Geological Survey of Canada

CURRENT RESEARCH
2005-F2

U-Pb ages from the northern Wecho River
area, southwestern Slave Province,
Northwest Territories: constraints on late
Archean plutonism and metamorphism

L. Ootes, S. Buse, W.J. Davis, and
B. Cousens

2005

L
O
0C
<
LU
2,
LLI
o
-
<
LLI
0C
0
-
O

I*I (l\:lgggggResources ggﬁ:%:rces naturelles Canadﬁ




©Her Majesty the Queen in Right of Canada 2005
ISSN 1701-4387

Catalogue No. M44-2005/F2E-PDF

ISBN 0-662-40226-X

A copy of this publication is also available for reference by depository
libraries across Canada through access to the Depository Services Program's
website at http://dsp-psd.pwgsc.gc.ca

A free digital download of this publication is available from the Geological Survey of
Canada Bookstore web site:

http://gsc.nrcan.gc.ca/bookstore/

Click on Free Download.

All requests for permission to reproduce this work, in whole or in part, for purposes of commercial use,
resale, or redistribution shall be addressed to: Earth Sciences Sector Information Division, Room 402,
601 Booth Street, Ottawa, Ontario K1A 0ES.

Authors' addresses

L. Ootes (Luke_ootes@gov.nt.ca)
Northwest Territories Geoscience Office
Box 1500

Yellowknife, NT XI1A 2R3

S. Buse (sbuse@connect.carleton.ca)
B. Cousens(bcousens@css.carleton.ca)
Carleton University

2240 Herzberg Laboratories

1125 Colonel By Drive

Ottawa, ON KIS 5B6

W.J. Davis (bidavis@nrcan.gc.ca)
Continental Geoscience Division
Geological Survey of Canada

601 Booth Street

Ottawa, Ontario KIA OE8

Publication approved by Continental Geoscience Division

Original manuscript submitted: 2004-03-11
Final version approved for publication: 2004-04-13



U-Pb ages from the northern Wecho River area,
southwestern Slave Province, Northwest
Territories: constraints on late Archean
plutonism and metamorphism

L. Ootes, S. Buse, W.J. Davis, and B. Cousens

Ootes, L., Buse, S., Davis, W.J., and Cousens, B., 2005: U-Pb ages from the northern Wecho River
area, southwestern Slave Province, Northwest Territories: constraints on late Archean plutonism
and metamorphism; Geological Survey of Canada, Current Research 2005-F2, 13 p.

Abstract: New U-Pb thermal-ionization mass spectrometry (TIMS) and Sensitive High Resolution Ion
Micro Probe (SHRIMP) ages from four granitoid plutons place constraints on the timing of plutonism and
metamorphism in the Wecho River area in the southwestern Slave Craton. U-Pb monazite ages show that
the Hickey pluton crystallized at 2600.6 £ 2.1 Ma, prior to, or early during, granulite-grade metamorphism.
All zircons analyzed from the Hickey pluton are older than 2855 Ma and are interpreted as being inherited
from Mesoarchean basement. The Dauphinee pluton is an orthopyroxene-bearing tonalite and crystallized
at 2590 £ 2.3 Ma during granulite-grade metamorphism. This age is within error of other orthopyr-
oxene-bearing granites in neighbouring areas, indicative of widespread granulite-grade metamorphism at
2590 Ma. The Armi pluton crystallized at 2600 = 5 Ma. The crystallization age constrains upper-amphibo-
lite-grade metamorphism in the Armi Lake supracrustal belt to younger than 2600 Ma. The Wecho pluton
crystallized at 2590 + 8 Ma, restricting the latest pulses of magmatism in the area to before 2590 Ma.

