques have been described by Parrish et al.
(1987V Isotopic data are presented in Table I and displayed
in isotope ratio plot Fig. 3. Treatment of analytical errors
has been described by Roddick (1987). Errors for ages are
quoted at the 2 sigma level.

U concentrations range between 190 ppm and 420 ppm.
Data points a,b, and c are clustered, ca. 0.7 % discordant
and with a range of -u7Pb-2OflPb model ages from 1991.6
Ma to 1994.7 Ma. The fourth slightly discordant point (d)
corresponds to a 2(17Pb-:i)6Pb age of 1984.3 Ma. Given the
absence of cores, the fact that all of the analyses were from
.single crystals and the agreement within analytical errors of
analyses a,b, and c, their average age is related to the time
of granite crystallization. The younger age for analysis d is
attributed to renewed zircon growth during the protracted
metamorphic and tectonic history of the region (van Bree-
men et al., 1987). Such an interpretation is consistent with
both the texture of the rock and the morphology of the
zircons.

A minimum age for magmatic crystallization of 1990 Ma
is based on the the ^ " P b - ^ P b ages and uncertainties for
points a, b, and c. A maximum magmatic crystallization age
of 2000 Ma is obtained by calculating a regression line from
points a.b, and c and a maximum likely lower intercept at
1000 Ma. A more probable lower intercept is taken to be
400 Ma, which with the same three data points yields a
crystallization age with estimated uncertainties of 1994
+6/ -4 Ma.

DISCUSSION
Collision along the Thelon Tectonic Zone in the range 1.97
to 1.92 Ga has been inferred from tuff beds in the Bear Creek
foredeep straddling the Bathurst Fault to the Northwest (Grot-
zinger et al., 1989; S.A. Bowring in Hoffman, 1989). In
the Moraine Lake area south of the Bathurst fault, emplace-
ment of a clinopyroxene granite sheet during shearing was
dated at 1957 +9/ -5 Ma. Farther south, in the Daisy Lakes
area of the Great Slave Shear zone, vertically and horizon-
tally lineated granites dated at 1976 + 5 Ma and 1978 ± 5
Ma indicate convergent movement at 1977 Ma (van Breemen
et al., 1990). More recent U-Pb dating of the clinopyroxene
granodiorite and charnockite first dated by van Breemen et
al. (1987) have yielded primary magmatic ages of 1978 ± 2
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Figure 4. Isotope ratio plot. Let-
ters identifying data points corres-
pond to Table 1.

5.95 6.05

Ma and ca. 1.98 Ga respectively (Fig.2). Jn both instances
regularly zoned magmatic zircon was overgrown by irregu-
larly zoned zircon, which can be attributed to subsequent
syntectonic melting during dynamic conditions.

Given those data, it is likely that the Himag Plutonic suite,
which is dated reliably at 1994 +61 -4 Ma was emplaced
prior to the major tectonism along the Thelon Tectonic Zone.
Similar megacrystic granites have been dated in the Artil-
lery Lake map area (Critchell granite) and the Moraine Lake
transect, both in the TTZ between the Bathurst and MacDo-
nald faults (van Breemen and Henderson, 1988; James et al.,
1988). Neither of these igneous intrusions was dated with
confidence because of the intense subsequent high-
temperature deformation involving renewed zircon growth.
However, in both instances, the maximum ages obtained with
single, strongly abraded crystals were ca. 1.98 Ga. The
increasing grouping of ages at this time suggests that these
maximum ages reflect not inheritance but emplacement along
the TTZ of the Himag plutonic suite as well as plutons of
more intermediate composition in the 2.00 -1.96 Ga inter-
val, and that only rocks of more aluminous composition, such
as the 1908 ± 2 Ma syntectonic garnet granite of the Overby
Lake area (van Breemen et al., 1987), are significantly youn-
ger. Further work is clearly required to substantiate this
hypothesis.
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Abstract

Within the Great Slave Shear zone, mylonites of the Schist Lakes Belt are cut by granite that has
yielded a U-Pb zircon age of 2562 ± 20 Ma, demonstrating the existence of Archean mylonites in the
shear zone. To the southeast of this belt, a 1976 ± 5 Ma granite age provides a maximum for dip-lineated
protomvlonite, while a 1978 + 5 Ma granite age provides a maximum for strike-lineated mylonite and
a minimum for dip-lineated mylonite. The ages indicate that at least some of the vertical, or convergent,
movement occurred during the 1981-1973 Ma interval.

Resume

A I inte'rieur de la zone de cisaillement de Great Slave, des mylonites de la zone de Schist Lakes sont
traversees par des granites qui ont donne' au moyen de la methode U-Pb applique'e au zircon un age
de 2562 + 20 Ma, prouvant ainsi /'existence de mylonites archeennes dans la zone de cisaillement. Au
sud-est de cette zone, un granite age de 1976 ± 5 Mafournit un age maximum pour une protomylonite
a lineation suivant le pendage, alors qu 'un granite age de 1978 ± 5 Mafournit un age maximum pour
une mylonite a line'ation suivant la direction et un age minimum pour une mylonite a line'ation suivant
le pendage. Les ages indiquent qu 'au moins un certain nombre de mouvements verticaux ->M convergents
se sont produits au cours de I'intervalle de 1981 a 1973 Ma.

INTRODUCTION
Great Slave Lake shear zone (Hanmer, 1988a), a
predominantly Early Proterozoic dextral transcurrem struc-
ture of crustal proportions, lies along the southeast margin
of Slave Craton. It extends northeastwards from the 25 km
wide Laloche segment (Hanmer and Lucas, 1985; Hanmer
and Connelly, 1986), into the Schist Lakes-Daisy Lakes area,
where it is 13 km wide (Hanmer and Needham, 1988; Fig.
1). The mylonites of the Schist-Daisy segment form three
distinct northeast-trending belts, which decrease in meta-
morphic grade from southeast to northwest; these are termed
the Daisy Lakes, Schist Lakes, and Hornby Channel belts.

The Hornby Channel belt is a 0.5-1.5 km wide belt of
strike-lineated, dextrally sheared, chlorifc-bearing mylonites
and ultramylonites. The upper amphibolite, strike-lineated
protomylonites of the Schist Lakes belt are older than the
granulite - amphibolite facies, dip-lineated mylonites of the

Daisy Lakes belt. The Schist Lakes belt is intruded by the
'Sandwich' granite, which in turn is tectonically incorporated
into the Daisy Lakes belt. The trend of the upper amphibo-
lite and granulite-facies mylonites changes from 060° in the
southwest to 030° in the northeast. To the northeast the
greenschist facies mylonites trend 060°, thereby cutting
across the older tectonites. Since the Hornby Channel
ultramylonite belt truncates the other mylonites and granites
of the Schist-Daisy segment, it is the youngest mylonite belt.

GEOLOGY
Schist Lakes Belt

A 7 km wide belt of strike-lineated, dextrally sheared, fine-
ly homoclastic (Hanmer, 1988b) ribbon protomylonites
borders the southeastern flank of, and is reworked by, the
Hornby Channel belt (Fig. 1, 2). Inclusions and large map

' Geological Survey of Canada. 601 Booth Street. Ottawa. Ontario K1A 0E8
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pable screens of paragneiss, including layered graphitic
sillimanite-garnet meta-pelite (metatexite and diatexite). oc-
cur throughout the belt (Hanmer and Needham, 1988),
Whereas only minor quantities of quartz-rich metasediments
occur in the Laloche segment (Hanmer and Lucas, 1985:
Hanmer and Connelly. 1986), subfeldspathic meta-areniles
are a significant component of the paragneisses of the Schist-
Daisy segment. Mylonitization took place at upper amphibo-
lite facies conditions in the southwestern part of the belt. To
the northeast, the belt narrows progressively. There is also
a textural transition within the granitic tectonites from fine-
ly homoclastic protomylonite to finely homoclastic mylonite.
Furthermore, the metapelites are reduced to garnet-biotite
schists, locally with fine feldspar porphyroclasts. A similar
transition occurs across strike towards the northwest within
the sector bounded by the North-South fault (Fig. 2) and
Schist Lakes where the upper amphibolite assemblages are
visibly re-worked by the Hornby Channel belt.

Daisy Lakes Belt

A 5 km wide belt of mixed dip-lineated tectonites forms a
corridor through Daisy Lakes and Dion Lake (Fig. 2). The
belt comprises two sub-belts. The 2 km wide northwestern
sub-belt occupies the ground to the northwest of and within
Daisy Lakes. It is composed mainly of finely homoclastic
ribbon mylonites, demonstrably formed under upper am-
phibolite facies conditions from a coarse-grained biotite
megacrystic granite, and associated inclusions of mylonitic
clinopyroxene meta-tonalile and migmatized metasediment.
The 3 km wide southeastern sub-belt occupies the ground
between Daisy Lakes and part of Dion Lake. It is an inti-
mate mixture of homoclastic garnet-orthopyroxene ribbon
mylonite derived from garnet-orthopyroxene-biotite
megacrystic granite, sillimanite-garnet-biotite-K feldspar
quartz graphitic metapelite. marble, calc silicate, and coarsely
foliated to platy clinopyroxene meta-tonalite. Clearly the

10

20
km

Figure 1 . Distribution of mylonite belts nos. 1,2,3, Laloche River ultramylonite belt (LRUB), Hornby Chan-
nel ultramylonite belt (HCUB), Schist Lakes (S), and Daisy Lakes (D) within Great Slave Lake shear zone.
McDonald-Wilson (McD) and McKee (McK) faults are shown. Abbreviated locations are Great Slave Lake
(GSL), and McDonald Lake (M). Segments of Great Slave Lake shear zone are Laloche (southwest of
Laroche lakes), Schist-Daisy (northeast of McKee fault), and Snowdrift segment.
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Çiï^ proîomyloniîe (sillim-kf)

| | § | mylonite (sillim-kf)
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bioî-hbl granite (isotropic/foliated)

Figure 2. Detail of the geology of the northeast Schist Lakes belt, the isotropic to foliated hornblende-
biotite granitoid 'Sandwich' granite, and the Daisy Lakes belt. Bar shading indicates map units of mixed
lithologies. Note that the fingering out of the pargneiss is schematically illustrated. The meridional fault
to the west is referred to as the North-South fault. S is 'Sandwich' granite. Abbreviations are Dion (D)
and Daisy (U,M,L) Lakes. Black stars are sample 1 (HVA-CAM.1) in the southwest and sample 2 (HVA-
CAM.2) in the northeast. White stars are sample 3 (HVA-VERT) at Middle Daisy Lake and sample 4 (HVA-
HOR) at Upper Daisy Lake.
CPX = clinopyroxene.
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Table 1. U-Pb zircon data.

Fraction.1

1. Sandwich' granite

a, - 105+74
b, - 1 0 5 + 7 4
c. - 1 0 5 + 7 4

2. 'Sandwich' granite,

a, +149 n=1
b, -149+105 n=3
c. -149+105 n=3
d, - 1 4 9 + 1 0 5 n = 1
e. tips n=1

Weight

I"H))

marginal

0.003
0.006
O.008

main

0.052
0.024
0.019
0.018
0.002

3. Granite, vertical lineation

a. - 7 4 + 6 2 . NMO
b, - 7 4 + 6 2 . NMO
c, - 6 2 , NMO
d. - 6 2 . NMO

0.012
0.019
0.015
0.011

4. Granite, horizontal lineation

a. 100. NM2
b. 75, NM2

0.024
0.015

U

wm

137.2
151.2
141.9

696.2
328.4
4600
334.4

1436

133.0
159.4
124.4
157.1

188.5
214.B

Pb'
|ppm|

113.3
85.18
72.41

301.5
153.4
212.0
163.1
645.3

51.65
61.12
49.15
60.93

73.62
84.73

*"h

256
223

1264

1440
1665
1968
9467
1196

940
1455
2124
2147

4478
675

iy
iw>

54
131
26

658
130
121
18
60

38
47
18
19

110
23

a»pb

0.217
0.255
0.154

0.057
0.100
0.062
0.083
0.026

0.142
0.137
0.149
0.170

0.157
0.146

0.48014 (.67)
0.45979 (.33)
0.45045 (.13)

0.41339 (.087)
0.42906 (.085)
0.43637 (.096)
0.45401 (.085)
0.43830 (.089)

0.35739 (.094)
0.35442 (.093)
0.35545 (.096)
0.35484 (.089)

0.35826 (.11)
0.35868 (.13)

20 int.

11.241 (.72)
10.601 (.51)
10.080 ( 13|

9.198 ( 12)
9.805 (.11)
9.941 (.12)

10.387 (10 |
10.074 (.12)

5.9727 ( 14)
5.9076 (.12)
5.9474(11)
5.9232 (.11)

6.0021 (.12)
6.0044 (.12)

R

0 95
0 75
0.90

0.85
0.88
0.91
0.96
0.86

0.81
0.86
0.94
0.94

0.96
0.77

"'Pb age. enor*
* * » (Mar SEMDt

2555 7 (7.5) 0 23
2530.0 (11) 0.34
2479,7 (2 0) 0.059

2470 2(2.2) 0.065
2515 0(1.9) 0.055
2509.8(17) 0.049
2517.0 (1 0) 0.029
2524.8 (2.1) 0064

1974.1 (30) 0.084
1969.4 (2.3) 0.064
1976.2(1.31 0037
1972.0(1.3) 0.037

1978.5 (1.2) 0.032
1977.0 (4.6) 0.129

Notes: 'fraction sizes are in micrometers; NM1=non-magnetic cut with frantz at 1 degree side slope, n=number ot crystals; 'radiogenic Pb; 'measured ratio, corrected for spike
and fractionation; total common Pb in analysis corrected for fractionation and spike; 'corrected lor blank Pb and U. common Pb. errors quoted are one sigma in percent; R corre-
lation of errors in isotope ratios; 'corrected for blank and common Pb. errors are two sigma in Ma; 'error (or corresponding isotope ratio at one sigma.

southeastern shear-belt contains granulite-facies protoliths
and mylonites. Hanmer and Needham (1988) suggested that
the mylonites of the Daisy Lakes belt were formed during
southeast-side-up movement associated with a strong com-
ponent of shortening across the steeply dipping shear plane.
However, dextral 'C and S' fabrics, asymmetrical extensional
crenulation cleavage, rotated winged porphyroclasts, and ob-
liquely intruded boudined (climbing) pegmatites indicative
of local dextral transcurrent shear are also observed in the
horizontal plane. In view of the rectilinear nature of the dip-
parallel extension lineation, Hanmer and Needham (1988)
suggested that the transcurrent component is relatively weak
and relatively late compared to the dip-slip movement. The
transcurrent component is particularly well developed in a
50 m wide strike-lineated, dextrally sheared mylonite, which
forms much of the northwestern shore of Upper Daisy Lake
(Fig. 2). At its northeastern end, this mylonite grades into
a very poorly foliated megacrystic biotite granite. Although
contact relations with the surrounding dip-lineated myloni-
ties are nowhere exposed, we suggest that the granite pro-
tolith to the strike-lineated mylonites was intruded into
already developed dip-lineated mylonites.

'Sandwich' granite

The strike-lineated protomylonites of the Schist Lakes belt
are separated from the dip-lineated mylonites of the Daisy
Lakes belt by a 2-3 km wide belt of equigranular, medium-
grained, mildly foliated to isotropic biotite granite (Fig. 2),
whose informal name derives from its location between the
two mylonites belts. The 'Sandwich' granite is intrusive with
respect to the Schist Lakes belt protomylonites, large
recry stall ized (annealed) xenoliths and rafts of which are in-

cluded within the granite close to the contact. Smaller
xenoliths of the same are scattered throughout the granite
and are often 'assimilated" to the extent that only the biotite
mafic bands of the misoriented and folded granitic xenoliths
permit their distinction from the enclosing homogeneous
granite. The Schist Lakes belt protomylonites are intruded,
disrupted (broken apart, misoriented, and folded) and
recrystallized (annealed within a corridor 500 m wide adja-
cent to the 'Sandwich' granite. On its .southeastern side, the
'Sandwich' granite is heterogeneously sheared, with the lo-
cal development of narrow (x 100 m) mylonite zones. These
mylonites are dip lineated and pass imperceptibly into the
upper amphibolite facies mylonites of the northwestern sub-
belt of the Daisy Lakes belt. Clearly the 'Sandwich' granite
separates the flanking mylonite belts in time as well as in
space.

While the foregoing is applicable to 90% of the strike
length of the 'Sandwich' granite, time relations at its north-
eastern end at the latitude of Upper Daisy Lake are some-
what more complex. Garnet-biotite mylonites at the
northeastern end of the Schist Lakes belt clearly cross-cut
the contacts between the Schist Lakes belt upper amphibo-
lite facies protomylonites and the 'Sandwich' granite. Fur-
thermore, the northeastern end of the 'Sandwich' granite is
a biotite-bearing finely homoclastic protomylonite, demon-
strably developed at the expense of the granite. Mylonitiza-
tion that post-dated the 'Sandwich' granite (and probably
post-Daisy Lakes belt) was concentrated on the northwestern
side of the Schist-Daisy segment, even before the formation
of chlorite-bearing mylonites in Hornby Channel belt. The
garnet-biotite mylonites appear to represent local preserva-
tion of an upper greenschist precursor to the Hornby Chan-
nel belt.
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SAMPLES

Samples were taken in order to address the following
questions:

'Sandwich* granite: Two samples of the 'Sandwich' granite-
have been analyzed in order to determine the minimum age
of the strike-lineatcd mylonitcs of the Schist Lakes belt. Sam-
ple 1 was taken from a metre-wide isotropic vein cutting an-
nealed wallrock mylonites within the granite body. Sample
2 was taken from the interior of the granite.

Vertically lineated granite: A strongly foliated dip-lincatcd
protomylonite derived from a megacrystic biotite granite that
visibly grades into dip-lincated mylonites. This specimen was
analyzed in order to determine the maximum age of the dip-
lineated mylonites of the Daisy Lakes belt.

Horizontally lineated granite: Poorly foliated megacrystic
biotite granite protolith to the narrow band of strike-lincated
mylonite along the northwest shore of Upper Daisy Lake.
This sample was analyzed to determine the maximum age
of the minor transcurrenl component within the Daisy Lakes
belt, as well as the minimum age of the dip-lineated
mylonites.

GEOCHRONOLOGY
Analytical techniques for U-Pb zircon analysis have been
described in Parrish et al. (1987). U-Pb analytical data are
presented in Table 1 and isotope ratio plots on Figures 3
and 4. Analytical uncertainties are calculated according to
the methods of Roddick (1987). Uncertainties for isotope ra-
tios are given at the I sigma and for ages at the 2 sigma level.

Sandwich granite (samples 1 and 2)

Zircons are subhedral. with L:B ratios of 2:1 to 5:1, and
range from clear to translucent with many cracks. Termina-
tions are generally rounded. In sample 1. both the (100) and
the (101) /aces are well developed. In sample 2. internal zon-
ing contains some discordances and irregularities. Some zir-
cons have apparent cores with less well zoned outer mantles.

U concentrations from sample I are close lo 145 ppm.
Data point la is concordant with a :"7Pb-2l"'Pb model age
of 2556 + 8 Ma: points 1b and Ic are ca. \5'% discordant.
A Davis (1982) regression line yields upper and lower in-
tercept ages of ca. 2580 Ma and 1560 Ma. but with a proba-
bility of fit of only 3%.

U concentrations of sample 2 are high, ranging from
330-700 ppm with a single tip showing a U concentration
of 1440 ppm. Data points are more discordant than for sam-
ple 1. Although showing considerable scatter, four out of
the five points, including the single zircon crystal tip, le.
are generally aligned. These four points are also aligned with
the points for sample /. and all seven yield a York (1969)
regression line with upper and lower intercept ages ol 2562
+ 20 Ma and ca. 890 Ma. Although the mean square of
weighted deviates of 167 indicates excessive scatter, this age
is accepted for the time of granite emplacement as it agrees
with the :il7Pb-:<"'Pb model age of the concordant data point.

Vertically lineated granite (sample 3)

Zircons from this granite arc subhedral, with rounded ter-
minations and with L:B ratios of 2:1 to 5:1. Cracks are com-
mon and there are fluid inclusions as well as cores. U
concentrations range from 120 to 160 ppm.

0.4B

Figure 3. Isotope ratio plot for
zircons from the 'Sandwich'
granite (samples 1 and 2). Num-
bers and letters identifying data
points correspond to those of Ta-
ble 1. 0.44
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0.360

Figure 4. Isotope ratio plot for
zircons from granites showing
vertical (sample 3) and horizontal
(sample 4) lineation.
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While data point 3a is concordant, the other three points
are ca. 1 % discordant. Point 3c plots to the right of the gene-
ral alignment of the other three points and may reflect
memory in the zircon. A York (1969) regression line through
the other three data points yields upper and lower intercept
ages of 1976 +41/ -5 Ma ana 770 Ma with a MSWD of 2.6.
In view of the fact that data point 3a is concordant, the upper
uncertainty limit is estimated by a regression line through
this point and a maximum likely lower intercept age of 1000
Ma. This line corresponds to an upper intercept age of 1976.6
±4.6 Ma. The age and uncertainty of granite emplacement
are therefore assigned at 1976 ± 5 Ma.

Horizontally lineated granite (sample 4)

Zircons range in shape from ovoid to prisuiatic with roun-
ded terminations. L:B ranges from 1:1 to 4:1. The grains
range from clear to translucent. Apparent cores are common,
as are cracks.

U concentrations are close to 200 ppm. Only two frac-
tions have been analyzed, both of which yield concordant
or essentially concordant results. The age of crystallization
is inferred to be the average 207Pb-206Pb age of 1978 ±
5 Ma.

DISCUSSION

The 2562 ± 20 Ma age for the Sandwich granite indicates
that the northwestern zone of the northeast-trending dextral
Great Slave shear in the Schist Lakes-Daisy Lakes area is
of Archean age. The relation of this shear zone (for which
the above is a minimum age) to Archean events in the Slave
Structural Province to the north is not known. The granite
age is not significantly different, however, from the second

of two plutonic events in the Slave Province in the 2620 Ma
to 2580 Ma interval (van Breemen and Henderson, 1988;
van Breemen et al., 1990).

The vertically and horizontally lineated granites dated at
1976 ± 5 Ma and 1978 ± 5 Ma respectively are not signifi-
cantly different in age. The latter age provides a maximum
for transcurrent movement. As the horizontally lineated gra-
nite postdates the dip-lineated mylonites, at least some of the
vertical movement has to have occurred within the interval
1981-1973 Ma. These granite ages are within the range of
plutonism in the contiguous Taltson Magmatic Zone to the
south and the Thelon Tectonic Zone to the the north (Bos-
tock et al., 1987; Frith and van Breemen, 1990). In the
Moraine Lake transect of the Thelon Tectonic zone, granite
intrusion directly associated with shear movement of uns-
pecified direction has been documented at 1957 +9/ -7 Ma
(James et al., 1988).
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Abstract

The Campbell granite is a large, lithologically homogeneous, heterogeneously deformed plutonic body
within the Thelon Tectonic Zone. Zircon, which contains varied, finely zoned, internal cores with over-
growths that are not zoned, is present in both K-feldspar megacrysts and the matrix of both the moderate-
ly deformed and mylonitic granite samples that were analyzed. Separate U-Pb analyses of abraded zircon
cores and tips from the mylonitic sample provide the end members of a four-point chord, which defines
concordia intercept ages of 2545 +141-13 and 1929 ± 14 Ma. The presence of zircon with overgrowths
within the megacrystals suggests that the 1929 + 14 Ma overgrowths represent a Proterozoic magmatic
stage in the history of the granite, whereas the cores are xenocrysts with a complicated igneous history
derived from Archean sources. U-Pb measurements on zircon from the moderately deformed sample con-
firm that the 1929 ± 14 Ma intercept defines the age of intrusion of the pluton. A 2"7PbPmPb age of
about 3300 Ma on a metamict zircon core from the moderately deformed granite sample indicates the
existence of an extremely old component in the Campbell granite. Two analyses on monazite provide
inconclusive age results that are compatible with a 1903 to 1929 Ma age range.

Resume

Le granite de Campbell est un grand massif plutonique, a lithologie homogene et it deformation he't-
e'rogene, qui se trouve a I'interieur de la zone tectonique de Thelon. On trouve du zircon qui renferme
des noyaux internes finement zones accompagnes d'accroissements secondaires non zone's, dans des
megacristaux defeldspath potassique el dans la gangue des e'chantillons de granite moderemenl deforme
et de granite mylonitique que I 'on a analyses. Des analyses se'parees par la methode U-Pb des noyaux
et des pointes abrases de zircon provenant de I 'echantillon mylonitique fournissent les membres extremes
d 'une corde a quatre points qui definit des ages d 'intersection de 2545 + 14/—13 et de 1929 ± 14 Ma
sur la courbe concordia. La presence du zircon avec des accroissements secondaires dans les megacristaux
semble indiquer que ces accroissements, ages de 1929 + 14 Ma representent une phase magmatique
du Prote'zoroi'que dans I 'histoire du granite, alors que les noyaux son! des xenocristaux a processus igne
complexe remontant a I 'Archeen. Des ages obtenus par la methode U-Pb appliquee aux zircons provenant
de I 'echantillon de la zone mode'rement deforme'e confirment que I 'intersection de 1929 ± 14 Ma definit
I 'age de I 'intrusion du pluton. L 'age 2l)7Pb/2"6Pb d 'environ 3300 millions d 'annees sur un noyau de zir-
con me'tamicte provenant de I 'echantillon d 'un granite mode'rement deforme indique I 'existence d 'un com-
posant extremement vieux dans le granite de Campbell. Deux analyses de monazite fournissent des ages
non concluants qui correspondent a la fourchette d'age de 1903 a 1929 Ma.

Geological Survey of Canada. 601 Booth Street. Ottawa. Ontario KIA 0E8
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INTRODUCTION
The Campbell granite is a major plutonic unit within the The-
lon Tectonic Zone, the northwestern boundary zone of the
Churchill Structural Province adjacent to the eastern part of
the Slave Structural Province (Fig. 1). The Campbell granite
has been mapped in the Artillery Lake area (Henderson et
al., 1987; Henderson, 1989) as a major deformed plutonic
body south of the McDonald fault (Fig. 2). Although only
the northern part of the granite occurs within the area
mapped, it forms a lensoid body 20 km wide and about 130
km long on the basis of its prominent positive magnetic ex-
pression and earlier regional reconnaissance mapping
(Wright, 1967) (Fig. 1). Its faulted extension may correlate
at least in part with the as yet unmapped, prominent, north-
erly trending, magnetic anoma;y in the central part of the
Thelon Tectonic Zone, north of the McDonald fault but east
of the Artillery Lake area (Thomas et al.,1976; Henderson
and Macfie, 1985; Fig. 1). The Campbell granite, therefore,
is one of the larger plutonic bodies of the Thelon Tectonic
Zone, comparable in scale to some of the large plutonic units
of the somewhat similarly aged Taltson Magmatic Zone
(Bostocketal., 1987, 1988) to the southwest (Fig. 1). Other
recent geochronological data in the region from the Thelon
Tectonic Zone and adjacent Slave Province are reported in
van Breemen et al. (I987a,b), van Breemen and Henderson
(1988), and James et al. (1988).

CAMPBELL GRANITE

The Campbell granite is a lithologically homogeneous plu-
tonic body and contrasts strongly with the heterogeneous,
dominantly granitoid gneisses with lesser supracrustal gneiss-
es that occur to the east and west. Its eastern contact with
these gneisses is a major ultramylonite zone; its western con-
tact has not been observed. The biotite-poor granite is typi-
cally a moderately to sparsely megacrystic, dark pinkish grey
to dark grey rock that weathers light pink to tan to grey. Lo-
cally minor veins of a pink younger granite may also be
present. Rare inclusions of supracrustal gneisses may also
be present as well. The mylonitic to weakly foliated granite
is heterogeneously, but everywhere, deformed. The folia-
tion is in general north-northeasterly trending, similar to most
of the Thelon Tectonic Zone. Dips to either east or west are
moderate to steep. In places the only structural element is
a flat to gently plunging, northerly trending, mineral linea-
tion. This structural grain is cross cut locally by cataclastic
veins and epidote-filled fractures nearMcDonald-generation
faults. The rock in the immediate vicin'ty of these faults is
commonly extensively hematite stained, chlo/itized, and
epidotized. Where best preserved, the rock is a metamor-
phosed megacrystic granite to granodiorite.

Paleozoic

Thelon Tectonic Zone

Slave Province

Campbell granite

Campbell granite(presumed) expressed
by positive magnetic anomaly

j11]11|11| Major positive magnetic anomaly in +
lillliiili the Thelon Tectonic Zone + + +

1161

Figure 1. Location map
showing the relative positions
of the Slave Structural Prov-
ince, Thelon Tectonic Zone,
and Taltson Magmatic Zone
with respect to the Campbell
granite in the Artillery I ake
area. GSLsz represents the
Great Slave Lake shear zone.
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THELON TECTONIC ZONE

Campbell granite

Proterozoic dominantly granitoid gneisses

Proterozoic dominantly supracrustal gneisses

SLAVE PROVINCE

Archean granitoid rocks

Archean Yellowknife supracrustal rocks

Slave Province - Th el on Tectonic Zone boundary

McDonald fault

Figure 2. Generalized geology of the Artillery Lake area on the boundary between
the Slave Structural Province and the Thelon Tectonic Zone. The locations of the
two sample localities in the Campbell granite are indicated.
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Sample I was collected in 1986 from the northern part
of the pluton, immediately south of the McDonald fault (Fig.
2). It is a dark grey, lineated but unfoliatcd mylonite with
some vaguely defined pinkish altered zones in which the bi-
otite is almost entirely pseudomorphed by chlorite. Zircon
was extracted only from the fresh, dark grey phase. In con-
trast to sample 2. which is less deformed, sample 1 consists
of angular broken porphyroclasts of highly strained and frac-
tured orthoclase up to 1 cm in size (Fig. 3) which, in other
respects, are similar to the megacrysts in the less deformed
rock. These porphyroclasts grade down into a fine-grained,
intimately sutured, quartzofeldspathic matrix in which
monomineralie polycrystalline quartz lamellae, forming ap-
proximately a quarter of the rock, give it a prominent pla-
nar aspect. Fine to extremely fine grained biotite occurs as
elongate, wispy patches within the matrix. Accessory and
secondary minerals include magnetite, apatite, zircon,
monazite, epidote, and white mica.

In order to confirm the interpretation of the results on
sample 1, a second sample of moderately deformed granite
was collected in 1988 for analysis from the south-central part
of the pluton within the Artillery Lake area (Fig. 2). It con-
sists of anhedral to rounded megacrysts up to several cen-
timetres in size, of both plagioclase and microeline with
granulated boundaries. The microcline megacrysts contain
inclusions of euhedral to subhedral plagioclase, less com-
monly subhedral biotite and anhedral quartz that are typi-
cally smaller than coarser anhedral plagioclase and biotite
of the matrix. The inclusions are commonly oriented parallel
to crystallographic directions within the K-feldspar. Also
present are irregular coarse masses of polycrystalline quartz.

These coarser phases grade down to the fine inequigranular
matrix composed of intimately sutured quartz, plagioclase,
and microcline, with irregularly distributed aggregates of
dark, greenish brown, locally slightly chloritized biotite,
which defines the weak foliation in the rock. Except for
monazite, the analyzed rock contains a similar assemblage
of accessory and secondary minerals.

GEOCHRONOLOGY
Zircon is abundant in both samples of the granite whereas
monazite was recovered only from the first sample. Both
phases were analyzed during this study.

Zircon occurs within the feldspar megacrysts and the
matrix of the rock in both moderately deformed and mylo-
nitic samples. Most of the zircons examined in the two sam-
ples have a generally similar morphology, consisting of a
more strongly zoned inner core and a variably developed
overgrowth of clear, unzoned, uranium-poor zircon, typi-
cally with radial fractures that can be seen in the zircon in-
cluded in the megacrysts as well as in th^ matrix zircon (Fig.
3, 4). In general the cores of sample I zircons show greater
range in U variation among the zones whereas in many of
the cores of sample 2 zircons the donation is much more sub-
tle. A narrow, finely zoned layer that is relatively high in
U between the core and the unzoned outer rim is particular-
ly evident in the zircons of sample 2.

Analytical procedures are as presented in Bostock et al.
(1988), except that regression calculations are according to
Davis (1982).

Figure 3. Campbell granite and its zircons, (a) Photomicrograph of the mylonitrc Campbell granite (sample
1), showing coarse orthoclase porphyroclasts in a fine-grained quartzofeldspathic matrix and bands of
finely polygonized quartz. The two dark spots in the central porphyroclast are zircons, which are also
seen in (b) and (c). The scale bar is 1 mm. GSC 203884-X. (b) SEM image of lower zircon in (a). The
grain is dominated by strongly zoned core material, although a poorly developed, very thin, clear, uranium-
poor overgrowth as seen in (c) is present that partly truncates the core zonation. The scale bar is 20 m.
GSC 203884-S. (c) SEM image of upper zircon in (a). Note the relatively thick, clear uranium-poor over-
growth on the strongly zoned core. The scale bar is 20 m. GSC 203884-R.
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Sample 1

Three size fractions from the least magnetic zircon were ana-
lyzed, resulting in a poorly defined linear trend of data points
(points 1-2, 1-3 and 1-5; Table 1, Fig. 5). In order to de-
fine more clearly the zircon sysiematics, tips and cores of
zircon grains in the +74 micrometre, second least magnetic
fraction were then separated by breaking individual grains
with a sharp knife. The tips were moderately abraded and
the cores extensively abraded (7 h) in order to remove

Figure 4. SEM image of a representative zircon irom sam-
ple 1. The zircons are characterized by strongly zoned cores,
which in some cases show periods of resorption subsequently
followed by further deposition of zircon of varied uranium con-
tent. All have a final overgrowth of clear, uranium-poor zir-
con although its thickness is hiphly varied. The scale bar
100 m. GSC 203884-U.

as much as possible of the younger overgrowths. The resul-
tant data points, l-l and I-4 (Fig. 5), were collinear with
the previously obtained points 1-2 and 1-3 (75% probability
of fit), yielding concordia intercept ages of 2545 +14/-13
and 1929 ± 14 Ma. Fraction 1-5 falls below the chord thus
defined. This may be due to secondary Pb loss, although its
intermediate U content (298 ppm) does not distinguish it from
the other fractions.

Sample 2

Five zircon fractions were selected and analyzed from sam-
ple 2 (Table 1); two of these were cores and tips manually
broken off and abraded in a similar fashion to those from
sample I. A third fraction (2-1) consisted of whole zircon
grains from the most non-magnetic fraction, selected to
visually exclude grains with cores.

The results of these three analyses are plotted on Figure
5. All fall in a linear array directly below the lower inter-
cept of the chord defined by data from sample 1. The
2O7Pb/2O6Pb ages of fractions 2-1 and 2-2 (cores) agree with
the 1929 Ma lower intercept age within analytical uncer-
tainty, while that of fraction 2-3 (tips) is marginally lower
at 1904.5 + 3.7 Ma.

The two other fractions analyzed, 2-4 and 2-5, consisted
of metamict cores that were probably broken from their at-
tached tips during crushing of the rock. Results from these
analyses are presented in Table 1 but fall outside the bound-
aries of Figure 5. Both are highly discordant and have
207Pb/206Pb ages greater than that of the sample 1 lower in-
tercept age. Of particular interest is the 2u7Pb/2OflPb age of
fraction 2-5, 3302 Ma. Even though the common Pb con-
tent of this single zircon grain (core) is relatively high, no
reasonable estimate of common Pb composition will change
this -07Pb/206Pb age by more than 15 Ma.

Table 1 . U-Pb isotopic data on zircon and monazite.

Sample
Fraction

Sample 1

1.1 + 74 mo° CA
1.2 - 105 + 74 no°
1 . 3 - 6 2 no0

1.4 + 74 mo° T
1.5 - 74 + 62 no"
1. monazite
1. monazite

Sample 2

2.1 - 74no°
2.2 + 74 mo" CA
2.3 + 74 mo" T
2.4 - 74 mm C
2.5 + 74 mm C

Weigth
mg

63°10.6'

0.0276
0.0160
o.ooao
0.0221
0.0295
0.0255
0.026B

63°02.1'

0.0090
0.0048
0.0174
0.0049
0.0249

U
ppm

540.6
363.7
181.3
353.1
297.6
493.5
442.8

179.1
315.8
275.7
352.7
355.8

Pb-
ppm

106°58.0'

257.6
160.8
75.99
143.6
117.5
8001
7194

107-11 6

63 13
112.5
94.54
68.85
185.2

Measured

""PbrPb

6135
2434
997

4850
1433
5727
3928

1736
1774
907
153
268

Isotopic abundances

' "Pb

0.0114
0.0245
0.0352
0.0100
0.0579
0.0017
0.0088

0.0115
0.0066
0.0950
0.5190
0.3612

!06Pb = 100

M 'PB

15.55
14.76
14.24
13.50
13.86
11.67
11.78

12.02
11.88
12.94
19.82
30.70

•™Pb

12.17
12.33
12.03
10.78
12.68
5316
5325

11.80
13.23
12.33
42.34
27.98

Isotopic

M Pb/" "U

0.43536
0.40793
0.39087
0.38171
0.37035
0.34435
0.34415

0.33660
0.33184
0.32997
0.16212
0.41915

ratios

»'Pbru

9.2496
8.1242
7 4263
7.0354
6.6878
5.5311
5.5311

5.5088
5.3960
5.3041
2.9136
15.565

Age. Ma
»Pb/™Pb

2392
2281
2200
2147
2111
1903
1904

1937
1925
1904
2103
3302

Numbered fractions are zircon
Fraction sizes are in micro met res
All zircon fractions are abraded. A = strong abrasion
no0, nonmagnetic at 0° slope
mo°. magnetic at 0° bul nonmagnetic al 1° slope
mm. very magnetic
C = cores T = tips
Pb." radiogenic Pb
ppm
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These results, when compared with those from fraction
2-2, indicate that there is more than one age of zircon core
in sample 2. Fraction 2-2 was selected from the second most
non-magnetic split; fractions 2-4 and 2-5 were selected from
a much more magnetic portion. The cores concentrated in
fractions 2-2 are not demonstrably different in age from the
tips of fractions 2-3 or 1-4. The core of fraction 2-5,
however, indicates an extremely old component (greater than
3300 Ma, possibly 3500 Ma?) in the Campbell granite at the
location of sample 2.

Results from sample 1 suggest a single age of cores (2545
+14/-13 Ma), but these are also from a highly non-magnetic
phase of zircon. Older cores may also be present in the more
magnetic phases of this zircon concentrate as well.

Two monazite grains from sample 1 were also analyzed
(Table 1, Fig. 2). The monazite results are marginally
reversely discordant. Scharer (1984) has shown that the U
decay series are not always in equilibrium in zircon, xeno-
time, and monazite at the time of formation of these miner-
als. 230Th, a member of the 238U/206Pb decay chain, may be
preferentially concentrated in monazite crystal lattices at the
time of formation, owing to the affinity of monazite for Th.
The decay of this excess 230Th produces excess 206Pb, which
distorts the measured U-Pb age pattern, causing 238U/206Pb
ages to be anomalously high and 2O7Pb/2O6Pb ages to be cor-
respondingly low.

The relative differences between measured
and ^ P b / ^ U ages (the latter unaffected by excess
are greatest in rocks that: (a) are young, (b) have high Th/U
in the monazite, and (c) have low Th/U in the rock at the
time of formation. The amount of 208Pb expressed as a
percentage of the total radiogenic monazite Pb may be used
as an index of the monazite Th/U. For ages about 1900 Ma

and for rocks with Th/U of 0.4 to 0.5, R.R. Parrish (pers.
comra., 1988) has determined that the effect of 230Th incor-
poration on 207Pb/206Pb age is likely to be less than 3 Ma
for 208Pb at about 80% but can be much greater than this
for 208Pb greater than 90%. In the two monazite grains
measured, the 208Pb is 98% of the radiogenic Pb; accord-
ingly the true age of the monazite is not well defined. The
two 2O7Pb/235U ages, 1905.4 + 2.0 and 1905.4 ± 2.5 Ma,
therefore provide a minimum age of 1903 Ma, but if recent
Pb loss has occurred, the time of monazite closure may be
as old as the zircon lower intercept age of 1929 + 14 Ma.

DISCUSSION
The geochronological data from the first sample dated indi-
cate that parts of a long history are recorded in the zircons
of the granite. The position of the core data point (1-1)
towards the upper intercept and the tip result (1-4) towards
the lower intercept relative to the whole zircon analyses (1-2,
1-3) implies that Archean cores were overgrown by Pro-
terozoic rims. Is the Campbell granite then an Archean plu-
ton that has been metamorphosed to the extent that new zircon
was grown at about 1929 Ma or are the older zircons main-
ly Archean xenocrysts caught up in an early Proterozoic plu-
ton? Most of the zircons examined in the two samples
analyzed, as well as those seen in thin section of other sam-
ples of the unit, have a generally similar morphology, con-
sisting of a more strongly zoned inner core and a variably
developed overgrowth of clear, unzoned, uranium-poor zir-
con. In particular, the occurrence of zircons with this clear
overgrowth within the K-spar megacrysts (Fig. 3) would in-
dicate that the overgrowth either predated or was syn-
chronous with the growth of the megacrysts.
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Whether or not the megacrysts are primary igneous
phenocrysts or porphyroblasts due to later metasomatic or
metamorphic events is critical as far as understanding the
history of the granite is concerned. Vernon (1986) has
presented several arguments favouring the interpretation of
megacrysts in granitic rocks as igneous phenocrysts. Those
applicable to the deformed Campbell granite include the
presence within the megacryst of euhedral to subhedral in-
clusions of other minerals, typically smaller than the matrix
of the least deformed granite, that are oriented parallel to
crystallographic directions within the K-spar megacryst. It
seems less likely that megacrysts containing inclusions of this
size, morphology, and orientation could form metasomati-
cally or metamorphically as porphyroblasts within a previ-
ously crystallized rock. Thus we suggest that the Campbell
granite was more probably derived from a melt that initially
crystallized during early Proterozoic time and which con-
tained Archean zircon xenocrysts.

The fact that the first sample analyzed is essentially a
mylonite is of some concern. It is conceivable that the zir-
cons in sample 1 (cores and rims) were entirely of Archean
age, but that during the course of subsequent mylonitization
and the passage through the shear zone of fluids of moder-
ate temperature, the zircons, or at least their outer margins,
could have became open systems as far as U and Pb were
concerned (in the sense of Gebauer and Griinenfelder, 1976).
Given the degree of fracturing of the porphyoclasts these
fluids could affect both the zircon within the feldspar as well
as that in the matrix. The lower intercept age could then
represent the age of deformation.

In order to test this possibility the second sample was ana-
lyzed, a sample that although deformed had not been exposed
to as severe deformational conditions as the mylonite. The
lower intercept age of 1929 + 14 Ma from sample 1 is sup-
ported by the 2O7Pb/2O6Pb ages of several zircon fractions
from sample 2 and is interpreted as dating the emplacement
of the Campbell granite. 207Pb/206Pb ages of zircon cores
range from 1925 to 3302 Ma (Table 1), supplementing the
sample 1 intercept (i.e., zircon core) age of 2545 +14/-13
Ma. These results indicate that some strongly zoned, igne-
ous zircon cores consist of inherited zircon of variable age.
even as old as early Archean, whereas other, albeit on the
whole less strongly zoned, igneous cores (fraction 2.2) ap-
pear to have formed essentially contemporaneously with the
zircon tips.

This latter result confirms the interpretation of the sam-
ple 1 lower intercept (i.e., zircon tip) age as the age of plu-
tonic emplacement. Deformation either followed the intrusion
of the body so closely in time that any effects of the defor-
mation on the zircon systematics are not resolvable or, if
the deformation was significantly later, took place under con-
ditions of temperature and fluid composition such that the
influence on zircon was minimal.

Taken at face value, the 1929 Ma Campbell granite is
towards the young end of the spectrum of Proterozoic grani-
toid ages identified in the Thelon Tectonic Zone to date; the
other granites north of the McDonald fault are in the range
1910 - 2000 Ma (van Breemen et al., 1987a,c; van Bree-
men and Henderson, 1988; James et al.. 1988; Frith and van

Breemen, 1990). It is possible, however, that zircon frac-
tions 1-2 to 1-4 have suffered minor secondary Pb loss, in
which case the lower intercept age would be marginally lower
than the true age of emplacement.

The Campbell granite is the first Proterozoic Thelon Tec-
tonic Zone granite in which the zircons show a clearly ex-
pressed Archean memory. Zircon from some other granitoid
units to the north of the fault may have an older component,
but there is no indication that this component, as expressed
by the U-Pb systematics, is as old as Archean (van Breemen
etal., 1987a,c, 1988; James etal.. 1988). On the other hand,
south of the McDonald fault there is accumulating evidence
indicating the presence of an ancient component near the
Campbell granite. E. Hegner (pers. comm.. 1989) has de-
termined Nd model ages of 3.45 Ga and 3.6 Ga for grani-
toid gneisses 30 km east-southeast of the Campbell granite
sample localities, which may represent the southern exten-
sion of the Archean Queen Maude Block across the
McDonald fault. Van Breemen et al. (1990) report an Ar-
chean granite in the Great Slave Lake shear zone (Fig. 1)
130 km to the west-southwest of the sampled localities of
the Campbell granite.
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Abstract

Foliated and gneissic granitoid rocks in the Kisseynew gneiss belt near Puffy Lake, Manitoba, in-
trude high-grade mafic tofelsic rocks tentatively correlated with the 1.86 Ca Amisk Group of the Flin
Flon metavotcanic belt. The intrusive granite gneiss and its country rocks are interpreted to be unconfor-
mably overlain by metasedimentary and metavolcanic rocks correlated with the 1.83 Ga Missi Group.

Highly deformed tonalile and granite gneisses yield U-Pb zircon concordia upper intercept ages of
1892 +66Z-25 Ma and 1873 + 4 Ma respectively. These ages are consistent with the proposed lithologi-
cal correlations and support the existence of the proposed unconformity.

Resume

Des roches granitofdes fenilletees et gneissiques de la zone de gneiss de Kisseynew, situe'e a proxi-
mite du lac Puffy, au Manitoba, pe'ne'trent des roches de nature forlement mafique a felsique qu 'on a
correlees, de facon experimental, avec le groupe d'Amisk age de 1,86 Ga de la zone me'tavolcanique
de Flin Flon. D'apres les auteurs, les roches me'tase'dimentaires el me'tavolcaniques, correlees avec le
groupe de Missi vieux de 1,83 Ga, recouvrent en discordance le gneiss granitique intrusifet ses roches
encaissantes.

Les gneiss a tonalite et les gneiss granitiques, fortement de'formes, ont donne au moyen de la methode
U-Pb applique'e au zircon, des ages superieurs de 1892 + 661—25 Ma et de 1873 ± 4 Ma sur la courbe
concordia. Ces ages correspondent aux correlations lithologiques propose'es et corroborent I 'existence
de la discordance proposee.

INTRODUCTION
During remapping of Early Proterozoic rocks along the
boundary between the Kisseynew gneiss belt and the Flin
Flon volcanic belt near Puffy Lake, in northern Manitoba,
the contact between sedimentary gneisses of the Missi Suite
and granitoid gneisses was interpreted as an unconformity;
however, an intrusive relationship could not be ruled out be-
cause the contact is sheared (Zwanzig, 1984, 1988). The
country rocks of the gneisses were tentatively correlated with
the Amisk Group. Previous U-Pb geochronology has yield-
ed ages of 1890 +6/-8 Ma for similar granitiod gneisses in
the Herblet Lake dome, 70 km east of Puffy Lake, 1886 ±
2 Ma for Amisk Group metarhyolite from the Flin Flon area,

and 1832 + 2 Ma for rhyolitic meta-ignimbrite within the
Missi Group at Wekusko Lake (Gordon et al., 1987, and
in press). The high-grade Missi Suite at Puffy Lake has been
correlated wilh the dated, lower grade Missi Group, but the
age of the granitoid gneisses and their country rocks are un-
certain.

GRA.NITOID R O C K S

The granitoid rocks comprise a tonalitic phase west of Puffy
Lake Mine and a granitic phase to the northeast (Fig.l).
These phases are respectively in the foot-wall and the hang-
ing wall of the gold deposit, because the contacts dip to the
northeast at moderate angles.

1 Geological Survey of Canada. 601 Booth Street. Ottawa, Ontario. KIA 0E8
2 Manitoba Energy and Mines, 535-330 Graham Avenue. Winnipeg, Manitoba R3C4E3
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MISSI SUITE
0UARTZ08E AND INT. PARAGNEIS9
MAFIC (VOLCANIC) GNEISS
FELSIC (VOLCANIC) GNEISS
BASAL METACONOLOMERATE

GRANITE GNEISS

TONALITE GNEISS

BURNTWOOD SUITE
METAGREVMWCKE. MINOR AMPHIBO"
LITE

AMISK GROUP
AND HIGH GRADE EQUIVALENTS

Figure 1 .
Manitoba.

U-Pb zircon sample locations and simplified geology of the Puffy I ake area,

Table 1 . U-Pb zircon results.

Fraction.' Weight
Size (mg)

U pb'
(ppm) (ppm)

Tonalite Gneiss (FO-86-SH-119) (5502'N, 10059'W)

A -74+62 NM1 abr 0.0123
B -105+74 NM1 abr 0.0173
C -149+105 NM1 abr 0.0207
0-149+105 NMO abr 0.0091
E -149+105 NMO abr 0.0155

134.5 44.1
363 7 121.3
442.5 144.7
360.8 122.0
373.0 129.8

Granite Gneiss (FQ-86-SH-117) (55°2'N, 10°58'W)

A +74 NM1 abr 0.0193
B -62 NM1 abr 0.0108
C -74+62 NM1 abr 0.0150
D -74+62 NM1 abr 0.0095
E -74 NMO abr 0.0128
F +74 NMO abr 0.0099

736.3 242.7
B00.5 277.1
694.9 240.4
374.5 127.0
980.0 345.6
954.2 333.6

3041
10040
10470
8606
1041

7493
5893
6366

585
9796

15880

Pb,"

IPO)

11
13
18
8

116

37
30
34

126
27
12

"m

7.3
7.8
6.7

10.0
9.7

8.6
9.6
9.4

10.0
10.5
9.4

?38U

0.31782 (.10)
0.32122 (.09)
0.31883 (.08)
0.31754 (.09)
0.32807 (.09)

0.31450 (09)
0.32639 (.09)
0.32711 (.09)
0.31874 (.12)
0.32919 (08)
0.33055 (.08)

7 S tSEMW

4.9439 (.12)
5.0168 (.10)
4.9776 (.10)
4.9961 (.10)
5.1678 (.15)

4.8986 (.10)
5.1179 (.10)
5.1424 (.10)
4.9886 (.22)
5.1742 (.10)
5.2013 (.10)

TJgiSEf*

0.11282 (.04)
0.11327 (.03)
0.11322 (.03)
0.11411 (.03)
0.11425 (.10)

0.11296(03)
0.11372 (.03)
0.11402 (.03)
0.11351 (.16)
0.11400 (.03)
0.11412 (.03)

*"Pb age. error
™Pb (Ma)'

1845.4(1.5)
1852.5 (1.1)
1851.9(1.1)
1865.9 (1.1)
1868.1 (3.5)

1847.7(1.1)
1859.8(1.1)
1864.4(1.1)
1856.4 (5.7)
1864.1 (1.1)
1866.1(1.0)

Notes: 'sizes (-74+62) refer to length aspect of zircons in microns (i.e.. through 74 micron sieve but not the 62 micron sieve): abr=abraded, NM1=non-magnetic cut with frantz
at 1 degree side slope. Mag0=magnetic cut with frantz at 0 degree side slope: 'radiogenic Pb;!measured ratio, corrected for spike and fractionation: 'total common Pb in analysis
corrected for fractionation and spike: 'orrected for blank Pb and U, common Pb. errors quoted are one sigma in percent: 'corrected for blank and common Pb. errors are two
sigma in Ma: decay constants used are those of Steiger and Jager (1977): initial common Pb composition from Stacey and Kramers (1975); for analytical details see Parrish et al. (1987).
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The tonalite gneiss is uniformly grey or weakly layered;
a strong planar and linear fabric is common, especially at
the margins of the body. An average mode consists of
plagioclase (53%), quartz (27%), biotite plus minor horn-
blende (16%), potash-feldspar (4%), traces of apatite and
magnetite, and secondary muscovite and calcite. The aver-
age grain size is 1-10 mm, with grains forming elongate ag-
gregates that obliterate most primary igneous textures.

The granite gneiss forms large pink-weathering outcrops.
The average mineral content is quartz (39%), plagioclase
(30%), potash-feldspar (24%), and biotite (7%). It is slight-
ly coarser grained than the tonalite gneiss. The quartz grains
are flattened and the plagioclase is partly altered to white
mica.

COUNTRY ROCKS OF THE GNEISSES
Both phases of gneiss intrude fine-grained amphibolite and
minor felsic gneiss, which are interpreted as volcanic rocks,
and mafic to felsic gneiss interpreted as sedimentary rocks
(Zwanzig, 1984, 1988). These older rocks are tentatively
correlated with the Amisk Group, which outcrops south of
Puffy Lake. The contact between the two mctaplutonic phases
is not known for a screen of country rock generally separates
them.

BURNTWOOD SUITE
Adjacent to Puffy Lake, undated graphitic garnet-biotite
gneiss, derived from greywacke-mudstone turbidite (Bailes,
1980), and minor amphibolite occupy a narrow core of an
early anticline, which has been refolded into a prominent S-
shaped structure. These rocks have been assigned to the
Burntwood Suite, which is probably equivalent to the Amisk
Group, but their relationship to the granitoid gneiss is
unknown.

MISSI SUITE
The Missi Suite contains mainly quartzofeldspathic gneiss-
es, which are derived from sandstones with subordinate
metabasalt and possible metarhyolite. A basal metacon-
glomerate is preserved north and west of Puffy Lake, but
elsewhere conglomerate is generally absent or was deformed
to ribbon gneiss. The conglomerate is in contact with the
Amisk Group, the Burntwood Suite, and the granite gneiss.
Consequently, the contact was interpreted as an unconfor-
mity (Zwanzig, 1984, 1988). This contact is folded; it is
structurally upright in some localities within two sets of major
folds, and is inverted in others.

