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ABSTRACT
Uranium-lead geochronology results for the Lynn Lake 

greenstone belt are presented. Three of the six samples col-
lected for this study yielded zircons for analysis. A sample  
of granodiorite from Cartwright Lake returned an isotope  
dilution–thermal ionization mass spectrometry (ID-TIMS) age 
of 1854 ±4 Ma, which is interpreted as the crystallization age.  
A sample of granodiorite from Burge Lake returned an ID-TIMS 

age of 1857 ±2 Ma, which is also interpreted as the crystalliza-
tion age. These plutons are interpreted to be related to Watha-
man-Chipewyan successor-arc plutonism along the northern 
margin of the Kisseynew basin. Laser ablation–inductively 
coupled plasma–mass spectrometry (LA-ICP-MS) of detrital 
zircons from a sample of Sickle Group arkose returned a broad 
spectrum of ages between 1801 ±15 Ma and 2658 ±35 Ma,  
indicating a maximum depositional age of ca. 1830 Ma.
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Introduction
The Lynn Lake greenstone belt consists of two east-

trending supracrustal belts that record ca. 1890–1820 Ma  
juvenile- and successor-arc magmatism and sedimenta-
tion along the northern margin of the Trans-Hudson Orogen.  
Although much is known about the stratigraphy, geochemistry 
and mineral deposits of the belt, the temporal evolution of the 
belt is less well understood. This report presents geochrono-
logical data for three samples from the Lynn Lake greenstone 
belt, collected to constrain the age and tectonic evolution of the 
belt. Sample selection targeted all the major units in the Lynn 
Lake belt, with samples representing volcanic, plutonic and 
the overlying clastic sedimentary rocks. The samples were col-
lected by the third author, and were prepared and analyzed by 
the second author at the GEOTOP laboratory at the Université 
du Montréal. Unfortunately, none of the volcanic rocks yielded 
sufficient zircon for analysis, so results can be reported only for 
the plutonic and clastic samples.

Regional geology
The Paleoproterozoic Lynn Lake greenstone belt is located  

within the internal Reindeer Zone (Stauffer, 1984; Lewry 
and Collerson, 1990) of the Trans-Hudson Orogen. The Lynn 
Lake belt consists of two east-trending, steeply north-dipping 
supracrustal belts located along the northern margin of the 
Kisseynew metasedimentary basin (Figure 1). The supracrustal 
rocks comprise a diverse tectonostratigraphy of contaminated 
and juvenile volcanic and epiclastic sedimentary rocks that are 
collectively assigned to the Wasekwan Group (Bateman, 1945), 
and younger, synkinematic, fluvial-alluvial molasse-type sedi-
mentary rocks of the Sickle Group (Norman, 1933). The south-
ern Lynn Lake belt is separated from the northern Lynn Lake 
belt by plutons of the Pool Lake suite (Manitoba Energy and 
Mines, 1986).

The northern Lynn Lake belt consists of submarine,  
tholeiitic, mafic and ultramafic volcanic and volcaniclastic 
rocks, and subordinate epiclastic and chemical sedimentary 
rocks. The isotopic composition of the northern belt includes 
contaminated ca. 1890 Ma and juvenile ca. 1865 Ma felsic  
volcanic rocks (Beaumont-Smith and Böhm, 2002, 2003). Gil-
bert et al. (1980) interpreted the Lynn Lake belt as a regional-
scale overturned antiform, which places the northern belt on  
the upright macroscopic limb. The subhorizontal macroscopic 
enveloping surface results in an overall north-facing, steeply 
dipping volcanic succession (Beaumont-Smith and Böhm, 
2004). The identification of regional-scale shear zones, along 
with the geochemical and isotopically diverse volcanic stra-
tigraphy, suggest a complex early history for the northern belt 
(Beaumont-Smith and Böhm, 2004).