Résumé : De nouveaux ages U-Pb obtenus pour quatre plutons granitoides par spectrométrie de masse a
thermo-ionisation (TIMS) et par analyse a la microsonde ionique a haute résolution et a haut niveau de
sensibilité (microsonde SHRIMP) permettent d’encadrer 1’4ge du plutonisme et du métamorphisme dans la
région de la riviere Wecho, dans le sud-ouest du craton des Esclaves. La datation U-Pb de la monazite
indique que la cristallisation du pluton de Hickey remonte a 2600,6 + 2,1 Ma, soit avant le métamorphisme
au facies des granulites ou au début de celui-ci. Tous les zircons analysés qui proviennent du pluton de
Hickey ont plus de 2855 Ma et sont interprétés comme étant hérités du socle méso-archéen. Le pluton de
Dauphinee est une tonalite a orthopyroxéne dont la cristallisation remonte a 2590 + 2,3 Ma, soit pendant le
métamorphisme au facies des granulites. Cet Age est a I’intérieur de la marge d’erreur pour d’autres granites
aorthopyroxene de régions avoisinantes, ce qui atteste un métamorphisme au facies des granulites répandu a
2590 Ma. La cristallisation du pluton d’ Armi remonte a 2600 £ 5 Ma; d’apres cet age, le métamorphisme au
facies supérieur des amphibolites survenu dans la zone supracrustale d’ Armi Lake doit dater de moins de
2600 Ma. La cristallisation du pluton de Wecho remonte & 2590 £ 8 Ma, et les plus récents événements
magmatiques dans la région ont donc plus de 2590 Ma.
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INTRODUCTION

The Slave Structural Province is a well exposed Archean
craton in the northwestern Canadian Shield. It is composed of
2.73 to 2.63 Ga supracrustal sequences that are extensively
intruded by approximately 2.63 to 2.58 Ga Archean granitoid
bodies (Fig.1; Padgham and Fyson, 1992; Bleeker and Davis,
1999; Davis and Bleeker, 1999). Mesoarchean basement
(>2.85 Ga) is locally preserved in the western and central part
of the structural province and underlies a thin cover sequence
of quartzite and iron-formation, and thick, approximately
2.7 Ga basalts that occur in the south through to the north-
western part of the craton (Fig. 1; Bleeker et al., 1999).
Radiogenic isotopes in granitoid rocks trace the eastern
subsurface extent of the basement sequence (i.e. Pb-Pb,
Sm-Nd, U-Pb; Thorpe et al., 1992; Davis and Hegner, 1992;
Davis et al., 1996; MacLachlan et al., 2002); however, to the

southwest, the subsurface extent of basement is poorly
constrained (Yamashita et al., 1999). Similarly, the timing
of deformation and metamorphism east of Yellowknife has
been well constrained by U-Pb zircon dating (Davis and
Bleeker, 1999), but to the northwest it is only regionally
correlated to similar sequences.

The northern Wecho River area is 150 km north-north-
west of Yellowknife, Northwest Territories, and was the
focus of a two-year (2003-2004) bedrock-mapping project
(Fig. 1). The bedrock geology of the Wecho River area was
first documented by Yardley (1949) and has since received
negligible attention. In contrast, most of the southwestern
Slave Province has had modern 1:50 000-scale bedrock map-
ping and subsequent larger scale compilations that integrate
geochemical, geochronological, and mineral-deposit studies
(Henderson, 1985, 2004; Stubley, 1997; Pehrsson, 2002;
Jackson, 2003). The Wecho River bedrock-mapping project
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Figure 1. Geology of the Slave Craton. Northern part of the Wecho River area is identified. Modified after Bleeker

and Davis (1999).
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was initiated to update the geology and use integrated studies
to compare and contrast the geology with neighbouring areas
in the southwestern part of the Slave Craton. In this paper new
U-Pb age data for four granitoid suites are reported that place
constraints on the timing of plutonism and metamorphism in
the Wecho River area.

REGIONAL GEOLOGY

Fieldwork in 2003 focused on the northern part of the area,
which comprises NTS 85-0/09, 10, 15, and 16 (Fig. 2). An
overview of the geology from the 2003 fieldwork is presented
below.

Supracrustal rocks

The supracrustal rocks in the study area consist of middle-
amphibolite- to granulite-grade pelite and psammite with
lesser amounts of amphibolite and mafic granulite. Various
granitoid rocks intrude all supracrustal rocks in the area. The
newly identified Armi Lake supracrustal belt (Fig. 2; Ootes,
2004) occurs in the southern part of the study area. Pelitic
rocks in this belt are biotite+sillimanite (commonly over-
growing cordierite)+melt-bearing and depositional features
are generally obliterated. Psammitic rocks are locally
melt-bearing, but to a lesser extent than the pelite, and
bedding is generally preserved. Early foliations (S,/S,) are
locally preserved, but the main foliation in the area is defined
by melt and sillimanite (S,/S3). Both the early and main
foliations are cut by a late crenulation cleavage (S3/S,),
defined by biotitezmuscovite.