0.34 -

D_
0.32

0.30

Tonalite gneiss

FQ-B6-SH-119

1840

1830 s ^ r ^ " ^
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Figure 2. Concordia diagram showing the results of U-Pb analyses of ircon fractions
from the tonalite gneiss (FQ-86-SH-119). Note that fraction D is not included in he regression.
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U-Pb ZIRCON GEOCHRONOLOGY
Analytical methods followed those outlined by Parrish et al.
(1987). U and Pb blanks during this study varied from 3 to
8 pg for U and 8 to 18 pg for Pb. Analytical results are given
in Table 1.

Zircons separated from the tonalitc gneiss were general-
ly colourless, fractured, with 30% inclusions. Distinct ig-
neous zoning is evident in plain polarized light in most grains.
The diameter of individual grains ranges from 40 to 150
microns. The zircons are generally cuhedral with well de-
fined but slightly rounded terminations. The L:B ratio varied
from 2:1 to 3:1, and the uranium contents of the zircons
ranged from 130-400 ppm. All zircon fractions were abrad-
ed (Krogh, 1982).

Five zircon analyses range from 7 to 13% discordant
(Fig. 2). A modified York (1969) regression (Parrish et al.,
1987) on fractions A,B.C. and E yielded an upper intercept
of 1892 +66/-25 Ma, a lower intercept of 940 Ma and a
MSWD of 12 (Fig. 2). Fraction D was not included in the
regression. It falls below the line owing to possible slight
inheritance.

The upper intercept of 1.89 Ga is interpreted as the age
of igneous crystallization of the tonalitc gneiss.

Zircons separated from granite gneiss were colourless to
light brown; clarity is poor because of zoning, internal frac-
tures, and abundant inclusions. Cores are visible in some
grains and these were avoided in the final selection. The crys-
tals were euhedral and prismatic, with slighty rounded ter-
minations. The L:B ratio was generally 2:1. Etched grains
mounts reveal strong igneous zoning. Uranium content is
high and ranges from 400 to 1000 ppm.

A modified York regression of fractions A.B.CE, and
F yields an upper intercept of 1873 + 4 Ma and a lower
intercept of 602 Ma, with a MSWD of 9 (Fig. 3). The anal-
ysis of fraction D is relatively imprecise owing to a high com-
mon lead content and was not included in the regression.

The upper intercept of 1873 Ma is interpreted as the age
of igneous crystallization of the granite gneiss.

DISCUSSION

The pre-Missi ages of the granitoid gneisses support the un-
conformable relationship between the granite gneiss and the
Missi Suite. The ages are also consistent with the interpre-
tation that the fine-grained amphibolite and related rocks,
intruded by the gneisses, are equivalent to the Amisk Group,
although they could also be older. The age of the granitoid
gneisses s close to that of the Amisk Group. This implies
that the protolith may have been a synvolcanic intrusion into
its own cover, a hypothesis that is consistent with the gener-
al absence of older rocks in the Flin Flon and Kisseynew
belts, but which needs further testing.

The granitoid gneisses at Puffy Lake are part of a suite
of orthogneisses that occur throughout the southern part of
the Kisseynew belt. Individual bodies are, on average. 15
km long and occupy closed domal structures and recumbent
sheath folds. They arc complexes of highly deformed,
metamorphosed intrusions, similar in age and composition
to less deformed, composite intrusions in the Flin Flon belt.
The bodies at Puffy Lake and Hcrbiet Lake predate the Missi
Suite, but some bodies (magnetite-biotitc monzogranitc of
Schledewitz. 1987) appear to be younger and to have inclu-
sions of Missi Suite rocks.
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A Rb-Sr study of granitic rocks associated with
the Fostung scheelite deposit, Espanola, Ontario
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Abstract

A Rb-Sr study of granitic rocks from the Fostung tungsten skarn deposit near Espanola, Ontario,
has yielded an errorchron age of 1390 + 26 Ma, initial Sr ratio ofO. 71448 ± 0.00271, and MSWD
of 6.15. The age of the granitic rocks and the associated tungsten deposit supports their correlation with
anorogenic magmatism that was widespread throughout the mid-continent of North America about 1300
to 1500 Ma ago.

Resume
Une etude du rapport Rb-Sr de roches granitiaues provenant du gisement de skarn a tungstene de

Fostung situepres d'Espanola, en Ontario, a donne un age errochrone de 1390 ± 26 Ma, avec un rap-
port de strontium originel de 0,71448 + 0,00271 et une (deviation moyenne du poids normal) de 6,15.
L 'age des roches granitiques et du gisement de tungstene associe vient a I 'appui de leur correlation avec
un magmalisme anoroge'nigue gut etail repandu dans toute la partie centrale du continent nord-ame'ricain
il v a 1300 Ma a 1500 Ma.

INTRODUCTION
The Fostung deposit southeast of Espanola, Ontario, con-
sists of scheelite-bearing skarn developed in calcareous
sedimentary rocks of the Espanola Formation. It is unique
in that it is perhaps the only significant tungsten-bearing skarn
deposit in Proterozoic rocks in the Canadian Shield. The
skarn and associated tungsten mineralization have been at-
tributed to nearby intrusions of Nipissing diabase (e.g.. Card,
1976). However, they are more likely related to granitic
rocks that underlie the skarn deposit and which have been
intersected locally as dykes in drill holes. K-Ar dating of
muscovite from these granitic rocks yielded a Mid-
Proterozoic age of 1427 ± 26 Ma (GSC 88-77; Hunt and
Roddick, 1988). The Rb-Sr isotopic analysis of the granitic
rocks associated with the skarn confirms the Mid-Proterozoic
age of these rocks and supports their correlation with an epi-
sode of widespread anorogenic granite plutonism that oc-
curred in the mid-continent of North America about 1300
to 1500 Ma ago.

REGIONAL GEOLOGY
The Fostung deposit is hosted by metasedimentary rocks of
the Huronian Supergroup within the Southern Structural
Province of the Canadian Shield (Fig. 1). These rocks, lie
unconformably on Archean rocks, which are exposed to the
northwest, and are bounded by the Grenville Front Tecton-
ic Zone to the southeast. The Huronian strata are folded and
faulted and have been intruded by a variety of igneous rocks.
The oldest intrusive rocks are the Nipissing Diabase dykes
and sills, a sample of which was recently dated at 2219.4
+ 3.6/-3.5 Ma by U-Pb isotopic analysis of baddeleyite (Cor-
fu and Andrews, 1986; Krogh et al., 1988). A younger dia-
base dyke, belonging to the Sudbury dyke swarm, was dated
at I238±4 Ma by similar methods (Krogh et al., 1988).
Felsic and mafic-felsic intrusions dated by Rb-Sr isotopic
analysis include the Cutler granite (about 1750 Ma old,
Wetherill et al., 1960), felsic plutons along the Grenville
Front Tectonic Zone (about 1500-1800 Ma old, Fairbairn
et al., 1969; Krogh and Davis, 1969), the Mongowin

I Geological Survey of Canada. 601 Booth Street. Ottawa, Ontario KIA 0E8
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ultrumafic-trondjhemitic plutonic complex (1770 + 75 Ma
old. Van Schmus. 1971). the Croker Island Complex (1475
+ 50 Ma old. Van Schmus. 1965), and buried plutons on
Manitoulin Island (1500 + 20 Ma old. Van Schmus ct al..
1975>. These intrusive rocks represent stages of mid- to late-
Proterozoic anorogenic magmatic activity that extended
throughout much of the midcontinent of North America (An-
derson, 1983).

TUNGSTEN-BEARING SKARN AND
ASSOCIATED GRANITIC ROCKS
The general geology of the Fostung property is outlined on
Figure 2. Tungsten-bearing skarn zones occur within a cal-
careous sillstone member of the Espanola Formation (Ginn
and Beccham. 1986). The mineralogy of the skarns, describ-
ed by Wilson (1982), is similar to that of tungsten-bearing
skarns worldwide (Einaudiet al., 1981). Three types of skarn
are present: 1) pale green skarn consists of quartz and feld-
spar with lesser amounts of Iremolile, clinopyroxene. epi-
dote. and clinozoisite: 2) dark green skam is characterized

mainly by actinolite with various mounts of quartz, feldspar,
and chlorite; and 3) garnet-bearing skarn contains garnet
(predominantly grossularitic), epidote, clinopyroxene,
quartz, feldspar, and, in places, vesuvianite. Biotite horn-
fels separates and surrounds the skarn types.

Scheelite and molybdoschcelile are the principal tungsten
minerals. They are most abundant in the garnet-bearing skarn
and are commonly accompanied by pyrrhotite and minor
chalcopyrite. Molybdenite also occurs in the skarn zones,
but its distribution is erratic and does not correlate with that
of tungsten. Other minerals that occur locally in the skarns
include pyrite. sphalerite, bismuth, bismuthinite. ar-
scnopyrite, stannite, fluorite, rutile. gold, and silver.

Intrusive rocks exposed at surface on the Fostung pro-
perty include a sill of Nipissing Diabase, porphyritic diabase
dykes related to the Sudbury dyke swarm, and an unusual
unit of albitite and associated albitic breccias (Fig. 2). Ad-
jacent to skarn, the Nipissing Diabase locally contains
disseminated pyrrhotite and minor amounts of chalcopyrite
and scheelite. and thus predates or is at least as old as the
skarn. The porphyritic diabase dykes crosscut the skarn and

Kilometres

Y.; ' >\ Late Proterozoic and Paleozoic sedimentary rocks

GRENVILLE PROVINCE

[• ^ j Proterozoic metasedimentary and igneous rocks

SOUTHERN PROVINCE

I " „ " | Proierozoic intrusions

|:•'•'.'•:] Proterozoic Huronian and Whitewater rocks and Nipissing Diabase

SUPERIOR PROVINCE

I % * I Arcfiean granitic rocks, migmatites and metavolcanic rocks

Figure 1. Regional setting of the Fostung deposit (modified after Card, 1978).
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Figure 2. General geology of the Fostung deposit (modified after Ginn and Beecham, 1986).
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Figure 3. Cross-section A-B through the Fostung deposit
showing the location of the samples analyzed in this study
(modified after Ginn and Beecham, 1986).

are unmineralized: they t'ius appear to postdate formation
of the skarn. Fragments of scheclite-bearing skarn in the albi-
tic breccias suggest that the albitite also postdates formation
of the tungsten-bearing skarn (Wilson. 1982). The absolute
age of the albitite unit, however, is unknown.

Granitic rocks have not been found exposed at surface
on the Fostung property but narrow dykes of felsic granitic-
rocks have been intersected in drill holes. Three such dykes,
ranging from 0.5 to 4 m in width, were encountered in Sul-
petro Minerals Ltd. drill hole 3115-8 (Fig 3). One of the
dykes consists of quartz-feldspar porphyry, the others are
of fine-grained, equigranular granite. All of the granitic rocks
arc similar mineralogically. consisting of 35 to 40% quartz.
35 to 409? K-feldspar. 15 to 207c albite. and 2 to 59? mus-
covite.

The granitic rocks are altered in places, evident mainly
by the replacement of ulbite. and to a lesser extent K-
feldspar, by fine-grained seriate and carbonate. In other pla-
ces, as much as 2O9f of the granite is replaced by clusters
of medium-grained muscovite. Alined granite contains dis-
seminated pyritc and locally trace imounts of molybdenite
and .sphalerite. One narrow granitic dyke contains 0.5 9f WO3
(Ginn and Beecham. 1986). The granitic dykes are. there-
fore, at least as old as the tungsten-bearing skarn zones and
are probably genetically related. The dykes are too small.
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however, to have been directly responsible for skarn forma-
tion; larger, related plutons at depth are more likely respon-
sible for the formation of the skarns and associated
mineralization.

The four whole-rock samples and one muscovite separate
used in this study were collected from the only available drill
hole that intersected the granitic rocks (Fig. 3). Detailed
descriptions of these samples are given in the Appendix.
Three of the four whole-rock samples analyzed appeared
relatively unaltered in hand specimen, but in thin section

feldspar grains in these three samples are seen to be weakly
altered to sericite. This alteration represents weak hydrother-
ma! alteration and may be deuteric in origin. Sample 85-101,
on the other hand, is a more intensely altered rock in which
sericite and carbonate have pervasively replaced albite; K-
feldspar is slightly serialized, and primary muscovite has
been partly replaced by .sericite around grain boundaries.
Trace amounts of disseminated pyrite and molybdenite arc
also present. This stronger hydrothermal alteration is likely
related to the tungsten mineralization.

Table 1 . Chemical composit ion of granitic rocks associated with the Fostung skarn tungsten deposit and other selected
granitic rocks in the region.

Major elements (wt %)

SiO?
TiO?
AI203
Fe2O3
FeO
MnO
MgO
CaO
Na2O
KjO
H20T
CO2T
PZ05

Sr
F

- 0 = F 2 + S

Total

Trace elements (ppm)

Ba
Rb
Sr
Be
Li
Nb
Y
Zr
La
Ga
Cu
Pb
Zn
Mo
Sn
W

D.I.*
A.S.I .**

SYA85-95

76.4
0.04

12.5
0.2
0.3
0.02
0.17
0.93
2.16
6.90
0.3
0.2
0.42
0.06
0.06

0.06

100.6

1100
366
39
5.2

20
7

75
49
16
10.3

8
28
19

290
<;3

4

96.9
0.99

SYA85-96

76.8
0.04

12.5
0.0
1.1
0.01
0.22
0.16
1.94
6.12
1.0
0.0
0.04
0.46
0.05

0.05

100.2

850
374
18
5.1

27
27
51
58
9

14.3
240
12

120
6
3
7

97.1
1.24

SYA85-100

78.0
0.03

12.2
0.0
0.5
0.01
0.12
0.08
2.57
5.96
0.3
0.0
0.03
0.13
0.03

0.08

99.9

810
326
21
2.3

21
27
50
51
7

11.8
55
6

10
28

<;3
4

98.7
1.13

-YA85-101

68.4
0.20

14.7
0.2
1.4
0.08
0.70
2.17
2.87
5.08
0.9
2.3
0.12
0.30
0.13

0.20

99.4

1700
362
112

6.3
57
18
7

130
50
17.5

110
23

100
68
5
8

91.4
1.04

B

64.9
0.93

16.3
2.41
2.87
0.07
1.20
2.99
3.06
4.11
0.67
0.21
0.29
0.07
-

0.04

100.1

1650
116
320

-
_
-

43
425

_
28
g

20
88
-
-
-

77.0
i.09

E

72.9
0.21

14.9
0.89
0.65
0.01
0.33
0.66
2.95
5.83
0.37
0.42
0.03

^0.01
-

0.00

100.2

_
_
_
-
_
-

-
-
-

_
_
_
-
-

95.9
1.21

Samples SYA85-95, -96, -100, and -101 were analyzed as follows; Major elements, Ba, Rb, Sr, Nb, Y, Zr, and Mo by XRF analysis; FeO by
wet chemical analysis; H20T, C02T, and ST by infrared spectrometric analysis; Be, Ga, La, Cu, Pb, Zn, and W by ICP emission spectrometric
analysis; and F by pyrohydrolysis and ion chromatography; Analytical Chemistry Section, Geological Survey of Canada, Ottawa. Sn analyses by
emission spectrometric analysis and Li by atomic absorption spectrometric analysis; X-Ray Assay Laboratories, Don Mills.

* Differentiation Index
** Alumina Saturation Index (mol% AI?O3/(CaO + Na2O + K20))

B: Average of four representative porphyritic quartz monzonite samples from Drill Hole No. 1, Manitoulin Island (Van Schmus et al., 1975).,
E: Coarse-grained quartz monzonite, Croker Island Complex (Van Schmus et al., 1975).
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Chemical compositions of the four whole-rock samples
are given in Table 1. With the exception of sample
SYA85-I01, the rocks are metaluminous to peraluminous,
high-silica ( > 7 6 % SiO2), low-calcium ( < 1 % CaO)
granites. They are similar in composition to a low-calcium
granite of Turekian and Wedepohl (1961), except for higher
contents of K2O and Rb, and lower contents of Sr and T1O2.
They are distinctly more felsic than granitic rocks of the
Croker Island Complex or the Manitoulin Island plutons
(Table 1).

Sample SYA85-1O1 may be an altered granodiorite. It
has, for example, higher TiO?, MgO, and Zr contents than
the other whole-rock samples. Ti, Mg, and Zr are generally
relatively immobile during hydrothermal alteration, except
in more extreme cases, and probably reflect a more granodi-
oritic composition of this sample. The higher contents of
CO2 and F, however, are probably related to hydrothermal
alteration.

The muscovite sample (SYA85-97) is from a part of one
of the granitic dykes that contained about 20% medium-
grained muscovite along with I % disseminated pyrite and
traces of sphalerite. It is the same granitic dyke from which
two of the whole-rock samples (SYA85-96 and -100) were
collected. The muscovite sample is also the same one that
yielded a K-Ar age of 1427 + 26 Ma (GSC 88-77; Hunt
and Roddick, 1988).

1383 + 14 Ma, initial Sr ratio of 0.71662 + 0.00302, and
a slightly lower MSWD of 3.47. Considering the overlap
in error limits of both the ages and the initial ratios, no sig-
nificant difference between the two sets of data is apparent.

The high initial 87Sr/86Sr ratio of the Fostung granitic
rocks is probably due to a significant contribution of radio-
genic Sr from older crustal rocks; the addition of radiogenic
Sr may have occurred by contamination of the magma or
possibly later, during hydrothermal alteration of the granit-
ic rocks. The buried plutons on Manitoulin Island, in con-
trast, have an initial Sr ratio of 0.7078 + 0.0010 (Van
Schmus et al., 1975), and the Croker Island Complex has
an initial Sr composition of about 0.705 (Van Schmus, 1965).
The initial Sr ratio for the Mongowin plutonic complex,
however, is higher than these two at 0.7113 + 0.0001 and,
as for the Fostung granitic rocks, has been attributed to con-
tamination by older crustal material (Van Schmus, 1971).

The failure of the Rb-Sr data to fit within experimental
errors is not surprising considering the nature of the sam-
ples analyzed. All of the samples were altered to some degree
and at least one of the samples was significantly altered. Also,
the granitic rocks are highly evolved, with high Rb/Sr and
high initial 87Sr/86Sr, indicating a significant component of
added radiogenic Sr. Such rocks commonly have disturbed
Rb-Sr systematics, for example S-type granites (Chappell and
White, 1974).

DISCUSSION

Analytical procedures for the Rb-Sr isotopic analyses of the
samples are described elsewhere in this volume (Theriault,
1990). The results of the analyses are given in Table 2 and
are plotted on Figures 4 and 5.

The four whole-rock compositions (Fig. 4) yielded an er-
rorchron age of 1390 ± 26 Ma, initial Sr ratio of 0.71448
± 0.00271, and MSWD of 6.15. Omitting the more highly
altered sample SYA85-1O1 resulted in an errorchron age of

Table 2. Results of Rb-Sr isotopic analyses on four-whole
rock powders and one muscovite concentrate in duplicate.

Sample No.

SYA85-95
SYA85-96
SYA85-100
SYA85-101
SYA85-97*
SYA85-97*

Rb
366.1
373.6
325.8
362.3

1293.3
1294.6

Sr

38.6
18.4
20.6

112.0
15.6
15.3

"'Rb/^Sr

28.9755
66.6414
50.1300

9.53835
567.61
583.83

"'Sr/^Sr (2o)

1.292680(21)
2.057840(104)
1.700370(48)
0.904698(99)

14.68010(132)
14.85730(92)

' muscovite

2.0

CO

en 1.0

0.0

1390 +/- 26 Ma

Figure 4. Rb-Sr errorchron plot,
Fostung granitic rocks, Espanola
area, Ontario.
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The four whole-rock compositions together with the mus-
covite composition are shown in Fig. 5. Considering that
the muscovile is from the same dyke as two of" the whole-
rock samples, and is thus an integral part of the whole-rock
suite defining the 1390 Ma errorchron. the Rb-Sr isotopic
composition of the muscovite should fall on the errorchron.
Instead, the composition is discordant and a three-point
errorchron through the muscovite data, and an initial Sr ratio
of 0.7145 yielded an age of 1699 + 12 Ma. The errorchron
age through the muscovite data is not significantly affected
by assuming a lower initial ratio of 0.705, which results in
an age of 1700 + 12 Ma.

Discordant whole-rock and mineral Rb-Sr ages have been
widely reported since early investigations by Compston and
Jeffrey (1959) and Fairbairn et al. (1961). Rb-Sr ages can
serve as geochronometers for metamorphic events, provi-
ding that the whole-rock-mineral Rb-Sr system has been com-
pletely homogenized. However, partial disturbance of the
Rb-Sr system in minerals can occur at temperatures of no
more than a few hundred degrees because of the mobility
of Rb and Sr (Dodson. 1973).

The 1699 Ma age indicated by the muscovite data pos-
sibly represents the age of emplacement of the granitic dykes,
with a later resetting of the whole-rock Rb-Sr system during
hydrothermal alteration at 1390 Ma. This possibility seems
reasonable considering that other granitic plutons in the
region such as the Cutler granite and the Mongowin pluto-
nic complex are between 1700 and 1800 Ma old. In this sce-
nario, the presence of another granitic intrusion, related to
the alteration and mineralization at 1390 Ma and as yet unde-
tected, cannot be ruled out.

An alternative and more likely explanation for the
muscovite data is that they are due to either an excess of
radiogenic Sr or a depletion of Rb, or possibly a combina-
tion of both. Considering the high ratio of 87Rb to 86Sr in

the muscovite (the two analyses averaged 575), only a small
amount of excess K7Sr would be required to cause the ob-
served displacement, in this case probably no more than 1
to 2 ppm. An excess of radiogenic Sr is also consistent with
the high initial Sr ratio indicated by the whole-rock data,
which we attribute to contamination by older crustal materi-
al. The museovite-rich part of the dyke may. in fact,
represent remnants of incompletely digested crustal materi-
al. To produce the same amount of displacement by removal
of Rb would require removal of a much larger amount of
Rb, which we think is less likely to have occurred. In either
case, however, the result makes a meaningful interpretation
of the Rb-Sr age of the muscovite impossible.

The Rb-Sr whole-rock crrorchron ages arc approximately
the same as the K-Ar age of 1427 ± 26 Ma reported in Hunt
and Roddick (1988), within error limits. Although the er-
rorchron ages must be viewed as imprecise, they neverthe-
less support a Mid-Proterozoic age for the mineralization and
alteration of the granitic dykes associated with the Fostung
deposit. A similar age of emplacement for the granitic dykes
is inferred because of the likely genetic relationship between
the granitic rocks and tungsten mineralization.

The age of the granitic rocks supports their correlation
with anorogenic magmatism that was widespread through-
out the midcontinent of North America during Mid-
Proterozoic time. According to Anderson (1983), this anoro-
genic granite magmatism occurred during at least three
separate episodes: 1.41 to 1.49, 1.34 to 1.41, and 1.03 to
1.08 Ga ago. The Rb-Sr data for the Fostung granitic dykes
suggest that they belong to the second of these magmatic
periods.

Compositional similarities of the Fostung granitic rocks
with other Mid-Proterozoic anorogenic granites include their
slightly peraluminous and potassic nature. The high initial
Sr ratio of 0.71448, however, is in contrast to the average
ofO.7051 + 0.0025 indicated by Anderson (1983). The high

CO
O

20.0

16.0

12.0

1699 +/- 25 Ma

1390 +/- 36 Ma

REFERENCE LINE

Figure 5. Rb-Sr errorchron plot
for the muscovite data assuming
an initial Sr ratio of 0.7145. The
1390 Ma errorchron determined
from the four whole-rock samples
is shown for reference.
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initial Sr ratio of the Fostung granitic rocks suggests that
either a significant portion of the parent magma was der-
ived by melting of much older crustal rocks or else radio-
genic Sr was added to the granitic rocks later during
hydrothermal alteration.

The association of tungsten with Mid-Proterozoic granite,
although not common, does occur elsewhere. In the St. Fran-
cois Mountains, Missouri, for example, wolframite-bearing
veins are associated with the Silver Mine granite (Tolmin,
1933; Lowell, 1975). The occurrence of tungsten-bearing
skarn associated with Mid-Proterozoic granite at Fostung,
however, appears to be unique in the mid-continent of North
America.

ACKNOWLEDGMENTS
J.C. Roddick critically reviewed this paper, and R.R. Par-
rish and B.E. Taylor also provided helpful comments. K.K.
Nguyen drafted some of the figures.

REFERENCES
Anderson, J.L.

1983: Protcrozoic anorogenic granite plutonism of North
America; in Protcrozoic Geology; Selected Papers
from an International Proterozoic Symposium, ed.
L.G. Medaris. Jr., C.W. Byers, D.M. Mickelson. and
W.C. Shanks; Geological S<x-iety of America, Memoir
161, p. 133-154.

Card, K.D.
1976: Geology of the Espanola-Whitefish Falls area, Dis-

trict ofSudbury. Ontario; Ontario Division of Mines.
Gcoscience Report 131, 70p.

1978: Geology of the Sudbury-Manitoulin area, districts of
Sudbury and Manitoulin; Ontario Geological Survey,
Geoscience Report 166, 238p.

Chappell, B.W. and White A.J.R.
1974: Two contrasting granite types; Pacific Geology, v. 8,

p. 173-174.

Compston, W. and Jeffrey, P.M.
1959: Anomalous common strontium in granite; Nature, v.

184, p. 1792.

Corfu, F. and Andrews, A.J.
1986: A U-Pb age for mineralized Nipissing diabase, Gow-

ganda, Ontario; Canadian Journal of Earth Sciences,
v. 23, p. 107-109.

Oodson, M.H.
1973: Closing temperature in cooling gcochronological and

pr:trological systems; Contributions to Mineralogy and
Petrology, v. 40, p. 259-274.

Einaudi, M.T., Meinert, L.D. and Netvherry, R.J.
1981: Skarn deposits; Economic Geology, 75th Anniversary

Volume, p. 317-391.

Fairbairn, H.W., Hurley, P.M., and Pinson, W.H.
1961: The relation of discordant Rb-Sr mineral and whole

rock ages in an igneous rock to its time of crystalliza-
tion and to the time of subsequent 87Sr/allSr metamor-
phism; Geochimica et Cosmochimica Acta, v. 23,
p. 135-144.

Fairbairn, H.W., Hurley, P.M., Card, K.D., and Knight, C.J.
1969: Correlation of radiometric ages of Nipissing Diabase

and Huronian metasediments with Proterozoic orogen-
ic events in Ontario: Canadian Journal of Earth
Sciences, v. 6, p. 489-497.

Ginn, K.M. and Beec-ham, A.W.
1986: The Fostung schcclitc deposit. Espanola. Ontario:

Canadian Geology Journal of CIM. v. 1, no. I,
p. 46-54.

Hunt, P.A. and Roddick, J.C.
1988: A compilation of K-Ar ages. Report 18; in Radiogenic

Age and Isotopic Studies: Report 2: Geological Sur-
vey of Canada, Paper 88-2. p. 127-153.

Krogh, I.E. and Davis, D.W.
1969: Old isotopic ages in the northwestern Grenvillc

Province, Ontario; Geological Association of Cana-
da, Special Paper No. 5, p. 189-192.

Krogh, T.E., Corfu, F., Davis, D.W., Dunning, G.R., Heaman,
L.M., Kamo, S.L., Machado, N., Greenough, J.D., and
Nakan.ura, E.

1988: Precise U-Pb isotopic ages of diabase dykes and maf-
ic to ultramafic rocks using trace amounts of bad-
deleyite and zircon; in Mafic Dyke Swarms, ed. H.C.
Halls, and W.F. Fahrig; Geological Association of
Canada, Special Paper 34. p. 147-152.

Lowell, G.K.
1975: Precambrian geology and ore deposits of the Silver

Mine area, southeast Missouri: a review; in A Field-
guide to the Precambrian Geology of the St. Francois
Mountains, Missouri, ed. G.R. Lowell; Southeast
Missouri State University, Cape Girardeau, Missou-
ri, p. 81-88.

Theriault, R.J.
1989: Methods for Rb-Sr and Sm-Nd isotopic analyses at

the gcochronology laboratory. Geological Survey of
Canada; in Radiogenic and Isotopic Studies: Report 3;
Geological Survey of Canada. Paper 89-2, p. 3-6.

Tolmin, C.
1933: The geology of the Silver Mine area. Madison County.

Missouri; Missouri Bureau of Geology and Mines.
57th Biennial Report of the State Geologist.
1931-1932, Appendix I, 39p.

Turekian, K.K. and Wedepohl, K.H.
I96J: Distribution of the elements in some major suites of

the Earth's crust; Geological Society of America Bulle-
tin, v. 72, p. 175-192.

Van Schmus, VV.R.
1965: The geochronology of the Blind River-Bruce Mines

area, Ontario. Canada: Journal of Geology, v. 73. p.
755-780.

1971: Ages of lamprophyre dikes and of the Mongowin plu-
ton, north shore of Lake Huron, Ontario. Canada:
Canadian Journal of Earth Sciences, v. 8, p.
1203-1209.

Van Schmus, W.R., Card, K.D., and Harrower, K.L.
1975: Geology and ages of buried Precambrian basement

rocks, Manitoulin Island, Ontario; Canadian Journal
of Earth Sciences, v. 12, p. 1175-1189.

Welfierill, G.W., Davis, G.L., and Tilton, G.R.
1960: Age measurements of minerals from the Cutler

batholith. Cutler, Ontario; Journal of Geophysical
Research, v. 65, p. 2461-2466.

Wilson, B.S.
1982: The Fostung tungsten deposit: unpub. B.Sc. thesis.

Queen's University, Kingston, Ontario. 80p.
OJ



APPENDIX

Description of samples analyzed:

SYA85-95
Quartz-feJdspar porphyry; contains phenocrysts of quartz
(15% by volume), plagioclase (15%), K-feldspar (5%), and
biotite (1 to 2%), all about 0.5 to 1 mm in size, in a fine-
grained matrix of quartz and K-feldspar grains 0.05 to 0.1
mm in size. Plagioclase phenocrysts have been replaced by
sericite and trace amounts of carbonate. K-feldspar
phenocrysts are turbid and slightly sericitized. Biotite
phenocrysts are completely altered to sericite and carbonate.
Trace amounts of disseminated pyrite and rutile are also
present. The sample was collected from Sulpetro Minerals
Ltd. drill hole 3115-8 at 450.6-450.7 m.

SYA85-96
Fine-grained granite; consists mainly of quartz (40%), K-
feldspar (40%), albite (15%), and muscovite (5%). Grain
size is typically about 0.5 mm, but a few grains range up
to 1 mm. Muscovite occurs as radiating clusters and as in-
clusions in K-feldspar. Traces of chlorite occur as anhedral
shreds, probably replacing biotite. Minor amounts of seri-
cite (I to 2%) have replaced albite and K-feldspar. Trace
amounts of disseminated pyrite, apatite, rutile, and epidote
are also present. Sample was collected from Sulpetro drill
hole 3115-8 at 480.4-480.6 m.

SYA8S-97
Muscovite-rich zone in granite; consists of 15 to 20% mus-
covite as clusters of medium-sized grains (2 mm across) that
are clear and colourless except for inclusions of rutile. The
muscovite is associated with quartz (50%), K-feldspar (20%),
and albite (5%). About 1% pyrite and trace amounts of
sphalerite occur as disseminated grains. Sample was collected
from Sulpetro drill hole 3115-8 at 479.8-480.0 m and is from
the same dyke as samples SYA85-96 and -100.

SYA85-100
Fine-grained granite; consists mainly of quartz (35%), K-
feldspar (40%), albite (20%), and muscovite (5%), as 0.5
to 1 mm sized grains. Albite grains are partly sericitized.
Disseminated pyrite, rutile, and apatite occur in accessory
amounts. Trace amounts of disseminated molybdenite and
chalcopyrite are also present. Sample was collected from Sul-
petro drill hole 3115-8 at 482.5-482.6 m.

SYA85-101
Fine-grained granite/granodiorite; consists mainly of quartz
(30%), K-feldspar (25%), albite (15%), muscovite/sericite
(25%), and carbonate (5%). Muscovite (5%) occurs as dis-
crete grains 0.5 to I mm in size and fine-grained musco-
vite/sericite (15 to 20%) replaces albite and, to a lesser
extent, K-feldspar. Carbonate occurs as very fine-grained
aggregates associated with the muscovite/sertcite and as scat-
tered interstitial grains. Trace amounts of disseminated
pyrite, rutile, apatite, and molybdenite are also present. Sam-
ple was collected from Sulpetro drill hole 3115-8 at
530.9-531.0 m.
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Abstract

A granulite-facies orthogneiss from eastern Algonquin domain has yielded a concordant array of zir-
con data points with upper and lower intercept ages of 1375 + 13 and 1043 + 23 Ma, interpreted respec-
tively in terms of a primary igneous age and a late stage of metamorphism. A mildly deformed syntectonic
pegmatite dating a late stage of a compressive regime of overthrusting ofMuskoka domain over Parry
Sound domain has yielded an age of 1103 +6/ -4 Ma. A clinopyroxene syenite dyke cutting coronitic
olivine metagabbro in the southwestern part of Rosseau subdomain has yielded a U-Pb zircon age of
1058 + 8/ -4 Ma, which provides a lower age limit for granulite-facies metamorphism in this subdomain.
Additional U-Pb analyses of previously dated coronitic metagabbros in Muskoka and Algonquin domains
suggest that fine-grained zircon aggregates replacing ca. 1170 Ma igneous baddeleyite continued to
recrystaltize into coarse zircon during the interval 1060 to 1030 Ma.

Resume

Un ortkogneiss a fades des granulites provenant de la partie est du domaine d'Algonquin afourni
une serie concordante de donnees obtenues a I 'aide de methodes applique'es au zircon avec des ages
d"intersection superieur et infe'rieurde 1375 ± 13 Ma et 1043 ± 3 Ma, qui ont eteinterprets respec-
tivement comme une phase ignee primaire et une phase tardive de metamorphisme. Une pegmatite syn-
tectonique, moyennement deformee, ayant set vi a determiner I 'age d 'une phase tardive d 'un regime de
compression de nappes de charriage, ou le domaine de Muskoka a ete' charrie sur le domaine de Parry
Sound, afourni un Age de 1103 + 6/ -4 Ma. Un dyke de syenite a clinopyroxene traversant un metagab-
bro a olivine coronotise dans la partie SO du sous-domaine de Rousseau, a donne un age de
1058 + 81 -4 Ma, grace a la mithode U-Pb appliquee au zircon; cet age etablit une limite inferieure
pour I 'age d 'un metamorphisme a fades des granulites dans ce sous-domaine. D autres analyses du rap-
port U-Pb de metagabbros coronotises dates anterieurement dans les domaines de Muskoka et d'Algon-
quin, sembtent indiquer que des agregats de zircon a grain fin remplacant la baddeleyite eruptive agee
d 'environ 1170 Ma ontpoursuivi leur cristallisation pour donner des zircons a grain grossier entre 1060 Ma
et 1030 Ma.

INTRODUCTION
This paper reports ages from different localities in Parry
Sound, Muskoka, and Algonquin domains of the Grenville
Structural Province in Ontario (Fig. 1). The samples were
collected mostly to provide geocaronological support for a
textural and U-Pb geochronological study on igneous bad-
deleyite and metamorphic zircon in metagabbro (Davidson
and van Breemen, 1988). It was found that igneous bad-
deleyite crystals have replacement rims of fine-grained

columnar zircon in the same form as other silicate coronas
around primary olivine and Fe-Ti oxide. Corona formation
was thus interpreted to have been dated by zircon ages of
ca. 1045 Ma. Baddeleyite U-Pb isotopic ratios pointing back
to an age of ca. 1170 Ma were interpreted to date igneous
crystallization. In the same region, other U-Pb zircon ge-
ochronological data suggested primary country rock igne-
ous ages in the 1500-1340 Ma age range (van Breemen et
al., 1986).
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Data arc presented from a coronitc near the base of the
Parry Sound shear zone along the northwestern boundary
of Parry Sound domain bul within Britt domain (sample 1,
87DM-5O), as well as some new data from two coronitcs
already dated (85DM-165 and 85DMSH-IOIc; here called
.samples 2 and 3, as in Davidson and van Breemen. 1988).
Three other samples were collected to help interpretation of
the U-Pb data from the coronitcs. Sample 4 (85DM-115-1)
is a metamonzonite in granulite fades from the eastern part
of Algonquin domain close to coronite samples 2 and 3; it
provides geochronological information on the host rocks to
the coroniles. Samples 5 (85DMSD-62h) and 6 (86DM- 10b)
were collected from dykes which cut coronitic olivine
metagabbros and, therefore, provide minimum ages for both
primary igneous intrusion and metamorphism. Sample 5 is
from a hypersthene granodiorite dyke that cuts across meta-
morphic foliation in coronite in Huntsvillc subdomain of Al-
gonquin domain. Sample 6 is from a non-deformed pyroxene
syenite pegmatite dyke cutting coronitc within the disrupted
gneissic tectonites of Seguin subdomain (structural level 3)
close to the southwestern margin of Rosseau subdomain (level
1). It provides a minimum age for the emplacement of the
upper deck of Muskoka domain (Culshaw et al.. 1983;
Davidson, 1984). Finally, sample 7 was collected from a syn-

tectonic pegmatite in the boundary zone between Moon River
subdomain (level 3) and Parry Sound domain (level 2). both
of which tectonically overlie level 1 of Muskoka subdomain:
this should date a late stage of the emplacement of level 3
against 2.

GEOCHRONOLOGY
U-Pb zircon isotopic data (Table I) were obtained using tech-
niques described by Parrish et al. (1987). A modified form
of York's (i969) least squares lilting was used to calculate
regression lines (Fig. 2 . 3 . and 4). Error envelopes at 2 sig-
ma were obtained by the methods of Roddick (1987). Un-
certainties for ages are given at the 2 sigma level.

Coronitic metagabbros (samples 1 , 2 . and 3)

We begin by relating new analyses from samples 2 and 3
to previously published data from these samples (Davidson
and van Breemen, 1988). From sample 3 (85DMSH-IOlc).
another strongly abraded fraction of baddeleyite was ana-
lyzed (Table 1). The corresponding data point (3a) plots on
the previous alignment of six baddeleyite data points from

Figure 1 . Regional structural framework of part of the Central Gneiss Belt northeast of
Georgian Bay, Ontario, with sample locations (circled numbers). Heavy toothed line in up-
per left is Grenville Front; GFTZ = Grenville Front Tectonic Zone; CGB = Central Gneiss
Belt;CMB = Central Metasedimentary'Belt (terminology of Wynne-Edwards, 1972). Dashed
lines are major shear zones, dip direction indicated. Black dots indicate distribution of coro-
nitic olivine metagabbro. 1,2,3 indicate sequence of deck emplacemnt (after Culshaw et
al., 1983). From deck 1, A = Algonquin domain, B = Britt domain, R = Rosseau subdo-
main. From deck 2, PS = Parry Sound domain. From deck 3, M = Moon River subdo-
main, S = Seguin subdomain. M, R, and S are part of the Muskoka domain. Stippled area
is Paleozoic cover.
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Table 1. U-Pb zircon data.

Fraction.1

Size

1. Coronitic metagabbro.
a. baddeleyite
b. baddeieyite
c. baddeleyite
d. zircon, aggregate
e. zircon, aggregate

2. Coronitic metagabbro.
a. zircon
b, zircon

3. Coronitic melagabbro,
a. baddeleyite
b, zircon
c. zircon

Weight
[rng|

U
Win]

Pb'
ippmi

Parry Sound domain (87-DM-5O
0.027
0.053
0.022
0.037
0.039

602.6
608.1
303 3
273.6
264 0

108.9
1123
54.67
49.11
47.76

Algonquin domain (85DM-165)
0.046
0.046

71.38
86.73

13.55
17.23

4775
22280

1935
3008
4149

3893
3122

Seguin subdomain (85DMSH-101C)
0.048
0.015
0.025

4. Metamonzonite in granuhte facies
a, +105 NMO
b. +105 NM1
c, -105+74 NMO
d, -105 + 74 NM1

0.28
0.30
0.16
0.37

452.0
78.76
38.52

80.89
14.49
6.99

18150
910
915

. Algonquin domain I85DM-115)
79.17
85.80
95.75
87.44

18.57
20.49
20.57
19.97

2838
3643
3263
3992

Pbc'

ipgi

41
17
43
39
30

9
15

15
14
12

110
100
61

110

5. Hyperthene bearing granodiorite dyke, Algonquin domain (85DMSD-62h)
a. +149 NMO P
b. -105 + 74 NMO P
c, -105+74 NM-1
d. -105 + 74 NM-1 R
e, -62 NM-1

0.027
0.075
0.043
0.036
0.028

172.4
178.5
149.4
200.7
167.5

35.55
39.43
33 99
48.22
37.56

1009
3575
1514
1442
1825

56
37
59
73
35

6. Clinopyroxene syenite dyke, boundary Seguin and Rosseau subdomains (86-DM-10b
a. +105 Mag3
b, -105+74 Mag3
c, -105+62 Mag3
d, -74+62 Mag3

7. Synlectonic pegmatite,
a, +149 Magi
b, +149 Magi NMCo
c, +149 Mag 1 NMCo
d, -149 + 105 Magi

Motes; 'sizes are in microns
otherwise; 'radiogenic Pb;1

0.093
0.088
0.082
0.085

1276
1146
918.1
1136

214.3
196.9
160.3
193.1

10056
8966
8356

7370

Moon River/Parry Sound shear zone
0.042
0.033
0.034
0.051

5441
1513
1628
1647

356.4
262.0
280.0
281.7

5441
5042
8187

12305

1218
123
99

141

185
114
79
78

; NM1 =non-magnelic cut with Frantz at 1 degree side slope.

0.0085
0.047
0.0117
0045
0.038

0.196
0.223

0.005
0.143
0.113

0.147
0.161
0.126
0.144

0.125
0.115
0.117
0.089
0.101

0.057
0.067
0.080
0.071

0.005
0.006
0.005
0.006

" " • P D
™jj- .SEMV'

0.19362 (.084)
0 19098 (0B6)
0 19252 (.085)
0 18618(086)
0 18865 (172)

0.17349 (.090)
0 17786 (096)

0.19239 (.083)
0.17570 (.14)
0 17784 (.24)

0.21879 (.058)
0.22088 (.059)
0.20560 (.0651
0.21442 (.064)

0.19370 (.47)
0.21265 (.21)
0.21991 (.10)
0.23153 (0.32)
0.21952 (.099)

0.17189 (.15)
0.17406 (.151
0.17521 (.15)
0.17167 (.15)

0.18169 (15)
0.18465 (.15)
0.18431 (.15)
0.18345 (.151

2.0823 (.099)
2.0426 (098)
2.0636 (11)
1.9685 (.10)
2.0044 (.18)

1.7642 (.11)
1.8313 (.11)

2.0611 (095)
1.7902 (.16)
1.8193 (.28)

2.5441 (.097)
2.5790 (.093)
2.3139 (.099)
2.4695 (097)

2.1350 (.49)
2.4887 (.23)
2.6087 (.14)
2.8407 (.34)
2.6145 (.13)

1.7604 (.16)
1.7857 (.16)
1.7993 (.17)
1.7604 (.16)

1.9016 (.17)
1.9388 (.17)
1.9342 (.17)
1.9236 (.16)

Mag()=magnetic cut with Frantz at 0 degree side slope,

R

095
0 96
0.88
0.90
0.98

0.93
0.93

0.96
0.8S
0.70

0.90
0.89
0.91
0.91

0.97
0.98
083
0 96
0.92

0.97
0.97
0.97
0.97

0.96
0.96
0.97
0.97

*°'ft age. erm'' ,
' " •Pb i l lai S E M l

1146.9(13) 0.033
1135.9(1.1) 0.028
1140.2(2.2) 0.056
1113.0(1.8) 0045
1122.8(1.6) 0.040

1034.6(1.6) 0.039
1059.7(1.6) 0.040

1139.2(1.1) 0.028
1038.7(3.0) 0.074
1046.9 (8 0) 0.205

1300.2(10) 0.051
1308.3 (0.9) 0.049
1236.5 (0.9) 0.048
1281.6(0.9) 0.047

1195 5 ;2 4) 0 119
1312.8(1.0) 0.049
1339.0(3.0) 0.078
1403.8(1.7) 0.089
1346.7 (2.1) 0.053

1049.0 (0.8) 0.042
1052.6(0.8) 0.042
1054.5 (0.8) 0.041
1051.6(0.9) 0 043

1092.6 |0.9) 0.047
1099 G (0.9) 0.047
1098.1 (0.8) 0.042
1096.4 (0.8) 0.040

samples are zircon unless indicted
measured ratio, corrected for spike and (ractionation; 'total common Pb in analysis corrected for fractionation and spike; 'corrected for blank Pb and

U, common Pb. errors quoted are one sigma in percent; R correlation of errors oi isotope ratios; ''corrected for blank and common Pb, errors are two sigma in Ma; error at one
sigma.

four coronitic mctagabbros from Algonquin and Muskoka
domains, consistent with an upper intercept age of ca. 1170
Ma (Fig. 2). A fraction of ovoid zircons previously analyzed
from this coronitic metagabbro (point 3, Fig. 2) yielded a
2i)7pb.2ix>pb a g e o f |080 + 4 Ma and was interpreted in
terms of a mixture of igi. :;>us zircon of similar age to the
baddeleyites and metamorplii': drcon of ca. 1.05 Ga age.
Two further fractions of ovo .' zircon analyzed are concor-
dant and yield younger 2()7Pb-2O6K ges of 1039 Ma (3b)
and 1047 (3c) Ma (Table 1).

From .sample 2 (85DM-J65) in eastern Algonquin domain
two additional zircon fractions were analyzed (Table 1).
Selected crystals are oval-shaped and of metamorphic ap-
pearance, but distinct from the finer zircons of the poly-
crystalline rims surrounding the baddeleyite grains. Whereas
in the nearby coronitic metagabbro (84DMSA-1 Id, sample
I of Davidson and van Breemen, 1988) both previously ana-
lyzed zircon clusters and ovoid-shaped zircons agreed at an
age of ca. 1045 Ma (Fig. 2), in sample 2 there appeared to
be a discrepancy with the possibility that the ovoid zircon
grains recrystallized later at 1031 Ma. Data points for the
two new analyses arc nearly concordant with 2()7Pb-2l)6Pb
model ages of 1035 Ma (2a) and 1060 Ma (2b, Fig. 2).

Baddeleyite data from sample I (87DM-50) yield an ar-
ray of data points (la, lb, Ic) identical to that of the coronites
from Algonquin and Muskoka domains (Fig. 2). FraC'on
la yields a 2<l7Pb-2(l"Pb age of 1147 Ma, which is taken as
a minimum age for igneous crystallization. These data are
consistent with a primary igneous age of ca. 1170 Ma for
this coronitic metagabbro in Britt domain near the base of
the Parry Sound shear zone, the same primary age as for
coronites in Algonquin and Muskoka domains to the
southeast.

In the same sample, zircon after baddeleyite consists of
extremely fine crystals. Moreover, in the two fractions ana-
lyzed it was not possible to obtain aggregates in which bad-
dcleyite was completely converted to zircon. However,
aggregates with observable baddeleyite cores were avoid-
ed, and it is unlikely that baddelcyitc constituted more than
10% of the material analyzed. The two fractions (Id, le)
of zircon clusters are slightly more discordant than the bad-
deleyite fractions (Fig. 2) anJ yield 207Pb-206Pb ages of
1113 Ma and 1123 Ma as compared with 1146 Ma to 1136
Ma for the baddeleyites. Given thai the baddeleyiles contain
610-300 ppm U compared with 270 ppm for the zircons, it
is possible to interpret the data in terms of a mixed age be-
tween igneous baddelcyite at 1170 Ma and a younger meta-
morphic age.
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Figure 2. Concordia diagram with isotopic ratios of baddeleyite and metamorphic zir-
con from three coronitic metagabbros from: 1, Parry Sound domain; 2, Algonquin domain;
and 3, Seguin subdomain of Muskoka domain. Error ellipses of baddeleyite data points
are filled. Numbers and letters identifying data points correspond to those of Table 1.
Also shown are data points for ovoid zircon from samples 2 and 3, as well as coronitic
metagabbro 84DMSA-11d from Algonquin domain previously published in Davidson and
van Breemen (1988). These data points are identified by " 2 " and "3 " , indicating that
samples came from the either Algonquin or Muskoka domain.
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Orthogneiss, metamonzonite in granulite fades
(sample 4: 85DM-115)

Sample 4 is from an orthogneiss unit that is conformable with
the local north-northwest-trending foliation. The rock is uni-
form, olive-buff, very fine and even grained, and is free from
bands or lenses of darker material. This orthogneiss unit from
eastern Algonquin domain is part of the gneiss assemblage
that hosts coronitic gabbro specimens 84DMSA-lld and
85DM-165 described in Davidson and van Breemen (1988).

The zircons recovered from sample 4 range from pris-
matic, simple subhedral shapes commonly featuring sharp
corners to more ovoid multifaceted shapes. They could not
be etched with HF acid. Two coarse fractions (4a, 4b) of
the prismatic type were picked, assuming that these consist
largely of the igneous precursor. Two finer fractions (4c.
4d) were picked in the belief that these may have a
metamophie rim component. U contents are low (80-95
ppm). On a concordia plot, the four fractions are aligned
with upper and lower intercept ages of 1375 +13/ -12 Ma
and 1043 + 22/ -23 Ma (MSWD = 2.03). These ages are
interpreted in terms of igneous crystallization and metamor-
phism respectively, although the lower intercept age may be
a composite of more than one effect.

Preservation of pre-1.3 Ga igneous ages confirms the ar-
gument that younger metamorphic ages for zircon rims
around baddeleyite are metamorphic and not cooling ages.
In Davidson and van Breemen (1988), this argument was
based on the zircon isotopic systematics of an orthogneiss
from a different subdomain of Algonquin domain, 50 km
to the southwest. The orthogneiss collected for the present

study is in the same subdomain and separated by only 5 km
from coronite samples 2 and 3, thus providing a more solid
foundation for the above argument.

Hypersthene-bearing granodiorite dyke (sample 5;
85DMSD-62h)

A sample was collected in the southwestern pjrt of Algon-
quin domain from a pale buff-green, fine-grained hypersthene
granodiorite dyke that cuts cleanly across the foliation of a
coronitic olivine metagabbro body and includes fragments
of it. Although this metagabbro has not been dated, it is simi-
lar in every respect to the other metagabbros of the 1170
Ma suite. The granodiorite locally intrudes the margin of
the metagabbro body, but was not observed to cut the neigh-
bouring layered quartzofeldspathic granulites.

The zircons from sample 5 range from subhedral prisms
to entirely equant, multifaceted grains. The different mor-
phologies show little range in U concentration. There is,
however, a considerable scatter with an imperfect alignment
of data points corresponding to upper and lower intercept
ages of 1523 +91 / -63 Ma and 1034 +73/ -96 Ma and a
MSWD of 8.7 (York, 1969). The oldest :l>7Pb--0('Pb age of
1404 Ma corresponds to the fraction of most equidimensional
grains and the youngest -l)7Pb-:o6Pb age of 1196 Ma to the
most prismatic. Samples 5c and 5e with almost identical U-
Pb isotopic ages consist of prismatic and round grains respec-
tively, with the latter indicating a slightly older age. A regres-
sion line through prismatic fractions 5a, 5b, and 5c yields
upper and lower intercepts of ca. 1500 and 1050 Ma.
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The data are interpreted in terms of intrusion of the dyke
at about 1050 Ma with a large inheritance of older zircons
of at least two ages, one being younger than 1500 Ma and
the other equidimensional variety older than 1500 Ma. It has
not been established whether the older age is of igneous or
sedimentary origin. The intrusive granodiorite may have been
derived by local melting of the country rock at the margin
of the metagabbro body during granulite-facies regional
metamorphism.

Clinopyroxene syenite dyke (sample 6: 86DM-l()b)

Sample 6 from the margin of level 3 near the southeastern
end of Rosseau subdomain is from one of several greenish-
buff clinopyroxene syenite dykes that cut a well-reacted coro-
ttitic olivinc metagabbro. This metagabbro has not been dat-
ed, but is identical to other bodies of the 1170 Ma suite.

Zircons from sample 6 are not of good quality, contain-
ing cracks and inclusions. They are generally prismatic (finer
tractions 6b. 6c. and 6d). but a coarse traction (6a) is stub-
by to equidimensional. U concentrations are consistently high
for all four fractions (900-1300 ppm). A regression (York.
1%9) analysis yielded an upper intercept age of 1058 +8/ -4
Ma with a lotver intercept age of ca. 270 Ma and a MSWD
of 3.1. The data provide a minimum age of 1054 Ma for
the melamorphisni of the coronite intruded by the syenile
dvke.

Syntectonic pegmatite, Horseshoe Lake (sample 1)

A mildly internally deformed boudinaged pegmatite (Fig. 5)
was sampled for U-Pb zircon dating from the shear zone
bounding Moon River subdomain (level 3) and Parry Sound
domain (level 2). The pegmatite is a cross-cutting but rotat-
ed 'climbing' pegmatite, which according to the criteria of
Hanmer (1984) has been interpreted in terms of emplace-
ment into the shear zone during movement of the hanging
wall over the foot wall. The strong foliation of the shear zone
is cut by the pegmatite, which itself contains the same fabric
as its sheared country rock, a straight-layered tcctonite with
rotated mafic boudins. Emplacement thus occurred at a late
stage of the shearing that resulted from northwest overthrust-
ing of the Moon River .subdomain (level 3) over Parry Sound
domain (level 2).

Zircons from sample 7 are mainly long prismatic and sub-
hedral to euhedral. Cracks abound, and many crystals were
apparently very coarse hut have been broken into irregular
fragments. Three fractions were picked from these broken
fragments (7b. 7c. 7d). and one from the prismatic crystals
(7a). The latter had an extremely high U content of 5400
ppm. whereas the fragments had U contents of ca. 1600 ppm.
All four fr«H .ions are nearly concordant and collincar. yield-
ing an upper intercept age of 1103 +6/ -4 Ma anJ : lower
intercept of ca. 500 Ma with a MSWD of 0.04. This age
i.s interpreted to date emplacement of this syntectonic peg-
matite.

Figure 5. Boucfinaged but cross-cutting 'climbing' pegma-
tite (sample 7), Horseshoe Lake, southwest road cut.