The southern Lynn Lake belt consists largely of submarine 
tholeiitic to calcalkaline metavolcanic and metavolcaniclastic 
rocks, and minor amounts of mid-ocean-ridge basalt (MORB). 
The southern belt comprises a collage of older (ca. 1890 Ma), 
isotopically contaminated volcanic rocks, forming the west-
ern portion of the southern belt, and a mixture of presumably 
older and younger (ca. 1855 Ma), juvenile-arc volcanic rocks 

that make up the balance of the southern belt. The mid-ocean-
ridge basalt (MORB), of uncertain age (Zwanzig et al., 1999; 
Beaumont-Smith and Böhm, 2003), is generally restricted to 
the western portion of the belt west of Dunphy Lake, where it 
is structurally intercalated with ca. 1890 Ma contaminated arc-
tholeiite basalt. This juxtaposition reflects the intersection of 
the Granville deformation zone with the contaminated-arc vol-
canic rocks of the Lynn Lake belt (White et al., 2000; Zwanzig, 
2000).

The southern belt has been interpreted as an overturned  
homoclinal volcanic succession, which represents the over-
turned limb of the major antiformal structure responsible for 
the distribution of the northern and southern supracrustal belts 
(Gilbert et al., 1980). Structural analysis of the Lynn Lake belt 
demonstrates that the belt is highly transposed (Beaumont-
Smith and Rogge, 1999; Beaumont-Smith and Böhm, 2002), 
and the difference in the geochemistry and isotopic diversity of 
the northern and southern belts (Zwanzig et al., 1999) suggests 
a more complex deformational geometry.

Both southern and northern belts are unconformably over-
lain by clastic successions. To the south, the southern belt  
is structurally underlain by unconformably overlying (i.e.,  
inverted) fluvial-alluvial conglomerate and arkosic sedimentary 
rocks of the Sickle Group (Norman, 1933). The Sickle Group 
also unconformably overlies the Pool Lake intrusive suite, and 
the basal conglomerate is characterized by a high proportion 
of proximally derived plutonic clasts. The deposition of the 
Sickle Group appears to be broadly synkinematic with the main  
regional deformation responsible for the east-west transposition 
of the Lynn Lake belt. The age of the Sickle Group has not been 
determined directly, but it is intruded by the ca. 1830 Ma (post-
Sickle) suite of plutons. The composition, stratigraphic position 
and contact relations of the Sickle Group correlate well with the 
1850–1840 Ma MacLennan Group in the La Ronge greenstone 
belt in Saskatchewan (Ansdell et al., 1999).

The northern belt is unconformably overlain to the  
north by marine conglomerate and turbiditic metasedimentary 
rocks, known as the Ralph Lake conglomerate and Zed Lake 
greywacke, respectively (Gilbert et al., 1980). This clastic  
succession is largely derived from the supracrustal Wasekwan 
Group and older plutonic rocks, with the majority of the detri-
tal zircons returning Wasekwan (ca. 1890 Ma) ages (N. Rayner, 
pers. comm., 2002).

The supracrustal rocks of the Lynn Lake belt are intruded 
by at least three suites of plutonic rocks. The oldest intrusive 
rocks are gabbroic to granodioritic plutons that range in age 
from ca. 1876 to 1871 Ma (Baldwin et al., 1987; Turek et al., 
2000). This older suite, together with a second suite of plutons 
ranging from ca. 1857 Ma (this study) to ca. 1847 Ma (Beau-
mont-Smith and Böhm, 2003), form the Pool Lake intrusive 
suite (Manitoba Energy and Mines, 1986). The youngest suite 
of plutons ranges from ca. 1832 Ma (Turek et al., 2000) to ca. 
1820 Ma (Beaumont-Smith and Böhm, 2002). The Pool Lake 
suite was emplaced into the greenstone belt prior to deposition 
of the synkinematic Sickle Group, whereas the ca. 1830 Ma 
plutons (the post-Sickle plutons of Milligan, 1960) intrude all 
supracrustal rocks in the Lynn Lake belt, including the Sickle 
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Group. The apparent age distribution of magmatism in the Lynn 
Lake belt appears to be similar to the early, middle and late 
successor-arc plutons identified in the Flin Flon Belt (Whalen 
et al., 1999), thereby suggesting a similar complex magmatic 
evolution in the Lynn Lake greenstone belt.