The supracrustal rocks in the northern part of the study area
are upper amphibolite to granulite facies and consist of
metatexite, diatexite, and mafic granulite (Fig. 2; Ootes, 2004).
Diagnostic mineral assemblages in the pelitic rocks consist of
biotite+sillimanitetK-feldspartcordieritetgarnettspinel.
Amphibolite and mafic granulite rocks are rare, but where they
occur, diagnostic mineral assemblages include hornblende in
subgranulite-grade rocks, and orthopyroxene in granulite-grade
rocks. Melt and gneissic layering define the foliation in these
high-grade rocks, which is tentatively correlated with the
S,/S5 foliation in the Armi Lake belt in the south.

Intrusive Rocks

Based on crosscutting relationships, deformation state, min-
eralogy, and enclave composition, the granitoid rocks in the
study area were divided into four units (Fig. 2). These include
1) the Hickey pluton, a strongly deformed granite to grano-
diorite, which occurs in the northern and southern part of the
study area; 2) the Dauphinee pluton, an orthopyroxene-
bearing granodiorite to mafic granulite; 3) the Armi pluton, a
biotite-granodiorite that extensively intrudes the Armi
Lake supracrustal rocks; and 4) the Wecho pluton, a
K-feldspar- porphyritic granite that is texturally and mineral-
ogically similar to the Stagg Suite to the south (Henderson,

1985). The crystallization age of each of these units will help
constrain the timing of metamorphism and deformation of the
supracrustal rocks.

GEOCHRONOLOGY

Analytical techniques

Samples were prepared and analyzed at the Geological
Survey of Canada in Ottawa. Heavy mineral concentrates of
each sample were prepared through crushing, grinding,
Wilfley™ table and heavy liquid separation. Grains were
then sorted using the Frantz™ isodynamic separator by
magnetic susceptibility. Zircons and monazites were then
optically sorted and separated into fractions, defined by
morphology. For TIMS analyses, all zircon were air abraded.
Analytical methods for U-Pb analyses of zircon and monazite
are summarized in Roddick et al. (1987) and Parrish et al.
(1987). Analytical errors are determined based on error prop-
agation methods of Roddick (1987). A modified (York,
1969) regression method was used to calculate upper and
lower concordia intercept ages and Isoplot v. 3.00 (Ludwig,
2003) was used to calculated weighted mean ages. TIMS
analytical results are presented in Table 1.

Analytical procedures for U-Pb zircon analyses using the
SHRIMP 1II at the Geological Survey of Canada followed
those described by Stern (1997), with standards and U-Pb
calibration methods following Stern and Amelin (2003).
Zircons were cast in 2.5 cm diameter epoxy mounts (GSC
#318) along with fragments of the GSC laboratory standard
zircon (26266, with 200Pb/238U age = 559 Ma). The internal
features of the zircons were imaged by SEM in backscattered
electron (BSE) mode prior to analyses. Analyses were con-
ducted using an 100~ primary beam. Two different sized spots
were used for analysis, one ca. 15 um in diameter, and
another ca. 9 um in diameter with a beam current of ca.
3.5 and 1nA respectively. The 16 external errors of Pb/U
ratios incorporate a 1.0 % error in the standard calibration.
Isoplot v. 3.00 (Ludwig, 2003) was used to generate con-
cordia plots and calculate weighted means. SHRIMP analyti-
cal results are presented in Table 2 and a summary of ages is
in Table 3.

Hickey pluton — biotite-magnetite granite
(sample #03sb028 — lab #77992)

Unit Description

A sample of the Hickey pluton was collected to constrain the
maximum age of granulite-grade metamorphism in the area,
to place this major map unit in temporal context with similar
plutonic units in the southwestern Slave Craton, and to
determine if the pluton interacted with Mesoarchean base-
ment during ascent. The biotite-magnetite-bearing pluton
occurs in the northern part of the study area (Fig. 2) and
ranges from granite to granodiorite. It is recrystallized and
strongly deformed to gneiss in places, with a foliation defined
by biotite and quartz (Fig. 3a, b). It is locally plagioclase-phyric
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Table 3. Summary of U-Pb age interpretations.