DISCUSSION

The data sets presented in this report are of a fragmented
nature but provide support for other geochronological studies
(van Breemen el al.. 1986; Davidson and van Breemen.
1988: L. Nadeau and O. van Breemcn. manuscript in prepa-
ration). The 1375 +13/ -12 Ma upper intercept age for the
granulite-facics metanionzonite (sample 4) is best interpret-
ed as dating igneous crystallization. This age corresponds
to the younger of two igneous phases encountered in the Cen-
tral Gneiss Belt (CGB) (van Breemen and Davidson, 1988).
which in turn is within the 1400-1340 Ma range of magmat-
ic activity in the western granite rhyolite province of the mid-
continent (Bickford et at.. 1986). The older 1450-1480 Ma
magmatism of the eastern province may be represented by
the inherited zircons of the hypersthenc granodiorite dyke
(sample 5).

U-Pb data on the baddcleyitc from the eoronite in the Par-
ry Sound shear zone (sample 1) indicate that the 1170 Ma
basic magmatism extended into Britt domain northwest of
the Parry Sound shear zone, supporting inferences drau-n
from field observations and gcochemical data (Davidson and
Grant. 1986). (It is noted, however, that the coronilic oli-
vinc metagabbro suite i.s absent from the interior of Parry
Sound domain).

The 1058 +8/ -4 Ma age for the clinopyroxene syenite
dyke (sample 6) should be a minimum age not only for
the metamorphism of the eoronitic metagabbro. which it in-
trudes, but also for the emplacement of deck 3 (Seguin) over
deck 1 (Rosseau). According to the model of Culshaw et al.
(1983). this event saw the emplacement of deck 3 (both the
Seguin and the Moon River suhdomains) against the Parry
Sound domain. A late stage of this movement has now also
been dated at 1103 +6/ -4 Ma. the age of a late syntectonie
pegmatite (sample 7). This age is intermediate between the
1159 +5/ -4 Ma age of a late stage of shear in the Parry
Sound shear zone and movement along the Central
Metasedimentary Belt boundary thrust zone at 1060 + 6 Ma
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and continuing at 1029 +14/ + -4 Ma (van Breemen and
Hanmer, 1986). These new data thus provide further evi-
dence for a southeastward younging of at least the final stages
of thrusting between the Pairy Sound shear zone and the Cen-
tral Metasedimentary Belt thrust zone.

The 1043 +22/ -23 Ma lower intercept age for the granu-
lite facies metamonzonite (sample 4) appears to be consis-
tent with the ca. 1047 ± 5 Ma age previously obtained from
zircon from a nearby coronitic metagabbro (87DM-lld).
With one exception (sample 3; point 3, Fig. 3), U-Pb ages
for zircons from metagabbros in the southeastern part of the
CGB range from 1060 Ma to 1030 Ma (Fig. 2); this range
coincides with ages obtained so far for late-stage thrusting
along the Central Metasedimentary Belt boundary thrust zone
(van Breemen and Hanmer, 1986).

The range of lower intercept ages is, however, younger
than late thrust movements in the same region, which post-
date granulite-facies metamorphism. The oldest syntectonic
pegmatite in Algonquin domain, near Huntsville, which cuts
the local granulite facies metamorphic fabric, was dated at
1080 + 3 Ma (L. Nadeau and O. van Breemen, manuscript
in preparation). In view of the latter information, the previ-
ously published 1080 Ma 2 O 7Pb-mPb age for ovoid zircon
from the coronitic gabbro in the Seguin domain (point 3, Fig.
3) may be reinterpreted as being entirely of metamorphic
origin. Given the clear evidence for the preservation of older
igneous U-Pb ages in coarse (ca. 100 micron) grains from
metamonzonite (sample 4) and from one other granulite-
facies meta-igneous rock in the region (van Breemen et al.,
1986), it is unlikely that a significant proportion of radio-
genic Pb was lost from zircon crystals larger than 50 microns
either by solid-state diffusion or by lattice recrystallization
during metamorphism. However, Davidson and van Bree-
men (1988) suggested that fine polycrystalline zircon ag-
gregates forming around baddeleyite may recrystallize into
coarser zircon grains. The new data are consistent with this
interpretation, indicating that the ca. 100 micron-sized ovoid
multifaceted zircon crystals in the coronitic metagabbros are
the end product of a recrystallizing process at high tempera-
tures. This recrystallization of fine to coarse zircon coincid-
ed with continued compressional movement along the Central
Metasedimentary Belt boundary thrust zone.

The above scenario is also consistent with the isotopic
evidence from the mantles of the fine zircon surrounding bad-
deleyite in the coronitic metagabbro (sample 1) from the
northwestern edge of the Parry Sound shear zone, which
clearly have not continued to recrystallize during the 1060
- 1030 Ma interval. However, the question as to when
granulite-facies metamorphism began after 1170 Ma is more
subtle and at present is undated.

Finally it is noteworthy that the 1103 +6/ -4 Ma age for
the syntectonic pegmatite, which is related to the compres-
sive overthrusting within the CGB, is contemporaneous with
the Keweenawan rift volcanism dated between 1109 Ma and
1094 Ma (Davis and Sutdiffe, 1985; Paces and Davis, 1988).
Other dated compressive events in the southwestern Gren-
ville Structural Province, however, are outside this range.
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Abstract

Granitic plutons emplaced during the Acadian orogeny are abundant in the Miramichi Terrane of
New Brunswick. Previous workers have generally assigned Devonian ages to these plutons. Seven new
U-Pb ages for Acadian granitic rocks from the Miramichi Terrane are presented, which indicate that
more than 90% ofthefelsic plutonism in this region is Silurian and not Devonian as previously thought.

Resume

Des plutons granitiques mis en place au cours de I 'orogene acadien sont abondants dans le terrane
de Miramichi du Nouveau-Brunswick. Les premiers geologues ont generalement attribue a ces plutons
des ages de'voniens. Dans le present document, on trouve sept des nouveaux ages obtenuspar la methode
U-Pb pour des roches granitiques de I 'Acadien provenant du terrane de Miramichi; ces ages indiquent
queplus de 90 % duplutonisme felsique dans cette region est d 'origine silurienne et non pas devonienne.

INTRODUCTION

The purpose of this paper is to present the analytical data
for U-Pb ages of seven Silurian and Devonian granitic in-
trusions from the Miramichi Terrane, New Brunswick (Fig.
1). Rb-Sr and K-Ar age determinations on samples from ad-
ditional plutons in the same area are reported in Whalen and
Theriault (1990). The geological setting of these plutons is
described in Bevier and Whalen (1990), and these data con-
strain the tectonic interpretations presented therein.

Sample locations are given in Table 1. The granitic rocks
intrude metavolcanic and metasedimentary rocks of the
Cambro-Ordovician Tetagouche Group and, in part, a suite
of deformed Ordovician granitic plutons (Fig. l)(Whalen,
1987). Modal analyses of the samples are presented in Ta-
ble 2. The Pokiok batholith and North Pole Stream pluton
were previously dated as Devonian by Rb-Sr and K-Ar
methods (McCutcheon et al., 1981; Fyffe, 1982), and the
Mount Elizabeth complex was considered to be the same age

based on similar rock types and lack of deformation. These
plutons are mostly undeformed and unmetamorphosed, ex-
cept adjacent to major faults. Because of their geological rela-
tionships and scattered Devonian mineral ages these plutons
have long been regarded as Acadian intrusions (Fyffe et al.,
1981).

ANALYTICAL TECHNIQUES
Zircon and other datable minerals were concentrated from
25 kg of each rock sample, and individual zircon popula-
tions were separated initially on the basis of grain size and
magnetic susceptibility and subsequently by crystal habit.
Grains selected for analysis were hand picked using a binocu-
lar microscope to isolate the most euhedral, optically
homogeneous, fracture-free and inclusion-free grains. All
zircon and sphene fractions were abraded to remove poten-
tially altered outer parts of the grains (Krogh, 1982).

/ Contribution to the Canada-New Brunswick Mineral Development Agreement, 1984-1989.
2 Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario KIA OES
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Table 1. Sample locations' and descriptions.

U-Pb sample Map
number Sheet

WXNB-707 21J/1S
WXNB-710 210/8
WXNB-711 210/7
WXNB-701 21G/14
WXNB-700 21G/14
WXNB-724 21G/14
WXNB-723 21G/14

East

888
893
829
277
368
192
393

North

064
477
518
903
922
695
943

Batholith/Suite

North Pole Stream
Mount Elizabeth complex
Mount Elizabeth complex
PoKiok batholith
Pokiok batholith
Pokiok bathblith
Pokiok batholith

Pluton or Phase

granite (SNg)
granite (SEpg)
Alkaline Suite (SEag)
Harttield
Hawkshaw
Skilt Lake
Allandale

Sample Description

mg-cg granite, rare larger KIs
mg eq bl granite
eg bt granite
eg slightly fol bt granodtonte
mg KIs porph (2-5 cm) bt granite
eg eq bt-musc tonalite
mg eq bt-musc granodionte

NTS map sheet and UTM Zone 19 grid locations are given lor the samples. Note: Letters in parentheses are the intrusive map units ol Whalen (19881 Abbreviations bt - biotite.
muse • muscovile. KIs • K feldspar, eg - coarse-grained. mg • medium grained, eq - equigranular. porph - porphyritic. fol foliated

Table 2. Modes (volume %) for Miramichi granitoid samples.
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' ; : • ; , - -

Freder"

/

/

/
f
cton

t

D
D
Q
E3

Carboniferous cover
sequence

Tobique-Chaleur belt

Devonian granitoids

Silurian granitoids

Ordovician granitoids

Figure 1 . Map of major Paleozoic plutons in the Miramichi
Terrane (Fyffe and Fricker, 1987), New Brunswick, showing
the locations of samples analyzed for this study. Unpatterned
area of Miramichi Terrane represents Cambro-Ordovician
rocks of the Tetagouche Group. Sample numbers are keyed
to the tables. (Sample prefixes are omitted from the diagram
for clarity). PF = Pabineau Falls pluton; B = Burnthill suite
of plutons. The distribution of Silurian plutons is based on
this paper and Whalen and Theriault (1990).

Several fractions of zircon as well as monazite or sphene
or xenotime (if present) were analyzed from each sample.
Procedures for dissolution, separation of Pb and U. and
purification techniques employing a -()'ipb/--1-1-3'iU spike
were the same as those detailed in Parrish et al. (1987). To-
tal procedural blanks for Pb ranged from 9 to 44 pg (aver-
age 20 pg; n = 32) for zircon, monazite, and xenotime, and
were 36 pg for three sphene analyses. U blanks averaged

UP sample no.:
WXNB

Quartz
Plagioclase
K feldspar
Amphibole
Biotite
Muscovite
Opaques
Sphene
Allanite
Apatite
Zircon
Monazite
Xenotime
Fluorite
Epidote

Note: Each mode

-707

318
29.2
320

70

tr

ti
Ir
Ir

epresents

-710

29.7
34.8
29.4

55
02
tr

02
02
Ir

tr

•711

26.3
8.0

60.9

4.4

0.2

0.2

tr

a combination ol
20 cm slab (1000 points) and a thin

-701

267
50.0
11.3
tr

10.5

0.8
0.1
03
tr

0.1

-700

275
38 3
22.6

10.8

04
0.3

tr
01

point counts on
section (1000 points).

•724

313
42.3

1.8

23 5
tr
0.1

07
02

Ir

a stained

-723

29 9
419
19 5

5.5
3.2
If

tr
tr
tr

12 by

3 pg for zircon, monazite. and xenotime analyses and 5 pg
for sphene analyses. Isotopic analyses were carried out on
a Finnigan MAT 261 solid-source mass spectrometer
equipped with multiple collectors, secondary electron mul-
tiplier, and operating software designed for simultaneous
measurement of all five Pb isotopes (Parrish et al., 1987).
Discordia line intercepts and associated errors were calcu-
lated using a modified York technique (York, 1969) as
detailed in Parrish et al. (1987). Errors were propogated nu-
merically (Roddick, 1987) and are quoted at the 2o level,
with -()7Pb/ : '5U and -'*Pb/:38U errors averaging 0.27 and
0.20%, respectively, for zircon, monazite, and xenotime anal-
yses, and 1.11 and 0.28%. respectively, for sphene analyses.
All age determinations were calculated using the decay cons-
tants of Steiger and Jager (1977), and sphene analyses were
corrected with measured common Pb from feldspars in the
same granitic samples (Bevier, 1987).

A number of analyses generated in this study fall on or
near concordia. We consider an analysis to be concordant
when there is a substantial overlap of the 2o error envelope
with concordia. For such analyses, the errors we assign to
the crystallization age is the 2o error of the :o('Pb";3llU age.
For monazite analyses that plot above concordia due to ex-
cess 20(SPb (Seharer, 1984), and in the absence of Th and U
corrections, the 2()7Pb- :"U age is taken to be the crystalli-
zation age of the monazite. The geological time scale of
Palmer (1983) is used throughout this paper.

94



RESULTS
The U-Pb analytical data are given in Table 3. In three of
the seven samples at least one fraction of zircon or sphene
gave a concordant result. In three samples containing
monazite, duplicate :(l7Pb-:35U ages agree within error, the
points being slightly above concordia. In most samples the
zircon + sphene ± xenotime fractions display either sim-
ple Pb loss sysiematics or a combination of Pb loss and an
inherited component. In many samples, xenocrystic zircons
were recognized by their morphology and specifically ex-
cluded from analysis.

Sample WXNB-707 is a biolite granite with minor K feld-
spar megacrysts from the North Pole Stream pluton. Zircons
from WXNB-707 are pale yellow with very good clarity and
about 5% clear tubular or spherical inclusions. Two mor-
phological populations of zircon are present, euhedral acic-
ular grains with length:breadth (l:b) of 10:1 and multifaccled
prismatic grains (l:b = 2:1). Monaziles are yellow, euhedral
prisms that have excellent clarity.

Three analyses of zircons of different magnetic suscep-
tibility and grain morphology are all discordant in a pattern
that suggests small degrees of Pb loss (Fig. 2). Duplicate

Table 3. U-Pb analytical data.

Mineral fraction

WXNB-707 North Pole Stream g

A N + 1 4 9 M u A
B N +105-149 Ac A
C. W +105-149 Ac A
D. Monazite +149 S
E. Monazite +149 S

Weight
(mg)

ranite

0.1119
0.1500
0.1009
0.0120
0.0210

WXNB-710 Mount Elizabeth biotite granite

F. N +74-149 A
G. M +105 FA
H, M +105 Ac A
I. Monazite +149 S
J. Monazite +149 S

O.0174
0.0483
0.1247
0.0083
0.0046

WXNB-711 Mount Elizabeth alkaline granite

K. N+149A
L W +149 A
M. N +44-62 A

WXNB-701 granodiorite. Hartfield

N. N +149 Ac A
0. W +149 Ac A
P. M +149 Ac A
Q. Sphene +149 A
R. Sphene +149 A

0.1315
0.1657
0.2075

U
(ppm)

3152
329 9
419 7

1877.9
16582

584.2
2669.8
3098.6
1204.5
2323.1

200.6
423.0
777.6

phase. Pokiok batholilh

0.1064
0.2085
0.1254
0.2980
0.1490

1157.3
1104.4
1515.1
134.0
241.1

WXNB-700 granite. Hawkshaw phase. Pokiok batholith

S. N +105-149 FA
T. W +105-149 Ac A
U. N +105-149 F.E A
V. W +105-149 F A
W. Sphene +149 A

0.0312
0.0830
0.0845
00556
0.0950

1496.1
979.2

1190.8
1576.5

131.2

WXNB-724 tonalite. Skiff Lake phase. Pokiok batholith

X. N +149 Ac A
Y. N +149 Mu A
Z. W +149 Ac A
AA. M +149 Ac A
BB. Xenotime +177 S
CC. Xenotime +177 S

0.0790
0.0269
0.0500
0.O466
0.0325
0.0120

174.8
150.9
154.6
165.5

2028.8
4690.6

WXNB-723 granodiorite. Allandale phase. Pokiok batholith

DD. N +105 A
EE. W +105 A
FF. M +105 Ac A
GG. Monazite +149 S
HH. Monazite +149
II. Monazite +149 S

0.0513
0.0871
0.O873
0.0252
0.0343
0 0)88

978.5
1614.5
14546
772.7

1429.2
2300.4

Pb'
(ppm)

21.50
22.95
28.96

1378.0
988 1

36.10
166.8
188.0

1204.0
1742.0

13.68
29.09
5351

74.25
69.94
97.20
12.05
19.02

9189
62 50
75.09
98.69
9.30

11.48
17.84
10.44
10.86

125.4
303.6

60.01
94.70
85.61

400.3
756.0
863.8

Measured
••'W"'Pb

3974
3969
4760
2135
3097

1503
2147
4586
1286
1392

1285
1745
8991

5217
5458

11270
289
352

1681
6930
2684
3594

75

2520
1407
1639
1873
1716
5826

2807
4025
2803
2511
2255
2397

• • " •Pb

12.6
12.9
13.3
91 7
89 7

8 2
6.2
6.5

93.9
91 8

11 7
12.1
120

71
73
8.3

328
24 1

79
9.0
8.0
9.8

15.6

11.8
15.3
15.1
11.4
5.4

10.4

4.5
3.9
5.6

88.5
88 9
84.3

(solopic ratios
"Ph7 ™U ' " P b / ' U

0 06569
0 06678
0 06590
006690
006691

0.06666
0.06461
006254
0 06712
0.06694

0.06634
006657
0 06667

0.06565
0.06471
0.O6487
0.06644
0.06587

0.06239
0.06405
0.06392
0.06222
0.06589

0.06510
0 11105
0.06507
0.O6527
0.06488
0.06493

0.06457
0.06216
0.06125
0.06518
0.06442
0.06445

0 50049
0 50884
0 50160
050742
0 50765

0 50623
0 49168
0 47503
0.50935
0 50816

050525
0.50690
0.51196

0.50044
0.49144
049311
0.50434
050136

047137
0 48450
0.48363
0.47062
0.50105

0.49359
1.28607
0.49257
0 49426
049150
0.49168

0 49350
047000
0.46332
0.49054
0.48549
048606

Age.Ma
" Pb TPb

422 7 f 1 8
422 9 + 1 7
420 4+ 1 8

(416 7+0 7)
(416 9 + 0 7)

415 5 + 3 6
420 1+3.3
415 7+1 9

(416 0+1 1)
(417 2±0 8)

4218 + 4 9
421 2 + 39
4401+1 9

423 9 + 18
415 5+18
4176+14
414 3+9 7
420 5+7 8

403 7+3 6
406.5+1 5
407 1+2 6
406.4 + 2 1
418.4 + 34

411 8+3.4
1292.4+2 9
408 1±2 7
409 2±2.2
409.9+3 5
409.1 ±1 5

429 6±2 5
404 9±2 0
406.6±2 6

(•«O5.3±lO)
(401 8±0 8)
(402.2±0 8)

radiogenic Pb. blank corrected. Errors are ± 2 o / s n . N = non-magnetic at < 1 ° side tilt. 1.7 amps on Frantz magnetic separator; W= weakly magnetic at <2° . >1° . 17 amps.
M = magnetic at <5° . 1 amp. and >2°, 1.7 amps; V= very magnetic at >5° . 1 amp; A = abraded; S = single grains: F = flat tablets: Mu = multifaceted: Ac = acicular; E = elongate.
Sphene analyses are corrected using measured common Pb in feldspar from the same sample (Bevier, 1987). Ages cited in parentheses for monazites are " P b - " U ages.
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single crystal monazite 2O7Pb-2S5U ages of 417 ± 1 Ma,
however, confirm a Silurian age for this sample. Because
the 207Pb-206Pb ages of all zircon analyses are greater than
417 Ma, these zircons must be characterized by some in-
heritance.

Sample WXNB-710 is an equigranular biotite granite
from the most volumetrically dominant phase of the Mount
Elizabeth complex (Whalen, 1987). Zircons from this sam-
ple are pale yellow to pale brown, euhedral, and have good
to fair clarity owing to a high percentage of cloudy fractures.
Flat, pseudo-hexagonal tablets, elongate grains (l:b=4:1 to

7:1), and simple forms (prism + dipyramid) with l:b=2:l
to 3:1 are present. Monazites are present as subhedral prisms
with very good clarity.

Duplicate single monazite grains yield 2O7Pb-2wU ages
of 418 ± 1 Ma (Fig. 3). One zircon analysis (fraction F)
is analytically concordant at 416 ± 1 Ma, whereas two other
zircon analyses show minor Pb loss. Although the 2o error
envelopes for the concordant zircon fraction and the monazite
fractions overlap slightly they are not in exact agreement.
Therefore we assign an average age of 417 + 2 Ma to the
sample.

0.067

Figure 2. U-Pb concordia
plot for zircons (open ellipses)
and monazites (shaded el-
lipses) from the North Pole
Stream granite.

0.065

HXNB-707
WO SIGMA ERRORS

41B

0.495 0.505

207Pb/235U

0.0660

0.0668

0.0B56

Q_

° 0.0644

0.0632

0-°«g>47

NXNB-710

WO SIGMA ERRORS

400 /

I I I !

410 /

420 /S

Figure 3. U-Pb concordia
plot for zircons (open ellipses)
and monazites (shaded el-
lipses) from the Mount
Elizabeth biotite granite.

0.46 0.49

2Q7

0.50 0.S1 0.52
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Sample WXNB-711 is a medium-grained alkaline granite
from the northwest lobe of the Mount Elizabeth complex.
It contains biotite pseudomorphs after amphibole and possi-
bly fayalite. Zircons from this sample are pale yellow, eu-
hedral simple prisms with dipyramidal terminations
(l:b= 1.5:1 to 2.5:1). No cores are visible, and cross-
fractures are rare except in fraction L.

Zircon analyses from the Mount Elizabeth alkaline
granite, however, are not concordant and show evidence for
an inherited xenocrystic component (Fig. 4). The lower in-
tercept of a regression line through the data with concordia
(414 + I Ma) is interpreted as a minimum age for the intru-
sion and the upper intercept (ca. 2.7 Ga) gives an average
age for the inherited component. Given the possibility of Pb
loss, it is unlikely that the emplacement age is significantly
older than the 207Pb-206Pb age of the most concordant zir-
con fraction (421 + 4 Ma). Therefore, the best estimate of
the age of emplacement of the Mount Elizabeth alkaline
granite is 414 + 1I/-1 Ma.

New ages are presented for four phases of the Pokiok
batholith (Lutes, 1987). Sample WXNB-701 is a slightly
foliated biotite granodiorite from the Hartfield phase of the
Pokiok batholith. All zircons in this sample are euhedral and
acicular (l:b=4:l to 10:1). Clear, colourless cores are visi-
ble in many grains, and the euhedral overgrowths are strongly
zoned. Many grains, especially in the more magnetic frac-
tions, are cloudy because of the presence of numerous frac-
tures. The sphenes are red-brown, euhedral grains with
excellent clarity and rare small black inclusions, possibly il-
menite.

Three zircon analyses yield 2"7Pb-206Pb ages of 416 to
424 Ma and form a linear array (MSWD=0.36) sub-parallel
to concordia with lower and upper intercepts of 383 + I0/-32
Ma and 592 + 131/-IO4 Ma, respectively (Fig. 5). The cal-
culated upper intercept age is geologically unreasonable, as
this pluton intruded Cambro-Ordovician rocks of the
Tetagouche Group. The presence of zircon grains with clear
cores and obvious overgrowths, as well as the range of
2l)7Pb-206Pb ages of all zircon fractions, both suggest that
many of the zircons contain a xenocrystic component that
may be only slightly older than the age of the sample. Two
fractions of sphene were analyzed in an attempt to resolve
the crystallization age of the rock. Sphene fraction Q is con-
cordant at 415 + 1 Ma and provides the best estimate of
a crystallization age for the sample. The sphene age is regard-
ed as a minimum crystallization age for the sample because
of the lower closure temperature for the U-Pb system in
sphene relative to that in zircon (Ghent et al., 1988).

Sample WXNB-700 is a K-feldspar megacrystic biotite
granite from the Hawkshaw phase of the Pokiok batholith.
Zircon morphologies in this sample vary widely and include
flat, pseudo-hexagonal tablets, elongate flat tablets, acicu-
lar grains (l:b=4:1 to 7:1), and multifaceted prismatic grains
with l:b=2:1. Sphenes are red-brown, subhedral grains with
excellent clarity.

Several fractions of flat or acicular grains of zircon were
isolated for analysis. Fractions S, T, U, and V define a dis-
cordia line that has an upper intercept with concordia of 407
± 3 Ma (MSWD=0.97) (Fig. 6). One fraction of sphene
intersects concordia at 411 ± 1 Ma. This age represents the
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Elizabeth alkaline granite.
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time at which the pluton cooled through the closure temper-
ature for the U-Pb system in sphene and is probably close
to the crystallization age of the pluton. The four zircon frac-
tions yield :o7Pb-2of>Pb ages all less than 411 Ma and their
discordance is probably due to post-crystallization Pb loss.

Sample WXNB-724 is a biotite-muscovite tonalite from
the Skiff Lake phase of the Pokiok batholith. Pale yellow,
euhedral acicular grains (l:b=4:1 to 10:1) with excellent clar-
ity and rare inclusions dominate the zircon population in this
rock, although multifaceted prisms with multifaceted
dipyramids are also common; in these latter grains some of
the dipyramids are overgrowths. Xenotime, magnetic at

<0 .5 amps on a Frantz magnetic separator and confirmed
by x-ray diffraction, is present as yellow, euhedral or-
thorhombic dipyramids with rare prismatic forms and ex-
cellent clarity.

All fractions of zircon and xenotime exhibit discordance
because of slight Pb loss (Fig. 7). The most concordant anal-
ysis. AA, has a 2(l7Pb-2(l6Pb age of 409 + 2 Ma. and we in-
terpret this as the best estimate of the crystallization age of
the sample. One fraction of multifaceted grains (Y; not plot-
ted in Fig. 7) is highly discordant but has a ^ P b - ^ P b age
of 1.3 Ga, confirming that the multifaceted grains are
xenocrystic.
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Figure 5. U-Pb concordia
plot for zircons (open ellipses)
and sphenes (shaded ellipses)
from a granodiorite from the
Hartfield phase of the Pokiok
batholith.
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Sample WXNB-723 is a tine-grained, equigranular nius-
covite granodiorite from the Allandalc phase of the Pokiok
batholith. The zircon population includes pale beige euhcdral
prisms (l:b=2:1 to 3:1) with multifaceted lips, some of which
are definitely younger overgrowths. In general the cores of
these grains have very good clarity but contain rare large,
cloudy fracture zones. Also present are pale yellow-brown
elongate prisms (l:b=3:1 to 5:1) with only fair to good clarity
owing to a high number of cloudy fractures. Monazites are
yellow, euhedral prisms with excellent to good clarity and
contain rare black specks, possibly ilmenitc.

Three fractions of zircons yield discordant analyses and
do not form a linear array; these analyses have :'''7Pn--"ftPb
ages of" 405-430 Ma (Fig. 8). These diila suggest variable
mixing between an older, inherited zircon component and
igneous overgrowths, with subsequent Pb loss. Duplicate
monazite analyses with :"7Pb-2>5U ages of 402 ± 1 Ma pro-
vide an age for this .sample, which is the only Devonian in-
trusion sampled for this study, according to the time scale
of Palmer (1983). Another single inonazite analysis, frac-
tion GG, gives a slightly older -"7Pb-2-15U age. The simplest
explanation for this discrepancy is analytical error owing to
incomplete dissolution of the sample.
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Figure 7. U-Pb concordia
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has a 207Pb-206Pb age of 1.3
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SUMMARY
The new ages presented here and in Whalcn and Theriault
(1990) demonstrate that Devonian granites, previously con-
sidered abundant within Miramichi terrane, are volumctri-
cally minor, whereas Silurian granites comprise more than
90% of the exposed undeformed plutonic rocks. Only a few
intrusions (Fig. 1), such as the Pabineau Falls granite (Bevier,
1988), Allandale granite phase of the Pokiok batholith (this
paper), and the Burnthill suite (Taylor and others. 1987),
yield definite Devonian ages. These new U-Pb ages require
significant revisions of the timing of Acadian orogenesis in
New Brunswick.
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K-Ar and Rb-Sr geochronology of granites,
Miramichi Terrane, New Brunswick1
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Brunswick; in Radiogenic Age and Isotopic Studies: Report 3, Geological Survex of Canada, Paper
89-2 p. 101-107, 1990.

Abstract

K-Ar and Rb-Sr Muscovite and Aotite isotopic ages are reported on samples from the North Pole
Stream granite suite, the Lost Lake, Juniper Barrens, and Nashwaak granites, and the Pokiok batholith
(Skiff Lake, Hawkshaw and Allandale phases), Miramichi terrane. New Brunswick. Theseages, together
with U-Pb ages, indicate that many major intrusive units in this terrane, previously thought to be Devo-
nian, are actually of Silurian age. Some of these intrusions were probably emplaced at a high level in
the crust and cooled rapidly, while others were intruded at a deeper level and cooled more slowly. Also,
one composite intrusion has undergone thermal overprinting. Our preliminary conclusions on variations
in intrusion level and cooling histories require further more detailed work.

Resume

On donne les ages isotopiques obtenus par les methodes K-Ar et Rb-Sr appliquees a la muscovite
et a la biotite prelevees dans des e'chantillons provenant de la serie granitique de North Pole Stream,
des granites de Lost Lake, de Juniper Barrens et de Nashwaak ainsi que du batholithe de Pokiok (phases
de Skiff Lake, de Hawkshaw et d'Allandale), du terrane de Miramichi au Nouveau-Brunswick. Cesages,
ainsi que les ages obtenus par la mfthode U-Pb, indiquent qu 'un grand nombre d'unite's intrusives im-
portantes situe'es dans ce terrane, que I 'on avail jusqu 'ici considere d 'age de'vonien, sont en realite d 'age
silurien. Certaines de ces intrusions ont probablement ete mises en place ham dans la croute et se sont
refroidies rapidement, alors que d'autres I'ont ete en profondeur et se sont done refroidies plus lente-
ment. En outre, une intrusion composee a subi une surimpression thermique. Les conclusions pre'liminaires
des auteurs sur les variations des niveaux d "intrusion et des refroidissements ne'eessitent des travaux plus
detailles.

INTRODUCTION

The geology of New Brunswick has been subdivided, from
west to southeast, into five pre-Middle Paleozoic tectonos-
tratigraphic terranes: Elmtree, Miramichi, St. Croix. Mas-
carene, and Avalonian terranes (Fyffe and Fricker, 1987).
Miramichi terrane, which lies south of the Rocky Brook -
Millstream fault (Fig. I), is correlated with the Gander ter-
rane in Newfoundland. Earlier workers subdivided plutonic
rocks in this belt into older deformed granites and younger
undeformed granites, which were considered to be of

Ordovician and Devonian age, respectively (Fyffe et al..
1981). Recent U-Pb dating studies (Bevier, 1988; Bevier and
Whalen, 1990) have foand the deformed granites to be of
middle Ordovician age and most of the undeformed granites
to be of Silurian age (see Fig. I).

This K-Ar and Rb-Sr geochronological study was under-
taken to augment and extend granite U-Pb ages from
Miramichi terrane (Bevier and Whalen, 1990a) to other plu-
tonic units and also to obtain preliminary information on the
thermal history of this plutonic belt.

1 Contribution to the Canada - New Brunswick Mineral Development Agreement. 1984-1989
2 Geological Survey of Canada. 601 Booth Street. Ottawa. Ontario KIA OE8
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GENERAL GEOLOGY
The locations of the dated granitic intrusions are given in
Figure 1. A brief outline of previous work and important
geological features of these intrusions is given below, in a
north-to-.south order.

A ten-point whole-rock Rb-Sr isochron from the eastern
part the suite gave an age of 387 ±7 Ma with an initial
*7Sr/*hSr ratio of 0.703 (Fyffe, 1982). Bevier and Whalcn
(1990a) report a U-Pb mona/.ilc age of 417+ 1 Ma from the
main biotite granite phase of the NPSGS.

North Pole Stream granite suite

This is one of the largest granitic intrusions in Miramichi
terrane. portions of which were included in a number of
different map sheets produced by earlier workers. This body
was remapped by Whalen (1987. 1988. 1990). and renamed
the North Pole Stream granite suite (NPSGS). Jt includes
a number of phases, the most voluminous of which is a
medium- to coarse-grained light grey to pink biotite granite.
Intruding this main phase in the western part of the body
arc a number of fine- to medium-grained muscovite-biotite
granite intrusions, which are interpreted as high-level or roof-
zone phases of the suite. Samples for dating were collected
from the three largest of these intrusions. One sample
(WXNB-136). from a body named the Squaw Lake granodi-
orite (Fyffe and Pronk, 1985). has been grouped with the
NPSGS as it is lithologically and geocheniically similar to
the sample (WXNB-122) from an intrusion within the
NPSGS.

v c

« Losi Lake Granite '/•;,;,

< i Juniper Barrens / •' •'-

NashwaaK Granite-

• j Hartfield Phase

1 Carboniferous cover
sequence

Hawkshaw Phase.V2*i™-'" .•/ /
/ • •' ',"'.' --'/' Fredencton

[" | Tobique-Chaleur belt

[" j Devonian granitoids

r j ] Silurian granitoids

Q Ordovician graniloids

Allandale Phase

Skill Lake Phata

Figure 1. Simplified geologic map of Miramichi terrane
granites; plutons or phases discussed in the text are labelled;
K-Ar and Rb-Sr sample localities (solid circles), numbered as
in Table 1, and U-Pb sample localities (unlabelled solid tri-
angles) discussed by Bevier and Whalen (1990) are shown.

Lost Lake granite

Poole (1963) divided the granites in this area of central New
Brunswick into an older deformed and recrystalli/ed granite
assemblage of presumed Late Ordovician or Early Silurian
age and a group of undeformed younger granites, which were
thought to be of Devonian age. ..rouse (1981) and St. Peter
(1981) subdivided Poole's older granites into three types,
one of which, the Lost Lake granite, was thought to be of
Devonian age. These authors subdivided the Lost Lake
granite into two subtypes; a grey to pink, massive to weakly
foliated, equigranular biotite granite to granodiorite (their
map unit DI2a): and pink, equigranular to subporphyritic.
biotite-muscovite granite (their map unit Df2h).

In response to the work of Crousc. Poolc (1980) under-
took a Rb-Sr study to determine the magmatic crystalliza-
tion age of his older granites. He obtained a Rb-Sr
whole-rock crrochron age of 444 + 72 Ma. with an initial ratio
of 0.707 for four samples from the Lost Lake granite. Us-
ing a sample with a high "'Rb/^Sr ratio, he regressed an
isochron to the 0.707 initial ratio and obtained a model age
of 412 + 12 Ma. He also obtained a Rb-Sr muscovite whole-
rock age of 424 + 24 Ma from a Lost Lake granite sample.
Additional K-Ar biolite (394+18 Ma) and muscovite
(363 + 16 Ma) ages from the Lost Lake granite were report-
ed by Wanless ct al. (1973).

Nashwaak Granite

Parts of this granite have been mapped by Crouse (1981)
and St. Peter (1981). An older part of the intrusion consists
of grey to pink, medium-grained, biotite and hornblende-
biotite granite and granodiorite. The younger part of the in-
trusion, which we have dated (sample WXNB227 in Table
I), consists of fine- to medium-grained, muscovitc-biotite
granite with minor biolite-muscovile granite.

Juniper Barren Granite

This granite was mapped and named by Crouse (1981), who
described it as being mainly a light grey to pink, medium-
to coarse-grained biotite granite. The intrusion also includes
minor muscovite-biotite and biotite-muscovite granite, gar-
nctiferous aplite, and pegmatite. The dated sample
(WXNB-169) is a biotite-muscovite rich tonalite (Table I)
containing common metasedimentary inclusions. This sam-
ple, collected from the margin of the Juniper Barren granite,
may be from a "contaminated" contact zone or envelope
of this intrusion. Though no isotopic dating has been previ-
ously performed on this intrusion, based on its unfoliated
character. St. Peter (1981) suggested that it was a late Aca-
dian pluton of Devonian age.

102



Table 1. Sample locations, rock type and modes for dated Miramichi Terrane granites.

Phase

WXNB-
NTS Sheet 2
Easting
Northing
Bock Type
Quart;
Plagioclase
Kfefdspar
Biotite
Muscovite
Opaques
Apatite
2ncon
Fluonle
Cordienle
Sirtrmanite
Tourmaline
Topaz
Epidole

6
1G/13

962
688
G

52 0
12 0
36

154
78
04
01
II

86

Skill Lake

13 30
21G/13 21G/12

092
671
G
33 0
31 9
26 0
48
43
tr
tr
tr

034
640
G
32 1
29 9
28 6
38
54
tr
02
tr

Hawshaw

2
21G/14

313
898

KG
24 0
34 1
25 6
154

05
05
tr

17
21J/3

370
966

KG
27 8
33 9
28 9
76
13
03
03
tr

16
21J/6

518
238
G
35 5
35 2
24 0
38
13
tr
02
tr

Sample locations in NTS map sheet and UTM Zone 19 northing and easting grid locations
Aoorewiatrons Jtrn 6 = Jumper Battens. Wash
GD = granodiorne. I = tonahle

= Nashwaak. tr - ir

* mode ol host granite to dated pegmatitic pod WX84 15
Each mode (volume
(1000 points) and a

ce. G =

%) lepresents a combination of point counts on a starrred
thin section (10O0 points)

granite KG =

Allandale

18
21G/14

393
943

GD
29 9
419
19 5
55
32
tr
tr
tr

Kleldspar

12 by 10 cm slab

38
2IG/14

344
799

GD
33 9
29 6
27 5
68
10
Ir
04
02

04

porphyritic granite

122
210/2

778
177

GD
23 7
55 9
89
76
39
tr
01

North Pole Stream

136
21J/15

660
030
G
32 8
22 9
34 6
59
26
04
02
II

07

146
210/2

613
091
G

23 7
29 7
348
67
49
01
01
II
tr

Lost L

159
21J/10

604
752

GD
219
53 1
16 3
83
Ir
01
03
tr

ke

161
21J/11

468
750

GD
315
42 5
47

18 5
1 7

08
0 1
Ir

03

Jun B

169
21J/11

409
529
1

39 2
31 4

12
19 4
75
02
Ir

0 1

1 0
0 1
tr

Nash

227
21J/6

489
433
G
33 7
30 2
25 6
52
47
Ir

01
46

06

Pokiok batkolith

Lutes (1987) described the geology of the various compo-
nents of the Pokiok batholith and also summarizes earlier
work, including geochronological studies. The summary that
follows is derived mainly from Lutes (1987) and from field
work by the senior author.

The Pokiok batholith can be subdivided into four main
components, which are from oldest to youngest, the Hart-
field, Skiff Lake, Hawkshaw, and Allandale phases. Both
of the last two components are composite. The Harlfield
phase consists of medium- to coarse-grained equigranular
biotite-hornblende tonalite and granodiorite. The Skiff Lake
phase consists mainly of coarse-grained grey biotite-
muscovite K-feldspar porphyritic granite but also includes
some fine- to medium-grained muscovite-biotite granite with
associated muscovite-bearing pegmatite. The Hawkshaw
phase consists mainly of coarse-grained, pink K-feldspar por-
phyritic biotite granite cut by various fine- to medium-
grained, equigranular, muscovite-biotite granite bodies,
which have been called the Allandale phase.

Wanless et al. (1972) reported K-Ar ages of 362 ± 16 and
348+16 Ma on the Hawkshaw phase. Rb-Sr whole-rock
isochron ages by McCutcheon et a!.(1981) from this batholith
include:
(1) a 27 point age of 431 + 9 Ma with an initial ratio of 0.706
for all of the data from the Pokiok batholith;
(2) a 11-point age of 432± 11 Ma and initial ratio of 0.705
for the Hawkshaw phase;
(3) a IO-point age of 389+20 Ma and initial ratio of 0.708
for the Skiff Lake biotite granite phases; and
(4) a 6-point age of 453 ± 13 Ma and initial ratio of 0.703
for the Skiff Lake two-mica granite phases.
The 431 ± 9 Ma age was interpreted by McCutcheon et al.
(1981) as being 40 Ma older than the actual age of intru-
sion. U-Pb ages from this batholth reported by Bevier and
Whalen (1990a) are: Hartfield phase (sphene - 415± 1 Ma);
Skiff Lake phase (zircon -409±2 Ma); Hawkshaw phase
(sphene - 411 ± I Ma); Allandale phase (monazite - 402± I

Ma). These results indicate that significant age gaps exist
between the Hartfield phase, the Skiff Lake plus Hawkshaw
phases, and the Allandale phases. Grouping of the finer
grained muscovite-biotite granite phases in the Hawkshaw
part of the batholith with the K-feldspar porphyritic biotite
granite, as has been done by Lutes (1987). may not be ap-
propriate. These phases are apparently significantly youn-
ger. A similar relationship may exist between the main Skiff
Lake granite phase and similar two-mica granites in the Skiff
Lake part of the batholith. All of these finer grained two-
mica granite phases in the Pokiok batholith may be cogenet-
ic younger intrusions which should be grouped together and
called the Allandale phase. Further U-Pb dating is required
to substantiate such a suggestion.

ANALYTICAL TECHNIQUES
Analytical techniques used in this study are have been
described by other authors; K-Ar (Hunt and Roddick, 1987),
•*'Ar-'9Ar (Roddick. 1990), and Rb-Sr (Theriault, 1990).

RESULTS AND INTERPRETATION

Locations of dated samples are indicated in Figure 1 and
given as NTS coordinates along with modal data in Table
1. K-Ar and Rb-Sr oata are tabulated in Table 2.

North Pole Stream granite suite

Based on intrusive relationships, dated muscovite-bearing
phases of the NPSGS are younger than the main biotite
granite phase. However, K-Ar ages and one Rb-Sr age
(WXNB-136) indicate that these phases are not significant-
ly younger than the U-Pb monazite age (418+1 Ma) obtained
from the main biotite granite phase (Fig. 2). The whole suite
was emplaced in the Late Silurian Epoch, not during the
Devonian Period, as previously indicated by the whole-rock
Rb-Sr isochron (Fyffe, 1982).
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Table 2. K-Ar and Rb-Sr mineral ages for Miramichi terrane granites.

NB' Wuse

8 Skiff Lake

15 Skill lake
30 Skill Lake?
17 Hawksluw
16 Allandale
18 Allandale

38 Allandale
122 Noith Pole Slream
136 North Pole Slream
146 North Pole Stream
159 Lost Lake
161 Losl Lake
169 Juniper Barren
227 Nastwaak

Miner

Muse
Biol
Muse
Muse
Muse
Muse
Muse
Biot
Muse
Muse
Muse
Biol
Muse
Muse
Muse
Muse

Abbreviations muse = muscovile; biol

K
(wt%|

8 00
7 55

8 46
6 69
8 86
876
7 01
8 07
862
8.66

876
9.85
8.23
860

= biotrte: se =

RadAl'10 ' %
(cm]/g)

1352
1277

see Table 3
1600
1478
1515
1440
1210
1322
1560
1572

_
1562
1551
1518
1437

assumed
standard error

Aim
Ar

1 7
10

23
8.0
1.7
20

12.0
3.4
14
1 1

07
1 1
17
08

Rb
(ppm|

243 4

678 7
618.9
795.4

_

7483
794 7
624 0
350 2
358 6
213.0
609 7

Sr
(ppm|

27 36
-

1605
95 51
14 66

6 56
800

15.31
1880
11.36
27 72
8.07

"Rb/
"Sr

26 12

131 11
209 60
172 03

_

40050
343 69
126 17
55 55
96 21
22 53

250 85

" S i /
%

0 85986

-
143614
1 87823
168291

2 68231
2 71279
142365
102525
1 25153
084494
2 21386

±2 SE

0 00002

0 00010
0 00134
000066

0 00015
0 00014
0 00005
0 00003
0 00007
0 00005
000011

TSr/
*S.)

0 708

0 705
0 705
0 705

0 703
0 703
0 703
0 707
0 707
0 706
0 706

KAr
Ages

389+6
390*5
394 ±4
430 + 5
392 + 6
394 + 6
380 ±5
397±6
379+.6
414±5
416+5

408±7
402 + 5
421 ± 6
366±5

RbSr
[Mai ± ?se

408ft

392±
393 +
399 ±

382 +
411 t

431 ±
402 +
398 +
433±<
422 + 4

North Pole Stream Suite
440

4 2 0 -

_ 400 H

< 380-

360-

146 I—136—i i-122-i

T J^
r-rn •*•

1

k-m monazite
1

T -
r-L I

340

Figure 2. Diagrammatic presentation of isotopic ages from
the North Pole stream granite suite. Ages from Table 2 and
others referenced in the text are plotted together with error
bars (2 sigma); sample numbers given along top of figure.
Abbreviations: r = Rb-Sr mineral age; wr = whole-rock Rb-
Sr isochron age; patterned band = U-Pb age with 2 sigma
errors; k = K-Ar age; b= biotite; m= muscovite.

Overlap of the K-Ar and U-Pb ages suggests that cm-
placement of all of these phases was at a fairly high level
(1.5-2.5 km?) and was followed by rapid cooling; this is an
interpretation that is supported by the presence of miarolitic
cavities in the muscovite-bearing granite phases. These
results support the suggestion of Whalen (1988) that
muscovite-bearing phases represented a high-level, possible
roof-zone portion of the NPSGS. The biotite granite sample
dated by the U-Pb technique is from a deeper level (3-4 km?)
of the intrusion and could have been above the closing tem-
perature of monazite at the time of emplacement and solidifi-
cation of the muscovite-bearing phases in the roof of the
intrusion. If so, then K-Ar and Rb-Sr mineral ages from the
U-Pb sample could prove to be younger than the ages ob-
tained from the muscovite-bearing phases. The younger
whole-rock Rb-Sr age of Fyffe (1982) can be interpreted as
supporting the suggestion that in deeper level portions of the
intrusion the Rb-Sr system remained open longer than near
the roof zone.

Lost Lake Granite

In this study, we dated one sample from each of the sub-
units of the Lost Lake granite, as defined by Crouse (1981),
unit Df2a (WXNB159) and unit Df2b (WXNB161). Both K-
Ar and Rb-Sr muscovite ages from th^se samples are identi-
cal within standard errors, with an average age of 403 Ma.
All ages, except for a K-Ar muscovite age of Poole (1980),
but including his Rb-Sr whole-rock age, overlap in the range
400-415 Ma (see Fig. 3). The age data can be interpreted
in at least two ways: (I) The granite was intruded at a high
level in the crust and cooled quickly. This would explain the
tight clustering of ages as recording a crystallization age.
As the granite has been variably deformed, this interpreta-
tion would seem unlikely. (2) Deformation and recrystalliza-
tion of the Lost Lake granite has completely reset muscovite,
both for the Rb-Sr and K-Ar systems. The age we obtained
from this granite (about 403 Ma) would thus record a defor-
mation event and the actual intrusion of the granite is prob-
ably >403 Ma. As significant age differences were obtained
in this study between the K-Ar and Rb-Sr systems for ap-
ps-ently undeformed granites, the second interpretation
would seem the most reasonable. A U-Pb age is required
to obtain the actual intrusion age of the Lost Lake granite.
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Figure 3. Diagrammatic presentation of isotopic ages from
the Lost Lake, Juniper Barrens, and Nashwaak granites.
Presentation and abbreviations as in Figure 2.

Nashwaak Granite

A minimum age gap of 16 Ma exists between Rb-Sr
(422+4 Ma) and K-Ar (396+5 Ma) muscovite ages (Fig. 3)
obtained from the Nashwaak granite, an age gap that can
be interpreted as reflecting a cooling history after emplace-
ment of the granite in the Early Silurian Epoch. This large
age gap helps substantiate our suggestion that the ages from
the Lost Lake granite have been completely reset, for that
granite and the Nashwaak granite are not separated by a very
great distance, and exhibit features suggesting a similar level
of intrusion.

Table 3. 40Ar-39Ar analytical results for muscovite sample
WX85-15.

TEMP.
<°C)

*Ar
( x10" 9

WX85-15 Muse

700
800
900

1000
1050
1100
1150
1200
1250
1300
1600

TOTAL
Conc./g.

0.042
0.039
0.034
0.010
0.002
0.001
0.001
0.004
0.003
0.001
0.001

0.14
12.3

"Ar
cm1 STP)

0.024
0.053
0.168
0.224
0.057
0.027
0.031
0.042
0.00?
0.001
0.016

0.05
57.99

"•Af

0.002
0.004
0.009
0.026
0.002
0002
0.002
0.002
0.000

-0.000
0.000

0.65
4.37

"Ar

0.122
0.268
6.945

12.479
2.164
1.234
1.673
1.572
0.27)
0.027
0.007

26.76
2387.23

*°Ar

19.66
27.47

420.12
737.59
128.45
73.29
99.23
94.27
16.78
1.71
0.58

1619.2
144438.

APPARENT AGE

[1.2

401.1
399.8
394.6
393.4
394.9
394.8
395.1
395.1
393.6
363.9

276.14

394.2

±2se

MG)

11.4
3.6

.5
1.1
2.1
1.5
2.3
1.6
5.8

32.3
15.8

4.3

39Ar

(%)

0.5
1.0

26.0
46.6
8.1
4.6
6.3
5.9
1.0
0.1
0.0

CO
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440-

420-

400-

380-

Skiff
30 1-1 5 - I I —

k-m
1

k-m
1

Lake
— 8—

T

T

Phase

zircon

k-m v

-

r

-

Hawkshaw
I 17

'ii II

r-m
i

-—i

1
k-m

I

Phase

sphene

-

-

K38-I

k-m

Allandale
i—

TT

-18-

r-m

—i

k-m

J

Phase
i—1<

T

3—"

-

-

monazite

Jm "

-

Figure 4. Diagrammatic presentation of isotopic ages from phases of the Pokiok batholith.
Presentation and abbreviations as in Figure 2.
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Juniper Barrens granite

One muscovite separate from one sample gave a Late Silurian
K-Ar age of 421+6 and an Early Silurian Rb-Sr age of
433±4 Ma. The data (Fig. 4) suggest an Early Silurian in-
trusion age for the Juniper Barren granite, rather than the
Devonian age suggsted by St. Peter (1981).

Pokiok batholith

New mineral ages of this study (Table 2), Rb-Sr whole-rock
data of McCutcheon et al. (1981) and U-Pb data of Bevier
and Whalen (1990) from various components of the Pokiok
batholith are presented in Figure 4. We have not dated any
samples from the Hartfield phase of the Pokiok batholith in
this study.

(i) Skiff Lake phase

New mineral ages are presented in Table 2 for three samples,
for one of which (WXNB-8) muscovite was dated by both
Rb-Sr and K-Ar methods (Fig. 4). A coarse-grained
muscovite from a pegmatitic pod in geochemical sample
WXNB-15 was dated by the 40Ar-"'Ar technique (see Ta-
ble 3). The age spectra for this muscovite is flat, with an
apparent age of 394±4 Ma (Fig. 5). Though one of the Rb-Sr
muscovite ages (WXNB-8) overlaps with the U-Pb zircon

430. -

420. -

410. -

LU
CD

B0. 100.

Ar
Figure 5. Age versus cumulative percent 39Ar plot tor mus-
covite sample WX65-15.

age (409 + 2 Ma), most of the K-Ar ages are younger and
similar to the whole-rock Rb-Sr age. Our data suggest that
it took a minimum of 9 Ma and a mean time of 18 Ma for
the Skiff Lake phase to cool from <600°C to 350°C.

(it) Hawkshaw phase

K-Ar and Rb-Sr muscovite ages from one sample overlap
at 392 Ma and are significantly younger than the U-Pb age
(411 + 1 Ma). The whole-rock Rb-Sr isochron age (432 + 11
Ma) exhibits no overlap with the other ages from this phase.
Our data can be interpreted as indicating that it took a mini-
mum of 5 Ma and a mean time of 17 Ma for the Hawkshaw
phase to cool from ^ 6 0 0 to 350°C.

(Hi) Allandaie phase

Sample WXNB-18 K-Ar biotite and Rb-Sr muscovite ages
overlap with the U-Pb monazite age (402 ± 1 Ma), whereas
other mineral ages are slightly to significantly younger. The
overlap of some of the mineral ages with the U-Pb age sug-
gests rapid cooling of much of this phase in <. 1 (minumum)
to < 4 (average) Ma. The fine-grained to patchy medium-
grained texture of this phase is compatible with it cooling
more rapidly than other phases of the Pokiok batholith.

Although our K-Ar and Rb-Sr mineral ages from the Po-
kiok batholith overlap, the U Pb age of Bevier and Whalen
(1990a) from the Allandaie phase is younger than the other
phases. The concordance of our mineral ages can be inter-
preted in two main ways:
(1) Resetting of mineral ages (other than U-Pb) from the other
phases by the Allandale phase; ie., apparent "cooling ages"
are really reset ages;
(2) The Allandale phase was emplaced during or just proceed-
ing rapid uplift and erosion of the Pokiok batholith. ie., the
cooling history from the other phases is real.

CONCLUSIONS
Our K-Ar and Rb-Sr mineral dating, together with U-Pb
dating (Bevier and Whalen, 1990a). have indicated that ma-
jor intrusive units in Miramichi terrane, previously con-
sidered to be Devonian, are actually uf Silurian age. The
large-scale implications of this major Silurian magmatic event
are discussed in Bevier and Whalen (1990). This study
has provided preliminary information on variations in levels
of intrusion and cooling histories in Miramichi terrane
granites. Some granites were apparently intruded at a high
level in the crust and cooled rapidly (North Pole Stream suite,
Allandale phase of Pokiok batholith). while others were
emplaced at a deeper level and cooled more slowly
(Nashwaak, Juniper Barrens, Skiff Lake, and Hawkshaw
phases of Pokiok batholith). Also, this work has indicated
that one composite intrusion (Lost Lake granite) exhibits
evidence of major thermal overprinting and resetting of the
Rb-Sr and K-Ar isotopic systems. More detailed and exten-
sive work is required to properly substantiate our results on
Miramichi terrane granites.
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Age of a metarhyolite from the Tetagouche Group,
Bathurst, New Brunswick, from U-Pb

isochron analyses of zircons enriched in common Pb1
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Abstract

A U-Pb zircon age of 466.0 ±5.3 Ma is reported for a metarhyolite of the Tetagouche Group
volcanics in the northern Miramichi Highlands, New Brunswick. The surface morphology of the zircons
indicates rapid growth followed by strong magmatic resorption. The zircons contain up to 75 % common
lead originating from inclusions. U-Pb isochron regressions were used to determine the initial common
lead composition associated with the inclusions, and thereby permit a relatively small error to be as-
signed to what was originally a highly imprecise data set.