Analytical techniques
Six samples, each consisting of 40–50 kg of fresh unal-

tered rock, were collected for this study: three of volcanic 
rocks, two of plutonic rocks and one of arkose (Table 1). The 
samples of volcanic rock did not yield zircon, as is typical of 
volcanic rocks from the Reindeer Zone of the Trans-Hudson 
Orogen. All samples collected were crushed with a jaw crusher 
and disk mill. Mineral separation used a Wilfley™ table, heavy 
liquids (methylene iodide) and a Frantz™ isodynamic separa-
tor. The crusher and disk mill were disassembled and cleaned 
thoroughly prior to sample crushing. Zircon concentrates were 
further separated into four magnetic and two diamagnetic (least 
magnetic) fractions. The least magnetic fractions were hand 
picked, only those grains that were free of alteration, inclusions 
and fractures being selected for analysis. Isotope dilution–ther-
mal ionization mass spectrometry (ID-TIMS) zircon analyses 
were carried out on single-component fractions, or multigrain 
fractions containing grains with identical morphology and  
colour. All zircon grains were abraded following the procedure 
of Krogh (1982). The air pressure for abrasion was regulated so 
that zircon grains remained intact during the procedure.

Zircon was washed with 7N HNO3 and H2O, and dried 
with acetone prior to dissolution, which was carried out in 
Teflon bombs with a mixture of HF and 2–4N HNO3 (Krogh, 
1973). Uranium and lead were isolated from zircon with anion 
exchange resin in HCl medium (Krogh, 1973) in 50–60 μL 
columns. The reagents used were all purified by sub-boiling 
distillation. A mixed 205Pb-233U-235U tracer solution was added 
to each fraction prior to a 4–5 day digestion. Lead and urani-
um were loaded onto outgassed Re filaments with Si gel and 
H3PO4, and analyzed between 1420 and 1550°C on a VG Sector 
mass spectrometer equipped with Daly and Faraday detectors. 
Analytical blanks were below 15 pg Pb and below 2 pg U. All 
isotope dilution results are quoted at the 95% confidence (2σ) 
level, and regressions were calculated and data plotted using 
Isoplot/Ex software (Ludwig, 2000).

Zircons from the arkose were selected for analysis by  
laser ablation–inductively coupled plasma–mass spectrometry 
(LA-ICP-MS), following the same criteria described above 
for isotope dilution analysis. The selected grains are represen-
tative of the zircon population present in the sample in terms 
of chromatic and morphological characteristics. Of particular 
interest are the ages of the zircon crystals devoid of or with a 
minimum of percussion marks, as these are the most likely to 
yield a minimum age for the deposition of the arkose. For each 
sample, single-component (without core or overgrowth) zircon 
grains larger than ~80 µm and devoid of alteration, inclusions 
and fractures were selected for analysis.

It has been shown that the LA-ICP-MS method yields reli-
able 207Pb/206Pb ages on zircon and monazite using a 1064 nm 
laser coupled to an ICP-quadrupole mass spectrometer (Feng 
et al., 1993; Machado and Gauthier, 1996). The method does 
not yield reliable U-Pb values, but allows the determination 
of 207Pb/206Pb values with a precision better than 10%, gener-
ally ~5%. Although 207Pb/206Pb ages are, in principle, minimum 
ages, previous work (Feng et al., 1993; Machado and Gauthier, 
1996) shows that they are identical within error to the U-Pb 
ages measured on the same samples.