GSC Lab
Unit # Sample # |UTM (zone 11; NAD 83) Method Mineral Inter. | Age (Ma) +2S | Method | MSWD Comment
Easting Northing
Hickey pluton 27992 03sb028 634180 7093818 TIMS Zircon Inh >2855 - 2855-2970 age range
TIMS Monazite IC 2600.6 1.3 WA 1.5
SHRIMP Zircon Inh >2870 2870-3100 age range
Dauphinee pluton | 27990 03sb020 616604 7085037 TIMS Zircon IC 2590 2.3 WA 1.3 n=3
SHRIMP Zircon IC 2591 3.6 WA 0.87 |n=12
discordant data;
Armi pluton 77988 03sb008 623526 7059544 TIMS Zircon inheritance; no age
interpretaton
TIMS Monazite 2568-2580 age range
SHRIMP Zircon IC 2600 5 WA 0.23 [n=10
Wecho pluton z7991 03sb021 644660 7057428 TIMS Monazite 2575-2580 age range
SHRIMP Zircon IC 2591 8 WA 0.95 [n=9

Interpretations: IC = igneous crystallization, Inh = inherited ages
Method: WA = weighted average; MSWD = mean square weighted deviates
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Figure 3. a) Outcrop photograph of Hickey pluton magnetite-bearing granite showing flattened quartz grains.
b) Outcrop photograph of locally occurring gneissic phase near geochronological sample site. ¢) U-Pb concordia
diagram showing results of TIMS analyses. Inset is backscattered electron image of zircon grain from the
Z2 fraction. Z = zircon; M = monazite. d) Concordia diagram showing results of ion probe analyses. Blue ellipses
represent inherited grains.
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with disseminated magnetite and biotite-rich knots, and con-
tains variable amounts of compositionally layered mafic
granulite enclaves. The recrystallized and extensively
deformed nature of the pluton indicates that it likely intruded
prior to, or synchronous with, granulite-grade metamorphism.

The physical characteristics of the pluton are similar to
the oldest phase of the 2635 to 2600 Ma Disco suite in the
neighbouring Snare River area (Jackson, 2003; Bennett et al.,
2002) and parts of the approximately 2642 Ma Anton Suite
from the Yellowknife area (Dudas et al., 1990). Gneissic
phases within the map unit (Fig. 3b) appear similar to
Mesoarchean basement exposures elsewhere in the southern
part of the craton (Bleeker et al., 1999).

Results

This sample yielded monazite and zircon. Three different
morphological types of monazite (Table 1) were identified
and analyzed by TIMS, yielding reproducible ages with a
weighted mean of 2600.6 = 1.3 Ma MSWD = 1.5)(Fig. 3c).
Four principal zircon populations were identified: elongate
prismatic grains (Z1); stubby prismatic grains (Z2); small,
very clear prismatic to ovoid grains (Z3); and brownish,
semi-prismatic grains (Z4). Backscatter electron images of
the grains show that they are fractured, with some oscillatory
zoning, but indicate no evidence of core-and-rim structures.

Four fractions, one single grain (Z2), two with four grains
(Z3,74) and one with 7 grains (Z1), were analyzed by TIMS
and yielded discordant ages between 2855 and 2970 Ma
(Table 1; Fig. 3). Representative zircon grains were analyzed
on the ion probe to determine the cause of this spread in ages
and try to identify an igneous zircon growth event. Individual
spot analyses of zircon grains range in age from 2.87to 3.1 Ga
and have variable Th/U ratios (Table 2). The majority of the
grains have ages of about 2.9 Ga, but the range in ages do not
define a single, statistically valid age population. This is sup-
ported by the large range in Th/U ratios indicating that the
grains were not derived from a single magma composition.
Consequently, both TIMS and ion probe results for the
zircons are interpreted to reflect inheritance of zircon, rather
than the timing of crystallization of the pluton. No evidence
for zircon growth, either as distinct rims on inherited grains or
new crystals was identified.

The reproducibility of the monazite ages is interpreted to
represent one principal period of monazite growth. The authors
suggest that the monazite age of 2600.6 = 1.3 Ma is the best
estimate for the timing of crystallization and that the zircons
are inherited, with ages typical of the Central Slave Basement
Complex (cf. Bleeker et al., 1999, and references therein).