Resume

On a etabli au moyen de la methode U-Pb applique'e au zircon un age de 466 ±5,3 Ma pour une
metarhyolite des roches volcaniques du groupe de Te'tagouche provenant de la partie nord des haules
terres de Miramichi, au Nouveau-Brunswick. La morphologie de surface des cristaux de zircon indique
une croissance rapide suivie d'une forte resorption magmatique. Le zircon renferme jusqu'a 75% de
plomb provenant d 'inclusions. On a utilise des regressions de I 'isochrone du systeme U-Pb pour deter-
miner la composition initiale du plomb associe a ces inclusions el, par consequent, pour reduire con-
siderablement le niveau d'erreur de ce qui etait, a I'origine, un ensemble de donne'es tres imprecis.

INTRODUCTION
This paper reports a U-Pb zircon age determination for a
spherulitic metarhyolite of the Flat Landing Brook Forma-
tion of the Middle Ordovician Tetagouche Group in north-
ern New Brunswick (Helmstaedt, 1971; Skinner, 1974; van
Staal and Fyffe, in preparation). The zircons in the rhyolite
are peculiar in that they have a high common lead content
and display very irregular surface features with numerous
inclusions of various types and compositions. These inclu-
sions, as will be discussed below, are probably the source
of the high common lead content. U-Pb and Pb-Pb isochron
regressions were employed to determine the initial common
lead ratios and to estimate the crystallization age of the
sample.

GEOLOGICAL SETTING
The volcanic-dominated Tetagouche Group underlies much
of the Miramichi Highlands (Fyffe, 1982) in central and
northern New Brunswick. It is host to numerous base-metal
massive sulphide deposits, including the giant Brunswick No.
12 deposit. A large number of the massive sulphide deposits
are hosted by, or closely associated with felsic metavolcan-
ic rocks of the Flat Landing Brook and Nepisiguit Falls For-
mations (van Staal and Fyffe, in preparation). The latter two
formations together comprise a huge volume of iocks (Da-
vies, 1979), which cover an area in the order of 1000 km2.
Such large volumes of felsic volcanic extrusive rocks are
found only associated with very large calderas (e.g., Yel-
lowstone) or volcanic depressions such as Tobe in Sumatra.
It is not surprising, therefore, that these rocks are generally
interpreted to represent the deposits of one or more Ordovi-
cian calderas (Davies, 1966; Harley, 1979).

1 Contribution to the Canada - New Brunswick Mineral Development Agreement, 1984-1989. Project carried by the Geological
Survey of Canada, Continental Gcoscience Division.

2 Geological Survey of Canada. 601 Booth Steet. Ottawa. Ontario KIA 0E8
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The Flat Landing Brook Formation consists mainly of
aphyric or feldspar-phyric silicic volcanic rocks, ranging
from rhyolite to dacitc in composition (Whitehead and Good-
fellow. "|978: Winchester and van Staal. 1988). These vol-
canic rocks include lull's and lavas, which experienced
varying degrees of deformation and alteration (van Staal and
Williams. 1984: van Staal. 1986). The lavas are locally flow
banded, and in places spherulific and vesicular textures arc
preserved. The rhyolites are locally interleaved with ag-
glomerate, bedded ash and lapilli tuff, and a jasperitic iron
formation. The association of ellipsoidal bodies of massive
rhyolite with agglomerate. tutT. and iron formation suggests
that the rhyolite may in part represent intrusive domes.

The deformation of the Telagouche Group is polyphase,
although the strain is typically unevenly distributed. Strongly
deformed volcanic rocks arc characterized by well developed

foliations defined by phyllosilicates. whereas the phyllosili-
cate content is generally low in weakly deformed volcanic
rocks. The degree of sericite. chlorite, and biotite alteration
of the volcanic rocks and the preservation of primary fea-
tures is. therefore, generally a function of strain (van Staal.
1986. 1987).

The Flat Landing Brook Formation is stratigraphically
overlain by shaly and sandy phyllites of the Boucher Brook
Formation, which yielded Caradocian graptolites and
conodonts in its upper part (Nowlan. 1981; i. Riva in van
Staal et al.. 1988). It is underlain by calcareous sediments
of the Vallee Lourdes Formation (van Staal et al.. 1988),
which have middle Arenigian to early Llanvirnian brachio-
pods and conodonts (Nowlan. 1981: Neuman. 1984). The
Flat Landing Brook Formation is thus older than the Caradoc
Series and younger than the Arenig Series.

TETAGOUCHE GROUP

• Plat Landing. Bk/
NepfBlgutt Faffs Fms

[ ] remaining T«tagouche Group

[̂  3 Mlramichl Group

Figure 1 . Simplified geological map of the Bathurst area in northern New Brunswick shewing location
of analysed sample VL-74. Massive sulphide deposits and fossil locations mentioned in the text are also
shown. Lithostratigraphy simplified after van Staal and Fyffe (in preparation).
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SAMPLE LOCATION AND DESCRIPTION
The sample selected Tor I I'b analysis isa splierulilic. uphw
ic t'hvolilc. w Inch was sampled close lo the contact \\ illi the
slratigraphicalK o\crl> iiijj nielascdinicnts ol the Boucher
Hrook l-'nrmation approviuialeh 5 km sotnhwesi ol'lhe Hnm
swick Nn. 12 mine ( l - i i : . l ) . The I '-I 'h / i reuu aye deleniu-
nalion Ihus pro\ iiles iiilomialion conceriiiiiL' [he eiul of I'eKic
volcanic aeti \ i t \ ami the aye i'l ihe lower pan ol'ihe Boucher
Brook Konnaljon.

The degree of internal strain ol the rli\olite is low he
eause the spheruliles reiuaineJ almost spherieal and :i lolia-
tion olnuiseosi ie ami chlorite is poorK de\ eloped. Alteration
to plnllosil icatcs is inoderaie: imisccnile and hiolile do not
eonslitute more than 15 to 20 (vol.) '.' of the roek and the

remainder is mainly made up ol a microcrystallme matrix ol
feldspar and quartz. Nevertheless, whoie-rock analysis (J.
Winchester, pers. comm.. 1988) shows that the rhyohte has
an anomalously high K,,O/Na.fi ratio, suggesting at least
some alkali metasomatism.

ZIRCON DESCRIPTION AND
INTERPRETATION
The / i icon population consists ol euhcdial lo anhedral ci > s
tals. l.:li ,V I. wilh a j;enerall\ rounded hahit and ihsiincl.
irregular. smoolhK eorrodeil surlaces i l i y . 2). These irreim
lar surlaccs cause a 'slimimcnnL'' optieal el'lccl «!ien wewed
in alcohol under a binocular microscope. In addition, 'ndyes '
(ha! a re now llie edues ol [hese zircons I ( IL ' . 2) cause another
optical e l lecl . which can he contused for a disiinct o \ c r

irregular resorption
surfaces

Figure 2. SEM photomicrograph with sketch of a zircon
showing irregular ropey, and smoothly corroded surfaces.
These probably reflect partial magmatic resorption prior to
or during extrusion. Corrosion is perhaps controlled by local
compositional reactivity or, as may be the case here, by the
crystal structure. What is now an edge-ridge was perhaps a
(110) surface originally. EDX analysis of the inclusion in the
tip of the zircon indicated non-zircon mineral or rock materi-
al. The scale bar indicates 50 microns.

irregular resorption surface

..—!

90 ' trou' lh'

Figure 3. This SEM photo and sketch shows a ropy sur-
face and a large angular surface cavity, which are resorp-
tion features. A linear 'trough' or terrace with a 90° cross
section, in this example parallel to the c-axis. is a prominant
feature. This is perhaps an artifact of rapid constrained crys-
tallization of two neighbouring but different minerals.

I I 1



growth. These edge-ridges, as discussed below, are resorp-
lion features and represent original zircon (hut was more
resistant to corrosion. It is not known whether these ridges
were originally (110) crystal faces or corners. Although a
few crystals are internally featureless the majority have in-
clusions of various shapes and types. Fine euhedral zoning
often defines a central domain, but zoning is generally ab-
sent in the outer domain. A few twin and triplet termina-
tions are also present. Petrographic and scanning electron
microscope (SEM) examination of grain mounts, and ener-
gy dispersive x-ray (EDX) analysis of polished grain mounts
were used to characterize surface and internal features.

Many zircons display large angular surface cavities and
linear troughs with 90° cross sections (Figs. 3.4). These,
plus the distinctly corroded appearance of the prism faces,
appear to be indicative of rapid crystal growth, impingment
with other crystals, and magmatic re.sorption.

90° 'troughs'

t
surface terminating cavity

Figure 4. Petrographic microscope photomicrograph and
sketch of fine (approx. 50 microns) zircon grains in Canada
balsam showing distinct 90° cavities. This feature was also
visible in thin section, but its origin is uncertain. A tunnel-
like resorption cavity is also visible.

There are at least four types of inclusions:
(i) acicular. parallel, and oblique to the c-axis. with major

Ca and P (apatite). These appear to be mostly internal
<Fig. 5).

(ii) round inclusions of pure silica (quartz), also internal.
(iii) dumbbell-shaped inclusions of variable amounts (major

to minor) of Si.K.AI.Ca.Fe. and Mg. indicating rock
material (Fig. 6).

(iv) dumbbell or rounded inclusions (tunnel-like cavities),
some very large, which are now "empty' but presuma-
bly were originally tilled with fluid. The latter two types
of inclusions often terminate at the surface of the zir-
con. Many zircons broke apart during abrasion,
presumably because of these deep cavities.

major Ca, P (apatite)

major Fe, Pb, S
(a sulphide)

Figure £. SEM photomicrograph with sketch of a polished
zircon grain. EDX analyses indicates acicular apatite inclu-
sions, and what appears to be a sulphide inclusion. EDX de-
tected only Zr and Si in the rounded features, indicating that
these were fluid cavities that are now 'empty'. The large black
opaque has a high organic content, indicating it is residual
epoxy. Residual grinding compound (Al, Si) was also detect-
ed in the zircon. These residues from the slide preparation
are further evidence of original deep cavities in the zircon.
Except for the apatite all of the features pictured here were
depressions.

112



major Si, Al, K, Ca
minor Fe, Mg
(rock material)

'major Si, Al, Fe
minor K, Mg

(rock material)

Figure 6. Photomicrograph with sketch showing a large dumbbell inclusion apparently totally inside
the zircon. The EDX analyses indicate variable composition, but smilar to feldspar. In another polished
mount (not shown) a single spherical inclusion of pure Si was found, indicating quartz. Scale bar indica-
tes 50 microns.
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PRELIMINARY RESULTS
20

0.5 0.6 0.7

20? ?35
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Figure 7. U-Pb concordia diagram of the original data, with 475 Ma common Pb correc-
tion, displays a pattern similar to results involving inheritance. This pattern is false, how-
ever, for the discordance is directly correlated to the amount of common Pb, Table 1 B,
indicating an incorrect common Pb composition. The common Pb originates primarily from
inclusions in the zircon fractions.
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ISOCHRON: 207Pb/204Pb vs 235LJ/F?04Pb
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'34
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235 204

U/ Pb
Figure 8. U-Pb isochron plot was used to generate an age and a relatively low
error estimate (MSWD = 0.37) for the initial 207Pb/204Pb, which was then used
to recalculate the original data.
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Figure 9. U-Pb isochron plot was used to generate an age and a relatively low
error estimate (MSWD = 12.93) tor the initial 206Pb/20ilPb, which was then used
to recalculate the original data.
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EDX analysis also detected Y.Dy, and Er from a tiny
crystal inside a zircon, indicating a rare earth element (REE)
mineral, possibly xenotime. Small sulphide crystals were also
detected.

We interpret the features described above to indicate rapid
crytallization of zircon followed by strong magnialic rcsorp-
tion. Resorbed surfaces such as these are not uncommon wi-
thin zircons from plutonic rocks; in this case the magma was
apparently quenched rapidly after eruption, before new ig-
neous zircon overgrowths could form. Rapid crystallization
of the magma is consistent with the spherulitic and felsilic
textures preserved in the rhyolite.

The inclusions are thought to be the source of the high
common lead content (49 to 75%) that was present in the
analyzed zircon.

ANALYTICAL RESULTS
U-Pb analytical techniques follow those described in Par-
rish et al. (1987). The zircons were carefully selected by hand
picking to obtain the best fractions possible and were abrad-
ed prior to dissoluton. Procedural blanks were typically 3
pg and 20 pg for U and Pb, respectively. All quoted age er-
rors are at the two sigma level.

Table 1 . A: U-Pb model ages, with errors, using the calcu-
lated common Pb ratios B: Measured 2°6Pb/204Pb and %
common lead from each fraction.

C1

A: 465.7
± 9.9
462.

±30.
444.

+ 161.

B: 36.84
74.5

MODEL AGES (Ma)
A2

467.1
± 5.0
467.7

+ 14.4
471.

±73.

54 06
61.5

E3

465.7
+ 4.5
465.3

+ 12.8
463.

±65.

58 62
57.5

D4

468.5
+ is
466.9
± 9.9
459.

± 50.

69.71
52.0

B5

464.3
± 3 . 2
463.9
± 9 1
462.

± 4 6 .

75.20
49.0

206/238

207/235

207/206

6/4meas
%cmPb

Table 2. Isochron ages and initial Pb ratios.

Regression MSWD Age Ma
+ error

Initial Pb Ratio
± % 1 SE

206/204 vs 23B/204
207/204 vs 235/204
207/204 vs 206/204

12.93
037
0 13

466.3 ± 4.6
465.6 ± 9.8
464.0 ± 53.0

19.45 ± 0.97
15.77 ± 0.20

Normal data reduction using Staccy and Kramers
(1975) model Pb composition at 475 Ma for the common
Pb component in the zircon resulted in a very imprecise
data set. The high errors were due to the high common
lead content and the relatively high errors (approx. 2.7
and 0.6% standard error of the mean (SE) for 6/4 and 7AJ)
assigned to the model Pb composition. A U-Pb eoneor-
dia plot of these data displayed a pattern similar to results
involving inheritance (Fig. 7). This apparent inheritance
pattern is false, however, for the discordance is directly
correlated to the amount of common lead found in the zir-
con fractions (Table I, B), indicating an incorrect com-
mon Pb composition used for the correction.

To investigate the common Pb composition the origi-
nal blank and spike corrected analytical data, represent-
ing the total Pb (including the common Pb) were regressed
and plotted to produce U-Pb isochron ages and initial Pb
ratios, namely: :tl7Pb/-'MPb vs : lsU/-"4Pb and 2ll(1Pb/-(MPh
vs 21sU/ : iMPb (Figs. 8.9). This procedure resulted in a
better estimate of the composition, and lower errors (0.97
and 0.20% I SE. for bh and 1U) for the common Pb. In
addition data were regressed and plotted on a Pb-Pb plot
generating a Pb-Pb age, but not shown here. These three
isochron ages are listed in Table 2. The errors and corre-
lation coefficients required for these regressions were cal-
culated by the procedure of Roddick (1987): the
regressions were by the method of York (1969).

Finally the analytical results were recalculated using
the improved estimate for the common Pb (Table 3). This
resulted in concordant ages within smaller, concentric er-
ror elipses (Table 1, A) and concordia diagram (Fig. 10).

The best estimate for the age of the rhyolite is taken
from the average of the two U-Pb isochron ages, with the
error estimated graphicallly from the intersection of the
error ellipses with concordia (ignoring data C1), namely
466.0 ± 5.3 Ma.

DISCUSSION
Scanning electron microscopic examination of the zircons
from this metarhyolite showed irregular surface features
and cavities that appear to reflect partial resorption of
primary zircon phenocrysts prior to or during extrusion.
The 90° cross-section feature is problematic but proba-
bly resulted from simultaneous rapid crystallization of dis-
similar neighbouring minerals (e.g.. zircon and apatite)
in a restricted environment. These "troughs' and the large
angular cavities are the imprints of previously impinging
crystals.

Table 3. U-Pb isotopic data for zircon from Tetagouche Group volcanics, New Brunswick.

Sample and Weight
fraction' (mg)

1. Spherulitic rhyolite: VL-74 (47° 25'
C1, -74+62. NM. A 0.16.98
A2. +105. NM. A 0.0770
E3, -105+74. NM, A 0.2310
04. -62. NM. A 0.2460
B5, -105+74. M, A 0.1260

NOTES: 'radiogenic Pb: 'corrected to
NM. M relative non-magnetic, magneti

U
(ppm)

48" N 65° 54' 19
329 5
373.8
378.8
408.5
383.0

fractioration and
separation

Pb*
Ippm)

•W)
28.9
328
32.9
361
33.2

spike: 'corrected

Measured1

MPb/""Pb

36.8
54.1
58.6
69.7
75.2

lor Pb blank; 'corrected

Isotopic abundances'
(™Pb=100)

"»Pb ""Pb ""Pb

2.7127 45.427 119.530
18440 32.709 90.825
17033 30.633 85.425
14319 26.640 77.482
1.3250 25.075 72.952

lor U.Pb blank and calculated

Isolopic ratios'
"W"U 'WU

0.074922 0.576328
0.075151 0.585091
0.074910 0581240
0.075383 0.583756
0.074686 0.579050

common Pb; Jsize in microns;

Age.Ma
•"•'PbTPb

444.0
470.7
463.2
458.8
461.5

A abraded;
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Figure 10. U-Pb concordia diagram of recalculated data using the better estimate for the com-
mon Pb composition generated from the U-Pb isochrons. The data are much improved (com-
pare with Fig. 7). The age of the rhyolite is taken from the average of the two isochron ages,
with errors estimated graphically from the intersection of the error ellipses with concordia (ignor-
ing C1).

Energy Dispersive X-ray analyses of polished zircon
grain mounts detected various types and compositions of in-
clusions that are considered to be the primary source of the
high common Pb content. Some of the inclusions, such as
apatite and quartz, were probably incorporated into the zir-
con during rapid crystallization, whereas other inclusions
may be rock material filling resorption cavities. An impre-
cise data set was significantly improved by applying a bet-
ter estimate for the common Pb composition.

GEOLOGICAL IMPLICATIONS
The U-Pb zircon age of 466 ± 5 . 3 Ma for the top of the
Flat Landing Brook Formation falls in the late Llanvirnian
of the time scale of Snelling (1983) and around the Llanvir-
nian/Llandeilian boundary in the time scales of Harland et
al. (1982), Palmer (1983), and of Haq and van Eysinga
(1987).

This age indicates that extrusion of the large volume of
dacitic to rhyolitic volcanic rocks took place mainly in Llan-
virnian and/or early Llandeilan times, taking into account
the time constraints given by fossil ages in the underlying
rocks (see above). Furthermore, the stratigraphically lower
part of the Boucher Brook Formation may extend into the
Llandeilan Series.

Poorly preserved, deformed pelecypods found in tuffa-
ceous sediments enclosed by the Flat Landing Brook For-
mation near the Taylor Brook massive sulphide deposit (Fig.
1) were tentatively interpreted by J. Pojeta Jr.(written
coram., 1988) to belong to the genus Orthonota, which is
known to have an Early to Middle Devonian age range.
However this age determination is in direct conflict with the
Ordovician fossils found in the Tetagouche Group and the
zircon age reported in this paper. We, therefore, think that
either the poor state of preservation of the pelecypods did
not allow correct identification, or these clams represent
unique fauna that possibly occurred around hydrothermal
vents associated with the formation of the Taylor Brook mas-
sive sulphide deposit, and as such may have been mis-
assigned to the Devonian Period.
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U-Pb zircon ages of plagiogranite and gabbro from
the ophiolitic Deveraux Formation, Fournier Group,

northeastern New Brunswick1
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the ophiolitic Deveraux Formation, Fournier Group, northeastern New Brunswick; hi Radiogenic Age
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Abstract

Two concordant U-Pb zircon ages are reported for the ophiolitic Deveraux Formation in the Dun-
nage Zone of northeastern New Brunswick. Zircons from a coarse-grained gabbro preserved in a low-
strain pod in mylonitic gabbroic gneisses give a revised age of 463.9 ± 1.0 Ma. Zircons from a
plagiogranite that intrudes the sheared and metamorphosed gabbro give an age of 459.6 + 1.0 Ma.
Vie data suggest that the ophiolitic Deveraux Formation is Middle Ordovician, coeval with or slightly
younger than felsic and mafic magmatism in the Tetagouche Group in the neighbouring Miramichi High-
lands. Tlw approximate 4 Ma difference in age between the gabbro and the plagiogranite is consistent
with field relationships and is considered to be real and due to an off-axis formation of the plagiogranite.

Resume

On signale deux ages concordants ohtenus par la methode U-Pb appliquee au zircon pour la forma-
tion ophiolitique de Deveraux qui se trouve dans la zone de Dunnage, dans la panic nord-est du Nouveau-
Bnmswick. Des cristaux de zircon provenant d'un gabbro grossier conserve dans une lentille afaihle
deformation logee dans des gneiss mylonitiques et gabbroi'ques, donnent tin age revise de 463,9 + I Ma.
Du zircon provenant d 'tin plagiogranite qui penetre le gabbro cisaille et metamorphise donne un age
de 459,6+1 Ma. Ces donnees semblent indiquer one la formation ophiolitique de Deveraux date de
I'Ordovicien moyen, et est contemporaine du magmatismefelsique et mafique du groupe de Tetagouche
au voisinage des hautes terres de Miramichi, on que sa mi.se en place dale d 'une periode le'gerement
plus recente que ce magmatisme. La difference d'dge, de Vordre de 4 Ma, entre le gabbro et le
plagiogranite correspond aux relations sur le terrain. On la considere reelle: elle annul comme origine
une formation en dehors de I 'axe du plagiogranite.

INTRODUCTION
This paper reports Iwo new U-Pb ages for a plugiogranitc
und a gabbro of the ophiolitic Deveraux Formation of the
Fournier Group in the Beliedune Subzone of the New Brun-
swick Dunnage Zone (Fig. 1). The Bellcdunc Subzonc forms
part of a new tcctonostratigraphic subzonal division of the
Dunnage Zone (referred to as Elmtrec Terrane in our previ-
ous paper, van Staa) ct al., 1988) introduced by van Staal
and Fyffe (in press), which replaces the formerly existing
nomenclature for terrane and zone (Williams, 1978; Fyffe,
1987: Fyffe and Flicker, 1987).

The new ages serve 1) to revise a preliminary U-Pb zir-
con age of 461 + 3 Ma for the gabbro (van Staal ctal.. 1988),
based on additional zircon fractions, one of which gave a
very low error concordant result, and 2) to test whether there
is a measurable age difference between the gabbro and the
plagiogranite. The plagiogranitc cuts through already sheared
and metamorphosed gabbro (amphibolite fades), but was it-
self also weakly deformed during the shearing, suggesting
it intruded symectonically (see van Staal et al., 1988). The
plagiogranite consists of sericitized plagioclase. quartz, chlo-
rite pseudomorphs after biotite, epidote. some white mica,
and prehnite.

1 Contribution lo ihc Canada • New Brunswick Mineral Development Agreement. 1984-19X9. Project carried by the
Geological Survey of Canada. Continental Geu.sciencc Division.

" Geological Survey of Canada. 601 Booth Street. Ottawa. Ontario K1A 0E8
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More information concerning the geological setting, sam-
ple descriptions, and relevant literature references are given
in van Staal et al. (1988).

ANALYTICAL RESULTS

U-Pb analytical techniques follow those for zircon described
in Parrish et al. (1987). Zircons were carefully selected by
hand picking and were strongly abraded. Total procedural
blanks were typically 3 and 11 pg of U and Pb respectively.
Analytical data are presented in Table 1 and displayed in
Figure 2. Errors are at the 2 sigma level and were calculat-
ed using numerical error propagation (Roddick, 1987).

Zircons from the gabbro, ranging in size from + 149 to
-74 u, are clear, anhedral, and pale pink or straw coloured.
They appear equidimensional and blocky, but when turned
on their sides display a more typical prismatic zircon habit.
Eleven fractions were analyzed, (1 to 22 grains) yielding only
six relatively low error results, including two ages, which
are concordant within 2 sigma error and are essentially dupli-
cates (JJ, HH, Fig. 2). The JJ result, however, is sligtly

better at 463.9 + 1.0 Ma, and this concordant age is taken
as the age of the gabbro. There is a slight scatter in fraction
DD, the reason for which is uncertain, but it may imply a
slight inheritance. Fraction KK (not plotted) was selected to
test for possible inheritance, but it has high uraniurr and
suffers from severe lead loss. The ^ P b / ^ P b age of KK.
however, is consistent with the concordant JJ result. Frac-
tions AA and CC in this report are the same as fractions A
and C reported previously (van Staal et al.. 1988) and are
included here only for continuity between reports. They are
now ignored in favour of the new superior data.

Zircons from the plagiogranile are generally clear,
colourless, and euhcdral but with a somewhat rounded ap-
pearance. Some crystals are multifaceted 'gems'. A few zir-
cons have sharp nippled terminations, and a few twins were
seen. Five zircon fractions were analyzed yielding a linear
trend when plotted on a concordia diagram (Fig. 2). This
discordance is interpreted to result from simple surface cor-
related lead loss. Fraction E is concordant at 459.6 + 1.0
Ma. which is taken as the age of the plagiogranite.

Figure 1. Sample location map. Sample site is located at 47° 50' 36" N, 65° 46' 00" W. RBMF is the
Rocky Brook-Millstream fault system.
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DISCUSSION

The U-Pb zircon age of 463.9 ± 1.0 Ma for the Deveraux
gabbro, which is interpreted as the formation age of the
ophiolite, falls in the late Llanvirnian of the time scale of
Snelling (1985) or in the Llandeilian of the time scales of
Harland et al. (1982), Palmer (1983), and Haq and van Ey-
singa (1987). The U-Pb zircon age of 459.6 ± 1.0 Ma for
the plagiogranite falls in the Llandeilian of all the above-
mentioned time scales.

Because these rocks are ophiolitic, a more appropriate
mantle type Pb isotopic composition for the common lead
correction was applied, namely 17.35 ± 1.0% 1 standard
error of the mean (SE) for 206Pb/2O4Pb and 15.43 ± 0.5%
1 SE. for 2O7Pb/2(MPb. These ratios were calculated by in-
terpolating tc a 465 Ma model age (version II, Table VI,
ofZartmanandDoe 1981). The approximate 4 Ma age differ-
ence between the gabbro and the plagiogranite is consistent
with field relationships.

Table 1. U-Pb zircon isotopic data: Ophiolitic Deveraux Formation, Foumier Group, New Brunswick.

Sample and
fraction4

Weight
(mg)

1. Coarse gabbro: JPG (47° 50' 36'
AA +149. 1 XL
CC+149. 6 XL

A 0.0192
A 0.0678

DD +149. 20 XL, A 0.2127
HH -149. 20 XL
JJ -149. 22 XL.
KK 15 poor XLs

2. Plagiogranite:
A -74+62. A
B -105+74, A
C-149+105, A
D +149, A
E -149+105. A

A 0.0699
A 0.0903
A 0.0485

VL-632 (47° 50f 36
0.0537
0.0751
0.1050
0.0688
0.1235

NOTES: 'radiogenic Pb; 'corrected

U
(ppm)

N, 65° 46' 00"
71.1
31.8
33.8
20.9
66.1

231.1

' N. 65° 46' 00
345.4
233.7
221.9
196.0
189.0

for fractional™

Pb
(ppm)

W)
5.75
2.54
2.74
1.67
5.30

18.69

' W)
28.3
19.6
18.0
16.3
15.8

and spike; 'corrected

Measured'
™Pb/""Pb

436
676

1604
483

1492
2642

3072
4198
4445
3544
7775

for Pb blank;

Isotopic abundances'

*"Pb

C. 08201
0.05231
0.02449
0.05458
0.02852
0.01689

0.01396
0.00428
0.00766
0.00278
0.00461

'corrected for

(MPb=100)

6.855
6.362
5.998
6.419
6.045
5.867

5.812
5.680
5.731
5.665
5.684

U.Pb blank

™Pb

23.411
21.417
21.276
20.680
20.304
22.712

25.150
26.630
23.314
25.765
25.990

and mantl

Isotopic ratios3

" " P b P u a>rPb/!! iU

0.074444 0.582054
0.074176 0.573298
0.074656 0.581005
0.074644 0.579419
0.074627 0.579622
0.073511 0.569904

0.072936 0.564169
0.073599 0.570099
0.073012 0.565803
0.073578 0.570612
0.073914 0.572500

i type assumed common Pb
M6Pb/'"Pb=17.35. ! l"PW !wPb=15.43 (see text); 'size in microns; analytical errors are reflected in the 2 Sigma error ellipses on the concorrJia plot; A=abraded.
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Figure 2. U-Pb concordia plot for zircon from a coarse-grained gabbro (open ellipses)
and from a plagiogranite (shaded ellipses) from the ophiolitic Deveraux Formation. Ages
are in Ma. Errors are shown at the two sigma level.
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Because the data tor the two ages arc concordant within
analytical error and their errors do not overlap (JJ, E, Fig.
2) we believe the approximate 4 Ma age difference between
the gabbro and the plagiogranite is real. This supports the
suggestion made earlier by Flagler and Spray (1988); van
Staal et al. (1988), that based on the spatial and age rela-
tionship between narrow zones of highly strained amphibo-
lite and plagiogranite dykes, the plagiogranite was generated
off-axis during active transform shearing in oceanic crust.
The shearing along the transform fault transformed part of
the gabbro into high-grade amphibolites and may have jux-
taposed a hot spreading centre next to cold oceanic crust,
inducing generation of the plagiogranite melt.
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Abstract

U-Pb zircon and monazite ages and whole-rock Rb-Sr data, from a number of widely separated local-
ities, suggest that Baffin Island can be subdivided into a northern region dominated by Archean pro-
toliths, and a southern region, the Baffin Orogen, characterized by intense Aphehian high-grade
metamorphism and plutonism.

Southern region:
In the Iqaluit area pink monzogranite that intrudes immzocharnockite rocks is dated at 1857 + 21/-6
Ma (U-Pb zircon), A Rb-Sr whole-rock isoihron age of 1877 ± 45 Ma on mixed lithologies from the
same location is in general agreement with the U-Pb age.

In central Baffin Island emplacement of a charnockitic pluton intrusive into the Piling Group is dated
at ca. 1850 Ma by U-Pb on zircon. A Rb-Sr whole-rock isochron of 1730 + 49 Ma, initial
"75r/*65/" = 0. 7149 + 0.0M4, indicates Sr isolopic re-equilibration subsequent to emplacement. U-Pb
dates of zircon and monazite from a large monzocharnockitic pluton 120 km to the south document in-
herited zircon and a minimum age for its emplacement at 1854 Ma (monazite).

Northern region:
In the Mary River area, north-central Baffin Island,
dacite from the Mary River Group is dated at 2718 + 51-3 Ma (zircon). A pluton in the intrusive sequence
yields a zircon age of 2709 +41-3 Ma, whereas foliated tonalite representing basement to the group
is 2851 +20/-17 Ma.

U-Pb zircon studies on two components of a migmalite near Cambridge Fiord, and on a small mon-
zogranite body west of Navy Board Inlet, indicate complex mineral systematics, and suggest Aphebian
melting of Archean protoliths followed by formation of Aphebian igneous zircon.

Rb-Sr data for migmatite components at Admiralty Inlet suggest a minimum age of about 2300 Ma
for granulite metamorphism. Rb-Sr results for the Nauyat volcanic rocks are difficult to interpret. Both
sets of data indicate complex whole-rock systematics.

Resume

Des ages obtenus par la me'lhode U-Pb applique'e au zircon et a la monazite et des ages obtenus
par la me'thode Rb-Sr applique'e a la roche rotate, provenant d'un certain nombre de localites tres espa-
cees, semblent indiquer que I 'He de Baffin peut etre divise'e en une region nord dominee par des proto-
lites de I 'Archeen et une region s;<d, I 'orogene de Baffin, caracterise'e par un degre de me'tamorphisme
eleve et un plutonisme internes remontant a I 'Alphe'bien.

Region sud
Dans le secteur d 'Igaluit, le monzogranite rose qui penetre des roches monzocharnockitiques a un age
de 1857 ± 21/ -6 Ma (me'thode U-Pb appliquee au zircon). Un age Rb-Sr isochrone de la roche lotale
etahti a 1877 ± 45 Ma ei obtenu de diffe'rentes lithologies provenant du meme endroit, correspond de
facon generate avec I'age U-Pb.

Geological Survey of Canada, 601 Booth Sircel. Ottawa, Ontario KIA 0E8
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Dans la partie centrale de 1'île de Baffin, la mise en place d'un pluton charnockitique dans le groupe
de Piling a été' daté à environ 1850 Ma au moyen de la méthode U-Pb appliquée au zircon. Un âge
Rb-Sr isochrone de la roche totale établi à 1730 ± Ma, avec un rapport de strontium originel ^Sr/^Sr)
égal à 0,7149+ 0,0034, indique qu 'il y a eu un nouvel équilibre isotopique ultérieur à la mise en place.
Des âges obtenus par la méthode U-Pb appliquée au zircon et à la monazite provenant d'un grand pluton
monzochartwckitique situé à 120 km au sud, témoignent de la présence d'un zircon hérité dont la mise
en place remonte à au moins 1854 Ma (monazite).

Région nord
Dans la région de la rivière Mary, la partie centre-nord de l'fie de Baffin, une dacite provenant du groupe
de Mary River a un âge de 2718 + 51—3 Ma (zircon). Un pluton, appartenant à la séquence intrusive,
fournit un âge de 2709 + 41—3 Ma à partir du zircon alors qu 'une lonalit foliée qui représente le socle
de ce groupe a un âge de 2851 + 20/—17 Ma.

Des études réalisées à l'aide de la méthode U-Pb appliquée au zircon de deux composantes d'une
migmatite située près du fjord Cambridge et d'un petit massif de monzogranite situé à l'ouest de I 'inlet
Navy Board, établissent une classification et une taxonomie minérales complexes, et laissent supposer
une fusion d'âge aphébien de roches mères de l'Archéen suivie de la formation d'un zircon igné de
I Aphébien.

Des données Rb-Sr pour des composantes de migmatite dans I 'inlet Admiralty semblent indiquer un
âge minimum d'environ 2300 Ma pour un métamorphisme à faciès des granulites. Les résultats Rb-Sr
pour les roches volcaniques de Nauyat sont difficiles à interpréter. Les deux ensembles de données indi-
quent une classification et une taxonomie complexes pour la roche totale.

INTRODUCTION

Topical and reconnaissance geological and geochronologi-
cal studies on Baffin Island have been carried out by the Ge-
ological Survey of Canada over a period of more than two
decades. Geochronological work related to the mapping by
the senior author includes Rb-Sr, K-Ar, and U-Pb studies,
some of which have only recently been completed. In order
to make this data base available, this paper brings together
Rb-Sr and U-Pb data for several areas of Baffin Island, m
an attempt to provide a geochronological framework for fu-
ture more detailed studies.

Three U-Pb zircon and monazite ages and two Rb-Sr
isochrons are presented here that bear on the age of plutonism
and metamorphism related to the Cumberland batholithic
complex of Southern Baffin Island. Three other zircon ages
from north-central Baffin Island date the Mary River Group,
its basement, and a slightly younger granitic pluton. U-Pb
zircon data are also presented for two components of a mig-
matite from the eastern part of northern Baffin Island. Results
for Borden Basin on northwestern Baffin Island include U-
Pb zircon and Rb-Sr whole-rock data for the basement to
the Neohelikian (Middle Proterozoic) Bylot Supergroup and
Rb-Sr whole-rock data for the basalt flows in the Nauyat For-
mation at the base of the supergroup. Selected K-Ar ages
are discussed briefly.

The paper presents a summary of the geological
framework of the island, followed by sections on the study
areas, arranged from south to north. Terminology for char-
nockites of Baffin Island is defined in Jackson (manuscrit
in preparation). Analytical proceedures are presented in Ap-
pendix 1.

Geological Framework

Most of Baffin Island consists of Archean and Aphebian
(Lower Proteerozoic) metamorphic and igneous rocks, with
metamorphic grade chiefly of upper amphibolite to granu-
lite faciès, but locally as low as subgreenschist facies (Jack-
son and Morgan, 1978).

Geologically Baffin Island can be divided into two main
blocks. The northern block contains Archean basement and
supracrustal, and plutonic sequences, which were deformed,
metamorphosed, and intruded by Aphebian plutons. The
southern part of the island, termed the Baffin Orogen, con-
tains the huge Aphebian Cumberland Batholithic Complex
and adjacent Aphebian supracrustal sequences and fold belts,
with an uncertain amount of Archean basement rocks.

The oldest rocks throughout Baffin Island occur in a
deformed granitic basement complex that in northern Baffin
Island (Fig. I) is composed mostly of nebulitic migmatitic
granitic gneisses and deformed and metamorphosed granite-
granodiorite plutons. These ancient rocks were migmatized
and intruded by mafic dyke swarms before the Archean Mary
River Group was deposited. Most of the northern half of
Baffin Island (Figs. 1, 2) lies in the northeast-trending, late
Archean, Committee Fold Belt (Jackson and Taylor, 1972;
Jackson, manuscript in preparation). It is defined by the Mary
River Group, a greenstone assemblage (Jackson, 1966) that
was deposited nonconformably on the basement complex,
probably in a continental island-arc environment (Jackson,
manuscript in preparation). This was followed in the late Ar-
chean by intrusion of porphyritic monzogranite, migmati-
zation and deformation, and probably local granulite-facies
metamorphism.
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FH-Fury and Hecla Group
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A.L.-Amadjuak Lake, N.L.-Nettilling Lake

Figure 1. Geology of Baffin Island: 1- Iqaluit, 2- West of Nudlung Fiord, 3- north-central Cumberland
Batholithic Complex, 4- Mary River Group dacite, and basement tonalite, 5- late Archean quartz monzodi-
orte in Mary River region, 6- nebulitic migmatite at head of Cambridge Fiord, 7- monzogranite west of
Navy Board Inlet, 8- crystalline complex east of Admiralty Inlet, 9- Nauyat plateau basalt.
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Figure 2. Some tectonic features of Baffin Island.
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Aphebian granitic plutons were cmplaced into northern
Baffin Island and late Aphebian regional mctamorphism
produced a northeast-trending belt of granulite and mon-
zocharnockite plutons across the island. Aphebian regional
deformation affected most of eastern Baffin Island, forming
southwest-directed nappes and ductile thrust zones in the
northeastern coastal region (Jackson, manuscript in prepa-
ration).

The late Aphebian (ca. 1.85 Ga) Baffin Orogen includes
all of southern Baffin Island (Jackson, manuscript in prepa-
ration; Hoffman, in press) and extends into western Green-
land, Melville Peninsula, and northern Quebec and Labrador.
On Baffin Island the orogen comprises a batholithic com-
plex, and three supracrustal components that may be coeval
(Jackson, manuscript in preparation). The huge triangular-
shaped Cumberland batholithic complex forms the core of
the orogen. and is composed of anastomosing late Aphebian
(1.90-1.85 Ga) monzogranite-monzocharnockite plutons in-
terspersed with lenses and inclusions of bordering
supracrustals and old basement. Granulite-facics rocks are
most abundant south of the complex.

The Cumberland batholithic complex is bordered by three
deformed Aphebian supracrustal sequences. The Piling
Group defines the Foxe Fold Belt north of the batholith; the
Lake Harbour Group defines the Dorset Fold Bell to the
south, and the Hoare Bay Group defines the Nagsuggtoqidi-
an Mobile Belt, southeast of the batholith. All of these con-
tain metagreywackc and metapelitc sequences with
iron-formation and metamorphosed mafic and/or ultramaf-
ic rocks, and variable amounts of quartzite and marble. The
late Aphebian was characterized on most of Baffin Island
by granitic and charnockitic plutonism, deformation of
supracrustal sequences, and mctamorphism to mainly
amphibolite- granulite grade.

Epeirogenic uplift and erosion followed the late Aphebi-
an orogenesis. By Neohelikian time, block faulting and rift-
ing led to deposition of strata nonconformably on the gneissic
terrain of northwestern Baffin Island. The Bylot Supergroup
of Borden Rift Basin contains a lower clastic (Eqalulik), mid-
dle carbonate platform (Uluksan), and an upper clastic
(Nunatsiaq) group. Deposition of the lower and upper groups
was in response to rifting during opening of the Poseidon
Ocean to the northwest (Jackson and Iannclli, 1981). Some
of the lower Supergroup strata arc in subgreenschist fades.
The Fury and Hecla Group to the south is correlative with
the lower part of the Bylot Supergroup.

Post-metamorphic northwest-trending faults occur
throughout Baffin Island. Movement along some of them is
at least as old as Neohelikian and along others is as young
as Recent (Jackson and Morgan. 1978). At least three gener-
ations of late Preeambrian diabase dykes have been emplaced
along and parallel to these faults.

Cumberland Batholithic Complex
Iqaluit (Southern) Area

Geological Setting

Iqaluit lies in the centre of a large region mapped on a recon-
naissance scale by Blackadar (1967). The general area about

Iqaluit and Frobi.sher Bay is underlain chiclly by quartz feld-
spar gneiss (Blackadar's unit 3) in which mafic minerals are
of minor importance, but commonly include hyperslhene.
Metamorphic grade is upper amphibolite to granulite facies,
and at least some of the uppcr-amphibolite-grade rocks arc
retrograded granulites. Jackson and Morgan (1978; in Fraser
el a).. 1978) considered Blackadar's unit 3 and part of unit
4 to be part of the metamorphic Archean complex that is base-
ment to the Aphebian. Lake Harbour Group (Jackson and
Taylor, 1972). This inferred basement was remetamorphosed
up to granulitc grade with the Lake Harbour Group. Pink
monzogranitic (Blackadar, 1967 - unit 13) -
monzocharnockitic (ihid: unit 14) rocks, forming the southern
part of the Cumberland batholithic complex, occur north and
northwest of Iqaluit (Jackson and Taylor. 1972: Henderson
ct al., 1980). The southern extension of these lies several
kilometres to the cast of Iqaluit and dies out to the southeast
in Frobisher Bay. The monzocharnockite is considered by
Jackson and Morgan (1978) to be chiefly the metamorphosed
equivalent of the monzogranite. Patches of gneiss with vague
nebulitic structures (basement?) in the monzocharnockite sug-
gest that more of the area mapped as monzocharnockite may
be reerystallized Archean gneisses than is presently recog-
nized. In addition to the quartz-feldspar gneiss, marble,
sillimanitc-biotitc paragnciss, lit-par-lit migmalitc. and
metamorphosed felsic and mafic intrusions are common in
the immediate vicinity of Iqaluil. The paragncisses arc con-
sidered to belong to the Lake Harbour Group (Jackson and
Taylor. 1972).

An area adjacent to the Frobisher Inn at Iqaluit was
levelled by blasting several years ago in preparation for the
construction of the building complex now attached to the Inn.
A remnant knob of fresh bedrock just northeast of the hotel
contains several rock types and was sampled for U-Pb zir-
con and whole rock Rb-Sr age determination. This locality
includes minor paragneisses amongst various granitic rocks
akin to the Cumberland batholitic complex previously
described.

Most of the knob is composed of two types of layered
granitoid rocks: grey-green, greasy, massive to foliated on
a small scale, and sheared rocks of monzocharnockite com-
position, and pink, massive, medium-grained to pegmatitic
monzogranite with clinopyroxene and local hypersthene. The
latter intrudes the other rocks and occurs also in discordant
dykes up to 1 m thick. Minor pyribolite. paragneiss, and
metamorphosed grey pegmatite are also present.

U-Pb Zircon (Sample JD70-1B)

Pink monzogranile was collected from this locality for U-
Pb age determination. The age for this intrusive granite would
be a minimum age for the associated gneisses. The mon-
zogranite is similar to the large granite body to the north and
probably belongs to same episode of granite emplacement,
and thus should be of similar age.

The pink monzogranite (sample IB. Table A l . Appen-
dix 2) is inequigranular, slightly porphyritic, and massive
to foliated with palimpsest structure. The quartz and feldspars
have interlocking sutured contacts. Oligoclasc (Anis::) and
microclinc are very slightly altered, contain minor brown
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(lusting and few tiny grains of carbonate and muscovite. The
microcline is perthitic, and exsolution perthite predominates
over vein perthite. Some hornblende seems to be in
equilibrium with clinopyroxene, but most of the hornblende
either rims the cJinopyroxene or replaces it along cleavages
(uralite).

The zircons recovered from this sample are pristine,
euhedral, stubby grains with sharp terminations and an aspect
ratio of about 2:1. Under transmitted light the zircons show
distinct zoning and inclusions at the centre 01' each grain.

Table 1. U-Pb zircon and monazite data.

These inclusions, observed in more detail in a polished and
etched section (Fig. 3), were analyzed and reported to be
fragments of quartz, feldspar, or zircon.

Six zircon fractions were analyzed (Table 1). They plot
slightly below concordia in a cluster (Fig. 4) that forms a
line with a Davis (1982) calculated upper intercept of 1857
+21/-6 Ma, a lower intercept of 1472 Ma, and a probabi-
lity of fit of 62%. We interpret the upper intercept as the ap-
proximate age of emplacement and crystallization of the mon-
zogranite, and a minimum age for the rocks the monzogranite
intrudes.

Fraction,'
Size

Iqaluit Hybrid Granulite (JD7O-1B)

A 149 NMO abr
B 149 MagD abr
C 74 NMO abr
D +74 MagO abr
E +149 NMO abr
F +105 NMO abr

Weight
(mg)

0.0493
0.0415
0.0153
0.0115
0.0475
0.0206

West of Nudlung Fiord Charnockite (JDC166/22-70)

A Monazite
B Monazite
A +74 NMO abr 3:1
B +74 NMO abr 2:1
C +74 NMO abr 1:1
0 -74+62 NMO abr

0.0146
0.0075
0.0210
0.0445
0.0140
0.0090

U
(ppm)

285.0
2467
266.7
201.0
765.6
228.6

1092.7
1594.0
1886.5
1542.0
821.9

1955.2

Pb'
(pom)

113.3
97.8

106.5
83 8

267.4
92.9

4553.0
6865.0

596.2
485.3
259.3
586.1

North Central Cumberland Batholithic Complex Monzocharnockite IJDM355-68)

A Monazite
A +149 NMO abr
B -149+93 NMO abr
C -93 NMO abr
D +149 NMO abr

0.0088
0.0430
0.0398
0.0106
0.0240

Mary River Group Oacite (JD100/12-68)

A +74 NM2 abr
B -74 NM2 abr
C +74 Mag2 abr
D -74+62 Mag?

0.0484
0.0251
0.1148
0.0576

Mary River Region Monzogranite (JD138/1-68)

A +105 NMO abr
B -105+74 NMO abr
C -74+62 NMO abr
0 -74+62 NMO abr

0.0790
0.0480
0.0423
0.0389

521.3
508.9
566.9
465.6
539.1

229.0
278.8
233.5
1174

149.6
122.5
169.2
178.1

Mary River Group Basement Trondhjemite-Tonalite (JDC56/1-68)

A -105+74 NMO abr
B -105+74 NMO abr
C -74+62 NMO abr
D -74+62 NMO abr
E -105+74 NMO abr
F -105+74 NMO abr
G -105+74 NMO abr

0.0109
0.0148
0.0291
0.0323
0.0250
0.0344
0.0144

Borden Rift Basin Monzogranite (JD79-84)

A +74 NM+1 abr
B -74+62 Mag+1 abr
C -62 Mag+1 abr
D +74 Mag+2 abr
E +74 Mag+1 abr

Cambridge Fiord Migmatite-Anatectite

Amphibolite Phase IJDO218Z-68)

A +149 NM+1 abr
B -149+105 NM+1 abr
C -105+74 NM+1 abr
D -74 NM+1 abr

Leucocratic Phase IJDD218X-68)

A +74 NMO abr
B +74 NMO abr
C -74 NMO abr

0.0O85
0.0235
0.0185
0.0260
0.0087

0.0407
0.0430
0.0385
0.0418

0.0149
O.0O52
0.0067

136.0
331.1
257.2
316.9
236.4
318.1
237.7

140.7
289.8
372.1
302.8
128.0

454.9
273.1
212.5
208.6

1226.6
68D.6

1258.9

totes: 'sizes (-74+62) reler to length aspect of zircons in microns
MagO=magnetic cut with frantz at 0 degree side slope: 'radiogenic Pb
blank Pb and U. common Pb. errors quoted are one sigma in percen

9237.0
181.7
203.8
173.1
186.9

140.5
169.3
141.6
71.0

93.6
76.4

103 5
108.3

75.6
184.6
140.3
166.0
148.8
179.9
143.8

47.7
111.7
149.5
114.7
52.5

208.1
177.B
125.1
117.6

432.9
268 3
514.2

""Pb

13430
4588
1647
2350

18610
3504

9019
7840
1600
3832
7571
2487

2348
6925

11210
1257

13610

5686
6780

15000
4771

7361
864

5144
3919

2373
3727
2770
7797
6218
7823
2663

423
1699
2123
1195
431

3400
5075
6404
4488

3332
2296
3965

Pb,'
(M)

22
47
52
20
40
28

37
32

499
356

30
136

41
67
43
85
20

63
33
57
45

52
224

44
56

19
41
62
38
32
44
43

51
80
68

128
58

142
73
38
57

121
37
53

mz
20.6
20.3
20.8
24.0
10.9
22.4

92.4
92.7
4.4
4.6
3.6
3.8

98.2
9.1
3.0

13.1
6.B

14.0
14.4
14.0
14.2

16.3
15.9
15.5
15.4

10.1
9.6
9.8
9.9

11.9
10.4
11.0

32.0
21.3
20.0
22.9
18.5

10.5
22.7
18.2
16.6

3.5
7.1
4.3

MPb±SEM%5

0.32947 (.08)
0.32977 (.09)
0.329d1 (.09)
0.33080 (.09)
0.32552 (.08)
0.32902 (.09)

0.32824 1.09)
0.32731 (.09)
0.31617 (.09)
0.31433(09)
0.31825(09)
0.30253 (08)

0.33306 (.11)
0.33769 (.09)
0.33582 (09)
0.33660 (.09)
0.33653 (.06)

0.51368 (.09)
0.50794 (.09)
0.50976 |.O8)
0.50526 (.09)

0.51128 (.09)
0.51376 (.09)
0.50688 (.09)
0.50416 (.08)

0.48717 (.11)
0 48891 (.01)
0.47686 (.09)
0.46303 (.09)
0.53719 (.09)
0.49540 (.08)
0.52335 (.09)

0.27764 (IB)
0.31536 (.09)
0.33247 (.09)
0.30488(09)
0.34256 (.15)

0.41201 (.09)
0.49495 (.081
0.47579 (.09)
0.46460(09)

0.34940 (.09)
O.3731O(.1O|
0.39612(.09)

""PblSEMW

5.1188(10)
5.1239 (.10)
5.1230(11)
5.1486(11)
5.0160 (.10)
5.0994 (.10)

5.0704 (.10)
5.05241.10)
4.8516(13)
4.80541,11)
4.8818(10)
4.5483(10)

5.2053 (.13)
5.4873(10)
5.3890(10)
5.3544 (.12)
5.3606(10)

13.2034 (.10)
13.0137 (10]
13.0716 (.10)
12.9422(10)

13.0732 1.10)
13.13651.13)
12.9321 1.10)
12.8532 1.10]

12.4298 (.131
12.60761.11)
12.01361.10)
11.51741.10)
14.75621.10)
12.8772 |.1O]
14.0988(10]

4.0609131)
5.06791.11)
5.66221.11)
4.7005 (.14)
6.3108 (.24)

8.7356 (.10)
12.2708 (.10)
11.4898 (.10)
11.1395(10)

6.4068 (.10)
7.2522 (.12)
8.0591 (.10)

*"Pb±SEM%s

0.11268(03)
0.11269 (.03]
0.11266(04)
0.11288(04)
0.11176 (.03)
0.11241 (.04]

0.11204 (.03)
0.11196(03)
0.111291.07)
0.11088 (.04)
0.11125(03)
0.10904 (.05)

0.11335 (.05)
0.11785 (.03)
0.11639 (.03)
0.11537 (.06)
0.11553 (.03)

0.18642 (.03)
0.18582 (.03)
0.18598 (.03)
0.16576(03)

0.18545 (.03)
0.18544 (.06)
0.18504 (.03)
0.184901.03)

0.18505 (.03)
0.18703 (.03)
0.1B272 (.04)
0.18040 (.03)
0.19923 (.03)
0.16852 (.03)
0.19538 (.03)

0.10608 (.20)
0.11655 (.05)
0.12352 (.05)
0.111821.08)
0.13361 (.16)

0.15377 (.03)
0.17981 (.03)
0.17514 (.03)
0.17390 (.03)

0.13299 (.04]
0.140981.04)
0.14756 (.03)

""Pb age. error
™Pb (Ma)'

1843.1(1.0)
1843.3(1.1)
1842.7(1.6)
1846.3(1.3)
1828.2(1.0)
1838.7(1.3)

1832.7 (1.2)
1831.411.0)
1820.612 5)
1813.8(1.4)
1120.0(1.1)
1763.4(1.7)

1853.8(1.9)
1923.9(11)
1901.5(1.0)
1885.7(2.3)
1888.1 (1.0)

2710.BI.1.0)
2705.5(1.0)
2706.9(1.0)
2705 1 (1.1|

2702.2(1.0)
2702.2 (2.7)
2698.5(1.0)
2697.3(1.1)

2698.6(1.1)
2716.2(1.1)
2677.7(1.2)
2656.611.0)
2819.9 (0.9)
2729.3 (0.9|
2788.0(1.0]

1733.2 (7.2)
1903.9(1.9)
2007.7(1.8)
1829.2 (2.9)
2146.0 (5.5)

2388.3(1.2)
2651.1 (10)
2607.4(1.0)
2595.5(1.0)

2137.8 (1.4)
2239.2(1.4)
2317.8(1.1)

.e.. through 74 micron sieve but not the 62 micron sieve): abr=abraded. NM1=non-magnetic cut with frantz at 1 degree side slope,
'measured ratio, corrected lor spike and (ractionation; total common Pb in analysis corrected for fractional/on and spike: 'corrected tor

. ^corrected tor blank and common Pb. errors are two sigma in Ma: for analytical details see Appendix 1.
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Rb-Sr Whole Rock

Seven samples for Rb-Sr whole-rock study were also col-
lected from the above locality and include the following (Ta-
ble A I). Sample IF is from one of the paragneiss bands.
Sample 1H may represent Blackadar's unit 14 (monzochar-
nocki(e) and sample II his unil 3, bu( both could be in either
unit. The greasy grey pegmatite (sample 1C) intrudes the
rocks represented by samples IF, 1H, and 11 and (he pyribo-
lite, but not the pink massive monzogranite (sample IB).
Sample IE is from the foliated margin to the massive pink
granite layer (= sample IB) and sample ID is a variety of
the same rock.