A Fisons-VG LaserProbe, coupled to a Fisons-VG PQII+ 
ICP-MS equipped with a SX-260 type quadrupole and a Galileo 
discrete dynode Channeltron® electron multiplier, was used for 
this study. The LaserProbe uses a Spectron SL-242 Nd:YAG 
350 mJ pulsed laser operating at 1064 nm with a 40–50 µm 
beam diameter, which precludes the analysis of grains smaller 
than 80 µm. The operating conditions are indicated in Table 2. 
The analytical procedure and other details can be found in 
Machado and Gauthier (1996). The correction of the mass bias 
is made relative to an in-house zircon standard (UQ-Z1) ana-
lyzed under the same conditions as those used for the samples. 
This standard has been precisely dated by U-Pb ID-TIMS, and 
yielded an age of 1143 ±1 Ma (Machado and Gauthier, 1996). 
The method allows the determination of 207Pb/206Pb values 
with a precision better than 10%, generally ~5%. Although 
207Pb/206Pb ages are, in principle, minimum ages, previous work 
(Feng et al., 1993; Machado and Gauthier, 1996) shows that 
they are identical within error to the U-Pb ages measured on the 
same samples. The LA-ICP-MS results (Table 4) are quoted at 
the 70% confidence level.

Table 1: Descriptions of geochronology samples collected during this study.

Sample Unit     Rock type Location
UTM zone 14, NAD83
Easting Northing

98-94-400-1 Sickle Group arkose Well-sorted, feldspathic arkose Northeast corner of Hughes Lake 405983 6300240

98-94-401-1 Grouse Peninsula  
granodiorite

Foliated, medium-grained  
granodiorite

Southern peninsula on Cartwright 
Lake 396005 6294413

98-94-402-1 Cartwright Lake rhyolite Aphyric rhyolite Southeastern Cartwright Lake 396747 6293602

98-94-403-1 Berge Lake granodiorite Foliated biotite granodiorite East of Provincial Road 392  
at airport 374653 6307108

98-94-404-1 Gemmel Lake rhyolite Plagioclase porphyritic dacite West side of Mcveigh road 
intersection 361567 6288886

98-94-405-1 Snake Lake dacite Bedded, K-feldspar porphyritic 
dacite Southeast side of Snake Lake 340519 6276634
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Table 2: Laser ablation–inductively coupled plasma–mass spectrometry (LA-ICP-MS) operating conditions for analysis of 
samples from the Lynn Lake greenstone belt.

LaserProbe: Fisons VG Nd:YAG at 1064 nm
Laser mode: Q-switched

Flash lamp voltage: 590 V

Frequency: 4 Hz

Output power: 2–3 mJ

Pulse width: 5 ns

ICP-MS: Fisons VG PQII+
Forward power: 1350 W

Reflected power: 0 W

Cool gas: 14 L/m

Aux. gas: 0.9 L/m

Carrier gas: 1.1 L/m

Acquisition parameters - peak jumping mode:
Dwell time: 10.24 ms

Quad settle time: 10 ms

Points/peak: 3

DAC/step: 1

Aquisition time: 7 s

No. of isotopes: 7

No. of repeats: 5

Gas blank:
Mass

cps

(1σ)
202 730 ±150

204 180 ±60

206 70 ±30

207 130 ±60

208 153 ±70

232 8 ±8

235 11 ±10

238 9 ±9

Typical net intensities on the standard UQ-Z1:

cps Sensitivity: 
 (cps/ppm)

202Hg 5–50 not determined
204Pb <15 <LOD
206Pb 20000–30000 530–798
207Pb 1800–2200 620–760
208Pb 1800–2200 581–710
232Th 10000–12000 158–190
235U 800–1200 444–667
238U 100000–160000 400–625
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Results
Sample 98-94-401-1