Dauphinee pluton — enderbite
(sample #03sb020 — lab #77990)

Unit Description

The sample was collected to constrain the timing of
granulite-grade metamorphism and the maximum age for
late, non-charnokitic granites that extensively intrude this

pluton. The Dauphinee pluton consists of charno-enderbite,
enderbite, and mafic granulite (orthopyroxene-bearing
granodiorite, tonalite, and quartz diorite, respectively) in the
northern part of the study area (Fig. 2). The enderbite has a
granofels structure and is heterogeneous, but generally
plagioclase+hornblende+quartz+biotite+magnetite
/ilmenite+clinopyroxene+orthopyroxene bearing (Fig. 4a, b);
orthopyroxene occurs in the groundmass and locally in melt
segregations. It is interpreted to have crystallized during
granulite-grade metamorphism and is physically similar to a
2689 +1/-2 Ma orthopyroxene-bearing granodiorite from the
neighbouring Wijinnedi area (Villeneuve and Henderson,
1998). Young, sheet-like porphyritic granite bodies exten-
sively intrude the Dauphinee pluton, leaving most exposures
on ridge tops. These topographic highs preserve the rocks as
map-scale units, but it is unclear if the unit represents dis-
rupted xenoliths entrained in the younger granite, or if it was
intruded in place by the granites.

Results

Zircon in the sample is abundant and includes a variety of
morphological types, ranging from light brown, stubby to
elongate prisms, to large, brown and strongly corroded
anhedral grains (Table 1). Backscatter electron images of the
grains show they are altered and fractured. Five TIMS analy-
ses of zircon have been completed, one multi-grain and four
single grain, and the analyses plot in two groups on the
Concordia diagram (Fig. 4c). The older grouping is charac-
terized by dark brown, anhedral grains and includes one anal-
ysis of an elongate light brown prism. Although discordant,
the three analyses have overlapping errors with a weighted
mean 207Pb/206Pb age of 2590 + 2.3 Ma (MSWD = 1.3)
(Fig. 4c). This is interpreted as a minimum age for the rock.
Two analyses of stubby, light brown to very clear prisms
(Z1B, C) have younger 207Pb/206Pb ages with a weighted
mean age of 2580 Ma (Fig. 4c). Due to the discordance in all
the analyzed fractions, it is difficult to interpret the signifi-
cance of the ages. The older date of 2590 Ma is a minimum
age for crystallization of the pluton, whereas the younger
fractions (Z1B, C) may reflect a period of later metamorphic
growth or recrystallization. Alternatively, a maximum age
can be estimated by regression of all five fractions, yielding
an upper intercept of 2607 +18/-8 (lower intercept = 1962 Ma;
MSWD = 0.36). Given that the analyses are tightly clustered
and each cluster comprises different zircon morphological
types, the latter interpretation is considered unlikely.

To evaluate the above interpretations, twelve analyses of
unaltered, noncorroded zircon grains were completed on the
ion probe (Table 2). These give a weighted mean age of
2591.9 £ 3.6 Ma (MSWD=0.87)(Fig. 4d) consistent with the
weighted mean TIMS result. The age of the pluton is esti-
mated to be 2590 + 2.3 Ma. The origin of the discordance and
younger approximately 2580 Ma ages for two TIMS fractions
is not established.
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Figure 4. a) Hand-sample photograph of hornblende-rich, orthopyroxene-bearing Dauphinee pluton enderbite.
b) Photomicrograph of enderbite. Opx = orthopyroxene, Cpx = clinopyroxene, Hbl = hornblende, Qtz = quartz.
Plane polarized light. ¢) U-Pb concordia diagram showing results of TIMS analyses. Inset is backscattered elec-
tron image of zircon grain from fraction ZIB on the right, showing alteration and fracturing, and on the left is an
example of a large, corroded grain. d) Concordia diagram showing results of ion probe analyses. Z = zircon.
Orange ellipses represent the crystallization ages of the zircons. One analysis was discarded due to its reverse

discordance.

Armi pluton — biotitegranodiorite
(sample #03sb008 — lab #77988)

Unit Description

The Armi pluton was sampled in order to constrain the maxi-
mum age of mid- to upper-amphibolite-grade metamorphism
and associated deformation in the Armi Lake supracrustal
belt (Fig. 2). The pluton is predominantly a medium-grained,
equigranular granodiorite with minor amounts of primary
and secondary muscovite. The pluton contains a moderate
foliation defined by biotite. This foliation is coplanar with a
foliation (defined by biotite, sillimanite, and melt) in the
semi-pelitic rocks (Fig. 5a), as it can be traced through the
pelitic rocks and across dykes that stem from the Armi pluton.
The Armi pluton is interpreted to have intruded before or
during S,/S; development and related metamorphism.