Figure 3. Electron microscope photomicrograph of a
polished and etched zircon grain from the Iqaluit hybrid granu-
lite. The polished grain shows distinct igneous zoning. The
centre black inclusions are quartz and feldspar fragments.

The results of Rb-Sr analyses of the seven whole-rock
samples are presented in Table 2 and displayed in an isochron
plot (Fig. 5). Five of seven points are collinear
(MSWD=0.41), yielding an isochron age of 1877 + 45 Ma
and initial H1Sr,mSr= 0.7047+0.0028. Data point IF
(paragneiss) falls above the isochron, possibly because of
the sedimentary origin of the paragneiss. Point IB falls slight-
ly below the isochron.

The U-Pb age of ca. 1.86 Ga for the pink monzogranite
was measured on zircon from Rb-Sr sample IB. This age
is in agreement with (he Rb-Sr isochron age within analyti-
cal uncertainty but sample IB (model age 1812 Ma) falls be-
low the Rb-Sr isochron. Since samples IE and ID, both of
which yield points on the isochron, represent other phases
of the same rock as sample IB. it is probable that point IB
falls below the isochron owing (o minor isotopic and elemen-
tal re-equilibration specific to that sample.

Samples IE, IB. and ID are tentatively considered to
represent the massive pink monzogranite of Blackadar's
(1967) unit 13. whereas 1H, II. and 1C could represent
phases of (he green-grey monzocharnocki(e (unit 14) or (he
quartz-feldspar gneiss (unit 3). Any difference in age between
these units appears to be small with regard to the uncertain-
ties in the Rb-Sr results.

K-Ar

K-Ar ages on biotite and hornblende from Frobisher Bay are
summarized in Table 3. The relatively recent, more reliable
analyses (post-1968) yield dates near 1.7 Ga, presumably
reflecting cooling through mineral closure temperatures.
Dates obtained before 1968 are considered to be less precise,
and hornblende from pyribolite (GSC 78-122) may suffer
from excess argon in a probable hornblende-clinopyroxene
mineral mixture.

0.34

Q_

0.33 -

5.0 5.1

207Pb/235u

Figure 4. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from the
Iqaluit hybrid granulite (JD70-1B).
See Table 1 for data.
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Northern and North-Central Areas
(Cumberland Batholith Complex)

Geological Setting

A 60-100 km-wide migmatite zone separates the Piling Group
of central Baffin Island from the Cumberland batholithic
complex to the south, which is composed chiefly of
anastomosing monzocharntK-kite and monzogranite plutons
up to 150 km long (Blackadar, 1967; Henderson, 1985; Hen-
derson and Tipped, 1980; Henderson et al., 1979, 1980:
Jackson, 1971; Jackson and Morgan, 1978; Jackson and Tay-
lor. 1972: Morgan et al., !975, 1976; Tipped, 1980).
Granulite-facies paragneiss, migmatite, and older Archean
nebulitic granitic rocks are minor components within the
batholith complex and are intruded by dykes, sills, and stocks
of monzocharnockite. They also surround the complex ex-
cept, apparently, to the west, where charnockite grades into
granite (Blackadar, 1967; Fraser et al., 1978; Jackson and
Morgan. 1978).

Intrusive rocks range from hypersthene syenite and minor
alkali feldspar charnockite to hypersthene trondhjemile,
minor hypersthene tonalite, and rare norite and andesine
anorthosite. The monzocharnockite and monzogranite are
texturally and chemically similar, the nonzocharnockites be-
ing deficient in hydrous minerals. These rocks are massive
to locally foliated, fine to coarse grained or pegmatitic, and
commonly contain feldspar phenocrysts (up to 10 cm long).
Mafic minerals consist commonly of biotite or biotite +
hypersthene, although hornblende, garnet, and clinopyrox-
ene also occur. Sillimanite and cordierite occur in a few
areas.

Jackson and Morgan (1978) concluded that the
monzocharnockite-monzogranite plutons that intrude the Pil-
ing Group were formed in part by the reworking and
recrystallization of older rocks and emplaced both diapiri-
cally and as sheet-like and mushnxim-shapcd bodies (see also
Kranck, 1972). Melamorphism continued after deformation
had largely ceased. However, deformed isograds have been
reported from some areas (Tippctt, 1980: Henderson and
Tippett. 1980).

The migmatite belt, between the Piling Group lo the north
and the batholithic complex to the south, swings southeast
to the north end of (he Penny Ice Cap in the eastern part of
Baffin Island. Most of the migmatite bell comprises anatec-
tic migmatites derived from the Piling Group and remnants
of relatively unmigmalized Piling strata. Figure 6 shows the
geology of part of this belt and the locality of one group of
samples dated in this study. Metagreywackc and metapelite
predominate, while marble, calc-silicates. amphibolite, and
meta-ultramafite are common. Thin quartzite. meta-arkose.
and iron-formation have been traced southward discontinu-
ously as far as northern Cumberland Peninsula. Parts of the
belt are composed of supracruslal strata and granite-
charnoekite intrusions alternating in layers up to several
hundred metres thick. Some of these tabular intrusions have
been isoclinally folded and boudined on a large scale (Fig. 6).
Many scattered irregularly shaped monzocharnockite-
monzogranite bodies up to 25 km across intrude the other
rocks (except the Hadrynian diabases - Fig. 1) in the mig-
matite belt. Ncbulitic granitic migmatites and intrusions are
abundant locally and resemble the gneissic complex thai is
basement to the north side of the Piling Group. These nebu-
litic rocks are intruded by monzocharnockite and are consi-
dered here to be Archean in age.

0.90-

ID

\

^0.80

0.7J

Age 1877±45 Ma

I. R. 0. 7047±0. 0028
Figure 5. Rb-Sr whole-
rock isochron, Iqaluit
hybrid granulite. Points 1F
and 1B are not included in
data regression. See Ta-
ble 1 for data.
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Figure 6. Map of the geology in part of the migmatite belt along the north side of the Cumberland
batholothic complex, and showing sample locations west of Nudlung Fiord (Tables 1, A2, A5). The large
pluton along the south edge of the map is part of the complex. The central part, about 50 km south of
the south edge of the map, was sampled (JDM355-68: Tables 1 and A5).
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Oochronology West of Nudlung Fiord (North Area)

Seven samples lor whole-rock Rb-Sr and U-Pb zircon and
monazile age determinations were collected from two small
plutons that intrude the Piling Group on the northern side
of the migmutite belt (Fig. 6). Rock types, sample numbers,
and locations are listed in Table A2 (Appendix 2). The
plutons range in composition from alkali t'eldspar charnockite
to monzoeharnockite (hyperthene monzogranite). Sample
166/^ is from a small body of medium-grained, equigranular.
noritic andesine (An <X47) anorthosile in the southeastern
part of the eastern pluton. [t contains 149? hypersthene and
1 V< orange-brown biotite. Sample 168/22. an alkalifeldspar
eharnockite. was selected lor U-Pb and Rb-Sr dating.

In general the charnockite plutons are light grey and
massive to faintly foliated, with the foliation attributed to
flow banding. Locally, primary layers up to 6 m thick con-
sist of intergradational medium- and coarse-grained zones
with slight differences in mafic (biotite ± hypersthene) con-
tent. Orthoclase phenocrysts up to 3 cm long are common.
Common accessory minerals are apatite, monazite. zircon,
ilmenitc. pyrite. pyrrhotite. garnet, fluorite. chlorite,
magnetite, hematite-goethite. leucoxene. prehnite. and blue-
green hornblende. Occasional pale sphene is associated chie-
fly with the opaques, and clay minerals are retrograde
products.

Figure 7. a. Electron microscope photomicrograph of a
polished and etched zircon grain from the charnockite west
of Nudlung Fiord. Grain shows non-uniform and highly con-
torted zoning pattern, b. Electron microscope photomicro-
graph of a polished and etched zircon grain from the
north-central Cumberland batholithic complex monzochar-
nockite. Grain shows a complex internal structure with rem-
nant zoning that is non-uniform and contorted. Grain
boundary shows resorption and regrowth.
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0.32
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1853 +15/-11 Ma
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To 1013 Ma
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4.2

1840

A Monazite
B Monazite

Figure 8. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from the
charnockite west of Nudlung Fi-
ord (JDC1f8/22-70). See Table 1
for data.
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The plutons are intruded by aplite and pegmatite dykes.
Micro-shearing, fracturing parallel to foliation, recrystalli-
zation along grain boundaries, and retrogression of hyper-
sthene to biotile occurred during emplacement of the plutons
and before the rocks had cooled significantly.

U-Pb zircon and monazite ages (J DC 168/22-70)

This charnockite sample, selected for U-Pb zircon and
monazite age determination, should give the emplacement
age of the granite (charnockite) magma.

The igneous zircons are generally euhedral to subhedral
with rounded terminations and an aspect ratio of 3:1. The
grains are fractured and have abundant inclusions but show
no evidence of inherited cores. Polished and etched grains
reveal strong zoning that is non-uniform and highly contorted
(Fig. 7a); the interpretation of these textures is uncertain.
The four fractions analyzed were strongly abraded but are
still fairly discordant (Fig. 8). A modified York (Parrish et
al. 1987) regression gives an upper intercept of 1853
+ 15/-11 Ma, and a lower intercept of 1013 Ma, with a
MSWD of 8. The zircon age of 1853 Ma is considered to
be the approximate age of emplacement for this charnockite.

Two slightly discordant monazite fractions have
207Pb/206Pb a g e s o f 1 8 3 2 .7 + 1.2 Ma and 1831.4 ± 1.0
Ma. These can be interpreted as minimum crystallization
ages, since the high Th contents of the monazites (208Pb is
92% of the radiogenic Pb) suggest that 207Pb/206Pb ages
could be low owing to the presence of excess 206Pb (see
Analytical Considerations, Appendix 1). Alternatively, they
could be the age of cooling below monazite closure temper-
ature, at 1832 Ma.

Rb-Sr whole rock

The results of Rb-Sr analyses on seven whole-rock samples
are presented in Table 2 and displayed on an isochron dia-
gram (Fig. 9). Data points for samples 166/2, 168/2, 168/4,
169/1, and 169/2 are collinear and the data points for sam-
ples 166/3 and 168/22 fall above the line. A regression of
the five collinear results yields a Rb-Sr isochron age of 1730
+ 49 Ma, initial 87Sr/86Sr of 0.7149 + 0.0034, and a
MSWD of 0.36.

Discussion

The U-Pb zircon age from the same locality as Rb-Sr sam-
ple 168/22 is about 120 Ma older than the Rb-Sr isochron
age but is in agreement with the model age for sample 168/22
if an initial ^Sr/^Sr of ca. 0.7075 is employed. Since the
Rb-Sr isochron includes samples from both the eastern and
western intrusions, and the 87Sr/86Sr is unusually high at
0.7I49+/-0.0034, it is probable that the isochron is a com-
bination of regional isotopic homogenization of Sr at, or
shortly after, the culmination of granulite metamorphism that
was superimposed on isotopically inhomogeneous rocks.

Table 2. Rb-Sr isotopic data.

Sample no.
Rb

(PPm)
Sr

(ppml

Frobistier Bay Hybrid Granulite
1B
1C
1D
1E
IF
1H
11

180.8
160.6
120.0
128.6
12.87
86.09
90.28

74.83
94 95
45.60
54.34
87.76

102.50
65.66

Charnockites West of Nudlung Fiord
166/2
166/3
168/2
168/4
168/22
169/1
169/2

2531
13.68

2401
214.5
309.4
327.8
354.3

147.3
531.5
147.4
206.5
121.0
146.4
116.3

Crystalline complex, junction ot Admiralty
Inlet and Adams Sound
A2
A5
A7
AS
B2
B4
B5
C2
C3
C4
C6
D1
D5
E

141.6
99.27

122.4
112.1
84.90

103.2
85.06

188.7
119.9
178.2
93.06
99.80
37.07

129.8

Mauyal Formation Basalt
3
3A
5/1
5/2
5/3
6
7.'i
7/4
7/6
9
26
75A
75D

40.29
35.51
10.24
31.30
39.19
17.56
54.79
18.99
0.415
9.64
9.35

24.00
54.53

330.2
271.4
281.0
305.6
496.5
424.9
488 1
665.3
646.6
914.7
927.6
535.6
370.2
371.5

57.73
81.75
19.94
21.33
48.44
35.64

145.0
82.36
42.08

102.2
39.15
34.66
64.93

"'Rb/»Sr

6.985
4.890
7.608
6.842
0.424
2 428
3.975

4.968
0.0744
4.709
3.003
7.393
6.473
8.807

1.240
1.058
1.259
1.061
0.4944
0.7022
0.5038
0.8200
0.5361
0.5632
0.2900
0.5387
0.2895
1.010

2.018
1.256
1.485
4.242
2.339
1.424
1.092
0.6666
0.0285
0.2728
0.6904
2.002
2.428

"Sr/»Sr

08870
0.8365
0.9118
08880
0.7211
0.7703
0.8123

0.8378
07210
0.8329
07894
0.9047
0.8766
0.9330

0.74546
0.73839
0.74534
0.73833
0.72075
0.72639
0.72077
0.72107
0.71646
0.71695
0.71044
0.72124
0.71297
0.73787

0.7375
0.7272
0.7367
0.7644
0.7398
0.7341
0.7325
0.7223
0.7128
0.7165
0.7276
0.7371
0.7520

Uncertainty
"Sr/*Sr

0.07%

0.07%

0.007%

0.03%

Table 3. K-Ar mineral ages in Frobisher Bay area.

Publication no.

GSC 61-52 (f)

GSC 66-68 (2)

GSC 66-69 (2)

GSC 66-70 (2)

GSC 73-73 |3)

GSC 78-122 (4)

GSC 78-123 (4)

GSC 89-133 (5)

Age (Ma)

1740+90

1555±50

1540±50

1500±50

1696+42

1839±52

1670±52

1722±41

Material

biotite

biotite

biotite

biotite

biotite

hornblende

hornblende

hornblende

Rock Type

pegmatite

mafic iens in
granite

granite

granite gneiss

biotite gneiss

pyribolite

amphibolile

meia-ullrarjasic

Locality

62°58'N 69°52'W

65°06'N 68°02W

64o10-N 68°14W

62°39'N 65°17'W

64°49'N 66°34'W

64°29'N 66°44'W

63°26'N 64°42'W

62°49N 65°26'W

References: (1) Lewder) et al. (1963); (2) Wanless el al. (1968); (3) Wanless et al.
(1974): (4) Wanless et al. (1979); (5) Hum and Roddick (1990)
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K-Ar and Rb-Sr dates on biotite, hornblende, and mus-
covite from rocks in the migmatite belt and the monzochar-
nockite Cumberland batholith complex (Table 4) are in the
range of 1.6-1.7 Ga. This pattern suggests a period of
prolonged slow cooling between 1.8 and 1.6 Ga.

Geochronology, North-Central Area

U-Pb Zircon and Monazite (JDM355-68)

A sample of a monzocharnockite from the central part of
the Cumberland batholithic complex, midway between Net-
tilling Lake and the north end of Penny Ice Cap, was col-
lected for age determination.

1.00

0.90-

IS)

' \

0.80

Age 1730±49 Ma

I. R. 0. 7149±D. 0034

8 . 0

Figure 9. Rb-Sr whole-
rock isochron charnockitic
rocks west of Nudlung Fi-
ord. Points 166/3 and
168/22 are not included in
the data regression. See
Tsble 2 for data.

Table 4. Some ages previously determined for rocks in the migmatite belt and Cumberland Batholithic Complex.

Publication no.

ID
12)

GSC 66-68 (3)

GSC 70-60 (4)

GSC 70-61 (4)

GSC 76-172 (5)

GSC 76-173 (5)

GSC 81-117 (6)

GSC 81-118 (6)

GSC 81-119 (6)

GSC 81-130 (6)

GSC 81-134 (6)

GSC 81-139 (6)

GSC 81-140 (6)

GSC 87-134 (7)

GSC 87-134 (7)

GSC 87-135 (7)

GSC 87-135 (7)

References: (1) Henderson (1985);
and Roddick (1987).

Age (Ma)

1895+47/-21

1870+20

1555+55

1680+55

1735+55

1603+40

1678+49

1638±24

1685+24

1727±24

1639±41

1646±40

1723±50

1743±5O

1640±23

1592

I617±22

1633

Material

zircon

zircon

biotite

pegmatite

biotite

biotite

hornblende

biotite

biotite

biotite

biotite

biotite

hornblende

hornblende

muscovite

muscovite

muscovite

muscovite

(2) Pidgeon and Howie (1975); (3) Wanless el al

Rock type

charnockite

charnockite

granodiorite

muscovite

metasilstone

granite

granite

charnockite

charnockite

charnockite

granitoid gneiss

monzogranite

monzocharnockite

amphibolite

pegmatite

pegmatite

pegmatite

pegmatite

(1968); (4) Wanless etal. (W72); (5)

."ethod

U-Pb

U-Pb

K-Ar

K-Ar

K-Ar

K-Ar

K-Ar

K-Ar

K-Ar

<-Ar

K-Ar

K-Ar

K-Ar

K-Ar

K-Ar

Rb-Sr

K-Ar

Rb-Sr

Wanless etal

Locality

68°04'04"N; 66°53'28"W

66°05'N; 65°45W

65°06'N: 68°02W

68°36'N; 73°16'W

6e°36'N: 73°16W

65°58'N; 69O21'W

65°58'N; 69°2rw

6 8 ° 0 4 W N ; 66°5328-W

68°04'04"N; 66O53'28'W

68°04'04"N; 66°53'28"W

6827N;7206'W

68°13'N; 72°23'W

66°32N; 66°05W

65°47PN; 64°221W

68o37r23"N; 70°54'42"W

68°37'23"N; 70°54p42W

68O3723"N; 70°54'42"W

6~^7'23"N: 70°54'42"W

(1978); (6) Stevens etal. (1982); (7) Hum
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The monzocharnockite (hypersthene monzogranite) has
a resinous yellow-brown colour, is generally massive, and
contains feldspar phenocrysts up to 10 cm long in a medium-
graintd equigranular matrix. The grains are fractured but
not crushed. Small discontinuous folia of mafic minerals im-
part a weak foliation to the rock locally. Orthoclase is per-
thitic (5-10%) and contains rare plagiocfase veinlets.
Plagioclase (Anjj) is antiperthitic and is associated with
minor myrmekite. The mafic component (7%) is chiefly
hypersthene with minor brown biotite and opaque minerals
(magnetite, pyrite. hematite-limonite, leucoxene).

Zircons are quite coarse in grain size, with an aspect ra-
tio of 3:1. They are euhedral to subhedral with rounded ter-
minations, highly fractured, and have abundant inclusions.
Polished and etched mounts of zircon grains reveal a com-
plex internal structure (Fig. 7b). Differential melting seems
to have occurred in some grains, and all show resorption and
renewed growth.

The four fractions analyzed are discordant and form a
scattered non-linear array (Fig. 10). A concordant monazite
from this sample has a -<17Pb/2("'Pb model age of
1854 + 2 Ma. The scattered array of zircon points is at-
tributed to inheritance of an older crustal component followed
by minor subsequent Pb loss. The textures described above
are consistent with the U-Pb systematics and suggest that the
zircons are composite. The rock was probably derived from
melting of an older protolith. The 1854 Ma monazite age
is a minimum for the major melting event and the emplace-
ment of the chamockite. Monazites are Th-rich (radiogenic
Pb is 98% -1()liPb), and consequently the - ' "Pb /^Pb ages
may be reduced because of the effect of excess 2{lliPb (see
Analytical Considerations). The zircon data suggest that the
age of the charnockites is not likely to exceed ca. 1.9-1.95
Ga.

Mary River Region
Geological Setting

A complex composed chiefly of nebulitic granitic migma-
tites, foliated granitic plutons, and minor, locally massive
granitic intrusions underlies the Mary River Group in north-
central Baffin Island (Crawford, 1973; Gross, 1966; Jack-
son, 1966, 1978a, 1978b; Jackson and Morgan, 1978; Jack-
son etal. , 1978a, 1987b; Jackson and Taylor. 1972; Morgan
et al., 1975, 1976). Compositions range from monzogranite
to quartz diorite. The rocks are white to light grey and pink,
tine to coarse grained, and are commonly megacrystic
(potash feldspar, plagioclase, quartz). The rocks have been
recrystallized, and the metamorphic grade ranges from green-
schist to granulite. Contacts between the three major rock
types (nebulitic-banded, foliated, massive) are gradational
to sharp and discordant, with the more massive rocks gener-
ally the youngest. Bands, boudins, and schlieren of parag-
neisses, and metamorphosed felsic to mafic extrusive and
intrusive rocks are scattered throughout most of the com-
plex, and locally are abundant. Meta-ultramafic rocks are
rare.

Metamorphosed blastoporphyritic (quartz, plagiocla.se)
rhyolites-dacites, chiefly metapyroclastic rocks, have been
recognized in the basement complex at several localities such
as west of Mary River No. I Iron Deposit (37G; Jackson,
1966, 1978b; Jackson etal . , 1978a). Metamorphosed shal-
low feldsparphyric monzogranite-granodiorite intrusions,
quartzofeldspathic metasedinicnts, and minor amphibolite arc
commonly associated with the felsic metavolcanics. Local-
ly, metamorphosed felsic and mafic dykes intrude the com-
plex but not the overlying Mary River Group (Jackson,
1966). Coarse conglomerate lenses in the lower part of the
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Figure 10. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from the
charnockite (JDM355-68) from the
Cumberland batholithic complex.
See text for discussion and Table
1 for data.
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Mary River Group also suggest the presence of an uncon-
formity between it and the underlying complex (Crawford,
1973; Jackson, 1966, 1978b). Locally the contact may be
marked by a metamorphosed regolith, or may be gradational.

The Mary River Group is a metamorphosed (greenschist
to granulite) and intensely deformed assemblage composed
chiefly of felsic to mafic metavolcanics, metapelites, and
metagreywackes. Quartzite, metamorphosed iron formation,
ultramafic rocks, and anorthositic and gabbroic intrusions
are commonly an integral part of the assemblage, which is
a typical Archean greenstone sequence.

Mary River Group rocks are abundant in a large arcuate
belt (NTS 36C-G, 47H) that extends northeast from the west
coast of Baffin Island (Eqe Bay) to the north end of the Barnes
Ice Cap. There the belt swings northwestward and extends
to the Mary River area (Jackson and Taylor, 1972; Jackson
and Morgan, 1978) and the heads of Milne Inlet and Tay
Sound. Within and adjacent to this belt the Mary River Group
crops out in numerous narrow, lenticular, separated and in-
terconnected, en echelon bodies up to 65 km long.

The Mary River Group and its basement are intruded by
at least two suites of granitic intrusions. Rb-Sr investigations
in the vicinity of No. 4 Iron Deposit, 80 km to the west of
the present area (Jackson, 1978b), indicate an Archean age
for the basement gneisses and a late Archean- early Aphebi-
an age for the Mary River Group (although variable re-
equilibration of the Rb-Sr systems of most samples analyzed
made even these broad conclusions somewhat tenuous).
K-Ar ages on biotite and muscovite presented in the above
study ranged from 1750 to 1610 Ma and were interpreted
as reflecting cooling through mineral closure temperatures
for Ar in the waning stages of the Hudsonian Orogeny.

U-Pb Zircon

Mary River Group Dacite (JDIOO/12-68)

A sample of dacite representative of the Mary River Group
was collected for zircon dating. The dacite is associated with
iron formation, quartzite, schist, metabasalt, and meta-
ultramafic rocks.

The dacite is light grey, finely foliated, fine grained, and
has quartz and a few plagioclase phenocrysts up to 2 mm
in diameter. Nearly half of the dacite is plagioclase
(oligoclase?). Quartz and greenish-brown biotite are abun-
dant, and microcline and muscovite are minor components.

Zircons from the dacite are euhedral and have sharp ter-
minations. The aspect ratio ranges from 3:1 to 2:1 for the
finer fractions. The grains are strongly zoned with frequent
inclusions and fractures, but cores were not observed. All
fractions were heavily abraded.

The four zircon fractions analyzed are 2.8 to 4.9% dis-
cordant (Fig. 11). A Davis (1982) regression analysis yields
an upper intercept of 2718 +5/-3 Ma, a lower intercept of
807 Ma and a probability of fit of 13 %. The upper intercept
age of 2718 Ma is interpreted as the time of eruption and
crystallization of the dacite.

Quartz syenite-leucomonzodiorite (JD138/1-68)

This sample, collected for U-Pb age measurement on zir-
con, is part of a southwest-trending granitic pluton in north-
eastern NTS 37G, approximately 50 km north of the dacite
and trondhjemite sample locations. It is not associated with
the Mary River Group directly, but similar smaller plutons
do intrude the Mary River Group in other areas. The pluton
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Figure 11. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from the
Mary River Group dacite
(JD100/12-68). See Table 1 for
data.
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is mostly pink to pinkish grey, coarse grained, and ranges
from quartz monzonite through to granodiorite. The dated
sample is a quartz-poor leucomonzodiorite-quartz monzodi-
orite. It contains about 55% plagioclase (An 25 .«). and both
orthoclase and microcline may be present (total 25%). Green
biotite and chlorite are minor components.

Zircons recovered are generally euhedral with sharp ter-
minations. Fraction D represents a separate population of
flat subhedral grains with rounded terminations and an aspect
ratio of 2:1.

Data points for the four fractions analyzed are col linear
(Fig. 12) and range from 2.1 to 4.59% discordant. A Davis
(1982) regression analysis yields an upper intercept of 2709
+4/-3 Ma. a lower intercept of 730 Ma, and a probability
of fit of 48%. This tightly constrained age is interpreted as
the age of emplacement of the 50 km long pluton.

Foliated trondhjemite-tonalite (JDC56/1-68)

This sample, collected for U-Pb age measurement on zir-
con, is believed to be basement to the Mary River Group.
It was collected just north of a small, cast-trending syncli-
nal lens of Mary River Group strata 2 km south of a similar
parallel synclinal lens. At least one shear zone occurs be-
tween the two lenses. The rock is light grey, fairly
homogeneous, equigranular, granoblastic, and fin*' to medi-
um grained. About two-thirds of the rock is oligoclase (An
25-2«), and quartz is next in abundance. Minor amounts of
olive-green biolite, microcline, and myrmekiti.1 are accom-
panied by accessory olive-green hornblende, sphene, apa-
tite, zircon, allanite, magnetite, and clay minerals.

The zircons recovered are euhedral with slightly round-
ed terminations and an aspect ratio of 2:1. The crystals are
slightly cloudy, have abundant inclusions and fractures, but
show no visible cores.

Data points representing the seven zircon fractions ana-
lyzed form a somewhat scattered, linear trend (Fig. 13). A
modified York (1969) regression analysis of all seven frac-
tions yields an upper intercept age of 2851 +20/-17 Ma, a
lower intercept of 1711 Ma. and a MSWD of 40.

This 2851 Ma upper intercept is considered to approxi-
mate the time of emplacement for the rock, which is one com-
ponent of the basement complex to the Mary River Group.

Migmatite at Cambridge Fiord
(JDD218X-68 and JDD218Z-68)
Geological Setting

An extremely inhomogenous migmatitc about the head of
Cambridge Fiord ranges from banded gneiss to anatcctitc and
nebulite. The oldest component is a dark grey quartz diorite
gneiss and amphibolite; the youngest is pale pinkish grey to
white monzogranile (Fig. 14). Samples of both end mem-
bers (amphibolitc. syenogranite) were collected from the
same locality for U-Pb zircon age determinations. Biotite and
hornblende are the major mafic minerals, whereas plagioclasc
(An 14.30) microcline, and quartz are the main fclsic miner-
als in both rocks.

U-Pb Zircon

Zircons separated from the amphibolite phase were anhcdral.
with rounded terminations, and had little or no zoning.

Four analyzed zircon fractions form a scattered linear
trend (Fig, 15). A modified York (1969) regression analy-
sis of all four points yields an upper intercept age of 2734
+ 59/-45 Ma. a lower intercept of 1800 Ma, and a
MSWD= 163. Regression of the three least discordant points
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Figure 12. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from
quartz monzodiorite (JD138/1-68)
in the Mary River region. See Ta-
ble 1 for data.
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showing the results of U-Pb ana-
lyses of zircon fractions from the
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Figure 14. Nebulitic migmatite at the site sampled for zir-
cons near the head of Cambridge Fiord. The major com-
ponents are amphibolite and granite. Note the fold axes,
agmatite, and partial ingestion of mafic rock by the granite.
Most mineral lineations and fold axes in the area are
subhorizontal and trend east-southeast. Note the pencil for
scale. Geological Survey of Canada photo 185407 by S.L.
Blusson.

yields upper and lower intercept age of 2688 +57/-3I Ma
and 1495 Ma respectively (MSWD=95). Neither result
yields a precise age for crystallization of zircon in the am-
phibolite, but both demonstrate an Archean age for this pro-
tholith.

Zircons separated from the leucocratic phase are euhedral
in shape, with an aspect ratio of 3:1. cloudy, heavily zoned,
and have distinct cores. Fraction A comprises tips of whole
grains that were broken off prior to abrasion. Fractions B
and C were grains where cores were generally avoided dur-
ing picking.

A Davis (1982) regression of the three fractions gives
an upper intercept of 2522 +11/-10 Ma, a lower intercept
of 1525 Ma, and a probability of fit of 43% (Fig. 16). The
points are 40 to 60% discordant, with Fraction A, the abraded
tips, the most discordant. We interpret these data as
representing a mixture of Proterozoic igneous zircon and
older Archean xenocrysts or cores.

These data suggest Proterozoic melting of an Archean
protolith and igneous zircon growth in the felsic melt.

U-Pb ZIRCON AND Rb-Sr 'ISOCHRON'
AGES IN BORDEN RIFT BASIN,
NORTHWESTERN BAFFIN ISLAND
(NTS 48B/7-10,15,16; NTS 48D/2)

Geological Setting

The Precambrian rocks adjacent to and within the Neohelik-
ian Borden Rift Basin, on Borden Peninsula, northwestern
Baffin Island, contain three easily differentiated major geo-
logical units:

Archean-Aphebian crystalline complex,

Neohelikian Bylot Supergroup, and

Helikian-Hadrynian diabase dykes.

These rocks have been described and interpreted by sever-
al writers (Blackadar, 1970; Christie and Fahrig, 1983;
Fahrigetal. . 1971, 1981; Galley, 1978; Geldseuer. 1973;
Jackson and lannelli, 1981; Jackson et al., 1985; Jackson
and Sangster, 1987; Jackson and Taylor, 1972; Lemon and
Blackadar, 1963; Olson, 1984; Trettin, 1969). The crystal-
line complex is composed mostly of felsic to intermediate
(and SOITK mafic) banded migmatites of analectic origin.
Preserved remnants indicate the rocks were mostly pelite-
and metagreywacke-type metasediments, and felsic to mafic
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metavolcanic rocks. Minor quartz-rich to arkosic metasand-
stoncs, and local calc-silicate paragneisses and iron forma-
tion are also present. Irregularly shaped pods of white and
pink granitic rocks probably represent neosome derived lo-
cally during anatexis.

The migmatites and supracrustal remnants are intruded
by a large variety of intersecting dykes and sills of several
ages, which locally make up most of the bedrock. They in-
clude aplite. pegmatite, granite-granodiorite, and in-
termediate lo mafic types. Several small metabasite and meta-

ultramafic plutons are scattered through the complex. A
coarse-grained to pegmatilic, layered and differentiated, 600
m-thick, metamorphosed mafic-ultramafie intrusion occurs
on the west side of Navy Board Inlet. Small concordant and
discordant granitic plutons are of at least two ages and range
up to 1000 + m across. The earlier intrusions are chiefly
foliated granite-granodioritc and charnockitic metaniorphic
equivalents. Younger massive granite-granodiorite intrusions
have also, locally at least, undergone granulite
metamorphism.
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Figure 15. Concordia diagram
showing the results of U-Pb ana-
lyses of zircon fractions from the
amphibolite phase of the Cam-
bridge Fiord migmatite-anatectite.
See text for discussion and Table
1 for data.
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showing the results of U-Pb ana-
lyses of zircon fractions from the
leucocratic phases of the Cam-
bridge Fiord migmatite-anatectite.
See text for discussion and Table
1 for data.
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Table 5. Some K-Ar age determinations for gneisses on
Borden Peninsula and adjacent areas.

Publication no.

GSC 62-85(1)

GSC 64-31 (2)

GSC 70-52 (3)

GSC 70-53 (3)

GSC 70-58 (3)

GSC 70-58 (3)

GSC 73-68 (4|

Age (Ma)

159O±90

1730±55

1660±52

1685±53

1690±55

1660±55

1710±52

Material

biolile

biotite

Hock lype

banded
migmalile

biolile-quartr-
feldspar gneiss

phlogopite metabasite-meta-
ultrarnatite

biotite

biotue

biolite

biolite

quartz-feldspar
biotile garnel
gneiss

banded
migmatite

banded
migmatite

melabasite

References: (1) Leech e! al. (1963); |2) Wanless el. al. (1966)
(1972). (1) Wanless el al. (1974).

Locality

72°17'N

73°00'N

73°15'N;

72°42 10
77°58't5

72°16'N;

72°16-N:

72°581N:

86°08'W

B1°00'W

78°06'W

'N:
•w

74°57W

74°57'W

77°17'W

(3) Wanless et al.

contains fluvial to shallow marine quartzarenites, plateau
basalts (Nauyat Formation), marginal sandstone-shale delta
(an complexes, and subtidal marine shales. The middle,
Uluksan Group consists of shelf carbonates, subtidal shale,
marginal gypsiferous sabkha deposits, and a lead-zinc repla-
cement deposit. The upper, Nunatsiaq Group contains coe-
val alluvial fan conglomerates, submarine fan sandstones and
shales, platformal biohermal carbonates, and fluvial and
marine shelf quartzarenites. At least the lower part of the
Bylot Supergroup has been regionally metamorphosed to sub-
greenschist fades.

Northwest-trending Hadrynian dykes of at least two ages
(Christie and Fahrig, 1983) intrude the older rocks. Some
paleomagnetic data presented in Fahrig et al. (1971) indi-
cate a few Mackenzie dykes may also be present (Fahrig,
1987; Fahrig and Jones. 1967; LeCheminant and Heaman,
1989). Precambrian rocks in northern and southern Baffin
Island are overlain unconformably by Phanerozoic strata.

Upper-amphibolite-facies regional metamorphism predo-
minates in the gneiss complex and in some places has been
superimposed on earlier amphibolite-facies rocks (Fraser et
al.. 1978: Jackson and Morgan, 1978). Granulite-facies rocks
occur locally and, on Borden Peninsula, may be more abun-
dant adjacent to Borden Rift Basin than away from it. In some
places the Neohelikian Bylot Supergroup was deposited on
granulite.

Some K-Ar age determinations on biotite and phlogopite
from gneisses on Borden Peninsula are presented in Table 5.

The Neohelikian Bylot Supergroup of Borden Rift Basin
is separated from the underlying gneiss complex by a non-
conformity, and contains several thousand metres of strata
that have been separated into three groups (Jackson and Ian-
nelli, 1981; Jackson et al., 1985). The lower, Eqalulik Group

Monzogmnite rocks west of Navy Board Inlet
(JD79-84)

Upper-amphibolite-facies, banded, white, black and grey,
lit-par-lit migmatite and mixed gneisses occur south of the
Hartz Mountain Fault Zone just west of Navy Board Inlet.
These representatives of the Archean-Aphebian crystalline
complex are intruded by white pegmatite and granitic dykes,
monzogranite bodies, and amphibolite dykes. Locally these
various rocks are in the granulite fades.

A sample of a pink monzogranite intrusion, SO m in
diameter, was collected for U-Pb zircon age determination
(sample JD79-84). The slightly porphyritic monzogranite
contains about equal amounts of quartz, fresh microcline,
and altered (clay, sericite) plagioclase (An is::) , and

0.

Figure 17. Concordia diagram
showing the results of U-Pb analy-
ses of zircon fractions from the
Borden Rift Basin monzogranite
(JD79-84). See text for discussion
and Table 1 for data.
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10-15% mafic minerals and minor myrmekite, oxides,
sphene, apatite, and zircon. Traces of uralite suggest this
rock might be a retrograded granulite. Biotite is partly al-
tered to chlorite. Field evidence indicates that this granite
is the youngest rock in this part of the gneissic complex.

U-Pb Zircon

The zircons from this sample are generally euhedral sharp
terminations, and a aspect ratio of 3:1. All grains show frac-
tures with abundant inclusions. Zircons with distinct cores
were abundant; attempts were made to exclude them from
the final selection for analysis.

Results of U-Pb analyses yielded a very scattered array
of data. A modified York (1969) regression on all five points
yields a lower intercept age of 1522 Ma and a upper inter-
cept age of 2500 Ma (Fig. 17). The fractions plot nearer the
lower, 1522 Ma intercept. We interpret this array as indicat-
ing a mixture of Proterozoic magmatic zircons with a large
amount of either Archean cores or xenocrysts followed con-
siderably later by post-crystallization Pb loss. These problems
preclude estimating the age of this rock more precisely. Our
tentative interpretation is that the rock is at least 1600 Ma
old, and probably younger than 1800-1850 Ma.

Small horst, junction of Admiralty Inlet and
Adams Sound

A small east-trending horst (2 km x 10 km) of the crystal-
line complex occurs on the east side of Admiralty Inlet about
5 km south of the mouth of Adams Sound. It is typical of
the crystalline complex and is surrounded by Eqalulik Group
strata, chiefly Nauyat Formation. At the locality sampled (Ta-
ble A3, Appendix 2), the crystalline complex is composed

chiefly of fairly homogeneous foliated to nebulitic granitoid
augen gneiss (unit 2), which locally grades into banded mig-
matite. Four lithologic units have been differentiated
(Table A3). Schlieren of metamorphosed greywacke-type
sediments and/or acid-intermediate volcanic rocks (unit 3)
in the augen gneiss are intruded by metamorphosed diorite-
gabbro dykes (unit 4). Massive to foliated granitoid dykes
(unit 1) intrude units 2, 3, and possibly 4. Metamorphic grade
is upper amphibolite to granulite, with some retrograde
minerals present.

Rb-Sr Whole Rock

Each of the above four units was sampled for Rb-Sr dating.
Results are presented in Table 2 and displayed on an isochron
diagram (Fig. 18). Regression analyses of selected data sets
are summarized in Table 6.

The data points for the 10 samples from units 1, 2, and
3 form a linear array with MSWD 5.6, age 2321 ± 76 Ma,
and initial 87Sr/86Sr of 0.7035 ± 0.0007 (Fig. 18). Since
regression of data from each of units 1,2, and 3 does not
separately provide consistent or unambiguous isochron ages
(or these units, we interpret these results as indicating:

1) either the complex was emplaced at about 2300 Ma
with variable crustal components modifying the inital
87Sr/86Sr of each sample, or

2) the emplacement age of the complex is somewhat
older, perhaps Archean, and the Rb-Sr systems were reset
at approximately 2300 Ma, possibly by the granulite
metamorphism. Field relations indicate that the latter is the
more likely alternative.

Results of Rb-Sr measurements on the four dyke samples
may be subdivided into two sets of three collinear data points

0.76

Figure 18. Rb-Sr isochron
diagram, crystalline com-
plex east of Admiralty Inlet.
Unit 1, data points D1, D5,
granitoid dykes; unit 2, data
points A2, A5, A8, A7, and
E, augen gneiss; unit 3,
data points B2, B5, B4,
metavolcanics; unit 4, data
points C3, C2, C4, C6,
metamorphosed diorite-
gabbro dykes. See Table 2
for data.
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(unit 4. Table 6). Although the age results are ambiguous,
both age-initial "Sr /^Sr pairs yield younger ages for unit
4 than for units 1-3; these apparently younger ages proba-
bly result from metamorphie retrogression.

Nauyat volcanics rocks, south Adams Sound

The Nauyat Formation is the lowermost formation of the Ne-
ohelikian By lot Supergroup, has an average thickness of near-
ly 240 m east of Admiralty Inlet, and may attain 430 m south
of Adams Sound. Two conformable members have been
recognized (Jackson and lannelli, 1981): a lower quart-
zarenite member and an upper basalt member with up to
seven flows. All flows are fine grained, have subophitic to
intersertal textures and most are dark green-grey. Most flows
are amygdaloidal (with amygdules up to 10 cm in size) in
their upper parts and some are amygdaloidal throughout.
Columnar joints, vesicles, and local flow banding are com-
mon, but pillows and volcanic breccia or pyroclastic lenses
are rare.

The major primary minerals in the basalt flows include
calcic plagioclase (An 3075) augite, olivine. and
titanomagnetite (Galley. 1978). In thin sections the basalts
are seen to be highly altered, with albitized plagioclasc and
chlorite-rich pseudomorphs after olivine. Secondary miner-
al assemblages are typical for pumpellyite-prehnite fades
metamorphism.

Rb-Sr whole rock

Rb and Sr measurements were conducted on 14 samples of
Nauyat plateau basalt (Table A4, Appendix 2). Results are
presented in Table 2 and depicted on an isochron diagram
(Fig. 19). The data points are bounded by two reference

Table 6. Regression analyses of selected data sets, crys-
talline complex, junction of Admiralty Inlet and Adams Sound.

Umi(s) Sample numbers Age(Ma) Initial ' Sr/"Sr "MSWD

1.2.3 A2.A5.A7.A8.E.
B2.B4.B5.D1.D5

C3.C4.C6

C2.C3.C4

2321 ±76 0 7035±0 0007 5.6

1678 ±69

1130+79

0 7035+0 0004 0 7

0 7078 ±0.0007 0 1
1 Mean square of weighted deviates As discussed by Brooks et al 1972, a MSWD
ot ca 2.5 or greater indicates scattenn linear data in excess ol analytical uncertainty

isochrons. age 982 Ma. initial s7Sr/1"'Sr of 0.7179. and age
819 Ma, initial "Sr/^Sr of 0.7125. K-Ar data on 17 whole-
rock samples from the Nauyat volcanics cover a somewhat
greater range: 762 + 26 to 1221 ± 31 Ma (Jackson and lan-
nelli, 1981). Neither the Rb-Sr nor the K-Ar age results arc
interpreted as indicating the time span of basalt extrusion:
they are instead regarded as artifacts of the most recent iso-
topic and/or elemental re-equilibrations.

Paleomagnetic data (Fahrig et al., 1981) indicate that the
Nauyat volcanic rocks are a Mackenzie igneous event (1.27
Ga. e.g. LeCheminant and Hcaman, 1989), and chemical
data, for the basalt flows (Galley et al.. 1983: Jackson and
lannelli. 1981) are similar to those lor other Mackenzie
events. LeCheminant and Hcaman (1989) have dated Mack-
enzie dykes at 1267 + 2 Ma and the Muskox intrusion, cut
by Mackenzie dykes, at 1270 + 4 Ma. Assuming the
paleomagnetic correlation is valid, the Nauyal volcanic rocks
were probably extruded at about this time.

The Nauyat volcanic rocks have undergone sub-
greenschist metaniorphism but the Hadrynian-aged Frank-
lin (750 Ma) and Borden (950 Ma) diabase dykes have not
(Jackson and iVfjrgan. 1978; Christie and Fahrig. 1983).

Figure 19. Rb-Sr data,
plateau basalt, Nauyat vol-
canics. Reference isoc-
hrons shown were chosen
to delimit the boundaries of
the Rb-Sr data. See Table
2 for data.

0-7#V 2 . 0

87 BS

Rb/ Sr
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Therefore the subgreenschist metamorphism is considered
to be older thun the dykes and may have caused the scatter-
ing of Rb-Sr and K-Ar ages for Nauyal (lows. According
to Galley et al. (1983) and Jackson and lannelli (1984) the
metamorphism may be related to the closing of the Poseidon
Ocean, possibly at about 1000 Ma.

SUMMARY AND DISCUSSION
In southern Baffin Island, the charnockitic Cumberland
batholithic complex of ca. 1.85 Ga forms the core of the
Baffin Orogen (Fig. 2). Granulite-grade metamorphism and
related plutonism are widespread. U-Pb zircon, Pb-Pb
monazite, and Rb-Sr whole-rock ages are reported here for
three localities in and adjacent to this batholith (Fig. 1):
(a) In Iqaluit, near the south end of the batholithic complex,

a zircon age of 1857 + 12/-6 Ma was determined for
a monzogranite. A Rb-Sr age of 1877 + 45 Mt was de-
termined for mixed lithologies, including the monzochar-
nockite, with a '"Sr/^Sn, = 0.7046 + 0.0019.

(b) In the north-central batholithic complex scattered U-Pb
results for zircon from a monzocharnockite suggest an
age between 1.85 and 1.95 Ga. Monazite from the same
sample gave a U-Pb age of 1854 + 2 Ma.

(c) From west of Nudlung Fiord, two small adjacent char-
nockite plutons on the northern edge of the batholithic
complex were sampled for U-Pb and Rb-Sr age determi-
nation. The alkali feldspar charnockite gave a zircon age
of 1853 + I5/-11 Ma and a monazite age of 1832 ± 2
Ma. This latter age probably dates the cooling of the rock
below the monazite closure temperature. A Rb-Sr com-
posite whole-rock age for the two charnockite plutons
gave 1730 ± 49 Ma (s7Sr/«6Sro = 0.7149 + 0.0034).

The zircon ages indicate that the Cumberland batholithic
complex is about 1.85 Ga or slightly older. These dates are
roughly similar to the ca. 1.87-1.90 Ga dates reported by
Henderson (1985) and Pidgeon and Howie (1975). Zircon
inheritance has been documented within some of the sam-
ples dated, reflecting an older crustal source. Sm-Nd ana-
lyses and preliminary Nd model ages obtained for samples
from the Cumberland batholithic complex and older gneiss-
es, including basement gneisses, range chiefly froi;i 3.3 to
2.3 Ga (E. Hegner, pcrs. eomm. 1989). corroborating the
presence of an older crustal component.

Preliminary Nd model ages for northern Baffin Island are
at least 2.8 Ga (E. Hegncr, pers. comm. 1989).

Zircon from foliated trondhjemite-tonalite from basement
to the Mary River Group, southeast of the Mary River area
in northern Baffin Island, yielded an age of 2851 +20/-17
Ma. Zircon from Mary River Group dacite. collected about
10 km northeast of the locality of the dated tonal it ic base-
ment gave 2718 +5/-3 Ma. A marginally younger age of
2709 H-4/-3 Ma was obtained for zircon from a monzogranite
pluton about 50 km north of the dacite. It may be represen-
tative of later intrusions of Archcan age in northern Baffin
Island.

Samples of the oldest and youngest components in nebu-
litic migmatitc near the head of Cambridge Fiord were
studied using (J-Pb zircon dating. These samples have com-
plex U-Pb systematics and do not yield unambiguous dates.
However, they are interpreted as indicating early Proterozoic
melting and igneous zircon growth, with a protolith of late
Archean age.

Rb-Sr and U-Pb age studies in three areas of the Borden
Rift Basin, northwestern Baffin Island, generally have yielded
imprecise and ambiguous results. In one study, Rb-Sr ana-
lyses were made of lour components in the Archean-
Aphebian high-grade baseman gneiss complex exposed in
a small horst alon^. (he cast coast of Admiralty Inlet. Data
for three of the components indicate an age of about 2300
Ma. the significance of which is unclear. Younger age results
for metamorphosed dykes are probably the result of a later
disturbance of the Rb-Sr system during metamorphic
retrogression. In the second area, a small irregular mon-
zogranitc plulon. possibly an anatectite. intrudes a heter-
ogenous basement complex just west of Navy Board Inlet.
U-Pb analysis of zircon from the monzogranile yields a very
scattered array, indicating late Aphebian melting with abun-
dant older zircon inheritance of probable Archean age. In
the third area, new Rb-Sr and previously published K-Ar
measurements on Nauyal plateau basalts from the Borden
Rift Basin fail to provide an unequivocal age, although none
indicates an age older than Neohelikian. Published paleomaj:-
netic and chemical data suggest the Nauyat volcanic rocks
represent a 1.27 Ga (Mackenzie) igneous event.

Previously published K-Ar mineral (muscovite. biotite.
hornblende) dates from Baffin Island generally span the range
from 1.6 to 1.7 Ga. They indicate regional cooling and
closure of isotopic systems well after the culmination of
plutonism and metamorphism. dated in southern Baffin Is-
land at about 1.85 Ga.

The U-Pb. Rb-Sr. and K-Ar results presented or sum
marized in this paper provide a reconnaissance geochrono-
logical framework for future geological and geoehronological
studies on Baffin Island.
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APPENDIX I

Analytical Considerations

Results of U-Pb analysis on zircon and monazite. and Rb-Sr
analyses on whole-rock samples are presented in Tables I
and 2.

U-Pb
U-Pb analyses on zircon and monazite were carried out be-
tween 1987 and 1989. and their analytical techniques were
described by Parrish et al.. 1987. Analytical uncertainties
are presented in Table 1. A table of locations is presented
for zircon samples in the appendix (Table A5, Appendix 2).

The U-Pb studies on zircon presented in this report do
not generally yield simple collinear arrays of data. There-
fore the model of a single period of Pb loss affecting an other-
wise undisturbed U-Pb system cannot necessarily be applied,
and the age estimates arc dependent on the interpretation of
the observed systematics. When the samples are believed to
have corresponded to this simple behaviour, ages and un-
certainties based on fitting a chord to three or more data
points have been calculated in the following manner:

1) If the array of data points is collincar or if the array
contains a data point less than 5% discordant, the method
of Davis (1982) is used.

2) If neither of these conditions apply, a method based
on that of York (1969) as modified by Parrish et al. (1987)
is used.

Most monazite analyses presented in this study arc es-
sentially concordant: despite this, the interpretation of their
ages is not without complex!;;. Sci.erer (1984) has shown
that the U decay series are not always in equilibrium in zir-
con, xenotime. and monazite at the time of formation of these
minerals, relative to the rock in which they occur. In partic-
ular. 23OTh. a member of the - ' " U - ^ P b decay chain, is
preferentially concentrated in monazite at the time of for-
mation, owing to the affinity of monazite for Th. The decay

of the : " T h produces excess ^ P b which distorts the meas-
ured U-Pb age pattern, causing -"*U--"''Pb ages to be
anomalously high (1-3 Ma excess being typical) and
2"7Pb--("'Pb ages to be low, but by amounts that depend on
the degree of Th/U fractionation and the mineral's age.
Therefore 3 l7Pb-aif lPb ages of concordant monazite should
be considered minimum ages of crystallization. Alternatively,
some could represent cooling below monazite's closure tem-
perature, and may give an accurate age of that event, since
prior to this cooling excess -'""Pb would have diffused out
of the monazite during open system behaviour.

Rb-Sr
Rb-Sr analyses of whole-rock samples were carried out be-
tween 1975 and 1981. General techniques for the extraction
and analysis of Rb and Sr from rocks and minerals arc
described in Wanless and Loveridgc (1972). with the fol-
lowing exception: use of a more highly enriched (99.899f)
wSr tracer allowed determination of sample "Sr/^'Sr ratios
directly from isotope dilution analyses, eliminating the re-
quirement for separate Sr isotopic composition analyses.

Techniques for the mass speclrometric analysis of Rb and
Sr between 1975 and 1978 are described in Wanless and
Lovcridge (1978) (applicable to Frobisher Bay hybrid granu-
lite and charnockites of south-central Baffin Island). Nauyat
Formation basalt samples were analyzed on a rebuilt and im-
proved 10-inch radius mass spectrometer in 1979-80. Selec-
tion and switching of the magnetic field was automated in
1980; Rb-Sr measurements on (he samples from the crystal-
line complex, junction of Admiralty Inlet and Adams Sound,
were obtained in the automated mode.

In the measurement of Rb-Sr results one sigma analyti-
cal uncertainties are estimated at: Rb ppm. \%: Sr ppm.
0.5%: l"Rb/KflSr, I %; "Sr/^Sr, as indicated in Table 2. Ta-
bles of sample locations and lithologics are presented in Ap-
pendix 2.
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APPENDIX 2

Table of rock types and localities for Rb-Sr and U-Pb samples.

Table A1. Samples of Iqaluit hybrid granulite (NTS
25N/10-NE corner Frobisher Inn), used for Rb-Sr and U-Ph
zircon age determinations (63°44'56"N, 68°30'46"W).

Sample No
(this paper)

1B

1C

ID

1E

1F

1H

11

Field No.

JD70-1B

JD70-1C

JD70-1D

JD70-1E

JD70-1F

JD70-1H

JD70-1I

Nole: U-Pb zircon sludy on

Rock type

Pink massive to foliated, medium- to coarse-grained
monzogranite with minor clinopyroxene. hornblende,
magnetite, hypersthene. apatite, and traces ol biotite,
chlorite, pyrite. pyrrholite. myrmekite.

Greasy grey massive biolite pegmatite.

Pink with black malic laminae, foliated fine- to medium-
grained contaminated monzogranite, with minor
clinopyroxene. hornblende, biotite. magnetite, graphite.

Pale pinkish grey fine-grained, finely foliated mon-
zogranite with minor magnetite, hornblende,
clinopyroxene.

Mottled pale and dark grey fine-grained, foliated quartz-
plaginclase paragneiss. with hornblende and pyroxene.

Massive to faintly foliated and banded greasy green-grey
fine-grained rocks ol monzogranite { = monzocharnock-
ite) composition with minor hypersthene. magnetite, bi-
otite. clinopyroxene?, hornblende?.

Finely foliated sheared homogeneous greasy green-grey
fine- to medium-grained quartz-plagioclase-potash feld-
spar gneiss of monzocharnockite composition: with
minor biotite. hornblende, magnetite, hypersthene?.

same rock as Rb-Sr sample 1B

Table A2. Samples of Monzocharnockite west of Nudlung
Fiord (NTS 27B/1), used for Rb-Sr and U-Pb zircon and
monazite age determinations.

Sample No.
(this paper)

166/2

166/3

168/2

168/4

168/22

169/1

169/2

Field No.

JDE166/2-70

JDE166/3-70

JDC168/2-70

JDC168/4-70

JDC168/22-70

JDC169/1-70

JDC169/2-70

Rock type

syenocharnockite

noritic andesine
anorthosite

alkali-feldspar
charnockite

syenocharnockite

alkali-feldspar
charnockite

syenocharnockite

syenocharnockite

Locality

68°842

68°8142

68°858

68°857-

68°858

68°9'011

68°9'0V

N

•N

N

N:

N

N:

N:

68°27-59"W

68°2759"W

68°2900"W

68°30'10"W

68°29'00"W

68°3615"W

68°3615"W

Notes: U-Pb zircon study on same rock as Hb-Sr sample 168/22. Samples 169/1 and
169/2 are from the western intrusion. The others are from the eastern intrusion {Fig. 6).

Table A3. Rb-Sr samples of crystalline complex, junction
of Admiralty Inlet, Adams Sound (72°54'18"N; 85°38'41 "W).

Sample No.
(this paper)

D-1

D-5

A-2

A-5

AS

A-7

E

B-2

B-4

B-5

C-2

C-6

C-3 77

C-4 77

Sample No.
Field

77 JDW-72D-1

77 JDW-72D-5

77 JDW-72A-2

77 JDW-77A-5

77 JDW-77A-8

77 JDW-77A-7

77 JDW-77E

77 JDW-77B-2

77 JDW-77B-4

77 JDW-77B-5

77 JDW-77C-2

77 JDW-77C-6

JDW-77C-3

JDW-77C-4

Unit

1

1

2

2

2

2

2

3

3

3

4

4

4

4

Description

Finegrained foliated monzogranite

Medium-grained foliated
monzocharnockite

Fine-medium grained nebulitic
granile-granodionte augen gneiss,
less than 10% mafic

Fine-medium grained nebulitic
granite-granodiorite augen gneiss,
less than 10% mafic

Fine-medium grained nebulitic
granite-granodiorite augen gneiss,
less than 10% mafic

Fine-medium grained nebulilic
granite-granodiorite augen gneiss.
10-15% matic

Fine-medium grained nebulilic
granite-granodiorite augen gneiss.
15-20% mafic

Fine-grained biotite-
homblende-plagioclase gneiss,
more hornblende than biotite.
little to no quartz

Fine-grained biotite-hornblende-
plagioclase gneiss, more
hornblende than biotite.
minor quar t

Fine-grained hornblende-biotite-
plagioclase gneiss, more
biotite than hornblende,
moderate to minor quartz

Metabasite dyke: major
andesine with minor hornblende,
anthopfiyllite. little magnetite

Metabasite dyke: major
antlesine with minor hornblende.
anihophyllite. little magnetite

Malabasite dyke, major
hornblende with minor andesine.
little anthophyllite. no magnetite

Mela-ultramafic dyke: chiefly
hornblende, anthophyllite. biotite.
no pfagiodase
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Table A4. Samples of Nauyat Formation basalt for whole-
rock Rb-Sr age determinations (48BNE).

Table AS. Sample localities, U-Pb studies on zircon.

Sample No.
(this paper)

26

7/6

7/4

3A

3

7/2

5/3

5/2

75D

75A

5/)

9

6

94

Field

77 JDI-26

78 JDG-7/6

77 JDG-7/4

77 JDG3A

77 JDG-3

77 JDG-7/2

77 JOG-5/3

77 JOG-5/2

77 JDI-75D/1

77 J0I-75A/1

77 JDG-5/1

77 JDG-9

77 JDG-6

77 JDI-94

a

a

a
a

a

a

a

a.c

a.b

Description

massive, large
amygdules

massive, amygdules
to 5 mm

massive, red-green.
amygdules to 3 m

massive

massive

massive. amygrJules
to 1 mm

massive, large
amygdules

massive, amygdules
to 1 mm

massive

massive, large
amygdules

massive

massive

a.b massive

b massive, large
amygdules

Locality

72°49'07

72°4804

72°4804

72°4804

72°4804

72°48W

72°48P04

72°48'04

•N

'N

N

•N

'N

'N

N

N:

7 2 ° 4 0 W N :

72°4007'

72°48W

72°48N;

72°48N;

72°49'19'

N:

N:

B5°

J5°

N;

85°36'40 •w

85°34'30"W

85°34-30'W

85°34'30

85°34'30

85°34'30

85°34'09

85°34'09

85°2542

85°25'43

85°3409'

34'W

34'W

85°3V17'

W

•w

W

'W

•w

W

W

W

W

Notes: Samples listed in approximale ascending stratigraphic order except tor sam-
ples marked " b " . a- samples all from same stratigraphic section: b- stratigraphic po-
sition uncertain, c- from tower member, all others from upper member.

Field No.

JD70-1B

JDC168/22-70

JDM35568

JD100/12-68

JD138/1-68

JDC56/I-68

JO79-84

JDD218X(Z)-68

Latitude

63°44'56'N

68°8'58"N

67°3-58"N

71°61151'N

71°32118"N

71°VA3"H

73°19'4rN

71°8-521N

Longitude

68°30'46"W

68°29'00"W

68°33'34"W

77°24'16'11W

77°29'48"W

77°31'43'W

81°20'26"W

75°24143"W

Locality

Iqaluit

West Nudlung Fiord

North-central
Cumberland Batholimic
Complex

Mary River region

Mary River region

Mary River region

Navy Board Inlet

Head of Cambridge Fiord
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U-Pb age constraint on the Wager shear zone,
District of Keewatin, N.W.T.

J.R. Henderson1 and J.C. Roddick1

Henderson J.R. and Roddick, J. C., U-Pb age constraint on the Wager shear zone, District of Keewatin,
N. W. T.; in Radiogenic Age and Isotopic Studies: Report 3, Geological Survey of Canada, Paper 89-2,
p. 149-152, 1990.

Abstract

A U-Pb age of 1808 ± 2 Ma for a calc-alkaline granite deformed by the Wager shear zone provides
a maximum limit to the time of shearing. This is the youngest pluton yet dated in a calc-alkaline intrusive
suite extending northeast from the shear zone to the Foxe belt.

Resume

L'age U-Pb de 1808 ± 2 Ma d'un granite calco-alcalin deforme dans la zone de cisaillement de
Wager foumit une limite maximum pour I 'age de la deformation. Le pluton fait partie d'un suite intrusive
calco-alcaline mise en place entre la zone de cisaillement de Wager et la ceinture de Foxe; c 'esl le plus
jeune pluton de cette suite date jusqu 'a present.

INTRODUCTION
The Wager shear zone is a major east-west transcurrent duc-
tile shear zone, which can be traced for about 300 km along
the northwest shore of Hudson Bay (Fig. 1; Henderson et
al., 1986). This shear zone cuts a granitic pluton, which is
part of a calc-alkaline granitoid suite that intrudes early Pro-
terozoic supracrustal gneisses (quartzite, pelitic gneiss, mar-
ble, and calc-silicate gneiss) comprising the Hudsonian-age
Foxe belt. Two components of the granitoid suite collected
about 50 km north of the shear zone were previously dated
by U-Pb zircon at 1823 ± 3 Ma and 1826 +4/-3 Ma
(LeCheminant et al., 1987). These ages provide indirect evi-
dence that the shear zone is younger than 1.82 Ga. The mini-
mum age limit of the shear zone is constrained by mafic dykes
of the 1267 Ma Mackenzie swarm (LeCheminant and Hea-
man, 1989). To better define the age of the Wager shear zone
.he calc-alkaline granite that it cuts (Fig. 2), the 'Base Camp
Granite', was dated using U-Pb geochronological methods.

The 'Base Camp Granite' is located at the southwestern
corner of Wager Bay. It is considered to be a component
of the calc-alkaline suite, as it is compositionally similar to
the granitoids to the northwest. The granite is structurally

isotropic except where it is mylonitized by the shear zone
forming its southern margin (Fig. 2). The dated sample was
collected from undeformed, medium-grained,
hypidiomorphic-granular granite located on the northern sep-
ta of the main body, west of Paliak Islands (Fig. 3) at 65°
25' N and 89° 10' W.

U-Pb GEOCHRONOLOGY
About 0.5 g of zircon was concentrated from 30 kg of sam-
ple 5-HSA-94-2. The zircon population consists of euhedral
to subhedral grains with length to width dimensions from
1:1 to 6:1. There are two zircon types; about 50% of the
population are pale pink grains with euhedral zoning. The
colour is the result of many small fractures throughout the
grains. The remaining grains are clear, unzoned grains, some
with spherical to elongate fluid inclusions. This two-fold di-
vision is present in all grain sizes, ranging from 150 to about
20 um, though the smaller grains are dominated by the clear
type. No visible cores are present in the grains. Grains
selected for U-Pb analysis were concentrated from non-
magnetic clear grains, sieved into three different grain sizes
(Table 1).

1 Geological Suvey of Canada, 601 Booth Street, Ottawa, Ontario KIA 0E8
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EARLY PROTEROZOIC
SUPRACRUSTAL ROCKS

ARCHEAH SUPRACRUSTAL DOCKS

UNOIFFERENTIATED ARCHEAN ROCK! UNQAVA
PENINSULA

Figure 1. Location map and regional geological setting of the 'Base Camp Granite' at the
southwestern corner of Wager Bay (see arrow).

Figure 2. Photomicrographs of the 'Base Camp Granite' (Crossed nicols). (a) Primary hypidiomorphic-
granular fabric (GSC 209589-L). (b) Secondary mylonitic fabric in a specimen from the southern margin
(thin section cut parallel to lineation and perpendicular to foliation). Foliation trace is defined by oriented
small recrystallized feldspar inclusions within larger quartz grains, as well as ribbon-shaped quartz aggre-
gates (GSC 204589-C). From Fig. 5 in Henderson and Broome, 1990.
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Table 1. U-Pb zircon data - Base Camp Granite (5-HSA-2; lat. 65° 25' N, long. 89° 10' W).

Fraction
size

> 1 0 5 N M Abt
- 1 0 5 + 7 4 NM Abr
- 7 4 + 6 2 NM Abr
- 7 4 + 6 2 NM

Errors are 1 std. error of
Pb- = Radiogenic Pb: NM
ol errors in ' W " U and

Wt.
mg

039
032
066
061

U
ppm

320
137
198
187

Pb-
ppm

106
48
69
64

"»Pb

3856
1125
1290
1157

Pb'

pg

64
77

195
187

'"•Pb

8.8
12.6
12.2
12.2

t

.3169

.3230

.3208

.3163

*P

+l +l +l +l

14%
25%
10%
17%

mean in % except "I'Pb/'"ePb age errors, which are 2 std. errors in Ma.
= Non-magnetic: Abr = Abraded: b = Corrected for fractionation and spike Pb: c
" "PW*U.

4.837
4.921
4.896
4.811

'£6
'U

+i +i +i +i

Corr"
Coeft

.9771

.9755
.8585
.9178

"i;Pb
"•Pb

.11070 ±03%

.11051 ±.06%
11069 +.07%

.11032 ± 0 8 %

Age (Ma)

1810.9 +1.1
1807.9 +2.1
1810.8 ±2.6
1804.7 ±2.9

= Total common Pb in analysis in picograms: d = Correlation Coefficient

r«5"3O'

Figure 3. Structural geology of the region around Wager Bay. Three structural fabric domains are shown
on the map: (1) pink and grey gneiss terrane, (2) Wager shear zone, and (3) patchy granulite terrane.
The locality for the dated sample is shown by the star near the northern extent of the 'Base Camp Granite'.

0.33

0.32

B"
JD
Q_

0.31

0.30

1808 +/- 2 Ma

leoo

1820

-105+74 NM Abr

-74+62 NM Abr
1760

>105 NM Abr

1760

4.6 4 .7 4.a 4.9 5.0 5 . 1

2 0 7 P b / 235U
Figure 4. Concordia plot of zircon fractions from the 'Base Camp Granite'.
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Four fractions of zircon were analyzed following the
procedures outlined in Parrish et al. (1987). Three of the
fractions were abraded to remove potentially altered outer
pans of the grains (Krogh, 1982). Blanks were 44 pg Pb and
21 pg U. The analyses are tabulated in Table 1 and plotted
in Fig. 4. The data form a roughly linear array, with one
fraction lying on concordia at 1808 + 2 Ma. The other frac-
tions extend down a recent Pb loss line, which extrapolates
to a lower intercept age of about 0 Ma. Most fractions con-
tain <200 ppm U: wheras the coarsest fraction ( > 105 |xm)
contains 320 ppm U and is located to the right of the other
fractions. It may contain a minor older, inherited, cryptic
zircon component with a higher U concentration. The only
fraction not abraded is the most discordant. The one frac-
tion on concordia best defines the intrusive age of the granite
at 1808 + 2 Ma, as defined by its 2O7Pb/206Pb age.

CONCLUSION

The 'Base Camp Granite' is deformed on its southern mar-
gin by the Wager shear zone. Thus, the U-Pb zircon age of
1808 + 2 Ma interpreted as the date of emplacement of the
granite also provides a maximum age for the Wager shear
zone. It is the youngest pluton yet dated in the calc-alkaline
suite of the area.
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A COMPILATION OF K-AR AGES
REPORT 19

P.A. Hunt1 and J.C. Roddick1

Hunt, P.A. and Roddick, J.C., A compilation of K-Ar ages. Report 20; in Radiogenic Age and Isotopic Studies:
Report 3, Geological Survey of Canada, Paper 89-2, p. 153-190, 1990.

Abstract

One hundred and thirty-five potassium-argon age determinations carried out by the Geological Sur-
vey of Canada are reported. Each age determination is accompanied by a description of the rock and
mineral concentrate used; brief interpretative comments regarding the geological significance of each
age are also provided where possible. The experimental procedures employed are described in brief out-
line. An index of all Geological Survey of Canada K-Ar age determinations published in this format has
been prepared using NTS quadrangles as the primary reference.

Resume

Les auteurs pre'sentent 135 dotations au potassium-argon effectuees par la Commission geologique
du Canada. Chaqe dotation est accompagnee d'une description de la roche ou du concentre mineral
utilise ainsi que d 'une breve ine'rpretation touchant I 'aspect geologique. Les methodes experientales qui
ont servi aux dotations sont aussi resumees. De plus, a I 'aide de quadrilateres du SRCN, un index de
toutes les datations au potassium-argon a ete publie par la Commission geologique du Canada.

INTRODUCTION
This compilation of K-Ar ages determined in the Geochrono-
logical Laboratories of the Geological Survey of Canada is
the latest in a series of reports, the last of which was pub-
lished in 1988 (Hunt and Roddick, Paper 88-2). In this new
contribution one hundred and thirty-five determinations are
reported. The format of this compilation is similar to the
previous reports with data ordered by province or territory
and subdivided by map sheet number. In addition to the GSC
numbers, laboratory numbers (K-Ar xxxx) are also includ-
ed for internal reference.

Experimental Procedures

The data compiled here represent analysis over a period of
time from 1986 to 1988. Potassium was analyzed by atomic
absorption spectrometry on duplicate dissolutions of the sam-
ples. Argon extractions were carried out using an RF vacu-
um furnace with a multi-sample loading system capable of
holding six samples. The extraction system is on-line to a
modified A.E.I. MS-10 with a 0.18 Tesla magnet. An at-
mospheric Ar aliquot system is also incorporated to provide
routine monitoring of mass spectrometer mass discrimina-
tion. While computer acquisition and processing of data has
been in operation since 1978, complete computer control of
the mass spectrometer was initiated in 1986. Further details
are given in Roddick and Souther (1987). Decay constants
recommended by Steiger and Jager (1977) are used in the
age calculations.

I Geological Survey of Canada, 601 Booth Street. Ottawa, Ontario K1A 0E8
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The complete series of reports including the present one
is as follows:

GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper
GSC Paper

60-17,
61-17.
62-17,
63-17.
64-17.
65-17.
66-17,
67-2A,
69-2 A,
71-2,
73-2.
74-2,
77-2,
79-2,
81-2,
82-2.
87-2,
88-2.
89-2,

Determinations

Report I
Report 2
Report 3
Report 4
Report 5
Report 6
Report 7
Report 8
Report 9
Report 10
Report 11
Report 12
Report 13
Report 14
Report 15
Report 16
Report 17
Report 18
Report 19

59-1 to
60-1 to
61-1 to
62-1 to
63-
64-
65-
66-
67-
70-
72-
73-
76-
78-
80-
81-
87-
88-
89-

59-98
60-152
61-204
62-190
63-184
64-165
65-153
66-176
67-146
70-156
72-163
73-198
76-248
78-230
80-208
81-226
87-245
88-105
89-135
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BRITISH COLUMBIA
(GSC 89-1 to GSC 89-97)

GSC 89-1 Biotite
62 ± 1 Ma

K-Ar 3883 Wt % K = 5.776
Rad. Ar = 1.426 x 10-s cm-Vg
% Atmos. Ar = 17.1

(104 M) From a granite.
Roadcut on Skagway Road close to Tutshi
River canyon, 2 km east-northeast of Log
Cabin, Skagway map area, B.C.
59°46'11"N, 134°55'56"W. Sample
380-DGA-82-2, collected and interpreted by
C.J. Dodds.

The sample is a light pinkish-grey, weakly foliated,
coarse-grained, porphyritic hornblende biotite granite. Dark
brown, subhedral biotite (6%) and bluish-green, anhedral
hornblende (4%) constitute the bulk of the mafic minerals.
Both minerals are erratically chloritized and occur mainly
as clotted intergrowths. Felsic minerals comprise slightly
saussuritized, subhedral, zoned plagioclase; cloudy, sub-
hedral to anhedral and megacrystic microcline; and strained
anhedral quartz. Accessories include opaque ore(s), sphene,
allanite(?), and zircon.

The rock is a grab sample from a roughly delineated, dis-
tinctive megacrystic granite pluton outcropping near Tutshi
River. The body forms part of the northeast extremity of the
Coast Plutonic Complex.

This biotite K-Ar age compares favourably with biotite
and hornblende K-Ar ages of 63.3 and 66.5 Ma respective-
ly, obtained from the pluton by Barker et al. (1986).
However, that study also provided two U-Pb zircon ages of
72.4 and 71.6 Ma and suggested that the K-Ar dates from
the pluton may record either thermal resetting or post-
emplacement uplift.

GSC 89-2 Biotite
54 + 1 Ma

K-Ar 3886 Wt % K = 6.872
Rad. Ar = 1.469 x 105 cm-Vg
% Atmos. Ar = 18.1

(104 M) From a granite.
Newly blasted roadcut on Skagway Road near
north end of Summit Lake, 5 km due south-
west of Fraser, Skagway map area. B.C.
59°40'44"N, 135°05'48"W. Sample
393-DGA-82-1, collected and interpreted by
C.J. Dodds.

The sample is a fresh, light pinkish creamy-grey,
homogeneous, medium-grained, leucocratic, hornblende bi-
otite granite. Mafic minerals are dominantly clotted, slight-
ly chloritized, subhedral, dark brown biotite (3%) and rare,
unaltered, subhedral, bluish-green hornblende. Felsic miner-
als comprise cloudy, anhedral orthoclase. variably saussu-
ritized, complexly zoned, subhedral plagioclase, and smoky
grey quartz. Accessories are of opaque ore(s), zircon and
epidote.
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The rock is a grab sample from a crudely outlined, ap-
parently homogeneous, distinctive granite pluton underly-
ing the Summit Lake area. The intrusion lies within the
northern part of the Coast Plutonic Complex. Sharp cross-
cutting contacts with host granitic rocks indicate the body
to be among the younger plutons in the area, and local mi-
arolitic cavities suggest a shallow emplacement.

The Eocene K-Ar age from this biotite separate closely
agrees with the 52 Ma K-Ar biotite age and the nearly con-
cordant 53 Ma U-Pb zircon age obtained from this pluton
by Barker et al. (1986). Plutons similar in lithology, setting,
and age to this body occur fairly widely in adjoining parts
of the Coast Belt and constitute the Eocene suite of Morri-
son et al. (1979).
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GSC 89-3 Biotite
103 + 2 Ma

K-Ar 3805 Wt % K = 7.554
Rad. Ar = 3.125 x 105 cm-Vg
% Atmos. Ar = 12.3

(104 P) From a granite.
See GSC 89-6 for sample location and discus-
sion.

GSC 89-4 Biotite
103 + 3 Ma

K-Ar 3803 Wt % K = 7.559
Rad. Ar = 3.108 x 105 cm-Vg
% Atmos. Ar = 21.6

(104 P) From a granite.
See GSC 89-5 for sample location and GSC
89-6 for discussion.

GSC 89-5 Hornblende
110 + 3 Ma

K-Ar 3804 Wt % K = 0.749
Rad. Ar = 3.303 x 10* cm-Vg
% Atmos. Ar = 20.3

(104 P) From a granite.
From quarry on west side of Highway 37 and
Dease River, north end of Pinetree Lake.
59°02'00"N, 129°46'30"W. Sample
GAH-85-353B, collected and interpreted by
H. Gabrielse.

See GSC 89-6 for discussion.

GSC 89-6 Muscovite
100 + 2 Ma

K-Ar 3806 Wt % K = 5.990
Rad. Ar = 2.399 x I05 em'/g
% Atmos. Ar = 12.7

(104 P) From a granite.
Roadcut on west side of Highway 37 and
Dease River near north end of Pinetree Lake.
59"0r00"N, 129°47'30"W. Sample
GAH-85-354, collected and interpreted by H.
Gabrielse.

The granite sampled for age determination is typical of
a two-mica phase of the Cassiar Batholith, the largest mid-
Cretaceous pluton in the Omineca Belt. Another phase is
characterized by biotite and hornblende (see GSC 89-4, 89-5)
whereas some leucocratic lithologies contain only biotite as
the mafic mineral. The K-Ar ages are in agreement with those
obtained elsewhere along the length of the pluton.

GSC 89-7 Biotite
116 ± 3 Ma

K-Ar 3946 Wt % K = 6.777
Rad. Ar = 3.153 x 10s cm-Vg
% Atmos. Ar = 20.4

(104 J) From a quartz monzodiorite.
On south bank of deep easterly trending gorge
about 1.5 km north of Canyon Creek west of
Dease River. 58°54'I5"N, 13O°O3'2O"W.
Sample GA85-10, collected and interpreted by
H. Gabrielse.

This sample represents one phase of a granitic complex
assigned to the terrane Quesnellia. The complex includes
hornblende diorite to granodiorite intruded by pink weather-
ing rocks containing more abundant K-feldspar. The larger
homogeneous bodies of pink weathering rocks approach
granite in composition and locally have mid-Cretaceous K-
Ar ages. It is not known whether the discordant ages ob-
tained from GSC 89-7 and 89-8 are the result of partial reset-
ting of older systems or approximate a time of intrusion. To
the southeast in Cry Lake map area similar ages have been
obtained on rocks of the same composition with the oldest
ages on hornblende between 150 and 160 Ma.

GSC 89-8 Hornblende
128 ± 3 Ma

K-Ar 3947 Wt % K = 0.679
Rad. Ar = 3.51 x 10h cm-Vg
% Atmos. Ar = 16.8

(104 J) From a quartz monzodiorite.
See GSC 89-7 for sample location and discus-
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GSC 89-9 Biotite
122 + 3 Ma

K-Ar 3807 Wt % K = 7.358
Rad. Ar = 3.6)2 x 10s cmVg
% Atmos. Ar = 13.7

(104 J) From a schist.
About 2.5 km northeast of the cairn on North-
west Mountain, west of Dease River.
58°57'30"N, 13O°O3'O0"W. Sample
GA-85-7b, collected and interpreted by H.
Gabrielse.

The schist is part of a regionally metamorphosed sequence
of calcareous, siliceous sediments considered to be part of
the autochthon (Ancestral North America) upon which the
Tcrrane Quesnellia was emplaced. The discordant ages for
GSC 89-9 and 89-10 fall into the same range as do ages for
associated granitic rocks in Quesnellia. The oldest age ob-
tained on the schist similar to this sample is 158.3 ± 2.4
Ma but collected farther northeast on biotite.

GSC 89-10 Muscovite
138 + 2 Ma

K-Ar 3808 Wt % K = 5.546
Rad. Ar = 3.089 x 10-' cm-Vg
% Atmos. Ar = 13.2

(104 J) From a schist.
See GSC 89-9 for sample location and discu.s-

GSC 89-11 Biotite
49.1 ± 1.4 Ma

K-Ar 3404 Wt % K = 7.24
Rad. Ar = 140.1 x 10"7 cm-Vg
% Atmos. Ar = 12.1

(93 F/16) From granitoid gneiss.
Road cut about 7 km south of the west end
of Sinkut Lake, Intermontane Belt, B.C.
53°50.7'N, I24°OI.9'W. Sample
80-TD-l I0AG, collected by H.W. Tipper and
interpreted by G.J. Woodsworth. Published
as GSC 87-213 without interpretation.

The sample is from a body of granitoid gneiss in a region
for which there is no modern geological information. The
gneissic nature of the rock and the Eocene date suggest that
the body may be a core complex similar to that described
by Friedman (1988) in the Tatla Lake area, some 200 km
to the south. The Tatla Lake complex also gives Eocene bi-
otite dates (e.g. GSC 78-60) and much of the complex has
a mylonitic or gneissic fabric. Tentatively, the 49 Ma date
from the Sinkut Lake body reflects the time of unroofing of
a core complex during widespread Eocene extension, rather
than the age of intrusion.
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GSC 89-12 Biotite
SO ± 2 Ma

K-Ar 3881 Wt % K = 6.558
Rad. Ar = 1.291 x 10"5 cm-Vg
% Atmos. Ar = 20.6

(93 E/2) From a porpyritic biotite granodiorite.
About 3.5 km south of the south end of Pon-
dosy Lake, B.C. 53°07.96'N, 126°54.71'W.
Sample WV-1003, collected and interpreted
by G.J. Woodsworth.

The sample is from a high level granodiorite body at the
west edge of the Intermontane Belt. The pluton intrudes vol-
canic rocks of both the Lower Cretaceous Gambier Group(?)
and Upper Cretaceous Kasalka Group. The 50 Ma date
agrees with others obtained from similar plutons in the area
and indicates an Eocene age of emplacement.

GSC 89-13 Hornblende
82 + 2 Ma

K-Ar 3888 Wt % K = 0.595
Rad. Ar = 19.48 x 106 cm-Vg
% Atmos. Ar = 15.0

(92 M/10) From a tonalite.
See GSC 89-14 for description and interpre-
tation.

GSC 89-14 Biotite
85 ± 1 Ma

K-Ar 3887 Wt % K = 7.872
Rad. Ar = 2.677 x 10s cmVg
% Atmos. Ar = 6.6

(92 M/10) From a tonalite.
About 21 km southwest of First Narrows on
Owikeno Lake, Coast Mountains, B.C.
51°32.70'N. 126°55.79'W. Sample
RD-82-42090, collected and interpreted by
G.J. Woodsworth.

The sample is unfoliated biotite-hornblende tonalite con-
taining about 15% mafic minerals, 20% quartz, and 2% K-
feldspar (as megacrysts), 63% plagioclase, minor sphene.
The sample is from a large, poorly mapped body in the cen-
tral Coast Plutonic Complex. The date is a 'spot' age in an
area of little geochronological control; a unique interpreta-
tion of the dates is not possible at present.
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GSC 89-15 Hornblende
77 + 1 Ma

K-Ar 3890 Wt % K = 0.944
Rad. Ar = 2.873 x I06 cm-Vg
% Atmos. Ar = 9.4

(92 M/15) From a tonalite.
See GSC 89-16 for description and interpre-
tation.

GSC 89-16 Biotite
67 + 1 Ma

K-Ar 3889 Wt % K = 7.370
Rad. Ar = 1.956 x 105 cm-Vg
% Atmos. Ar = 12.5

(92 M/15) From a tonalite.
From about 15 km west of the head of South
Benticfc Arm, Coast Mountains, B.C.
51°59.7'N, 126°53.6'W. Sample
RD-82-12026, collected by J.A. Roddick and
interpreted by G.J. Woodsworth.

The sample is fresh, weakly foliated hornblende >biotite
tonalite containing about 25% mafic minerals, 10% quartz,
5% K-feldspar, 60% plagioclase, and minor sphene and cpi-
dote. Hornblende is concentrated in schlieren-like layers. The
sample is from a large, poorly mapped body in the west-
central Coast Plutonic Complex. The date is a 'spot' age in
an area of little geochronological control and unique interpre-
tation of the dates is not possible at this time. However, the
discordance between the biotite and hornblende dates sug-
gests a complex history.

GSC 89-17 Biotite
82 + 2 Ma

K-Ar 3885 Wt % K = 7.698
Rad. Ar = 2.522 x 10"5

% Atmos. Ar = 2.1

(92 J/10) From a granitoid gneiss.
Ridge crest about 3.5 km west-northwest of
Mt. Taillefer, eastern margin of Coast Belt,
B.C. 50°38.6'N, I22°4I.5'W. Sample
WVR-84-124, collected and interpreted by
G.J. Woodsworth and M.E. Rusmore.

The sample is from the centre of a roughly circular body
of biotite quartz diorite. For sample description see Rusmore,
1985.
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GSC 89-18 Hornblende
164 ± 3 Ma

K-Ar 3977 Wt % K = 0.262
Rad. Ar 17.44 x 107 cm3/g
% Atmos. Ar = 22.0

(103 B) From a biotite-hornblende quartz monzodi-
orite.
West coast of the northernmost of the Bischof
Islands, at sea level, 1 km east of Richardson
Point, 2.6 km southwest of Sedgwick Point
(NTS 103 B/12E). south of Lyell Island. Queen
Charlotte Islands. British Columbia,
52°34'47"N, 13l°34'09"W (UTM zone 9,
N58284OO, E325925); see Anderson (1988),
Andeison and Greig (1989), and Anderson and
Reichenbach (1989). Sample AT-87-122-1, col-
lected and interpreted by R.G. Anderson.

The sample is typical of the foliated, fairly fresh,
inclusion-bearing, equigranular, medium-grained, biotite
(chlorite)-hornblende quartz monzodiorite of the intermedi-
ate phases in the Burnaby Island plutonic suite. The phase
crosscuts the Upper Triassic Karmutsen Formation volcan-
ic rocks and is crosscut by aphanitic green andesite dykes.

For interpretation see GSC 89-20.

GSC 89-19 Hornblende
166 + 3 Ma

K-Ar :?79 Wt % K = 0.521
Rad. Ar = 35.23 x 107 cm-Vg
% Atmos. Ar = 38.0

(103 B) From a biotite-hornblende gabbro or diorite.
Southeast end of Sac Bay, at sea level, off De
La Beche Inlet, 3.5 km west-by-southwest of
De La Beche Island, 5,6 km southwest of Dar-
win Point (NTS 103 B/12E), central Mores-
by Island, Queen Charlotte Islands, British
Columbia, 52°3r56"N, 131 °40 25"W
(UTM zone 9, N5823375, E318650); see An-
derson (1988), Anderson and Greig (1989),
and Anderson and Reichenbach (1989). Sam-
ple AT-87-115-1, collected and interpreted by
R.G. Anderson.

The sample is typical of massive, inclusion-poor,
equigranular to seriate, medium- to coarse-grained (poikilob-
lastic) biotite-hornblende gabbro or diorite, the most mafic
and earliest phase of the eastern part of the San Christoval
pluton (San Christoval plutonic suite). The pluton intrudes
the Upper Triassic Karmutsen Formation and the mafic phase
is intruded by the quartz diorite phase.

For interpretation see GSC 89-20.

GSC 89-20 Hornblende
43.7 + 1.1 Ma

K-Ar 3980 Wt % K = 0.511
Rad. Ar 8.783 x 10 7 cm-Vg
% Atmos. Ar = 34.0
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(103 B) From a plagioclase-hornblende-biotite por-
phyry dyke.
Peninsula south of Carpenter Bay, at sea lev-
el, north of Benjamin Point. 2 km south of
Langtry Island (NTS 103 B/3,), southeastern
Moresby Island, Queen Charlotte Islands.
British Columbia, 5 3 ° I 2 ' 5 I " N ,
I3I°00'14"W (UTM zone 9, N5786550.
E363IOO): sec Anderson (1988). Anderson
and Greig (1989), and Anderson and Reichen-
bach (1989). Sample AT-87-7-3. collected and
interpreted by R.G. Anderson.

The sample is from north-trending plagioclase-
hornblende-biotite porphyry dykes that intrude rusty black
argillite of Lower Jurassic Sandilands Formation of Upper
Triassic-Lowcr Jurassic Kunga Group. Dykes are part of ex-
tensive Carpenter Bay dyke swarm and considered coeval
and cogenelic with the Carpenter Bay plutons of the Ter-
tiary Kano plutonic suite

INTERPRETATION OF QUEEN CHARLOTTE
ISLAND K-AR RESULTS (GSC 89-18, 19, 20)

The geological settings for the two Jurassic plutonic suites
and the Tertiary Kano plutonic suite in Queen Charlotte Is-
lands is outlined in Anderson (1988) and Anderson and Greig
(1989). New K-Ar isotopic age data for samples collected
in 1987 are reviewed below and in more detail in Anderson
and Reichenbach (1989).

Nearly identical K-Ar dales for San Christoval plutonic
suite (SCPS; 166 + 3 Ma) and Burnaby Island plutonic suite
(BJPS; 164 + 3 Ma) hornblendes are slightly older than earli-
er determinations (145-160 Ma) for the suites (see Young.
1981 for compilation) and emphasize the contemporaneity
of the two suites (Fig. 1). A latest Middle to earliest Late
Jurassic (Callovian-Oxfordian) isotopic age for BIPS is con-
sistent with its Bajocian to Early Cretaceous stratigraphic age
(Anderson and Greig, 1989). Zircon U-Pb geochronometry
in progress indicates slightly older isotopic ages for the suites
but confirms their contemporaneity (I. Reichenbach. unpub.
data).

LEGEND
Middle to Late
Jurassic Burnaby
Is. Plutonic Suite
(BIPS)
Kunga Group

150-5 Hb K-Ar Ages
±2o Ma

A Sample Location
0 50km

54
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CRETACEOUS LONGARM

FORMATION AND UPPER

CRETACEOUS HONNA FORMATION

148*5 Ma (Hb)

122^12
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5 0 i 5 H b K-Ar Ages

-2a Ma
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Figure 1. Distribution of Middle to Late Jurassic (a, b) and Tertiary plutonic suites in Queen Charlotte
Islands and isotopic ages from Anderson and Reichenbach (1989). New K-Ar dates are shown in italic
lettering. Sources for earlier determinations and U-Pb dates are given in Anderson and Reichenbach (1989).
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The latest Middle Eocene isotopic age for hornblende
from the Carpenter Bay porphyritic dyke (43.7 + 1.1 Ma)
is slightly older than but compares closely with K-Ar ages
from the Pocket Inlet pluton (39-40 ± 2 Ma; Young. 1981).
The northerly trends of the dykes (e.g. Souther, 1988;
Souther and Bakker. 1988) are mimicked by orientation of
interphase contacts in Carpenter Bay plutons, which host the
dykes. Zircon geochronomctry for the Carpenter Bay plu-
tons indicates a slightly older age than the K-Ar date for the
dyke, in accord with intrusive relations.

Similar extensional tectonic- conditions apparently
prevailed through pluton emplacement to the later period of
dyke intrusion. Late Eocene (40-44 Ma) extension in
southeastern Queen Charlotte Islands is reflected in bimo-
dal plutonism in Pocket Inlet pluton (Anderson and Greig,
1989) and in widespread dyke formation (and coeval
plutonism) in and south of Carpenter Bay, southeastern Lyell
Island and eastern Faraday Island. Eocene extension-related
magmatism may herald the opening of the Queen Charlotte
basin.
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Figure 1. Continued
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K-Ar AGE DETERMINATIONS OF MICAS
AND HORNBLENDES IN THE NORTHERN
MONASHEE MOUNTAINS, SOUTHEAST-
ERN BRITISH COLUMBIA

Introduction

Potassium-argon age determinations have been made on
muscovites, biotites, and hornblendes from three areas in the
northern Monashee Mountains of southeastern British
Columbia, and the data are summarized in subsequent en-
tries in this report (see table I). These data were collected
as part of a larger study on the cooling and uplift history
of the northern Monashee Mountains, a high-grade meta-
morphic terrane contained within the .southern Omineca Crys-
talline Belt of British Columbia. The results of this study may
be found in Sevigny et at. (1990). The K-Ar ages reported
here are interpreted as cooling ages from a Middle Creta-
ceous (TOO Ma) amphibolitc-facies metamoprhic event.

Geologic Setting

The northern Monashee Mountains are underlain by late
Proterozoic metasediments and metabasalts of the Horsethief
Creek Group. Metamorphism was largely coeval with large-
scale refolding of an earlier nappe structure, producing a
northeast-verging stack of tight to isoclinal second-phase
folds (Sevigny and Simony 1989). Muscovites, biotites, and
hornblendes crystallized during this event. These minerals
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Table 1 . K-Ar age determination of micas and hornblendes in the Northern Monashee mountains, southeastern British Columbia.

GSC#

89-21
89-22
89-23
89-24
89-25
89-26
89-27
89-28
89-29
89-30
89-31
89-32

89-33
89-34
89-35
89-36
89-37
89-38
89-39
89-40

89-41
89-42
89-43
89-44

Smpl. #

JS-85-028
JS-85-032
JS-85-038
JS-85-090
JS-85-098
JS-85-098
JS-85-102
JS-85-121
JS-85-123
JS-85-123
JS-85-128
JS-85-128

Howard

JS-85-129
JS-85-129
JS-85-131
JS-85-132
JS-85-132
JS-85-141
JS-85-141
JS-85-143

Lith ; Min

Pel ; Bt
Amph ; Hb
Amph ; Hb
Amph ; Hb
Gran ; Bt
Gran ; Mus
Amph ; Hb
Pel ; Bt
Gran ; Bt
Gran ; Mu
Gran ; Bt
Gran ; Mu

Ridge Transect

Pel ; Bt
Pel ; Mu
Amph ; Hb
Pel ; Mu
Pel ; Bt
Pel ; Mu
Pel ; Bt
Amph ; Hb

Mica Creek Transect

JS-85-013
JS-85-014
JS-85-015
JS-85-017S

Pel ; Bt
Amph; Hb
Amph ; Hb
Pel ; Bt

Grid Ref.

708672
697668
721687
675665
670662
670662
667656
665655
672683
672683
665663
665663

730072
730072
753068
753068
753068
794064
794064
720070

927690
926617
927590
956722

K(wt°/o)

6.92
0.412
0.773
0.593
6.77
8.67
1.16
7.44
6.10
8.80
7.12
8.69

7.14
6.30
0.481
6.73
7.27
6.71
7.07
1.35

7.22
0.671
1.20
7.2C

(cc/gm x
10-7)

153.2
14.22
22.39
17.01

147.4
171.0
34.51

159.6
122.1
176.3
143.3
179.5

154.0
114.4
41.62

139.3
164.0
149.9
167.5
73.51

159.0
22.0
34.12

161.2

(%)

89.0
81.0
85.0
85.0
82.0
68.0
93.8
91.8
86.0
67.0
90.3
86.0

90.2
20.0
87.0
73.0
92.4
75.0
92.6
93.5

73.0
74.0
88.0
87.0

Age (Ma)

56.1 + 1.0
86.7 + 2.9
73.0 + 2.1
72.3 + 1.5
55.2 + 0.9
50.1 + 0.9
74.7 + 1.9
54.4 + 1.1
50.8 + 0.9
50.8 + 0.7
51.1 + 1.8
52.4 ± 1.1

54.7 + 1.2
46.1 + 1.5

209.9 + 6.0
52.5 + 1.4
57.2 + 1.1
56.6 + 1.2
60.0 + 1.3
73.5 ± 1.9

55.8 + 1.2
82.4 + 2.3
71.8 + 2.5
56.0 + 0.8

Lith = lithology: Pel = metapelite, Amph = amphibolite, and Gran = granite.
Min = mineral dated: Bt = biotite, Mus = muscovite, and Hb = hornblende.
Uncertainty in the age is reported at two sigma deviation.

define a regionally developed axial planar foliation. Miner-
al separates have been obtained from granites, schists, and
amphibolites. The field relations, mineralogy, and age of
these lithologies are discussed briefly below.

Granites

Peraluminous granites (samples JS-85-98, JS-85-123,
JS-85-128) occur as sills, dykes,and sheeted-bodies that cut
the regional, phase-two foliation and lithologic contacts. The
granites contain garnet-muscovite-biotite-plagioclase-
potassium feldspar-quartz. U-Pb dating of zircon and
monazite gives an age of 63 Ma (Sevigny et al., 1989).

Amphibolites

Amphibolites (samples JS-85-14A, -15,-32, -38, -90,
-102, -131, -143) occur as: sills(?)upto lOOmthick, boudins
of variable size interpreted to represent transposed basalt
dykes, and thin layers (1-10 cm) of tuffaceous origin inter-
layered with metasedimentary rocks (Sevigny, 1987). The
amphibolites contain hornblende + plagioclase ± quartz ±
sphene ± biotite ± garnet ± ilmenite (Sevigny, 1988).

Schists

Kyanite- and/or sillimanite-bearing schists containing gar-
net + biotite + quartz + plagioclase ± muscovite + potas-
sium feldspar ± ilmenite + rutile + graphite (samples
JS-85-13, -17S, -28, -121, -129, -132, -141) comprise much
of the lower most part of the Horsethief Creek Group. These
schists are interlayered with amphibolite and have been in-
truded by 63 Ma peraluminous granite.

Summary

Hornblende, muscovite, and biotite K-Ar ages from the
northern Monashee Mountains are: 76.3 ± 5.8 (n=7), 51.4
± 3.5 (n=6), and 55.1 ± 2.7 (n=10) (mean and one sigma
deviation) (Sevigny et al., 1990). Biotites probably have ex-
cess argon because they are older than the muscovites. We
interpret the hornblende and muscotvite K-Ar ages as reflect-
ing cooling below about 500°C and 350°C, respectively.
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GSC 89-21 Biotite
56 + 1 Ma

K-Ar 3863 Wt % K = 6.923
Rad. Ar = 1.532 x 10"5 cm-Vg
% Atmos. Ar = 11.2

(83 D) From a schist.
On forest boundary, in col on north-wertheast-
west-southwest ridge, B.C., 52°02'30"N,
I18°51'45"W. Sample JS-85-28. Collected
and interpreted by J. Sevigny.

GSC 89-22 Hornblende
87 + 3 Ma

K-Ar 3862 Wt % K = 0.412
Rad. Ar =• 1.422 x IO'6 cm-Vg
% Atmos. Ar = 18.8

(83 D) From an amphibolite.
Elevation 7060ft, on small knob south of
icefield on north-northeast-west-southwest
ridge, head of south fork of Soards Ck, B.C.,
52°O2-2O"N, I18°52-2O"W. Sample
JS-85-32. Collected and interpreted by J.
Sevigny.

GSC 89-23 Hornblende
73 + 2 Ma

K-Ar 3861 Wt % K = 0.773
Rad. Ar = 2.239 x I0"6 cm-Vg
% Atmos. Ar=I5.3

(83 D) From an amphibolite.
Head of the south fork of the Adams River
at an elevation of 6520ft, B.C. 5O°O3'3O"N,
118°0l'05"W. Sample JS-85-38. collected
and interpreted by J. Sevigny.

GSC 89-24 H: blende
72 + 2 Ma

K-Ar 3860 Wt % K = 0.593
Rad. Ar = 1.701 x 10fi cm-Vg
% Atmos. Ar = 15.1

(83 D) From an amphibolite.
Elevation 7560ft, first knob on northeast-
southwest ridge northeast of col, B.C.
52°02'15"N, 118°55'30"W. Sample
JS-85-90. Collected and interpreted by J.
Sevigny.

GSC 89-25 Biotite
55 ± 1 Ma

K-Ar 3829 Wt % K = 6.770
Rad. Ar = 1.474 x 10"5 cmVg
% Atmos. Ar = 18.0

(83 D) Frfm a granite.
Jn center of small col on northeast-southwest
ridge, B.C. 52°02'00"N, 118°56'00"W.
Sample JS-85-98. Collected and interpreted by
J. Sevigny.

GSC 89-26 Muscovite
50 + 1 Ma

K-Ar 3828 Wt % K = 8.666
Rad. Ar = 1.71 x IO-S cm-Vg
% Atmos. Ar = 32.0

(83 D) From a granite.
In center of small col on northesat-southwest
ridge, B.C.; 52°Q2'00"N, 118°56'00"W.
Sample JS-85-98. Collected and interpreted by
J. Sevigny.

GSC 89-27 Hornblende
75 ± 2 Ma

K-Ar 3859 Wt % K = 1.164
Rad. Ar = 3.451 x 10 6 cm-Vg
% Atmos. Ar = 6.2

(83 D) From an amphibolite.
Elevation 7500ft. north of icefield and adja-
cent to north-mortheasi ridge, B.C.
52°O1'40"N; 118°56"30"W. Sample
JS-85-102. Collected and interpreted by J.
Sevigny.

GSC 89-28 Biotite
54 + 1 Ma

K-Ar 3858 Wt % K = 7.436
Rad. Ar = 1.596 x 10"5 cm-Vg
% Atmos. Ar = 8.2

(83 D) From a schist.
Upper semi-pelite-amphibolite unit, 100 m be-
low main marble, B.C. 52°01"40"N,
I I8°56'30"W. Sample JS-85-121. Collected
and interpreted by J. Sevigny.

GSC 89-29 Biotite
51 + 1 Ma

K-Ar 3827 Wt % K = 6.102
Rad. Ar = 1.221 x 105 cm-Vg
% Atmos. Ar = 13.5

(83 D) From a granite.
On northeast side of small col on northeast-
southwest ridge, B.C. 52°02'00'"N,
118°56'00"W. Sample JS-R* 123. Collected
and interpreted by J. Sej y.
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GSC 89-30 Muscovite
51 ± 1 Ma

K-Ar 3826 Wt % K = 8.802
Rad. Ar = 1.763 x 10-'cm-Vg
% Atmos. Ar = 33.0

(83 D) From a granite.
On northeast side of small col on northeast-
southwest ridge, B.C. 52°02'00"N,
11S°56'OO"W. Sample JS-85-123. Collected
and interpreted by J. Sevigny.

GSC 89-35 Hornblende
210 + 6 Ma

K-Ar 3869 Wt % K = 0.481
Rad. Ar = 4.162 x 106 cm-Vg
% Atmos. Ar = 13.1

(83 D) From an amphibolite.
Elevation 7100ft, on east-west ridge to the east
side of a small knob, B.C. 52°24'10"N,
I18°49'5O"W. Sample JS-85-131. Collected
and interpreted by J. Sevigny.

GSC 89-31 Biotite
51 ± 2 Ma

K-Ar 3857 Wt % K = 7.119
Rad. Ar = 1.433 x 10"5 cmVg
% Atmos. Ar = 9.7

(83 D) From a granite.
Elevation 6100ft, west of col in northeast-
southwest ridge, B.C. 52°02'00"N,
118°56'40"W. Sample JS-85-I28. Collected
and interpreted by J. Sevigny.

GSC 89-36 Muscovite
S3 ± 1 Ma

K-Ar 3867 Wt % K = 6.729
Rad. Ar = 1.393 x 105 cm-Vg
% Atmos. Ar = 27.2

(83 D) From a schist.
Elevation 7100ft, on east-west ridge to the east
side of small knob, B.C. 52°24'10"N,
118°49\50"W. Sample JS-85-132. Collected
and interpreted by J. Sevigny.

GSC 89-32 Muscovite
52 ± 1 Ma

K-Ar 3856 Wt % K = 8.687
Rad. Ar = 1.795 x 10"5 cm-Vg
% Atmos. Ar = 14.2

(83 D) From a granite.
Elevation 6100ft, west of col in northeast-
southwest ridge, B.C. 52°02'00'"N,
118o56'40"W. Sample JS-85-128. Collected
and interpreted by J. Sevigny.

GSC 89-37 Biotite
57 + 1 Ma

K-Ar 3868 Wt % K = 7.265
Rad. Ar = 1.64 x 105 cm-Vg
% Atmos. Ar = 7.6

(83 D) From a schist.
Elevation 7100ft, on east-west ridge to the east
of small knob, B.C. 52°24'10"N,
118°49'50"W. Sample JS-85-132. Collected
and interpreted by J. Sevigny.

GSC 89-33 Biotite
55 ± 1 Ma

K-Ar 8771 Wt % K = 7.135
Rad. Ar = 1.54 x 105 cm-Vg
% Atmos. Ar = 9.8

(83 D) From a schist.
Elevation 7560ft, on knob north of north fork
of Howard Creek on east-west ridge, B.C.
50°24'30"N, 118°5r35"W. Sample
JS-85-129. Collected and interpreted by J.
Sevigny.

GSC 89-34 Muscovite
46 + 1 Ma

K-Ar 3870 Wt % K = 6.297
Rad. Ar = 1.144 x 10 s cmVg
% Atmos. Ar = 80.5

(83 D) From a schist.
Elevation 7560ft, on knob north of north fork
of Howard Creek on east-west ridge, B.C.
50°24'30"N, 118°5r35"W. Sample
JS-85-129. Collected by J. Sevigny.

GSC 89-38 Muscovite
57 ± 1 Ma

K-Ar 3865 Wt % K = 6.709
Rad. Ar = 1.499 x 10"5 cm-Vg
% Atmos. Ar = 24.7

(83 D) From a schist.
Elevation 6590ft, on the east end of Howard
Ridge, B.C. 52°24WN, 118°46'00"W.
Sample JS-85-141. Collected and interpreted
by J. Sevigny.

GSC 89-39 Biotite
60 ± 1 Ma

K-Ar 3866 Wt % K = 7.065
Rad. Ar = 1.675 x 105 cmVg
% Atmos. Ar = 7.4

(83 D) From a schist.
Elevation 6590ft, on the east end of Howard
Ridge, B.C. 52°24'00"N, 118°46WW.
Sample JS-85-141. Collected and interpreted
by J. Sevigny.
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GSC 89-40 Hornblende
74 + 2 Ma

K-Ar 3864 Wt % K = 1.346
Rad. Ar = 3.925 x 106 cnWg
% Atmos. Ar = 6.5

(83 D) From an amphibolite.
Howard Ridge area, elevation 8040ft, adja-
cent to icefield, B.C. 52°25'25"N,
118°52'30"W. Sample JS-85-143. Collected
and interpreted by J. Sevigny.

GSC 89-41 Biotite
56 ± 1 Ma

K-Ar 3872 Wt % K = 7.223
Rad. Ar = 1.59 x IO-S cm-Vg
% Atmos. Ar = 27.3

(83 D) From a schist.
1.6 km south of Mica Dam on the road, B.C.
52°05'50"N, 118°34'00"W. Sample
JS-85-13. Collected and interpreted by J.
Sevigny.

GSC 89-42 Hornblende
82 + 2 Ma

K-Ar 3873 Wt % K = 0.671
Rad. Ar = 2.2 x 10'6 cmVg
% Atmos. Ar = 26.4

(83 D) From an amphibolite.
8.0 km north of Birch Creek, 1.7 km south
of Mica townsite, B.C. 51°59'50"N,
118°33'48"W. Sample JS-85-14. Collected
and interpreted by J. Sevigny.

GSC 89-43 Hornblende
72 + 2 Ma

K-Ar 2874 Wt % K = 1.199
Rad. Ar = 3.412 x I0"6 cm-Vg
% Atmos. Ar = H.5

(83 D) From an amphiboiite.
5.3 km north of Birch Creek on the road, B.C.
51°58'20"N, 118°33'50"W. Sample
JS-85-15. Collected and interpreted by J.
Sevigny.

GSC 89-44 Biotite
56 ± I Ma

K-Ar 3875 Wt % K = 7.289
Rad. Ar = 1.612 x 105 cm3/g
% Atmos. Ar = 13.0

(83 D) From a schist.
On the road at the Potlatch Creek/McNaugh-
ton Lake locality, B.C. 52°05'40"N,
118°3r3O"W. Sample JS-85-17S. Collect-
ed and interpreted by J. Sevigny.

GSC 89-45 Biotite
49 + 1 Ma

K-Ar 3893 Wt % K = 7.564
Rad. Ar = 1.449 x 105 cm-Vg
% Atmos. Ar = 2.2

(82 E) From a Dacite.
CP abandoned railway near Highway 33 and
Devil Creek, B.C. 49°42'35"N,
119°06'50"W. Sample MBX-4. Collected
and interpreted by Marc Bardoux.

Sample was taken from a dacitic dyke cutting through
deformed coarse-grained granodiorite. The dyke contains bi-
otite and hornblende phcnocrysts in an aphanitic matrix and
resembles a rhyodacitic unit occurring in large outliers 5 km
north of this locality. Bardoux and Irving (in press) correlated
both rocks with the Marama Formation of Church (1973).
The undeformed texture of the dyke suggests that regional
deformation associated with the Okanagan Valley Fault had
ceased 49 Ma ago.

REFERENCE
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GSC 89-46 Biotite
159 ± 2 Ma

K-Ar 3894 Wt % K = 7.742
Rad. Ar = 4.999 x 10"5 cm-Vg
% Atmos. Ar = 2.1

(82 E) From a biotite granodiorite.
Highway 33 near Arlington Lakes, B.C.
49°37'52"N, 119°03'30"W. Sample
MXB-39-83. Collected and interpreted by
Marc Bardoux.

Sample was taken from an undeformed coarse-grained
biotite granodiorite interlayered with gneisses. Biotite in the
granodiorite rarely exceeds 10% of the modal composition
and occurs either as small aggregates or individual crystals
with ragged boundaries. Textures of the granitic assemblage
show an important degree of dynamic recryslallization
formed in a tectonized environment. This age is interpreted
as a crystallization age and is similar to crystallization ages
of other plutonic bodies (Similkameen and Okanagan com-
plex) occurring on the west side of Okanagan Lake
(Tempelman-Kluit and Parkinson, 1985).
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GSC 89-47 Biotite
50 + 1 Ma

K-Ar 3895 Wt % K = 6.929
Rad. Ar = i .378 x l
% Atmos. Ar = 5.0

cm-Vg

(82 E) From a rhyodacitic porphyry.
Trepanier Creek, south of Mount Law, B.C.
49°48 '15"N, I19°44 '35"W. Sample
MBX-I. Collected and interpreted by Marc
Bardoux.

Sample was taken from a quartz-biotite-orthoclase rhomb
porphyry at the base of an Eocene volcanic pile, which is
unconformably overlying a granodiorite of Mesozoic age.
The unit is local and contains up to 50% subhedral
phenocrysts in an aphanitic matrix. Similar hypabyssal rocks
occur in the south near Shingle Creek and Beaverdel) (Lit-
tle, 1961). This date is interpreted as a crystallization age.
It is 2 Ma older than another date (47.7 ± 1.4 Ma) obtained
by Church (1981) from altered biotites in a layered rhyolitic
lava located stratigraphically above the present sample, 500
m east of the present location.