Results

Zircon in this rock has four principal morphologies. Type Z1
consist of large, elongate, brown prismatic grains; Z2
comprise small, elongate, clear, colourless zircon; Type Z3
include intermediate-sized, stubby, prismatic varieties with
very sharp terminations; and Z4 comprises smaller stubby
prisms with well developed terminations. Backscatter elec-
tron images of the grains show complex zoning and alteration
with some grains having core-rim structures. TIMS mul-
ti-grain analyses of three zircons from the Z2 fraction, and
single-grain analyses of the Z1 and Z3 fraction, yield highly
discordant ages (Fig. 5b). Ion probe analyses of ten
zircons representing all four population types yielded
a weighted mean age of 2600 + 5 Ma (MSWD=0.23)
(Fig. 5c¢), interpreted as the crystallization age of the Armi
pluton. Two grains have older ages of 2701 and 2720 Ma
(Table 2) and are interpreted to be inherited, as indicated by
core-rim structures in BSE.
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Figure 5. a) Outcrop photograph showing Armi pluton biotite-granodiorite cutting pelitic rocks in the Armi Lake
supracrustal belt. The granodiorite is boudinaged where it is parallel to the main foliation, which is defined by
sillimanite + melt. Inset is an example of zircon population Z1 on the left, showing minor fracturing, and Z2 on the
right showing complex zoning. b) U-Pb concordia diagram showing results of TIMS analyses. Z = zircon;
M = monazite. ¢) Concordia diagram showing results of ion probe analyses. Orange ellipses represent the
crystallization age of the zircons and blue ellipses represent inherited ages of the zircons.

Three subtypes of monazite were identified in this sample
and analyzed by TIMS (Table 1). The M1 variety is clear, pale,
and subhedral. The second variety (M2/M3), comprise clear,
pale yellow, but generally irregularly shaped crystals, often
with broken edges. The third type (M4) is clear yellow, anhedral,
and small. Six analyses were carried out and the results are vari-
ably discordant with 207Pb/206Ph ages between 2568 and 2580
Ma (Fig. 5b). The two oldest analyses (M2, M4) have ages of
about 2580 Ma and are characterized by relatively low
Th contents as indicated by 208Pb/206Pb ratios of about 10
(Table 1). The younger monazite ages are correlated with
higher Th and 208Pb/206Pb ratios, suggesting that multiple
generations of compositionally distinct monazite occur in
this rock. The approximately 2570 Ma age of fraction M3A is
an minimum estimate of the maximum age of the younger
monazite generation. The 2580 Ma grains represent the
minimum age of an older growth of monazite.

Wecho pluton (Stagg Suite?) — K-Feldspar
Porphyritic Granite (Sample #03sb021 — lab #77991)

Unit Description

The Wecho pluton was sampled to determine the age of the
youngest magmatic event in the area and to constrain the
maximum age of late deformation. The Wecho pluton is a
K-feldspar porphyritic granite that occurs extensively through-
out the study area as sheet-like intrusions (Fig. 2). This unit
intrudes all other Archean rock types (Fig. 2, 6a) with the
exception of an equigranular, two-mica granite. The
relationship between these units is not observed. The
pluton is biotite- and magnetite-bearing granite with
K-feldspar phenocrysts up to 7 cm long (Fig. 6b). Muscovite
is a secondary phase, occurring along fractures and grain
boundaries. The pluton commonly displays a weak to moder-
ate foliation defined by biotite and K-feldspar alignment.
This foliation is locally folded. The Wecho pluton is physi-
cally similar to parts of the 2581 +29/-24 Ma Stagg Suite
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Figure 6. a) K-feldspar porphyritic granite intruding biotite-granodiorite. b) Outcrop photograph of the
Wecho pluton K-feldspar porphyritic granite. ¢) U-Pb concordia diagram showing results of TIMS analyses.
Inset is an example of zircon from the Z3 fraction exhibiting a core-rim structure with a re-crystallized
rim. Z = zircon; M = monazite. d) Concordia diagram showing results of ion probe analyses. Orange
ellipses represent the crystallization ages of the zircons. Blue ellipses represent inherited ages of the zircons.

(Henderson, 1985; Henderson et al., 1987) and may be the
upper-crustal equivalent to charnokitic, K-feldspar
megacrystic granite described from the adjoining Snare River
area to the west (Jackson, 2003).