REFERENCES
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Resources, Preliminary map 35.

GSC 89-48 Biotite
54 + 2 Ma

K-Ar 3896 Wt % K = 6.685
Rad. Ar = 1.414 x I0-5 cm-Vg
% Atmos. Ar = 5.5

(82 E) From a trachyandesite.
Logging road west of McCullough Creek,
B.C. 49°54'30"N, 119°36'56"W. Sample
MBX-2. Collected and interpreted by M.
Bardoux.

Sample was taken from a porphyritic trachyandesite cut-
ting through a Mesozoic hornblende granitoid body (GSC
89-52). Unit is correlated with the Kitley Lake Member of
the Marron Formation (Church, 1973) and contains up to
15% plagioclase and biotite phenocrysts. This age is slight-
ly older than three other ages obtained from biotite fractions
in similar rocks (53 ± 2 Ma) by Church (1981, 1982) in
the Kelowna outlier and White Lake basin near Penticton.
The data are interpreted as a crystallization age.

REFERENCES
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GSC 89-49 Hornblende
44 + 1 Ma

K-Ar 3897 Wt % K = 1.065
Rad. Ar = 1.849 x 106 cmVg
% Atmos. Ar = 74.7

(82 E) From an amphibolite.
CP abandoned railway near the headwaters of
Hydraulic Creek, B.C. 49°48 ' I5"N,
119°14'50"W. Sample MBX-48-85. Collect-
ed and interpreted by M. Bardoux.

Same unit as GSC 89-52. This age is 4 Ma younger than
the biotite age of the same unit and likewise indicates an Eo-
cene thermal event.

GSC 89-50 Biotite
48 ± 1 Ma

K-Ar 3900 Wt % K = 7.522
Rad. Ar = 1.412 x 105 cm-Vg
% Atmos. Ar = 18.0

(82 E) From an amphibolite.
CP abandoned railway near the headwaters of
Hydraulic Creek, B.C. 49°48 '15"N,
119°14'50"W. Sample MBX^8-85. Collect-
ed and interpreted by M. Bardoux.

Sample was taken from a coarse-grained amphibolite in
a paragneissic section correlated with the Vaseaux Forma-
tion (Bostock, 1941; Christie, 1965). The rock is coarse
grained with 60% subhedral hornblende slightly chloritized
and 20% biotite. The date implies that high-grade gneisses
of this area were thermally reheated and rapidly cooled dur-
ing the Eocene Epock.
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GSC 89-51 Hornblende
51 + 1 Ma

K-Ar 3899 Wt % K = 0.993
Rad. Ar = 2.011 x 10*1 cm-Vg
% Atmos. Ar = 58.2

(82 E) From a paragneiss.
Lakeshore road, 2 km before entrance gate
to Okanagan Mountain Provincial Park, B.C.
49°46 '35"N, 119°34'15"W. Sample
MBX-229. Collected and interpreted by Marc
Bardoux.

Sample was taken from a medium-grained hornblende-
rich layer within a mylonitized paragneiss section interlayered
with calc-silicatc rocks. The sampled section is correlated
with the Vaseaux Formation of (Bostock, 1941). The rock
is intensely deformed and chloritized. The date agrees with
the general characteristic that high-grade rocks of the Okana-
gan gneiss complex were reheated in Eocene time.

REFERENCE
Bostock, H.S.
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GSC 89-52 Hornblende
157 ± 2 Ma

K-Ar 3998 Wt % K = 0.765
Rad. Ar = 4.883 x 10"6 cm-Vg
% Atmos. Ar = 25.0

(82 E) From a biotite granodiorite.
Headwaters of McCullough Creek, B.C.
49°56 '35"N, 119°36'55"W. Sample
MBX-32-85. Collected and interpreted by M.
Bardoux, 1985.

Sample was taken from biotite granodiorite unconforma-
bly overlain by Eocene trachyandesites. This age agrees with
several other crystallization ages of other granitic bodies west
of Okanagan Lake (Tempelman-Kluit and Parkinson, 1985)
and suggests that this unit was not reheated above 300°C
since its emplacement. The age of this intrusive body also
agrees with that of sample GSC 89-46 (dated 159 ± 2 Ma)
suggesting a comagmatic origin for several plutonic bodies
adjacent to the Okanagan Valley.

REFERENCE
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GSC 89-53 Hornblende
55 + 1 Ma

K-Ar 3901 Wt % K = 1.184
Rad. Ar = 2.579 x 10"* cm-Vg
% Atmos. Ar = 14.3

(82 E) From a hornblende orthogneiss.
Kelowna quarry. B.C. 49°49-35 - 'N,
1I9°21'52"W. Sample MX-133. Collected
and interpreted by M. Bardoux.

Sample was taken from a chloritized mylonitic hornblende
orthogneiss located at high structural levels in the Okana-
gan gneiss complex near an Eocene volcanic outlier. The rock
is medium to fine grained with unanncaled strain fabrics.
Hornblende forms less than 5% of the modal composition
and is anhedral and partly retrograded to chlorite. The sam-
pled unit is interpreted as a strained equivalent of Mesozoic
granitoids. This Eocene date agrees with the presence of a
regional thermal event overprinting high-grade rocks of
south-central British Columbia.

GSC 89-54 Hornblende
51 + 1 Ma

K-Ar 3902 Wt % K = 0.779
Rad. Ar = 1.575 x 10" em-Vg
% Atmos. Ar. = 22.1

(82 E) From an amphibolite.
Siemalt Speedway near Highway 33. B.C.
49°46 '08"N, l l 9 o 0 7 - 0 V W . Sample
MBX-5. Collected and interpreted by M.
Bardoux.

This date agrees with a similar hornblende age of 54.4
+ 2 Ma obtained by Medford (1975) from an altered parag-
neiss located 1 km north of the present locality. Same in-
terpretation as for GSC 89-55.

REFERENCE
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GSC 89-55 Biotite
49 ± 1 Ma

K-Ar 3903 Wt % K = 7.636
Rad. Ar = 1.482 x 10 s cm-Vg
% Atmos. Ar = 4.3

(82 E) From an amphibolite.
Siemalt Speedway near Highway 33, B.C.
49°46 '08"N, 119°07 -07"W. Sample
MBX-5. Collected and interpreted by M.
Bardoux.

Sample was taken from massive amphibolite interlayered
with well banded orthogneiss and overlain unconformably
by Eocene dacitic lava flows and conglomerate. The rock
is coarse grained, with euhedral hornblende containing
pyroxene cores. Unit was interpreted as equivalent to
Vaseaux Formation (Bostock, 1941). This dale is slightly
younger than the hornblende date on the same sample (GSC
89-54) and confirms that a major thermal event was over-
printed in Eocene time on rocks of the Okanagan gneiss com-
plex. The 2 Ma difference between hornblende and biotite
ages of the same sample suggest a very rapid cooling rate
in the order of 100°C/Ma.
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VALHALLA COMPLEX
The following eleven K-Ar dates on hornblende and bi-

otite come mostly from Valhalla Complex or its immediate-
ly overlying metaplutonic rocks above the Valkyr shear zone,
B.C: GSC 89-56, 57. 58, 59, 60, 61, 62, 63, 64, 65, 66.

In general, as outlined by Parrish et al. (1988) and Carr
et al. (1987), hornblendes from foliated to gneissic metaplu-
tonic rocks of Valhalla Complex are 56-60 Ma old, reflect-
ing cooling during uplift and tectonic denudation. Similarly,
biotite K-Ar ages are close to 50 Ma, somewhat younger be-
cause of its lower closure temperature. Three cross-cutting
bodies (GSC 89-62, 89-61, 89-58) are somewhat younger
and place upper limits to the age of uplift and cooling of the
complex.

Two samples, from Grand Forks Complex (GSC 89-66)
and beneath Columbia River Fault near Burton (GSC 87-56),
are in similar structural positions to rocks of Valhalla Com-
plex, and their hornblende ages are similarly about 60-65
Ma.
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GSC 89-56 Hornblende
107 + 2 Ma

K-Ar 3811 Wt % K = 0.495
Rad. Ar = 2.127 x 10"fi cm-Vg
% Atmos. Ar = 25.5

(82 F) From a hornblende-biotite quartz diorite.
Roadcut on Sullivan Creek logging road at
3000ft elevation, 3 km southwest of Genelle,
B.C. UTM Zone 11 u, 446150E. b449250N.
Sample PCA-27-85. Collected and interpret-
ed by R.R. Parrish.

This is part of the foliated base of the Middle Jurassic
Mackie Pluton. The sample occurs in the upper part of the
zone of strain proximal to the Valkyr shear zone, which
separates the Mackie pluton (and other related Jurassic plu-
tons of the Nelson suite) from the underlying gneisses of Val-
halla Complex. The hornblende age, iike that of GSC 89-65,
reflects substantial, but incomplete degassing of Jurassic
hornblende in Paleocene-Eocene time, during development
of the Valhalla Complex.

GSC 89-57 Hornblende
65 + 1 Ma

K-Ar 3812 Wt % K = 1.113
Rad. Ar = 2.855 x 10 h cm-Vg
% Atmos. Ar = 22.2

(82 F) From a hornblende- K-feldspar inegacrystic
quartz monzonite.
Along roadcut of logging road 1.8 km east of
Burton, elevation 1950ft, B.C. UTM Zone
l l u , 438900E, 55373OON. Sample
PCA-264-85. Collected and interpreted by
R.R. Parrish

This K-feldspar megacrystic quartz monzonite is slight-
ly to moderately foliated and lies in the footwall of the
southernmost part of the Columbia River normal fault. It dis-
plays east-directed kinematic indicators consistent with its
fabric development being related to the Columbia River fault.
It is part of the Caribou Creek Stock and is identical in lithol-

ogy to the Whatshan batholith. A preliminary U-Pb zircon
age is ca. 79 Ma, and the 65 ± 1 Ma hornblende K-Ar age
reflects partial degassing during the Eocene Epock.

GSC 89-58 Hornblende
45 ± 1 Ma

K-Ar 3813 Wt % K = 0.838
Rad. Ar = 1.489 x 106 cm-Vg
% Atmos. Ar = 20.9

(82 F) From a granite.
On ridge between Blueberry and Chinas
Creeks, elevation 1920 m, B.C. UTM Zone
l lu , 444700E, 5456100N. Sample PCA-
ST-85-1. Collected by D. Halwas and P.
Simony and interpreted by R.R. Parrish.

The published U-Pb zircon age of this undeformed, cross-
cutting granite is 47 Ma. The intrusion cuts the Valkyr shear
zone and places constraints on the youngest age of displace-
ment in it. The hornblende is nearly concordant with the zir-
con age, suggesting rapid cooling following crystallization.

GSC 89-59 Hornblende
56 ± 1 Ma

K-Ar 3814 Wt % K = 1.039
Rad. Ar = 2.292 x 106 cm-Vg
% Atmos. Ar = 24.8

(82 F) From a hornblende leucosyenite.
Outcrop at 4650ft in cleared logged area near
drainage divide of Robson Ridge, 13.5 km
west, of Castlegar, B.C. UTM Zone 11 u,
438300E, 5462250N. Sample PCA-34A-85.
Collected and interpreted by R.R. Parrish.

The sample is a hornblende ± clinopyroxene ± biotite
leucocratic syenite or syenodiorite near the trace of the
Valkyr shear zone. The 56 Ma K-Ar age is probably a cool-
ing age, and a minimum for crystallization. The hornblende
age is similar to others in Valhalla Complex.
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G S C 89-60 Hornblende
71 + 1 Ma

K-Ar 3815 Wt % K = 1.056
Rad. Ar = 2.974 x 10" cmVg
% Atmos. Ar = 15.5

(82 F) From a megacrystic granodiorite.
Roadcut along logging road near switchback
at 38O0-3850ft on north side of Blueberry
Creek, 12 km west-southwest of Castlegar,
B.C. UTM Zone I lu 440550E, 5460850N.
Sample PCA-9—85-CG. Collected and inter-
preted by R.R. Parrish.

The sample is a slightly to moderately foliated
hornblende-biotite K-feldspar megacrystic granodiorite of the
Kinnaird (formerly Castlegar) gneiss. The preliminary U-
Pb age of this rock, based on zircons, suggests it is ca. 110
Ma old; its 71 Ma age reflects either near-complex degass-
ing in the Paleocene-Eocene time or cooling through horn-
blende closure temperatures at ca. 70 Ma. Its young age is
similar to other hornblendes of Valhalla Complex.

G S C 89-61 Muscovite
51 ± 1

K-Ar 3832 Wt % K = 8.336
Rad. Ar = 1.671 x 105 cm3/g
% Atmos. Ar = 10.7

(82 F) From a muscovite pegmatite.
Elevation 2256 m, on ridge west of Upper
Norns Creek, 6.5 km north of Ladybird Mtn.,
B.C., UTM Zone I lu, 441300E, 5481200N.
Sample PCA-83-85. Collected and interpret-
ed by R.R. Parrish

The rock is a cross-cutting pegmatite of the Ladybird
granite suite and has a U-Pb zircon and monazite age of ca.
56 Ma. The rock cuts fabric development in the Valkyr shear
zone; the 51 ± 1 Ma age reflects cooling below the musco-
vite closure temperature of about 35O°C.

G S C 89-62 Biotite
48 ± 2 Ma

K-Ar 3833 Wt % K = 6.922
Rad. Ar = 1.315 x 10 s cm-Vg
% Atmos. Ar = 4.1

(82 F) From a lamprophyric dyke.
Roadcut along highway 6, about 6 km north
of Slocan, 1 km east of bridge over Memphis
Creek, elevation 2300ft, B.C. UTM Zone
l lu , 467500E, 5518500N. Sample PCA-
LDYKE-85. Collected and interpreted by
R.R. Parrish.

The biotite from this lamprophyric dyke is an igneous
mineral, and the 48 ± 2 Ma probably reflects the age of em-
placement and rapid cooling. The dyke cross-cuts the folia-
tion in ca. 58 Ma Ladybird granite on the east side of Valhalla
Complex beneath the Slocan Lake normal fault.

G S C 89-63 Hornblende
56 ± 2 Ma

K-Ar 3834 Wt % K = 1.086
Rad. Ar = 2.392 x 10A cmVg
% Atmos. Ar = 12.1

(82 F) From a hornblende-biotite quartz monzonite.
Outcrop on powerline road, elevation 5600ft,
west of Koch Creek, B.C., UTM Zone 1 lu,
430330E, 55075O0N. Sample PCA-104-85.
Collected and interpreted by R.R. Parrish.

This hornblende age of 56 + 2 and biotite age of 52 +
2 Ma (GCS 89-64) are interpreted as cooling ages of an older
granitic pluton. These ages are similar to all others within
Valhalla Complex where hornblende ages are 58-60 Ma and
biotites are * 50 Ma.

GSC 89-64 Biotite
52 ± 2 Ma

K-Ar 3948 Wt % K = 7.230
Rad. Ar = 1.48 x 105 em'/g
% Atmos. Ar = 7.0

(82 F) see GSC 89-63 for location rock type, and in-
terpretation.

GSC 89-65 Hornblende
107 + 4 Ma

K-Ar 3835 Wt % K = 0.728
Rad. Ar = 3.124 x 10"6 cm-Vg
% Atmos. Ar = 11.0

(82 F) From a hornblende quartz diorite.
Roadcut along logging road in upper Ladybird
Creek drainage, elevation 5000ft, B.C. UTM
Zone l lu , 436150E, 5478050N. Sample
PCA-64-85. Collected and interpreted by
R.R. Parrish.

The sample is a slightly foliated to massive hornblende
quartz diorite structurally above and west of the trace of
Valkyr shear zone, an Eocene ductile normal fault. A prelimi-
nary U-Pb zircon age of this same sample is in excess of
190 Ma, and the 107 ± 4 Ma K-Ar age is interpreted to
reflect substantial but incomplete degassing of Jurassic horn-
blende during Eocene thermal events associated with de-
velopment of Valhalla Complex.

GSC 89-66 Hornblende
60 ± 1 Ma

K-Ar 3836 Wt % K = 1.189
Rad. Ar = 2.833 x 106 cnWg
% Atmos. Ar = 15.7

168



(82 E) From a hornblende syenite gneiss.
Roadcut at 550 m elevation, 1 km northwest
along road from prominent slag piles, 2.S km
north of Grand Forks, B.C., UTM Zone 1 lu,
393600E. 543400N. Sample PCA-237-85.
Collected and interpreted by R.R. Parrish.

The sample is a foliated to gneissic hornblende syenite
that is a folded tabular unit within the Grand Forks complex.
A preliminary zircon U-Pb age on this body is Middle Juras-
sic, and its 60 + 1 Ma K-Ar age reflects cooling, a pattern
similar to all units of the Valhalla Complex.

GSC 89-67 Biotite
55 ± 3 Ma

K-Ar 3837 Wt % K = 6.751
Rad. Ar = 1.47 x 10s cmVg
% Atmos. Ar = 5.5

(82 M) From a granodiorite.
Near head of Seymour River, in saddle of
ridge due east of small lake, B.C. UTM Zone
llu, 3637OOE, 57I6700N. Sample PCA-
M47-85. Collected by R.L. Brown and J.M.
Journeay and interpreted by R.R. Parrish.

The sample is a strongly foliated ca. 360 Ma (prelimi-
nary U-Pb zircon) granodioritic gneiss laced with abundant
leucocratic granitic and pegmatitic dykes. The K-Ar ages for
hornblende and biotite, (GSC 89-67, 68) both ca. 55 Ma,
reflect total degassing or quenching during the Eocene Epoch
as a result of intrusion of Eocene granitic rocks, uplift and
tectonic denudation, or both.

GSC 89-68 Hornblende
55 ± 2 Ma

K-Ar 3838

(82 M)

Wt % K = 1.109
Rad. Ar = 2.415 x 10"* cm-Vg
% Atmos. Ar = 14.9

See GSC 89-67 for location rock type, and in-
terpretation.

GSC 89-69 Hornblende
185 + 3 Ma

K-Ar 3831 Wt % K = 1.338
Rad. Ar = 1.013 x I0"5 cm-Vg
% Atmos. Ar = 5.9

(82 N) From a hornblende-biotite granodiorite.
Southeast ridge of Mount Graham, west of
Tangier River, Golden (Rogers Pass) map-
area, B.C. 51°10'N, 17°53'W. Sample
WB-127-W-9. Collected and interpreted by
J.O. Wheeler.

This sample was taken from the Fang Stock, emplaced
after the main deformation of the lower Paleozoic Lardeau
Group. As reported in GSC Paper 63-17 it yielded a K-Ar
date of 172 Ma (new constant).

'this sample was rerun yielding a K-Ar date of 185 ±
3 Ma, which appears to be too old for two reasons. First,
farther south in Kootenay Arc the youngest rocks involved
in the deformation before emplacement of Middle Jurassic
intrusions are of Toarcian age (Parrish and Wheeler, 1983).
According to the DNAG lime-scale (Palmer, 1983) the end
of the Toarican was at 187 Ma. Thus an age of 185 Ma for
the Fang stock leaves little time for the deformation of Toar-
cian and older rocks in Kootenay Arc. Second, the Fang stock
has also yielded a U-Pb zircon age of 167 Ma (R.L. Brown,
pers. comra., 1989). It appears, therefore, that the K-Ar of
185 + 3 Ma is too old and that the sample probably con-
tains excess argon.
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GSC 89-70 Hornblende
86 ± 3 Ma

K-Ar 3907 Wt % K = 0.271
Rad. Ar = 9.239 x 107 cm-Vg
% Atmos. Ar = 33.4

(92 H/7) From a hornblende feldspar porphyry.
On a ridge elevation 6100ft, running north-
east from summit of Snass Mountain: bear-
ing N067° and 3.5 km from summit. B.C.
49°17 '10"N, I2O°55'3O"W. Sample
MV-86-354. Collected and interpreted by
J.W.H. Monger.

This is one of a swarm of similar dykes, that intrude sand-
stone and shale of the mid- to lower Upper Cretaceous
Pasayten Group. The date is considered to be the age of em-
placement. The dykes make up about 20% of the total out-
crop in this area, and thus record considerable extension.
Since the dyke swarm parallels the trend of the major Pasayt-
en Fault, which lies to the east, it is possible that normal
movement on the fault took palce at about the time of em-
placement. GSC 89-71 is a lithologically similar dyke.

GSC 89-71 Hornblende
85 + 1 Kla

K-Ar 3908 Wt % K = 0.341
Rad. Ar = 1.151 x 106 cm-Vg
% Atmos. Ar = 33.1

(92 H/6) From a hornblende feldspar porphyry.
On road up Vuitch Creek, 1.1 km west of
crossing of Sutter Creek; elevation 4050ft.
B.C. Dyke in mid- to Upper Cretaceous
Pasayten Group; date is emplacement age.
49°25'20'"N, 12l°00 '40"W. Sample
MV-86-0284. Collected and interpreted by
J.W.H. Monger.

For interpretation see GSC 89-70. 169



GSC 89-72 Muscovite
103 ± 2 Ma

K-Ar 3909 Wt % K = 8.701
Rad. Ar = 3.577 x 10"5 cm3/g
% Atmos. Ar = 13.6

(92 H/l 1) From a granite.
On Coquihalla highway, approximately 1 km
south of crossing of Falls Creek, B.C.
49°36'05"N, 121°04'05"W. Sample
MV-85-881A. Collected and interpreted by
J.W.H. Monger. Muscovite-biotite granite
typical of western part of Eagle Plutonic Com-
plex. The date represents a cooling age.

GSC 89-73 Hornblende
25 + 1 Ma

K-Ar 3913 Wt % K = 0.409
Rad. Ar = 3.943 x I07 cnvVg
% Atmos. Ar = 49.5

(92 H/l2) From a hornblende biotite granodorite.
From lakeshore, east side of Harrison Lake,
and due east of Doctors Point across lake,
B.C. 49°39'50"N, 121°57'50"W. Sample
MV-85-492. Collected and interpreted by
J.W.H. Monger.

Date represents a crystallization date. Body is elongated
in a northeast direction; this elongation is probably struc-
turally controlled and is shown by other Chilliwack Pluton-
ic Suite intrusions.

GSC 89-74 Biotite
48 ± 1 Ma

K-Ar 3914 Wt % K = 7.212
Rad. Ar = 1.354 x 105 cm-Vg
% Atmos. Ar = 13.9

(92 H/l I) From a granodiorite.
From a logging road in headwaters of Ander-
son River, 1 km west of Zupjok Peak, B.C;
49°37>10"N, 121°1O'25"W. Sample
MVM-85-136. Collected and interpreted by
J.W.H. Monger. Hornblende biotite granodi-
orite from central part of Needle Peak plu-
ton. Concordant biotite and hornblende dates
are probably close to crystallization age of the
pluton.

GSC 89-75 Hornblende
48 ± 1 Ma

K-Ar 3915 Wt % K = 0.751
Rad. Ar = 1.427 x IOft cm3/g
% Atmos. Ar = 19.1

(92 H/l 1) For rock type, location, and interpretation
see GSC 89-74. Sample MVM-85-136. Col-
lected and interpreted by J.W.H. Monger.

GSC 89-76 Biotite
80 ± 1 Ma

K-Ar 3911 Wt % K = 7.472
Rad. Ar = 2.369 x 10-' cmVg
% Atmos. Ar = 16.4

(92 H/12) From a biotite granodiorite.
Spuzzum Creek logging road, approx. 9 km
northwest of confluence of Spuzzum and Ur-
quhart creeks, and 7.5 km due east of 6220ft
peak, B.C. 49°44'N, 121 °36"10"W. Sample
MV-85-654. Collected and interpreted by
J.W.H. Monger.

Specimen comes from near northern limit of Spuzzum
batholith, just south of its gradational contact with Scuzzy
quartz monzonite. Date is possibly fairly close to age of
recrystallization and is typical of K-Ar dates from this part
of Coast Belt (see GSC 89-77).

GSC 89-77 Biotite
79 ± 2 Ma

K-Ar 3912 Wt % K = 7.496
Rad. Ar = 2.354 x 105 cmVg
% Atmos. Ar = 9.5

(92 H/l3) From a biotite granodiorite.
On ridge top, elevation 5300ft due south of
cirque lake; 8.2 km northeast of summit of
Cairn Needle, B.C. 49°52'10"N,
121°49"30"W. Sample MV-85-636. Collect-
ed by J.W.H. Monger.

see GSC 89-76 for interpretation.

GSC 89-78 Hornblende
137 + 3 Ma

K-Ar 3905 Wt % K = 0.798
Rad. Ar = 4.432 x 106

% Atmos. Ar = 8.1

(92 H/14) From a biotite granodiorite.
Logging road, north side of Spius Creek, 3.6
km above confluence with Maka Creek; ele-
vation 2800ft, B.C. 49°46'05"N,
121°670"W. Sample MV-86-118. Collect-
ed and interpreted by J.W.H. Monger.

This slightly foliated rock is from the eastern part of the
Eagle Plutonic Complex. U-Pb dates from this unit cluster
around 150 Ma (C. Greig, UBC, pers. comm.,1989) and
the date may reflect resetting during Early Cretaceous in-
trusion of rocks in western/central parts of the complex (see
GSC 89-79).

GSC 89-79 Biotite
108 ± 1 Ma

K-Ar 3906 Wt % K = 7.420
Rad. Ar = 3.205 x 105 cmVg
% Atmos. Ar = 5.7
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(92 H/14) From a biotitc granodiorite.
On a power line road north of Utzlius Creek,
4.5 km east-southeast of 6012' peak.
4 9 ° 5 2 ' 1 0 " N . 121°1I '5O"W. Sample
MV-86-119. Collected and interpreted by
J.W.H. Monger.

Sample from central part of Eagle Plutonic Complex; date
is similar to others from western parts of the complex (sec
GSC 89-72), reported by C. Greig (UBC, pers. comm.
1989), although the lithology is closer to that of rocks of the
eastern part (see GSC 89-78).

GSC 89-80 Biotite
53 + I Ma

K-Ar 3904 Wt % K = 7.362
Rad. Ar = 1.533 x 105 cmVg
% Atmos. Ar = 15.7

(92 H/16) From a biotite quartz feldspar porphyry.
From an old logging road, 1 km northeast of
confluence of Si wash and Galena Creeks, ele-
vation 4500ft, B.C. 4 9 ° 4 7 ' 2 5 " N ,
I20°19'10"W. Sample MV-86-117. Collect-
ed and interpreted by J.W.H. Monger.

Small intrusion cutting Osprey Lake batholith; intrusion
is part of "Otter intrusions" of Rice (1947); the date is prob-
ably close to a crystallization age (cf. GSC 89-81)

REFERENCE
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GSC 89-81 Biotite
53 + ] Ma

K-Ar 3910 Wt % K = 7.469
Rad. Ar = 1.563 x 10 s cmVg
% Atmos. Ar = 13.4

(92 H/16) From a biotite quartz feldspar porphyry.
On logging road where it crosses ridge 1.6
km west-southwest of summit of Mount Kath-
leen, B.C. 49°45'30"N, I20°04'55"W.
Sample MV-86-99. Collected and interpret-
ed by J.W.H. Monger.

Forms a small body emplaced in Early Jurassic granodi-
orite of the Pennask batholith. It is probably one of the Ot-
ter intrusions of Rice (1947) (see reference listed under GSC
89-80).

GSC 89-82 Whole Rock
0.760 ± .033 Ma

K-Ar 3850 Wl % K = 1.041
Rad. Ar = 3.075 x 10 s cm-Vg
% Atmos. Ar = 83.3

(92 J/13) From a Basalt.
Intrusive basalt from the summit ridge of
Tuber Hill volcano, American high Cascades,
B.C. Sample SE070386. Collected and inter-
preted by J.G. Souther.

Tuber Hill, on the Bridge River upland, is a small com-
posite volcano about 2 km across that still retains much of
its original morphology. The lower part of the pile consists
of hyaloclastite and pillow lava, formed during an initial sub-
glacial stage of activity. The hyaloclastitc is'overlain by
subaerial columnar flows deposited soon after the edifice was
free of glacial meltwater. Moderate erosion has exposed a
tabular intrusive body, clearly part of the main feeder sys-
tem, along the crest of the summit ridge.

This is one of five samples from the area that have been
dated. The age is older than expected from the erosional state
of Tubor Hill and comparison with ages of more dissected
but younger volcanos nearby (see GSC 89-83, 89-86). It may
contain some excess argon. Despite this potential problem
it is clear that the ages of the volcanic rocks of the Bridge
River upland are within or younger than the 0.59 to 0.97
Ma range of ages previously reported by Lawrence et al.
(1984) for volcanic rocks from the Salal Creek area. These
data suggest that volcanism in the northern Garibaldi Belt,
from north of Meager Mountain, was concentrated during
a relatively short interval between 400 and 970 ka.

See Roddick and Souther (1987) for details of sample
preparation and further interpretation of these samples.
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GSC 89-83 Whole Rock
0.598 + .015 Ma

K-Ar 3854 Wt % K = 0.981
Rad. Ar = 2.279 x 10* cmVg
% Almos. Ar = 78.8

(92 J/13) From a basalt.
From a pahoehoe tow neiir the top of the
hyaloelastite succession ot Tuber Hill vol-
cano, B.C. Sample SE0601X6. Collected and
interpreted by J.G. Southc:

Details as for GSC 89-82.
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GSC 89-84 Whole Rock
0.731 ± .027 Ma

K-Ar 3851 Wt % K = 0.998
Rad. Ar = 2.836 x 10* cm-'/g
% Atmos. Ar = 89.9

(92 J/13) From a basalt.
From a thick flow of columnar basalt near the
top of the upper subaerial succession of Tuber
Hill volcano, B.C. Sample SE0780586. Col-
lected and interpreted by J.G. Souther.

Details as for GSC 89-82.

GSC 89-85 Whole Rock
0.374 + .023 Ma

K-Ar 3852 Wi % K = 0.419
Rad. Ar = 6.098 x 10"
Vt Atmos. Ar = 93.9

cm-Vg

(92J/13) From a basalt.
From a columnar basalt succession forming
a median ridge in the upper part of the Nichols
Creek valley. B.C. Sample SE210686. Col-
lected and interpreted by J.G. Souther.

This age is considered to reflect the extrusive age of the
basalt (low. See GSC 89-82 for further details.

GSC 89-86 Whole Rock
0.755 + .018 Ma

K-Ar 3853 Wt % K = 1.051
Rad. Ar = 3.074 x 10* cm-Vg
% Atmos. Ar = 76.1

(92 J/13) From a basalt.
From the side of Sham Hill volcanic neck.
B.C. Sample SE040486. Collected and inter-
preted by J.G. Souther.

Sham Hill is a steep-sided volcanic neck, about 300 m
across at the base, which rises more than 60 m above the
southern edge of Bridge River upland. Its bare, glaciated sur-
face is strewn with glacial erratics and no vestiges remain
of any associated flows or pyroclaslic deposits. Based on its
state of erosion this neck appears to be older than Tuber Hill,
a nearby volcano dated at 600-750 ka (see GSC 89-82 for
further details). The age of this sample is considered to reflect
the maximum age of the neck, as some excess argon could
be present.

GSC 89-87 Muscovite
85 ± 2 Ma

K-Ar 3816 Wt % K = 7.624
Rad. Ar = 2.583 x 10 s cm-Vg
Atmos. Ar = 11.8

(93 G) From a quartz monzonite.
Approximately 700 m west of the lake at the
head of Knutson Creek, Quesnel Lake map
area, British Columbia, 52°30 '53"N,
119°40'45"W. Sample SCB-84-606. Collect-
ed and described by L.C. Struik.

The muscovite is from a 10 m wide foliated, light grey
dyke. It has 8% biotite and is cut by a 1 m wide shear zone
approximately parallel to the contact. The host rocks are Kazu
Group quartzite and schist, which may contain garnet, bio-
tite, chlorite, muscovite, or quartz. The muscovite defines
the foliation and may date some of the latest deformation
and metamorphism.

G S C 89-88 Biotite
227 + 4 Ma

K-Ar 3884 Wt % K = 7.01
Rad. Ar = 659.8 x 1>7 cm-'/g
% Atmos. Ar. = 3.0

(93 H/15) From a quartz monzonite.
Road-cut of the Maeford Lake Forest Road,
central British Columbia. The exact location
of the sample site is uncertain because of con-
flicting records, but the site is certainly along
the road east of the pass at the head of the Lit-
tle River and west of the sharp bend in the
road at elevation 4000ft. UTM N5855525
E643955 zone 10. 5 2 ° 4 9 ' 5 6 " N .
12) °51 47"W. Sample SCB-H83-I. Collect-
ed by D. Humer and interpreted by L.C.
Struik.

The sample is from the Little River stock, which appears
to be confined to the hanging wall of the Little River Fault.
The stock intrudes the Hadrynian and lower Paleozoic Cari-
boo Group, and has little structural fabric. The stock was
considered to be Jurassic from lithological and textural com-
parisons with other plutons of the area, and the Late Trias-
sic age is a surprise.

GSC 89-89 Hornblende
142 + 2 Ma

K-Ar 3882 Wt % K = 0.464
Rad. Ar = 2.674 x 10" cm-Vg
% Atmos. Ar = 14.4

(104 N/6) From a granite.
Location is an island on east side of Atlin Lake
west of Pike Bay, B.C. 59°I9'4O"N.
I33°I5'OO'W. Sample 84TD6. Collected and
interpreted by H.W. Tipper.

Material is a granite boulder in an Inklin Formation con-
glomerate that is no older than Early Pliensbachian and no
younger than Early Bajocian. Preferred age of the conglomer-
ate is Early Pliensbachian. Age of the granite source is
unknown but is probably Late Triassic or older.

The age determination of 142 ± 2 Ma suggests resetting
since an Early Cretaceous age as suggested here is impossi-
ble.
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GSC 89-90 Biotitc
78 ± 2 Ma

K-Ar 3809 Wt % K = 7.366
Rad. Ar = 2.276 x 10 s cm-'/g
% Atmos. Ar = 5.4

(92 H/12) From a granodioritc.
South side of Hornet Creek; 4.3 km east-
northeast of confluence of Clear Creek and
Big Silver Creek, B.C. 49°38 '38"N
121°46'38"W. Sample MV-85-444. Collect-
ed and interpreted by J.W. Monger.

Poorly foliated, linealcd gnei.ssic biotite hornblende
granodiorite.

Age date is discordant and older than 55 + 3 Ma from
same rock. Sample lies within strongly deformed chert, pc-
lite, amphibolitc, and ultramafic rocks of Cogburn Group
in a region where mid- to early Late Cretaceous K-Ar dates
are typical. The dates bear some resemblance to the discor-
dant K-Ar dates of (Bi) 39 Ma/(Hb) 54 Ma on the Bear Creek
stock, 15 km to south (GSC 88-16, 88-17: MV-85-124).

GSC 89-91 Hornblende
55 ± 3 Ma

K-Ar 3810 Wt % K = 0.681
Rad. Ar = 1.484 x 10"6 cm-Vg
% Atmos. Ar = 45.9

(92 H/12) From a granodiorite.
For location and interpretation see GSC
89-90. Sample MV-85-444. Collected and in-
terpreted by J.W. Monger.

G S C 89-92 Biotite
19.3 + 0.4 Ma

K-Ar 3950 Wt % K = 7.081
Rad. Ar = 5.334 x IOft cm-Vg
% Atmos. Ar = 35.7

(92 H/5) From a biotite hornblende granodiorite.
North bank of Harrison River, 2.7 km west-
southwest of Whippoorwill Point, southwest
end of Harrison Lake, B.C. 49°I8'O4"N
12l°50'02"W. Sample MV-85-526. Collect-
ed and interpreted by J.W.H. Monger.

Sample is iithologically fairly typical of much of the Chil-
liwack batholith to SE and east; biotite age is slightly youn-
ger than typical Oligocene dates from that batholith, and more
closely resembles numbers from the Miocene Mount Barr
batholith, although Hb date (24 ± I Ma) is typical of Chilli-
wack Batholith. Interpreted as reset rate.

GSC 89-93 Hornblende
24 ± 1 Ma

K-Ar 3957 Wt % K = 0.337
Rad. Ar = 3.192 x 107 cm-'/g
% Atmos. Ar = 79.1

(92 H/5) From a biotite hornblende granodiorite.
For location and interpretation see GSC
89-92. Sample MV-85-526. Collected and in-
terpreted by J.W.H. Monger.

G S C 89-94 Biotite
78 + 1 Ma

K-Ar 3951

(92 H/12)

Wt % K = 6.783
Rad. Ar = 2.092 x 10 *
% Atmos. Ar = 42.9

cm-Vg

From a biolitc hornblende quartz diorile.
From logging road running north of Cogburn
Creek; elevation 2800ft, azimuth 209° from
Mount Urquhart at distance of 7 km. B.C.
49°22 '48 - 'N . 121 °38 \35"W. Sample
MV-85-2II. Collected and interpreted by
J.W.H. Monger.

Sample fairly typical of much of the Spuzzum batholith;
age discordant but close to ca. 90-100 Ma dates from typi-
cal Spuzzum. Hornblende pair published GSC 88-15 age =
120.4 + 2.6 Ma.

GSC 89-95 Biotitc
160 ± 3 Ma

K-Ar 3952 Wt % K = 6.076
Rad. Ar = 3.94 x 10 s cm-Vg
"/• Atmos. Ar = 5.1

(92 H/5) From a biotite quart/, monzonite.
From logging road running on west side of
Elbow Lake, at bend about 0.8 km from south
end, B.C. 49°I6O3"N, I21°57"3.VW. Sam-
ple MV-85-558. Collected and interpreted by
J.W.H. Monger.

Date probably close to cooling age of intrusion, as it is
comparable to a ca. 160 Ma U-Pb date from small felsic in-
trusions in Jurassic Harrison Lake volcanics above the head
of Vaughan Creek, 13 km to north-northeast, which were
determined for the writer at UBC laboratory by P. van der
Heyden. Similar granitic rocks (extending to north and north-
west of this locality), appear to intrude the little-
metamorphosed Jurassic volcanic sequence on their eastern
margin.

GSC 89-96 Hornblende
103 ± 3 Ma

K-Ar 3953 Wt % K = 0.260
Rad. Ar = 1.068 x I 0 6 cm-Vg
Atmos. Ar = 77.5

(92 H/12) From a biotite hornblende granodiorite.
From old logging road above south side of
Urquhart Creek, 5 km northeast of Mount
Urquhart, B.C. 49°39'40"N. 12I°35'45"W.
Sample MV-85-652. Collected and interpreted
by J.W.H. Monger.
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Date probably close to cooling age of intrusion; possibly
very slight excess argon. It is within northern part of Spuz-
zum Batholith. and the date falls close to the 90-100 Ma range
typical of that pluton.

GSC 89-97 Muscovite
63 + 3 Ma

K-Ar 3876 Wt % K = 8.277
Rad. Ar = 2.053 x 10 s cmVg
% Atmos. Ar = I 1.9

(104 O) From a granite.
North side of northeast-trending ridge, 19 km
east of Jennings Lakes, British Columbia.
5 9 ° 3 9 ' 2 7 " N , I30°20"44'"W. Sample
SYA86-34. Collected and interpreted by
W.D.Sinclair.

The sample is a Icucocratic, medium-grained muscovite
granite that consists of approximately 30% quartz, 30% K-
feldspar. 30% albite. and 10% muscovite. Apatite, fluorite.

and magnetite are prominent accessory minerals. In thin sec-
tion, the muscovite is clear, colourless, and inclusion-free.

The muscovite age of 63 + 3 Ma confirms the early Ter-
tiary age of this pluton determined previously as 60 + 3 Ma*
(GSC 67-1). Although its geological contacts were not ob-
served, this pluton lies within the western margin of the mid-
Cretaceous Cassiar Batholith, which it has apparently intrud-
ed. This intrusion is part of a suite of early Tertiary, fluorine-
rich intrusions in (he northern Cordillera, many of which
are associated with tin-tungsten and silver-lead-zinc deposits
and occurrences.

*Age recalculated according to the constants of Steiger
and Jager (1977).
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YUKON
(GSC 89-98 to GSC 89-107)

G S C 89-98 Biotite
94 + 2 Ma

K-Ar 3S40

(105 K/9)

Wt % K = 6.664
Rad. Ar = 2.491 x 10
% Atmos. Ar = 2.3

s cm-Vg

From mid-Cretaceous South Fork volcanic
suite.
63 km north-northeast of Ross River, Tay
River map area, Yukon 62°31.32'N,
I32°3.28*W (UTM zone 8, N6935600.
E651590): Sample GGA-85-17A2. collect-
ed and interpreted by S.P. Gordey.

The sample is a quart/.-biotite-feldspar-hornblende crys-
tal tuff. The stratigraphic position within the volcanic pile
is not established. The rock is fresh and the age is interpret-
ed as the age of eruption. The sample was dated to better
establish the age range of the South Fork Volcanic suite.

GSC 89-99

K-Ar3841

(105 K/9)

Biotile
100 ± 2 Ma

Wt % K = 6.582
Rad. Ar = 2.638 x 10 s cm-Vg
% Atmos. Ar = 3.7

From mid-Cretaceous South Fork volcanic
suite.
2.0 km northeast of peak 7018 ft (2142 m),
Tay River map area, Yukon. 62°32.81'N,
132°19.49'W (UTM zone 8, N693775O,
E637580); Sample GGA-83-26A. collected
and interpreted by S.P. Gordey.

The sample is a quartz-biotite-hornblende-feldspar crys-
tal tuff. The stratigraphic position within the volcanic pile
is not established. The rock is fresh, and the age is inter-
preted as the age of eruption. The sample was dated to bet-
ter establish the age range of the South Fork volcanic suite.

GSC 89-100 Biotitc
101 + 2 Ma

K-Ar 3842 Wt % K = 4.722
Rad. Ar = 1.898 x 105 cm-Vg
% Atmos. Ar = 5.9

(105 J/12) From mid-Cretaceous South Fork volcanic-
suite.
68 km northeast of Ross River, Sheldon
Lake map area. Yukon, 62°3O.81'N.
I31°44.15'W (UTM zone 9. N6934I75.
E359I50); Sample GGA-85-49A1. collect-
ed and interpreted by S.P. Gordey.

For interpretation see GSC 89-99.

GSC 89-101 Biotite
98 ± 2 Ma

K-Ar 3843 Wt % K = 6.836
Rad. Ar = 2.665 x 10 s cm-Vg
% Atmos. Ar = 5.4

(105 K/8) From mid-Cretaceous South Fork volcanic
suite.
5.5 km southeast of peak 7018 ft (2142 m),
Tay River map area, Yukon, 62°29.8'N,
132-17.23'W (UTM zone 8, N6932250,
E639750); Sample GGA-85-69D1, collect-
ed and interpreted by S.P. Gordey.
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The sample is a quartz-biotite-feldspar-hornblende-
pyroxene crystal tuff. The stratigraphic position within the
volcanic pile is not established. The rock is fresh, and the
age is interpreted as the age of eruption. The sample was
dated to better establish the age range of the South Fork vol-
canic suite.

GSC 89-102 Biotite
100 ± 2 Ma

K-Ar 3839 Wt % K = 6.338
Rad. Ar = 2.527 x 10s cm-Vg
% Atmos. Ar = 3.6

(105 J/4) From mid-Cretaceous South Fork volcanic
suite.
25 km east-northeast of Ross River, Yukon
Sheldon Lake map area, 62°3.90'N,
131O58.66'W (UTM zone 9, N6884790,
E344399); Sample GGA-85-21B1, collect-
ed and interpreted by S.P. Gordey.

The sample is a quartz-biotite-feldspar crystal tuff. The
stratigraphic position within the volcanic pile is not estab-
lished. The rock is fresh, and the age is interpreted as the
age of eruption. The sample was dated to better establish
the age range of the South Fork volcanic suite.

GSC 89-103 Biotite
96 + 2 Ma

K-Ar 3891 Wt % K = 6.838
Rad. Ar = 2.617 x 105 cm-Vg
% Atmos. Ar = 1.6

(105 K/15) From a mid-Cretaceous South Fork volcanic
suite.
17.3 km west-southwest of confluence of
Riddel and South Macmillan rivers, Tay
River map area, Yukon, 62°48.03'N,
132°44.66'W (UTM zone 8, N6965175,
E615025); Sample GGA-83-24B, collected
and interpreted by S.P. Gordey.

The sample is a quartz-feldspar-biotite-hornblende crys-
tal tuff. The stratigraphic position within the volcanic pile
is not established. The rock is fresh, and the age is inter-
preted as the age of eruption. The sample was dated to bet-
ter establish the age range of the South Fork volcanic suite.
Hornblende from the same sample, GSC 89-104, gave a date
of 102 ± 2 Ma.

GSC 89-104 Hornblende
102 ± 2 Ma

K-Ar 3892 Wt % K = 0.679
Rad. Ar = 2.779 x I0 6 cm-Vg
% Atmos. Ar = 5.9

(105 K/15) From mid-Cretaceous South Fork volcanic
suite.
17.3 km west-southwest of confluence of
Riddel and South Macmillan rivers, Tay
River map area, Yukon, 62°48.03'N,
132°44.66'W (UTM zone 8, N6965175,
E615025); Sample GGA-83-24B, collected
and interpreted by S.P. Gordey.

The sample is a quartz-feldspar-biotite-hornblende crys-
tal tuff. The stratigraphic position within the volcanic pile
is not established. The rock is fresh, and the age is inter-
preted as the age of eruption. The sample was dated to bet-
ter establish the age range of the South Fork volcanic suite.
A biotite date from the same sample, GSC 89-103 is 96 ±
2 Ma.

GSC 89-105 Hornblende
113 ± 2 Ma

K-Ar 3945 Wt % K = 1.34
Rad. Ar = 60.73 x 107 cm-Vg
% Atmos. Ar = 12.0

(116B/7) From hornblende alkali-feldspar megacrys-
tic syenite of Mt. Brenner pluton.
3.5 km west of «Lower Sye-ite Lake», north
of Tombstone River and east of Chandindu
River. Dawson map area, west-central Yu-
kon; 64°28'09"N, 138°47'25"W (UTM
zone 7, N7150950, E60575O); see Ander-
son (1987). Sample AT-87-25-2, collected
and interpreted by R.G. Anderson.

The sample is typical of seriate to porphyritic, medium-
to coarse-grained, alkali-feldspar megacrystic hornblende-
alkali-feldspar syenite of Lambert's (1966) "monzonite por-
phyry" unit. The phase predates undated aplite intrusions
and postdates hornblende clinopyroxenite and augite-biotite
monzonite phases in the Mount Brenner pluton (Anderson,
1987).

The Early Cretaceous K-Ar isotopic age for the penulti-
mate phase of the Mount Brenner pluton is anomalously old
compared to published K-Ar ages for the Tombstone suite
(84 ± 13 Ma* (K-Ar, hornblende) and 95 + 5 Ma* (K-Ar,
biotik; Wanlessetal., 1968, p. 54; Tempelman-Kluit, 1970,
p. 41 and 98). The age is older than mid-Cretaceous Rb-Sr
isotopic ages (M.L. Bevierand D. Eaton, unpub. data) for
the suite and for a sample of an early phase from the Mt.
Brenner pluton. U-Pb isotopic analyses are underway on
sphene and zircon from Tombstone, Antimony, Mt. Bren-
ner, and Deadman plutons to resolve the discordant K-Ar
isotopic ages.
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GSC 89-106 Biotite
78 ± 2 Ma

K-Ar 3800 Wt % K = 6.833
Rad. Ar = 2.116 x 105 cm-Vg
% Atmos. Ar - 5.1

(105 B) From a mafic dyke.
Near top of northeast-trending ridge, 9.5 km
south of Meister Lakes and 19 km north-
northwest of Rancheria, Yukon. 60°14'N,
I3O°23'W. Sample 38-IA. Collected and in-
terpreted by G.W. Lowey.

The biotite is from a mafic dyke that consists of approxi-
mately J0% biotite phenocrysts and 5% augite phenocrysts
in a fine-grained to aphanitic matrix of augite, plagtoclase,
magnetite, and trace amounts of apatite. In thin section, bi-
otite forms subhedral grains with about 10% inclusions of
pyroxene, magnetite, and minor carbonate.

The date obtained from the biotite (78 + 2 Ma) is com-
parable to those from other mafic and felsic intrusions in the
Cassiar-Rancheria area and helps document a Late Creta-
ceous period of intrusion and related mineralization. The
dyke from which this sample was obtained parallels a promi-
nent set of joints trending east-west, which, suggests that
these joints are at least Late Cretaceous in age.

GSC 89-107 Whole Rock
105 ± 4 Ma

K-Ar 3877 ' 't % K = 2.045
Rad. Ar = 8.599 x 106 cm-Vg
% Atmos. Ar = 4.0

(105 L) From a hornfels.
North side of cast-trending ridge, 20 km east
of east end of Little Salmon Lake and 3.3
km north of the Campbell Highway, Yukon.
6 2 ° i r 5 8 ' N , 134°09'23'W. Sample
SYA86-64A-1. Collected and interpreted by
W.D. Sinclair.

The sample is a fine-grained hornfcls that consists of
about 30% muscovite, 20% biotite, 40% feldspar, and 10%
quartz; minor amounts of epidote and fluorite are also
present. The hornfels is associated with garnet-diopside-
magnetite skarn that contains varied amounts of sphalerite,
galena, chalcopyrite, pyrite, pyrrhotite, and scheelite (Green,
1965, p. 38-40). Both the skarn and hornfels are related to
a small stock or sill of quartz-feldspar porphyry.

The 105 + 4 Ma date obtained from the hornfels
represents the age of intrusion of the quartz-feldspar por-
phyry and formation of the related skarn and hornfels. The
date suggests that the quartz-feldspar porphyry may be related
to granitic rocks of the nearby Glenlyon batholith, which have
not been dated radiometrically but are considered by Camp-
bell (1967) to be mid-Cretaceous in age. The age is consis-
tent with other mid-Cretaceous intrusions and related skarn
deposits in the northern Canadian Cordillera (Sinclair, 1986).
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DISTRICT OF MACKENZIE
(GSC 89-108 to GSC 89-109)

GSC 89-108 Hornblende
1822 ± 14 Ma

K-Ar 3962

(75 J/8)
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Wt % K= 1.237
Rad. Ar = 1.515 x 104 cm-Vg
% Atmos. Ar = 0.4

From a quartz syenite.
Southern part of Lynx Lake, where Thelon
River originates; from southern part of a
large island along an esker. 62°I9'30'N;
106 "02'30'W; District of Mackenzie,
N.W.T. Sample GFA-85-197. Collected and
interpreted by S.S. Gandhi.

An intrusive sheet of quartz syenite occurs in the gneis-
sic domain of Lynx Lake containing abundant garnetiferous
quartzo-feldspathic rocks iGandhi, 1986; Davidson and
Gandhi, 1989). The intrusion is exposed along an arcuate
zone over 50 km long ano up to 4 km wide, at the crest of
a 15 km wide antiform plunging gently to the southwest. It
has sharp contacts with the gneissic rocks, at low angle to
their foliation and layering. Pegmatitic dykes and pods related
to the intrusion occur near the contacts.



The intrusion varies in composition from monzonite
through quartz syenite to granite, and in texture from medi-
um to coarse grained, and is massive to crudely lineated due
to streaky aggregates of mafic minerals. Potash feldspar
predominates over plagioclase, and hornblende is generally
more abundant than biotite. Quartz makes up to 15% of the
rock. Accessory minerals are magnetite, apatite, zircon, and
fluorite, and rarely garnet at the contacts.

The K-Ar date of 1822 + 14 Ma is interpreted as close
to the time of emplacement of this gently deformed but little
metamorphosed intrusion. It post-dates the intense Hudso-
nian deformation and high-grade metamorphism of the
gneisses, which are believed to be derived from Aphebian
platform-shelf sediments (Wright, 1967; Gandhi, 1986;
Davidson and Gandhi, 1989). The older granitic rocks in the
region are represented by a gneissic granite sample located
25 km south of the quartz syenite sample and dated at *2035
Ma by the K-Ar method (GSC 59-27, Lowdon, 1960;
Wright, 1967). The southern margin of the quartz syenite
intrusion is close to the northeast-trending Howard Lake
shear zone that includes some mylonitized rocks (Gandhi,
1986).

Pegmatitic offshoots of the intrusion south of the margin
in the gneisses are in same places affected by shearing related
to this shear/mylonite zone. A biotite-rich amphibolitic
sheared gneiss sample from this zone, located 20 km south-
west of the quartz syenite sample, yielded a K-Ar date of
*1672 Ma (GSC 59-28, Lowdon, 1960; Wright, 1967). This
date was regarded as too young in relation to the date on
the gneissic granite, which is interpreted as younger than the
paragneiss-amphibolite (Lowdon, 1960, p. 14-15), but it can
be explained now by resetting of the K-Ar isotopic equilibri-
um in the paragneiss-amphibolite owing to movements along
the Howard Lake shear zone that post-date the quartz syenite
intrusion mentioned above.
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GSC 89-109 Biotite
2482 ± 22 Ma

K-Ar 3965 Wt % K = 7.312
Rad. Ar = 1.516 x 10"3 cmVg
"•• Atmos. Ar = .2

(75 K/15) From a biotite-apatite rich pegmatitic ag-
gregate in paragneiss.
12 km northeast of McLeod Bay in the east
arm of Great Slave U- ^e, and 25 km north-
northeast of Reliance. 6 2 ° 5 5 ' 2 I ' N ;
108°54'25'W; District of Mackenzie, NWT.
Sample GFA-83-298. Collected and inter-
preted by S.S. Gandhi.

The sample is from the McLeod Bay Northeast 1 urani-
um showing discovered in 1983 by S.S. Gandhi and S.M.
Roscoe during the course of mineral resource assessment of
a proposed national park in the east arm of Great Slave Lake
and Artillery Lake region (Roscoe et al., 1987, p. 60). The
rock is from an area of layered gneiss, which is intruded by,
and in places grades into, granitic and pegmatitic lenses,
pods, dykes, and small bodies. The gneiss is variable in com-
position and in attitude of layering. Biotite-rich quartzo-
feldspathic gneiss is the dominant variety. Some amphibo-
litic zones are present in it. These various rocks are grouped
together under 'gneissic complex' unit 3, of probable Ar-
chean age, on the Geological Survey of Canada Map 1123A
(Stockwell et al., 1968). It is in the southeastern part of the
Slave Structural Province near the Thelon Front.

The sample is coarse grained, and contains more than
50% potash feldspar (microcline and perthite), approximately
20% sodic plagioclase, 10% quartz (including myrmekite),
7% biotite, 2% muscovite, and an unusually large amount
of fluorapatite close to 10% of the rock). Spectrometric de-
termination revealed 98 ppm U, 1.3 ppm Th, and 9.3% K.
Other minerals present are oxides, zircon, sphene, uraninite,
and alteration products, mainly fibrous amphibole and chlo-
rite. Fluorapatite tends to form aggregates with biotite in-
terstitial to coarse feldspars, but it also occurs as disseminated
crystals elsewhere in the rock.

The date obtained on the sample confirms an Archean
age of the gneiss and reflects the timing of late Archean
metamorphism, migmatization, and granitic intrusions in this
part of the Slave Province. The nearest other Archean rock
dated is a granodiorite located 16 km to the south near Reli-
ance, from the east end of Charlton Bay, and it yielded a
K-Ar date of *2538 ± 71 Ma (GSC 63-81, Wanless et al.,
1965; Reinhardt, 1969). The gneissic complex is regarded
as derived largely from metasediments (Wright, 1952;
Stockwell et al., 1968). The unusual apatite-rich character

* Age recalculated according to the constants of Steiger and Jager
(1977).

* Age recalculated according to the constants of Steiger and Jager
(1977).
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of the sample and its location within 1 km north-northeast
of a large circular aeromagnetic anomaly, some 30 km in
diameter, suggested the possibility of an alkaline intrusive
complex in this little-studied region, similar to the anoro-
genic Aphebian alkaline intrusive complex at Blachford Lake,
located 200 km west-southwest of Reliance and marked by
a similar magnetic high (Davidson, 1978: Roscoe et al. 1987,
p. 9 and 60). A U-Pb zircon date on an older alkaline granite
phase of the complex is 2175 + 7 Ma and on a younger per-
alkaline syenite is 2094 + 10 Ma (Bowring et al., 1984).
The K-Ar date reported here shows that the biotite-apatite
aggregate is some 300 million years older than the Blach-
ford complex. The cause of the Reliance magnetic high,
however, is not certain. A more detailed airborne magnetic
radiometric and electromagnetic survey carried out during
1988 in the Reliance area, confirmed the circular magnetic
anomaly and detected a zone of high radioactivity over the
'gneissic complex' (Geological Survey of Canada, 1989). A
ground follow-up program is planned for the 1989 summer.
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DISTRICT OF KEEWATIN
(GSC 89-110)

GSC 89-110 Hornblende
1780 ± 20 Ma

K-Ar 3830 Wt % K = 0.804
Rad. Ar =9.488 x 10 s cm-Vg
% Atmos. Ar =0.7

(56 E/15) From a coarse-grained amphibolite.
The contact of a metamorphosed ultramafic
body with well-layered biotite granodiorite
gneiss. The meta-ultramafic rock is a
boudin-like body enclosed within ductilely
deformed gneisses of the Amer mylonite
zone. UTM, Zone 15,429000E, 7317450N;
65°58'26"N, 94°33'42"W. District of Kee-
watin, N.W.T., Sample 86LAA-T303-1.
Collected and interpreted by A.N.
LeCheminant.

The Amer mylonite zone is a major northeast-trending
structural break that contains tectonites showing both duc-
tile and brittle deformation textures. There are at least two
periods of movement along the zone and previously deter-
mined K-Ar ages suggest the latest brittle displacements are
as young as 1.7 Ga (Telia, 1984). This 1.78 Ga age is inter-
preted as a cooling age that postdates the main ductile defor-
mation. The mylonite zone is cut by a 1.79 Ga granite in
the Amer Lake area in the southwest. Ductile deformation
fabrics within the mylonite zone are truncated by the granite,
although late brittle dextral transcurrent movements offset
the granite.
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MANITOBA
(GSC 89-111)

GSC 89-111 Biotitc
1727 + 17 Ma

K-Ar 3944 Wt % K = 7.493
Rad. Ar = 8.431 x 104 emVg
% Atmos. Ar = 1.6

(63 K/16) From a granodiorile.
East shore of File Lake, Manitoba.
54°53'N, 100°I8W. Sample Ham Lake.
Collected and interpreted by T. Gordon.

The Ham Lake pluton (Bailes, 1980, 1986) is a 6.5 by
18 km. north-northea.st trending bathoJith on the cast shore
of File Lake in the Flin Flon volcanic belt, l! is massive to
gneissic. medium to coarse grained, and composed of
granodiorile, leucotonalite, and tonalite. Amisk Group
xenoliths are abundant on its eastern margin. Its emplace-
ment postdates the earliest folding episode (Dl of Bailcs,
1980), but predates the second deformation (D2) and the main
episode of regional metamorphism. The sample is a pink-
weathering, coarse-grained, biotite-hornblende granodiorite.
Accessory minerals include apatite, sphene, and zircon.

An imprecise U-Pb zircon age of 1830 +27/-19 Ma has
been obtained from this sample (Gordon, 1988; Gordon et
al., in press). The range in the zircon age spans the 1835
to I860 Ma time interval of widespread plutonism during
the Trans-Hudson Orogen.

The K-Ar biotite age is interpreted as the time at which
the pluton cooLd through 280°C (Harrison and McDougall,
1980). Within error, this age is identical to four other K-Ar
biotite ages obtained on a transect extending from File Lake
100 km north to the core of the Kisseynew sedimentary gneiss
belt (Gordon, 1989; Hunt and Roddick, in press). These data
indicate that, along the transect, i) the present erosion sur-
face had a depth of approximately 10 km at ca. 1710 Ma.,
and ii) it has not experienced significant tilting during sub-
sequent erosional unroofing.
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QUEBEC
(GSC 89-112)

G S C 89-112 Hornblende
987 ± 17 Ma

K-Ar 3949 Wt % K = 1.064
Rad. Ar = 5.432 x 105 cmVg
% Atmos. Ar = 7.3

(31 L/11) From a mafic dyke in granitic body.
2.8 km north of town of Timiskaming along
highway 101, Quebec. 40°44 'N,
79°04'30"W. Sample RT-87-4B. Collect-
ed and interpreted by R. Theriault.

The archean signature is not present in this mafic dyke
30 km south of the Grenville Front.
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NEW SRUNSWICK
(GSC 89-113 to GSC 89-127)

GSC 89-113 Whole Rock
361 + 9 Ma

K-Ar 3878 W( % K = 3.910
Rad. Ar = 6.069 x 10 5 cmVg
% Atmos. Ar = 0.9

(21 G) From a hornfels.
Mount Pleasant, 1000 m north-northwest of
fire tower; Billiton Canada drill hole LNZ-3
at 329 m, N.B. 45°26>21-N, 66°49'05'W.
Sample SYA86-81. Collected and interpret-
ed by W.D. Sinclair.

The sample is a of medium to dark brown, fine-grained
hornfels consisting of 60% biotite, 25% quart/., and 15%
feldspar; minor amounts of epidote are also present. In thin
section, biotite forms randomly oriented, subhedral grains
with no obvious chlorite alteration.

The hornfels is from one of two units of sedimentary brec-
cia that are interbedded with felsic ash-flow tuffs. The two
sedimentary breccia units consist mainly of slate orargillite
fragments in :; fine-grained matrix of similar material and
represent talus or other colluvial deposits derived from near-
by metasedimentary rocks that formed the southwest wall
of the Mount Pleasant caldera. The breccias and associated
volcanic rocks are part of the intracaldera sequence of the
Upper Devonian Piskahegan Group, recently dated as late
Famennian (McGregor and McCutcheon, 1988).

At Mount Pleasant, the breccias have been metamor-
phosed to biotite hornfels by underlying granitic intrusions
Sinclair et al., 1988). The date obtained from the hornfels

(361 + 9 Ma) should represent the age of emplacement of
these intrusions and is consistent with preliminary 4<)Ar/wAr
data that indicated an age of about 360 Ma (D.A. Archibald,
pers. comm., 1985). This would indicate that the granitic
intrusions are comparable in age to the volcanic rocks of the
Piskahegan Group in the Mount Pleasant caldera and may
be related. Previous K-Ar and Rb-Sr isotopic studies (Kooi-
man et al., 1986) indicated a younger age of 340 to 330 Ma
for the Mount Pleasant intrusions. Several stages of intru-
sion and mineralization are present at Mount Pleasant,
however, and the younger age may reflect either a later stage
of intrusion or postmagmatic hydrothermal alteration. More
accurate and precise dating of the granitic rocks and related
alteration and mineralization are necessary !o resolve this
discrepancy.
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G S C 89-114 Biotiic
390 + 5 Ma

K-Ai WJ8 Wt % K = 7.545
R::d. Ar = 1.277 x 10 4 cm-Vg
% Atmos. Ar = 1.0

(21 G/13) Skiff Lake granite phase of Pokiok batholith,
south-central New Brunswick; UTM Zone
I9T. 9620E. 6880N. Sample WXNB-8.
Collected and interpreted by J.B. Whalen.

Granite .samples for various intrusions of the central plu-
tonic belt of New Brunswick. Location map and interpreta-
tion of results given in Whalcn and Theriault (this volume).

GSC 89-115 Muscovite
389 + 6 Ma

K-Ar 3919 Wt % K = 8.003
Rad. Ar = 1.352 x 10 4 cmVg
% Atmos. Ar = 1.7

(21 G/13) For sample location, rock type, and interpre-
tation see GSC 89-114. Sample WXNB-8.

GSC 89-116 Muscovite
430 ± 5 Ma

K-Ar 3924 Wt % K = 8.483
Rad. Ar = 1.64 10 4 cmVg
% Atmos. Ar = 2.3

(21 G/12) From a medium-grained granite phase of Po-
kiok batholith, south-central New Brun-
swick, UTM Zone 19T, O34-OE, 6400N.
Sample WXNB-30. Collected and interpret-
ed by J.B. Whalen.

For interpretation and references see GSC
89-114.

180



GSC 89-117 Muscovite
379 ± 6 Ma

K-Ar 3925 Wt % K = 8.066
Rad. Ar = 1.322 4 10"4 cm-Vg
% Atmos. Ar = 3.4

(21 G/14) Annadale granite phase of the Pokiok
batholith, south-central New Brunswick,
UTM Zone 19T, 3440E, 7990N. Sample
WXNB-38. Collected and interpreted by
J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-118 Biotite
397 ± 6 Ma

K-Ar 3922 Wt % K = 7.007
Rad. Ar = 1.21 x 10"4 cm3/g
% Atmos. Ar = 11.5

(21 G/14) Annadale granite phase of Pokiok batholith,
south-central New Brunswick, UTM Zone
19T, 3930E, 9430N. Sample WXNB-18.
Collected and interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-119 Muscovite
380 + 5 Ma

K-Ar 3923 Wt % K = 8.764
Rad. Ar = 1.44 x 10"4 cm3/g
% Atmos. Ar = 2.0

(21 G/14) For rock type, location, and interpretation
see GSC 89-114. Sample WXNB-18. Col-
lected and interpreted by J.B. Whalen.

GSC 89-120 Muscovite
392 ± 6 Ma

K-Ar 3921 Wt % K = 8.690
Rad. Ar = 1.478 x 10"4 cm3/g
% Atmos. Ar = 8.0

(21 J/3) Hawkshaw K-feldspar porphyritic granite
phase of Pokiok batholith, south-central New
Brunswick, UTM Zone 19T, 37OOE,
9660N. Sample WXNB-17. Collected and
interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89 121 Muscovite
385 ± 5 Ma

K-Ar 3932 Wt % K = 8.603
Rad. Ar = 1.437 x lO"4 cm3/g
% Atmos. Ar = 0.8

(21 J/6) Coarse-grained Nashwaak granite. South of
Highway 107, central New Brunswick,
UTM Zone 19T, 4887E, 4325N. Sample
WXNB-227. Collected and interpreted by
J.B. Whalen.

For interpretation and refernces see GSC
89-114.

GSC 89-122 Muscovite
394 ± 6 Ma

K-Ar 3920 Wt % K = 8.862
Rad. Ar = 1.5125 x 10~4 cm3/g
% Atmos. Ar = 1.7

(21 J/6) Annadale granite phase of Pokiok batholith,
south-central New Brunswick, UTM Zone
19T, 5180E, 238ON. Sample WXNB-16.
Collected and interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-123 Muscovite
408 + 7 Ma

K-Ar 3929 Wt % K = 8.764
Rad. Ar = 1.562 X 10~4 cm3/g
% Atmos. Ar = 0.7

(21 J/10) Medium-grained, Lost Lake granodiorite be-
tween Highways 107 and 108, central New
Brunswick, UTM Zone 19T, 6040E,
7520N. Sample WXNB-159. Collected and
interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-124 Muscovite
421 ± 6 Ma

K-Ar 3931 Wt % K = 8.233
Rad. Ar = 1.518 X 10~4 cm3/g
% Atmos. Ar = 1.7

(21 J/l 1) Medium-grained, Juniper Barren granite on
Highway 107, central New Brunswick,
UTM Zone, 19t, 4090E, 5290N. Sample
WXNB-169. Collected and interpreted by
J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-125 Muscovite
402 ± 5 Ma

K-Ar 3930 Wt % K = 8.854
Rad. Ar = 1.551 x 10"4 cm3/g
% Atmos. Ar = 1.1
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(21 J/11) Coarse-grained, Lost Lake granodiorite be-
tween Highways 107 and 108, central New
Brunswick, UTM Zone I9T, 4680E,
7500N. Sample WXNB-161. Collected and
interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

G S C 89-126 Muscovite
416 + 5 Ma

K-Ar 3927 Wt % K = 8.656
Rad. Ar = 1.572 x 10"4 cm-Vg •
% Atmos. Ar = 1.1

(21 J/15) Squaw Lake granite, east of Squaw Lake,
central New Brunswick, UTM Zone 19T,
6600E, 0300N. Sample WXNB-136.Col-
lected and interpreted by J.B. Whalen.

For interpretation and references see GSC
89-114.

GSC 89-127 Muscovite
414 + 5 M a

K-Ar 3926 Wt % K = 8.620
Rad. Ar = 1.56 x 10~» cm-Vg
% Atmos. Ar = 1.4

(21 O/2) Medium-grained granodiorite of the North
Pole Stream granite suite, central New Brun-
swick, UTM Zone I9T, 778OE, 1770N.
Sample WXNB-122. Collected and inter-
preted by J.B. Whalen.

For inteipretation and references see GSC
89-114.

NEWFOUNDLAND
(GSC 89-128 to GSC 89-130)

G S C 89-128 Hornblends
448 ± 28 Ma

K-Ar 3708 Wt % K = 0.298
Rad. Ar = 5.889 x 10"6 cm-Vg
% Atmos. Ar = 6.2

(12 A/5) From a metagabbro.
Northwest of Cormacks Lake, Southwestern
Newfoundland, 4O°2O'3O"N.57°58'W.
Sample 78-HPA-057-3. Collected and inter-
preted by R.K. Herd.

Metagabbro/amphibolite from the Cormacks
Lake complex. Interlayered and interfolded
with layered granitic gneisses and parag-
neiss. The age is consistent with other cool-
ing ages from this region.

GSC 89-129 Hornblende
416 + 37 Ma

K-Ar 3709 Wt % K = 0.280
Rad. Ar = 5.085 x 10"6 cm-Vg
% Atmos. Ar = 9.9

(12 A/5) From an amphibolite.
Northwest of Cormacks Lake, Southwestern
Newfoundland, 48°18'N,57°57'W. Sample
78-HPAD-114-3. Collected by G.R. Dun-
ning and interpreted by R.K. Herd.

Coarse-grained amphibolite layer in mixed mafic rocks
and paragneiss, possible calc-silicates, of the Cormacks Lake
complex. The age is consistent with other cooling ages from
this region.

GSC 89-130 Hornblende
449 + 32 Ma

K-Ar 3710 Wt % K = 0.141
Rad. Ar = 2.797 x 10"* cm-Vg
% Atmos. Ar = 12.7

(12 A/5) From an amphibolite.
Northwest of Cormacks Lake, Southwestern
Newfoundland, 48°21'N,57O57'W. Sample
78-HPAD-070-2. Collected by G.R. Dun-
ning and interpreted by R.K. Herd.

Medium-grained amphibolite in coarse-grained orthog-
neiss, layered and foliated consistently with the surround-
ing Cormacks Lake complex. The age is consistent with other
cooling ages from this region.
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OFFSHORE WEST COAST
(GSC 89-131 to GSC 89-132)

GSC 89-131 Whole rock
26.3 + 1.5 Ma

K-Ar 3995 Wt% K = 0.676
Rad. Ar = 6.97 x I(T7 cm-Vg
% Atmos. Ar = 52.0

Altered basalt from Patton Scamount, Pat-
ton Seamount Group, Northeast Pacific. The
sample was dredged from the northwestern
flank of the seamount during an ODP site
survey cruise PAR87-W. The dredge line
is located between 54°05.88'N, 149°27.31'W
and 54°06.77'N, 149°25.56'W. Sample
PGC-87-11-D2-A1. Collected and interpret-
ed by B.D. Bornhold and B. Blaise.

The age of 26.3 + 1.5 Ma is the second age obtained
from this very large plateau. Despite the altered nature of
the sample, the age agrees with the age obtained from Mur-
ray seamount, the southernmost seamount of the plateau, 25.7
Ma.

Patton Seamount Group, part of the volcanoes and vol-
canic ridges in the Gulf of Alaska are subparallel with other
volcanic lineaments in the Central Pacific plate are proba-
bly related to motion of the Pacific plate over stationary hot-
spots near the Gorda-Juan de Fuca-Explorer spreading
system. The predicted northwestward age progression along
these hotspot tracks is not well documented (Duncan and
Clague, 1985). The volcano migration rates determined for
these lineaments form an especially strong constraint on the
location of the rotation pole for Pacific plate motion over
the hotspot network during Oligocene to present time.

The age will help to establish the time span over which
the volcanic basement developed and to define better the max-
imum anticipated age for the plateau sediments. The aver-
age sedimentation rate would be approximatively 1-1.5 cm/ka
based on the seismic coverage available.
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GSC 89-132 Whole rock
18.8 + 0.73 Ma

K-Ar 3996 Wt% K = 0.742
Rad. Ar = 5.45 x 1 0 7 cm-Vg
% Atmos. Ar = 87.0

Altered basalt from Cowie Seamount, Pat-
ton Seamount Group, Northeast Pacific. The
sample was dredged from the southern flank
of the seamount during an ODP site survey
cruise, PAR87-11. The dredge line is locat-
ed between 54°34.65'N, 150° 19.06'W and
54°35 .20 'N, 15O°2O.05'W. Sample
PGC-87-11-D3-A2. Collected and interpret-
ed by B.D. Bornhold and B. Blaise.

Based on sample GSC 89-131 age of 26.3 ± 1.5Maand
another date at 25.7 Ma from this plateau, the age of
18.8 + 0.73 Ma does not agree with the general age of the
plateau. The presence of 87% atmospheric argon probably
reflects the altered nature of the basalt. For these reasons
this date cannot be taken into account in the historical recon-
struction of the seamount.

OUTSIDE CANADA
(GSC 89-133 to GSC 89-135)

GSC 89-133 Hornblende
1722 + 41 Ma

K-Ar 3935 Wt % K = 0.314
Rad. Ar = 3.516 x 10 ' 5 cm-Vg
% Atmos. Ar = 0.9

(25 1/14) From a ultrabasic amphibolite.
From the Countess of Warwich Mine, Kod-
lunan I., Northwest Territories. A steeply
dipping mafic sill in aluminous gneisses of
amphibolite to granulite grade. Sample K 9
D; 62°48'N. 65°26"W. Collected and inter-
preted by D.D. Hogarth.

The age reflects last cooling from high-grade metamorph-
ic conditions during the Hudsonian Orogeny. See GSC
89-134 for further information.

GSC 89-134 Hornblende
1810 + 29 Ma

K-Ar 3933 Wt % K = 0.134
Rad. Ar = 1.622 x 10~5 cm-Vg
% Atmos. Ar = 2.4
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( ) From a hornblendite.
From a beach below Fort Diin-an-6ir on the
west side of Smerwich Harbour, County
Kerry, Ireland. Sample S-5. Collected and
interpreted by D.D. Hogarth.

The sample and GSC 89-135 are two cobbles from a
beach on the shore of southern Ireland. They are believed
to have been derived from the cargo of a ship wrecked and
beached in Smerwich Harbour in 1578. This cargo was sup-
posedly gold ore collected by Martin Frobisher from locali-
ties in southeastern Baffin Island. The ages of the two samples
are consistent with ages from southeastern Baffin Is. (see
GSC 89-133 ) but much older than typical ages of less than
600 Ma from Ireland. See Hogarth and Roddick (1989) for
further details and interpretation.

REFERENCE
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GSC 89-135 Hornblende
1881 ± 30 Ma

K-Ar3934 Wt % K = 0.122
Rad. Ar = 1.571 x 10"5 cm3/g
% Atmos. Ar = 2.2

From a hornblendite.
Sample S-4. Collected and interpreted by
D.D. Hogarth.

For interpretation see GSC 89-134.
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APPENDIX

The numbers listed below refer to the individual sample determination numbers, e. f>. (GSC) 62-189, pub-
lished in the Geological Survey of Canada age reports listed below:

GSC
GSC
GSC
GSC
GSC
GSC
GSC
GSC
GSC
GSC

Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper

60-17, Report
61-17, Report
62-17, Report
63-17, Report
64-17, Report
65-17, Report
66-17, Report
67-2A, Report
69-2A, Report
7 1 - 2 , Report

1
2
3
4
5
6
7
8
9

10

Determinations

59-
60-
61-
62-
63-
64-
65-
66-
67-
70-

to 59- 98
to 60-152
to 61-204
to 62-190
to 63-184
to 64-165
to 65-153
to 66-176
to 67-146
to 70-156

GSC
GSC
GSC
GSC
GSC
GSC
GSC
GSC
GSC

Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper

73-2. Report
74-2. Report
77-2, Report
79-2, Report
81-2, Report
82-2. Report
87-2, Report
88-2, Report
89-2, Report

11
12
13
14
15
16
17
18
19

Determinations

72-
73-
76-
78-
80-
81-
87-
88-
89-

to 72-163
to 73-198
to 76-248
to 78-230
to 80-208
to 81-226
to 87-245
to 88-105
to 89-135

GSC Age Determinations Listed by
N.T.S. Co-ordinates

1-M

1-N
2-C
2-0

2-E

2-F
2-L
2-M
3-D
10-N
11-0
11-E
11-F
11-J
11-K
11-L

11-N
11-0
11-P
12-A

12-A/5
12-B
12-E
12-H
12-1

12-L
12-M
12-0
12-P
13-C
13-D
13-E
13-F
13-H
13-1
13-J

62-189, 190; 63-136, 137; 66-170, 171; 70-145
146, 147, 152
65-150; 70-156
70-155
59-94,95,96,97,98; 60-151,152; 63-182; 65-142
143; 66-172; 70-153, 154
62-187, 188; 63-168, 169, 170, 171, 183, 184
64-159; 65-144, 145,146, 147,148, 149; 67-144
70-151; 78-229, 230
70-148; 80-206
72-158, 159
66-173; 73-192, 193, 194
63-161
72-163
70-122, 123
66-156, 157, 158; 70-124, 125; 78-209; 87-14
62-168, 169; 78-211; 80-200; 87-14
78-212
6-159, 160, 161; 78-210; 80-199
65-133, 134, 135; 66-163; 70-128, 129, 130;
72-124, 125, 126; 76-231,232, 233,234,235,236,
237, 238, 239
78-206, 207, 208; 81-206, 207
61-202; 63-162; 65-138, 139, 140, 141; 66-168
67-143
67-142; 70-120, 121; 72-160, 161; 73-197, 198;
81-212, 213, 214, 215, 216, 217
89-128, 129, 130
60-147; 61-199; 62-186; 63-166,167; 81-218, 219
65-129; 66-153; 70-102, 103, 104, 105; 72-95
60-148; 61-203, 204; 70-143, 144, 149
60-149; 61-200, 201; 64-158; 66-169; 70-150;
72-153, 154, 155, 156, 157; 73-195, 196
60-133, 134, 143
78-202, 203, 204, 205
60-135
73-191
66-167; 67-138
60-132
64-160; 70-133; 80-201
60-145; 67-136, 137
60-146; 67-141
70-138, 142; 72-140, 150
70-134, 135, 136, 137; 72-139; 78-228; 87-1, 2,
3, 4, 5

13-K 60-144; 61-196; 62-183, 184, 185; 63-178, 179;
72-141,142,143; 73-168,169; 76-241, 242, 244,
247, 248; 81-208, 209, 211

13-L 61-197; 62-177,63-148,163,177; 64-157; 65-151;
73-163, 164, 167; 76-240, 245

13-M 63-174; 64-162; 70-131, 132; 73-174; 76-243
13-M/3 87-19
13-M/6 87-6
13-M/11 87-7
13-M/14 87-8
13-N 62-178; 63-172; 73-176, 177, 178, 179, 183, 184;

76-246; 81-210
13-N/6 87-9
13-N/9 87-10
13-0 62-179,180,181,182; 67-133,134,135; 70-140,

141; 72-144, 145, 146, 147, 148, 149, 151, 152;
73-180, 181, 185, 186, 187, 18B, 189, 190

13-0/13 87-11
14-C 72-138; 73-182
14-D 60-143; 63-175; 65-122, 152; 73-166
14-0/3 87-12
14-E 61-195; 62-172; 63-181; 64-164; 65-153; 66-166;

72-134; 73-165, 172
14-F 62-171; 63-180; 64-163; 72-135, 136, 137
14-L 63-173, 176; 64-165; 67-130, 131, 132, 140;

73-171,175; 78-213, 214, 215, 216, 217, 218, 219,
220, 221, 222, 223, 224, 225, 226, 227

14-M 67-129; 72-133; 73-170, 173
15-M 76-174, 175
20-1 72-162
20-P 61-194; 62-167
21-A 59-93; 62-163, 164, 165, 166; 65-132; 66-155
21-B 61-193; 62-161, 162
21-E 59-89, 90, 91; 60-117, 118; 64-132; 66-142;

72-103, 104, 105
21-G 60-136; 62-159; 63-155; 66-154; 67-128; 70-108,

109, 110; 72-111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123; 80-198; 87-15, 16,
17; 89-113

21-G/12 89-116
21-G/13 89-114,115
21-G/14 89-117, 118, 119
21-H 62-160; 64-156; 65-131; 72-127, 128, 129, 130
21-1 64-154; 70-127
21-J 61-187,188,189,190,191, 192; 62-155,156,157,

158; 63-156, 157, 158, 159; 65-130; 70-111,115,
116, 117, 118, 119; 72-107, 108, 109, 110

21-J/3 89-120
21-J/6 89-121, 122
21-J/10 89-123
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21-J/11
21-J/15
21-L
21-M
21-O
21-0/2
21-0/4
21-P
22-A

22-A/13
22-B
22-D

22-F
22-H
22-H/4
22-K
22-N
22-P
23-A
23-B

23-C
23-D
23-F
23-G

23-H
23-1
23-J
23-M
23-O
23-P

23-P/a
24-A
24-B
24-C
24-D
24-F
24-G
24-H
24-1
24-J
24-K
24-L
24-M
24-N
24-P
25-A
25-C
25-D
25-E
25-1
25-1/14
25-K
25-P
26-B
26-C
26-F
26-H
26-J
27-A
27-B
27-C
27-D
27-F
27-G
29-G
37-C
37-D
37-e
31-F

89-124, 125
89-126
62-119, 120, 121; 64-128; 67-120
59-86, 87; 60-114; 62-145; 80-191
64-155; 70-112; 72-106
89-127
87-18
70-113, 114
62-122; 64-131; 65-125, 126, 127, 128; 66-152;
70-106, 107; 72-97, 99, 100, 101, 102;
88-85, 86, 87, 88, 89, 90,91,92, 93,94,95, 96,97
61-184, 185, 186; 70-101; 72-96
60-113,115; 73-144,145,155;80-192,193,194,
195
60-116; 62-144; 66-146
72-98;
88-80, 81, 82, 83, 84
61-163
64-127; 66-144, 145
61-166; 62-142
67-119
59-88; 62-140,141; 66-147,148,149,150; 73-150,
151, 152, 153, 154, 161, 162
61-164, 165, 171
63-138, 152; 81-204
64-144
60-137,138, 139, 140; 61-198; 80-202, 203, 204,
205
62-173, 174, 175, 176; 64-161; 66-165; 73-156
59-64; 60-129, 141, 142; 63-164, 165
62-123; 66-164
81-205
59-63; 60-128; 62-139; 87-20
60-131; 61-181; 65-120, 121; 70-1CO; 73-159;
76-227, 228, 229
87-13
60-130; 72-93, 132; 73-158, 160
63-134, 135; 67-117; 70-98, 99
60-126, 127; 73-149
62-124
59-65; 62-136
62-137; 67-118
62-138; 66-151; 73-146, 147, 157; 76-230
64-124; 65-123; 67-116; 72-94
62-134, 135; 67-115
63-132
61-175
61-176, 178; 62-125
61-179, 180
62-132,133,170; 67-139; 70-139; 72-131; 73-148
67-64, 114
64-136, 137
66-143
73-139
66-70
89-133
61-52
78-123
59-37, 38; 73-73; 78-122
66-69
66-68
81-140
81-139
81-117, 118, 119
87-134, 135
61-50, 51; 64-36; 70-65; 72-37, 38; 87-136, 137
70-66, 67; 81-115, 116
70-64
70-68
81-91, 92, 93, 94
59-57; 63-115; 64-119,122; 65-111; 73-134, 135
62-116, 117, 118; 88-73, 74, 75, 76
59-44, 45, 48, 49, 50
59-51, 52, 53,54,55, 56; 61-161; 65-113; 66-134;
70-84; 72-86, 87

37-G

31-H
31-J
31-L
31-U11
31-M

31-M/2
31-M/3
31-M/6
31-M/7
31-N
31-0
31-P
32-A
32-B
32-C

32-D

32-E
32-F
32-G

32-H
32-L
32-N
32-0
32-P
33-A
33-F
33-H
33-/
33-J
33-M
33-N
34-B
34-C
34-0
34-F
34-G
34-1
34-J
34-L
34-M
34-0
34-P
3S-A
35-C
35-F
35-G
35-H
35-J
36-C
36-H
37-A
37-B
37-C
37-D
37-E
37-F
37-G

37-H
38-A
38-B
38-C
39-8
39-ESF

60-112; 63-133; 64-125, 126; 65-112; 67-127;
70-85, 86, 87, 88, 89, 90, 91; 72-88; 78-196
59-92; 61-182, 183; 66-141; 78-200, 201
63-139, 140; 65-114, 115, 116, 117; 66-137, 138
61-159, 160:62-114, 115; 73-130, 131, 132,133
89-112
59-76,77, 78; 61-157; 65-110; 70-83; 80-173,196,
197; 87-21,22
87-23, 24
87-25
87-26
87-27, 28, 29, 30
59-79, 80, 81, 82, 83, 84, 85
65-118, 119
60-111
60-110
70-92, 93, 94, 95; 72-89
59-67, 68, 69, 70, 71, 72, 73, 75; 60-106; 64-129;
67-124; 72-90; 76-212, 213, 214, 215, 216, 217,
218, 219; 80-184, 185
59-66, 74; 61-167, 168; 63-149, 150; 64-85;
66-130, 132,133; 67-121, 122; 80-172, 187, 188,
189, 190
66-131
61-169; 67-123; 73-136; 76-220
60-107, 108; 61-162; 62-146, 147, 148,149, 150,
153, 154; 63-136, 137, 141, 142, 143, 144, 145,
146, 147; 64-145, 146, 147, 148, 149, 150, 151,
152; 66-139; 67-113, 126; 72-91; 73-137, 138;
76-221, 222, 223, 224, 225, 226
60-109; 62-151, 152; 64-153; 78-199
61-170
87-31
64-143; 67-125
66-140; 70-96, 97; 80-186; 81-203
59-62
60-120
59-61
59-60
60-119
66-95
59-58, 59
63-153, 154; 64-141; 78-197, 198
64-135
63-93; 65-85, 86, 87
64-134
61-172
62-130, 131
61-173
60-121
65-83, 84
61-177; 64-142
61-174; 62-126, 127, 128, 129
60-124; 64-138, 139
64-133, 140
60-122
65-124; 66-135, 136; 73-142, 143
60-125; 73-140, 141
60-123
59-36
66-67
70-57, 60, 61; 81-130, 134
73-66
81-125, 126, 133
81-127, 128, 129, 131, 132, 135
70-55; 72-35
62-86; 64-34, 35; 70-51
67-55, 56, 57, 58, 59, 60, 61, 62, 63; 70-54; 72-34;
73-67
70-56, 62, 63, 75; 72-36
70-58, 59
70-53; 73-68
70-52
61-49; 81-95, 98, 99
81-96, 97, 100, 101
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39-H 81-91,92,93,94 52-E/75
40-G 63-111, 112 52-F
41-H 59-46, 47; 61-158; 62-113; 73-125 52-H
41-1 59-43; 61-149,150; 62-106,107,108,109; 63-117; 52-/

66-118,119,120,121,122; 73-126,127,128,129; 52-K
88-77, 78, 79 52-/.

41-J 59-42; 60-105; 61-145,146,147,148; 62-105,111, 52-L/5
112; 63-128,129; 64-89,111; 65-107,108; 66-114, 52-M
115, 116, 117;67-110,111,112; 76-211; 81-199, 52-N
200, 201; 87-32, 33, 34, 35, 36, 37, 38 52-0

41-J/8 87-39, 40 S3-A
41-J/10 87-41 53-S
41-K 65-105 53-C
41-N 61-142; 63-122; 64-84; 65-106:66-113 53-D
47-0 61-143, 144; 64-103, 104, 112; 65-109; 80-166, 53-E

167; 81-202; 87-42, 43
41-P 61-151, 152,156; 65-100,107; 70-81, 82; 80-174, 53-G

175,176,180,181,182,183 53-J
42-A 60-104;63-118,119,130:80-168, 169,170,171, 53-K

177, 178, 179 S3-L
42-B 80-156, 157, 158, 159, 160, 161, 162, 163, 164, 53-M

165; 87-44, 45, 46, 47, 48, 49 53-N
42-C 62-110; 73-111, 112, 120; 73-117, 118 54-D
42-D 63-123; 64-116, 118:67-104; 72-82, 83; 73-119; 54-F

80-153, 154, 155 54-L
42-E 61-140;64-115;73-113;76-210 55-D
42-F 60-102; 64-102, 105; 73-114, 115, 116, 121, 122 55-£
42-G 60-103; 63-113, 114; 66-123, 124 55-K
42-H 73-123, 124 55-L
42-/ 66-125, 126, 127, 128, 129; 72-85
42-L 64-86, 87, 88, 92, 93, j 4 , 95, 96, 97, 98, 99, 114; 55-M

65-104:66-111,112 55-N
42-M 60-100; 62-103, 104; 63-120, 121; 73-109, 110 56-/1
43-E 60-101 56-B
43-G 67-106, 107; 70-80 56-C
43-K 70-79 56-D
44-P 64-72 56-D/J
45-J 81-190 56-E/15
45-0 81-189 56-G
45-P 73-91 56-J
46-A 73-88, 89, 90 56-K
46-B 65-77; 73-87 58-M
46-C 73-86 56-0
46-E 65-79 56-P
46-F 65-78 57-A
46-J 65-52 57-C
46-K 65-53; 80-107 57-F
46-L 65-57; 67-90 57-G
46-M 65-54, 58; 73-109, 110; 80-103, 104 58-S
46-N 65-55, 59; 80-105, 106, 108, 109; 81-120, 121, 58-C

122, 123, 124, 138
46-O 80-110 59-B
46-P 64-28; 73-91 62-1/7
47-A 67-54; 78-119, 120, 121
47-B 65-56:76-168,169,170,171:80-94,95,96,97, 62-P

98, 99, 100, 101, 102 63-A
47-D 78-117, 118 63-H
47-F 64-30,33; 66-66; 80-111,112,113,114,115,116,

117 63-H/16
48-A 64-29 63-/
48-B 62-85; 64-32
48-C 63-19, 20; 73-69, 70, 71, 72 63-J
48-0 64-31
48-E 87-138, 139, 140, 141 63-K
48-F 87-142, 143, 144
48-G 87-145, 146, 147 63-L
52-A 60-99; 61-138; 64-101, 113; 67-98, 99, 100, 102, 63-M

103, 105; 72-81 63-N/6
52-B 60-98; 61-132,133; 63-116; 87-50, 51,52,53,54, 63-N/7

55,56 62-N/8
S2-B/13 87-57 63-O
52-C 60-95; 61-131; 62-102 63-P
52-D 66-110; 67-108
52-E 60-93, 94; 61-130; 66-107 64-A
S2-E/10 87-58 64-C

87-59
60-92; 64-106, 108; 73-107, 108
61-139; 67-97, 101
64-120
61-134, 135; 64-90, 91
59-41; 60-89, 90; 73-106; 80-152
87-63, 64
60-87, 88; 70-76; 72-71
60-91; 87-60
61-136
65-103
63-110; 87-61
60-97; 62-101; 64-117; 87-62
60-86; 70-77; 72-72, 73, 75
78-177, 178, 179, 180, 181, 182, 183, 184, 185,
191, 192, 193, 194, 195
61-137
60-96
67-96
64-78; 67-95; 81-198
62-100; 66-108; 72-74, 77, 78
66-109; 70-78
60-80; 61-122; 66-106
61-123
67-92, 93
80-122, 123, 124, 125, 127, 128
60-64; 72-67
61-105
60-61; 66-94; 67-87, 88, 89; 72-51, 52, 53, 54, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66; 81-194,195
61-102; 62-96; 65-73,74; 66-93; 76-189,191,192
61-103; 73-85; 76-193, 194, 195
81-196
65-76
59-33
64-74; 73-84; 76-190
87-65, 66
89-110
65-80
61-93, 94
61-92; 78-170, 171, 172
61-91
61-97
65-81, 82; 76-196, 197
61-96
61-95; 63-92
67-53
63-17
63-18; 78-112, 113, 114, 115, 116
72-33;81-105, 106, 107,108, 109,110,111, 112,
113, 114
81-102, 103
88-51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68
61-128, 129; 78-186
72-76
60-85; 76-198,199,200,201,202,203,204, 205,
206, 207, 208, 209; 78-187
89-111
60-84; 61-124,125,127; 64-79; 78-188,189,190;
81-197
61-119,120:63-99, 100,101,102, 103,104, 105;
64-80, 81, 82, 83; 65-96, 97, 98; 67-94; 73-103
60-73, 74; 61-112, 118; 63-96, 106, 108; 73-92,
93, 94, 105
60-72; 73-98, 101, 102
60-71: 73-95, 96
88-71
88-70
88-69; 88-72
60-79; 65-99, 100; 73-104
60-83; 61-121,126; 65-101,102; 66-100,101,102,
103, 104, 105
60-81, 82
60-75, 76, 77; 61-116, 117; 62-99; 63-107

187



64-D 73-99, 100 76-B
64-E 67-91 76-C
64-G 61-115 76-D
64-H 59-40 76-f
64-1 60-78; 63-109; 64-77 76-F
64-L 60-67; 80-145, 146 76-G
64-N 61-113; 62-98
64-P 61-114 76-H
65-A 59-34; 80-126, 129, 130 76-1
65-C 60-63; 78-142, 143; 80-131, 132, 133, 134, 135, 76-J

136, 137 76-K
65-D 61-83 76-L
65-F 64-73 76-M
65-G 60-62; 61-106; 64-71; 65-71, 72; 66-91; 87-67, 68 76-W
65-H 64-70 76-0
65-1 78-168, 169; 87-69, 70, 71, 72 76-P
65-J 59-35; 61-104; 78-144, 145, 146, 147, 148, 149, 77-A

150, 151,152, 153, 154, 155,156, 157, 158, 159, 77-D
160, 161, 162, 163, 164, 165, 166, 167; 81-150, 77-E
152; 87-73, 74, 75 77-G

65-K 61-101; 62-97; 81-146, 147, 148, 149 78-S
65-N 60-60 82
65-0 61-100;62-95; 31-151, 153, 154, 155, 156, 157, 82-B

158, 159, 160, 161, 162 82-E
65-P 66-92
66-A 61-98, 99; 65-75
66-A/5 88-44, 45, 46, 47, 48 82-F
66-A/9 88-49, 50
66-D 63-44; 66-89
66-E 61-86
66-H 59-32; 81-163,164,165,166,167, 168,169,170,

171, 172,173,174,175,176,177,178,179,180,
181, 182,183,184,185,186,187,188,191,192,
193 82-F/5

66-J 61-89, 90 82-F/13
66-L 63-65 S2-G
66-M 64-63; 65-69, 70; 66-90
66-W 61-87, 88 82-J
68-D 81-104 82-K
68-H 65-60, 61
69-F 62-87A, 87B
73-0 60-69 82-K/4
73-P 60-70; 73-97 88-K/S
74-A 61-111; 80-141 82-L
74-B 60-68
74-E 61-107
74-H 80-140, 142, 143, 144, 150
74-1 80-147, 148, 149 82-1/8
74-K 66-99; 78-174, 175 82-M
74-M 63-94
74-W 59-39; 60-65; 61-108; 63-97, 98; 64-76; 65-95;

66-96, 97, 98; 72-68; 78-176; 80-138, 139, 151 82-W
74-0 60-66
74-P 61-109, 110
75-A 62-94 83-D
75-fl 60-56; 73-83
75-D 60-53, 54, 55; 65-62; 66-82, 84; 73-81
75-£ 61 -76,79,80; 63-45; 65-63; 66-78, 79,81,83,85,

86; 67-78 83-F
75-E/8 87-76 85-H
75-F 61-81; 73-77
75-H/J5 89-109 85-/
75-/ 59-27; 63-82
75-J 59-28; 60-57
75-J/8 89-108 S5-//2
75-K 61-78, 82; 63-80, 81; 70-73 85-J
75-t 60-50, 51, 52; 61-69; 63-83; 66-80; 67-76, 85
75-1/70 87-77 85-N
75-U15 87-78, 79,80 85-0
75-M 63-43, 84,85, 86, 87 85-P
7S-N 61-70, 71; 63-58,59 86-/4
75-0 59-22; 60-58; 61-84; 72-49, 50; 73-78, 79, 82 86-B
75-O/4 87-81, 82
75-P 59-29; 66-88
76-A 59-30

60-59; 81-145
66-87
63-53; 67-84; 70-70
63-64, 70; 67-71, 86; 73-75
63-73; 73-77; 78-139; 80-121
59-23, 24, 25, 26; 63-25, 26, 27; 64-37, 38, 39,
40, 41
59-31
61-85; 63-62, 74, 75; 64-62
64-48, 49, 50, 52, 53; 78-140, 141
61-74, 75; 73-76
63-63, 76
63-67, 68, 69; 64-51; 67-83
63-60, 66, 78
63-61, 71, 72; 70-74
63-46, 79
64-67
81-137
78-111; 81-136
61-53
62-83, 84
87-177
80-67, 68
60-20; 66-45, 46; 78-82, 83, 84, 85, 86, 87, 97;
80-49, 50, 54, 55, 65, 66; 89-45, 46, 47, 48, 49,
50, 51, 52,53, 54, 55, 66
59-1,2, 3, 4, 5, 6; 60-2, 3, 4, 5, 6, 7, 8, 9, 10,11,
12, 13, 14, 15, 16, 17, 21, 22; 61-9, 10, 11, 12,
13, 14, 15, 16, 17, 25, 26, 27; 62-1, 2, 3, 4, 5, 6,
7, 8, 12, 26, 27, 26, 29, 30, 31, 32, 39, 40, 41,
42,43; 63-13; 66-51,52,53,54,55; 76-113; 78-88,
95, 96; 87-178, 179, 180; 89-56, 57, 58, 59, 60,
61, 62, 63, 64, 65
88-1, 2, 3
88-4, 5, 6, 7, 8
62-38; 63-75; 64-75; 65-1, 2, 3, 4, 5, 6, 7, 33, 88,
89, 90, 91, 92; 66-56, 57
65-93
60-18,19; 61-18,19, 20; 62-9,10,11,13,14,15,
16,17,18,33,34; 63-10,11,12; 64-21,23; 66-48,
49, 50; 80-63, 64
38-9
88-)0
60-1; 61-1, 2, 3, 4, 5, 6, 7, 8; 62-35, 36, 37, 44,
45,46, 47, 48; 66-43, 44; 76-100, 101, 102, 103,
106,107,110,111; 78-89, 90, 98, 99; 80-51, 52,
53; 81-33, 34
88-11, 12
63-1, 8; 64-15. 16, 17, 18, 22; 72-30, 31; 76-104,
105,108,109,112; 78-91, 92,94; 80-47, 59, 60,
61; 89-67,68
59-7, 8; 61-21, 22, 23, 24, 28; 62-19, 20, 21, 22,
23, 24, 25, 49, 50, 51, 52, 53, 54; 64-19, 20, 21;
70-5; 81-32; 87-181, 88-13; 89-69
64-4, 13, 14; 65-24, 94; 66-47; 67-43, 44; 70-16,
17, 18; 78-93; 80-48; 89-21, 22, 23, 24, 25, 26,
27, 28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44
78-173
61-77; 62-93; 67-72, 73, 74, 75; 72-44, 45, 46, 47;
78-137, 138
61-67, 68; 63-24; 67-77; 76-183, 184, 185, 186,
187, 188; 78-124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136; 81-141; 87-83
87-84, 85
60-49; 61-64,66; 63-54,55; 67-82; 70-69; 81-142,
143, 144
60-45, 46, 47; 61-57, 59; 62-90, 91
61-60, 61, 62, 63, 65, 73; 62-92; 63-28, 29, 52
61-72
59-16, 17, 18, 19, 20, 21
60-43, 44, 48; 63-30, 31, 33, 34, 35, 36, 37, 38,
39,40, 41,42,51; 76-176,177,178,179,180,181,
182
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86-C

88-E
B6-&3
86-F
86-G

86-H

86-J
86-K
86-L
86-M
86-N
86-0
86-P
87-D
88-N
91-1/3
91-1/13
92-B

92-B/S
92-C
92-E
92-F

92-G
92-H

92-H/1
92-H/6
92-H/7
92-H/8
92-H/9
92-H/11
92-H/12
92-H/13
92-H/14
92-H/16
92-1

92-1/1
92-1/3
92-1/4
92-1/7
92-1/8
92-1/9
92-J

92-J/10
92-J/13
92-K

92-L

92-M
92-M/10
92-M/15
92-N

92-O
92-P
93-A
93-B
93-B/9
93-D
93-E

93-E/2

60-40,41,42; 61-56,58; 62-89; 64-42,43,45,46,
64, 66; 67-81
72-39
87-86, 87
63-32, 50; 64-65; 73-80
61-55; 64-47, 59, 60, 61; 65-67; 66-73; 80-118,
119, 120; 87-88
63-48; 65-64, 65,66,68; 66-74, 75,76,77; 67-68,
69, 70; 70-71, 72; 72-43
60-38, 39; 63-89, 90
67-67, 80; 72-41
72-40
63-47; 64-54
60-37; 66-71, 72; 67-79; 72-42
63-88, 91; 64-44, 55, 57, 58, 68, 69
63-49
64-56
63-77
87-183, 184
87-212
65-13; 66-34; 73-5, 6, 18, 19; 76-1, 2, 3, 6, 7, 8,
9, 10, 11, 12, 13; 80-19, 20, 21
88-14
70-36; 76-4, 5, 14
73-4, 7; 76-15, 16
64-2, 3,130; 65-11,17,18; 66-29,30,31,32,33;
67-39; 72-9, 10, 11, 12, 13, 14, 19, 20, 21; 73-8,
9, 10
76-32, 33, 46, 47, 67, 68, 69, 70; 78-46
62-55, 56, 57; 65-8, 9, 10; 66-42; 72-3, 4, 5, 6, 7,
8, 88-15, 16, 17
87-185, 186, 187
87-188; 89-71
87-189, 190; 89-70
88-18, 19
88-20, 21
89-72, 73, 74
89-73,76,90, 91,94,96
89-77
89-78, 79
89-80, 81
61-29; 62-58, 59, 60, 61, 62, 63; 66-37, 38, 39,
40, 41; 72-22; 87-191, 192, 193, 194, 195, 196,
197
87-198, 199, 200
87-201, 202, 203
87-204, 205
87-206, 207
87-208, 209, 210
87-211
76-42, 43, 44, 45, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 98, 99;
78-48, 49, 50; 80-24, 40, 41, 42, 62
89-17
89-82, 83, 84, 85, 86
73-13, 14, 15, 16, 17,20, 21, 22, 23, 24, 25, 26,
27; 76-19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 34, 35, 36, 37, 38, 39, 40, 41; 78-51, 52,
53; 80-17, 18
65-12, 14, 15; 66-27, 28; 72-17, 18, 26; 73-2, 3,
11, 12
72-15, 16; 76-17, 18; 80-45
89-13, 14
89-15, 16
78-54, 55, 56, 57,58,59,60,61,62, 63,64; 80-22,
23, 43, *4
63-7, 9; 65-27; 67-42; 78-47
65-22, 23, 25, 26; 66-35, 36; 78-44, 45
62-64; 63-6; 78-43; 80-56, 57
66-26
88-22, 23, 24
64-10; 65-19,28; 66-20; 67-29,30; 70-7,8; 80-27
78-66, 67, 68, 69, 70, 71, 72; 80-32, 33, 34, 35,
36, 37, 38, 39
89-12

93-F
93-F/16
93-G
93-G/8
93-G/9
92-H/5
93-H/15
93-J
93-K
93-L

93-M

93-0

94-C

94-D
94-E

94-EJ8
94-E/13
94-E/14
94-F
94-L

94-M
95-C
95-E
95-G
96-P
97-A
97-D
102-1
103-A

103-B
103-F
103-G
103-H

103-1

103-1/12
103-J
103-P
104-G
104-H
104-1

104-J

104-K
104-M
104-N
104-N/6
104-N/12
104-O

104-P
105-A
105-B

105-C
105-D
105-E

105-F

61-34; 87-213
89-11
66-21, 22, 23, 24, 25; 67-41; 88-29; 89-87
88-30
88-31
89-92, 93, 95
89-88
67-40
61-35, 36, 37; 78-81
67-35, 36, 37, 38; 73-28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45; 76-96
76-88, 89, 90, 91, 92, 94, 95; 78-11, 73, 74, 75,
76, 77, 78, 79, 80
60-23,24; 61-30,31,32,33; 62-65,66,67; 70-37,
38, 39, 40, 41, 42, 43, 44; 78-17, 18, 19
66-18, 19; 70-11, 12, 13, 14, 15; 72-27, 28, 29;
73-46, 47, 48, 49, 50; 76-85, 86, 87, 97; 78-33,
34, 35
70-10; 76-93; 78-12, 13, 14, 15, 16; 80-46
70-9; 73-51, 52; 76-74, 75, 76, 77, 78, 79, 80, 81,
82, 83; 78-20,21, 22, 23, 24, 25, 26, 29, 30, 31,
32, 40, 41, 42; 81-17, 18; 87-214, 215, 216, 217
88-25, 26
87-218, 219, 220, 221, 222
87-223, 224, 225
73-53, 54, 55, 56; 76-84; 78-39; 88-27, 28
62-68, 69; 78-27, 28, 36, 37, 38; 80-13, 14, 15,
16; 87-226
87-227
80-88, 89, 90
62-88
60-35
61-54
60-36; 63-56
63-57
73-1
64-7, 8; 66-16, 17; 67-26, 27, 28, 31, 32, 33, 34;
70-6; 80-25, 26
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Other publications containing geochronological
data generated by the Geochronology Section

of the Geological Survey of Canada

Copeland, P.. Parrish, R. R., and Harrison, T. M.
1988: Identification of inherited radiogenic Pb in monazitc

and its implications for Lf-Pb systematic^; Nature,
v. 333. p. 760-763.

77i/.v paper, for the first time, documents in-
heritance in monazite, a mineral increasingly used
in U-Pb geochnmology. Vie paper also presents data
from a leucogranite from southern Tibet (China) that
is 21 Ma old, placing constraints on the age of a
north Himalayan normal fault.

Davidson, A. and van Breemen, O.
1988: Baddeleyite-zircon relationships in coronitic

metagabbro. Grenville Province. Onlario: implica-
tions for geochronology: Contributions to Mineral-
ogy and Petrology, v. 100. p. 291-299.

In a number of coronitic meuigabbros from the
Central Gneiss Belt of the Grenville Structural
Province of Ontario it was found thai single bad-
deleyite crystals with radiating columnar coronas of
polycnstalline zircon, in places with outer rims of
garnet, are analogous to the coronas around olivine
and ilmenite. Both zirconium minerals have been dat-
ed by the U-Pb isotopie method at three widely sepa-
rated localities, in each case baddeleyile records an
igneous crystallization age ofcti. 1170 Ma, 125 Ma
older than the ca. 1045 Ma age of the zircons, which
is interpreted as the age of metamorphism.

Hogarth, D.D. and Roddick, J.C.
1989: Discovery of Martin Frobisher's Baffin Island "ore"

in Ireland: Canadian Journal of Earth Sciences. 26:
p. 1053-1060.

Ttiis paper presents pi'trological, geochemictil', and
age data to document the discovery in Ireland of rock
transported by Frobisher, in 1578, from Baffin Is-
land. It was deposited on the Irish coast during the
wreck of one of iiis ships.

Loveridge, W.D., Eade, K.E. and Sullivan, R.W.
1988: Geochronological studies of Precambrian rocks from

the southern District of Keewalin; Geological Sur-
vey of Canada. Paper 88-18.

A summary of geology and the results of U-Pb. Rb-
Sr and K-Ar studies are presented for three regions
in the southern part of the District of Keewatin,
Northwest Territories: Angikuni- Yathkyed lakes area,
Edehon-Hyde lakes area, and Kasha gneiss area. U-
Pb measurements on zircon from basement rocks
yield Archean ages: in a limited area east of Kasha
lake the basement gneiss is early Archean. ca. 3270
Ma.

Roddick, J.C.
1988: K-Ar dating of basalts from site 647, ODP Leg 105:

in Proceedings of the Ocean Drilling Pro-
gram. Final Reports (Part B). Ed. S.P. Srivastava.
M. Arthur, and others: College Station. Texas, v.
105: 885-887.

77n'.v study presents age and microprobe data show-
ing that very minor alteration has had a major ef-
fect on the K-Ar ages of ocean floor basalts,
rendering the ages unreliable. It also Highlights
problems often ignored in dating basaltic rocks.
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