Results

This sample contains a wide range of zircon morphological
types. Backscatter electron images show many of the grains
are highly altered and fractured with complex core-rim struc-
tures, in some cases indicative of inheritance. Three TIMS
single-grain zircon analyses yield highly discordant ages
(Table 1)(Fig. 6¢). A weighted mean of 9 ion probe analyses,
including both core and rim material, yielded an age of 2591 +
8 Ma (MSWD=0.95)(Fig. 6d), and is interpreted here as the
crystallization age of the pluton. Three other analyses yield
ages of 2726 Ma (Table 2) and are interpreted as inherited.

Monazite grains from the sample are grouped into three
morphologies (Table 1). M1 is well faceted, pale yellow, gen-
erally small, clear, and tabular. The second type (M2) is pale
yellow, flat, and rounded. The third type (M3) is generally

large blocky grains with irregular grain boundaries and
shapes. The M2 and M3 types are slightly cloudy and this is
reflected in greater discordance relative to M1. The three
analyses do not define a single age population, but the M1 and
M3 analyses have similar 207Pb/206Pb ages of about 2575 to
2580 Ma (Fig. 6¢). For illustrative purposes, reference
discordia lines are shown in Figure 6¢ that bracket this age
range.

DISCUSSION

The U-Pb data for the Hickey pluton in the northern part of
the study area indicate all zircons analyzed in this sample
were inherited from Mesoarchean basement and the monazite
data represent crystallization of the pluton at 2600.6 = 1.3 Ma
(Table 3). The age data indicate the pluton may be related to
the youngest phase of the Disco suite to the west (Bennett et
al., 2002), but likely not related to the 2642 Ma Anton Suite to
the south (Dudas et al., 1990). The occurrence of inherited
zircon (Table 3) demonstrates that Mesoarchean basement

Current Research 2005-F2

11

L. Ootes et al.,



was present at the time of intrusion at about 2600 Ma in the
northern part of the study area. The isotopic evidence presented
here is the first indirect indication of Mesoarchean basement
west of the Yellowknife Greenstone Belt and south of the Acasta
Gneiss complex (Fig. 1; Bleeker et al., 1999). It is possible that
the locally occurring gneissic unit in the Hickey pluton (Fig. 3b)
may represent basement xenoliths, and the mafic granulite
enclaves are remnants of an overlying mafic volcanic sequence.
Sm-Nd isotopic work on similar samples throughout the study
area will help delimit the extent of basement involvement in
plutonism at approximately 2600 Ma.

The Dauphinee pluton enderbite yields a crystallization
age of 2590 £ 2.3 Ma (Table 3). The crystallization age of the
Dauphinee pluton, and previously discussed Hickey pluton,
constrain the timing of granulite-grade metamorphism in the
study area to younger than 2600 Ma and ongoing at 2590 Ma.
Similarly, the timing of the 2590 Ma Dauphinee pluton
and the 2589 Ma orthopyroxene-granodiorite from the
Wijinnedi/Snare River area to the west (Villeneuve and
Henderson, 1998), supports large-scale granulite-grade
metamorphism in the northern part of the study area occur-
ring after 2600 Ma and ongoing at approximately 2590 Ma,
possibly concomitant with the onset of orogenic collapse as
suggested by Bennett et al. (2002).

The crystallization age of ca. 2600 £ 5 Ma for the Armi
pluton (Table 3) in the southern part of the study area pro-
vides a maximum age of upper-amphibolite-grade metamor-
phism and deformation in the Armi Lake supracrustal belt.
The minimum age of a population of monazite at 2580 in the
Armi pluton could also represent the extensive intrusion of
late, two-mica granites into the area, a younger metamorphic
event, or both (although the precise age of the younger gran-
ites is currently unknown). The monazite growth could be
related to a relatively low-grade metamorphic event and
concomitant formation of a crenulation cleavage, which is
defined by biotite and locally muscovite, in the Armi Lake
supracrustal belt. The maximum age of a monazite popula-
tion at 2570 Ma is cryptic, but young ages are not unique and
have also been identified in the eastern part of the craton by
Schultz (2002) and in lower crust-derived granulite xenoliths
by Davis et al. (2003).

The crystallization age of 2591 + 8 Ma for the Wecho
pluton (Table 3) is almost identical to the crystallization age
of the granulite-grade Dauphinee pluton. The Wecho pluton
is non-charnokitic and the assigned uncertainty of £8 Ma
allows for the pluton and associated rocks to be younger than
the granulite-grade metamorphism. The monazite ages between
2575 and 2580 Ma likely represent post-crystallization
growth, possibly during late deformation.
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