This sample of a medium-grained, foliated metagranodio-
rite, collected from the northern end of southern peninsula on 
Cartwright Lake, is thought to represent an intrusive equiv-
alent of the adjacent calcalkaline volcanic rocks of the  
Wasekwan Group, based on petrogenetic modelling (Peck, 
1986). The sample yielded a small amount of poor quality  
zircon, with most crystals displaying core-overgrowth tex-
tures. The analytical strategy adopted involved choosing for  
analysis pyramidal terminations physically separated from  
the core-bearing crystals in order to maximize the possibility of 
analyzing exclusively the magmatic component. Three fractions 
were prepared for analysis: fraction 1 contained two pyramidal 
terminations displaying parallel zoning, possibly of magmatic 
origin; and fractions 2 and 3 contained three and four similar 
pyramidal terminations, respectively. The three analyses are  
between 2.1% and 7% discordant (Table 3, Figure 2) and define 
a discordia line with an upper intercept at 1854 ±4 Ma, taken as 
the age of crystallization of the granodiorite.

Sample 98-94-403-1
This sample of biotite granodiorite from the pluton south-

east of Burge Lake (‘Burge Lake pluton’) was collected from 
the power line right-of-way northeast of Provincial Road 394, 
approximately 1 km northeast of the northern limit of the Lynn 
Lake airport compound. This sample is a homogeneous unit in 
outcrop, aside from minor late, massive, pink aplite veins that 
were avoided during sample collection. The sample yielded a 
moderate amount of zircon. Many of the crystals are primary, 
but many also display cores, and colourless metallic inclusions 
are ubiquitous. Three fractions of short, prismatic, subequant 
and colourless crystals without obvious cores were prepared 
for analysis. Fraction 1 consisted of a single, pale pink zircon 
with a colourless inclusion. Fraction 2 consisted of the four best 
crystals that were smaller than the one in fraction 1; these grains 
also contained small colourless inclusions. Fraction 3 consisted 
of eight smaller crystals of poorer quality with a few fractures 
and more colourless inclusions than the zircons in either frac-
tion 1 or 2. Analyses 1 and 2 are concordant at 1857 Ma and 
1856 Ma, respectively, whereas analysis 3 is 4.8% discordant 
(Table 3, Figure 3). The three analyses define a discordia with 
an upper intercept at 1857 ±2 Ma, which is taken as the age of 
crystallization of this granodiorite.

Sample 98-94-400-1
This sample of moderately well sorted Sickle Group arkose 

was collected from an outcrop approximately 30 m west of the 
northwestern shore of Hughes Lake (Table 4, Figure 4). Zircons 
are mostly rounded and pitted, but a few subrounded and equant 
crystals are also present. The 207Pb/206Pb ages range from 2658 
±35 Ma to 1801 ±15 Ma and are distributed in two groups: 
one in the interval 1800–2100 Ma, with a prominent mode in 
the 1800–1900 Ma class; and the other in the interval 2200–
2700 Ma, with most ages in the 2200–2400 Ma class. Taking 
into consideration the errors associated with the method, the 

ages of the younger crystals — 1801 ±30 Ma to 1835 ±34 Ma 
(at the 95% confidence level) — suggest that the maximum age 
of deposition for the Sickle Group arkose is 1.83 Ga.

Discussion
The ages of the two plutonic samples are consistent with 

ages reported for Wathaman-Chipewyan batholitic rocks 
throughout the northern Trans-Hudson Orogen (Corrigan et 
al., 2001; Rayner and Corrigan, 2004), and represent the first 
Wathaman-Chipewyan ages reported in the Lynn Lake belt. 
They are younger than the ca. 1875 Ma ages of pre–Sickle 
Group plutonic rocks reported by Baldwin et al. (1987) and  
Turek et al. (2000), and slightly older than the ca. 1847 Ma 
age of the Dunphy Lake tonalite (Beaumont-Smith and Böhm, 
2003). One implication of the identification of two pre-Sickle 
suites of intrusive rocks, as determined by age, is that, other 
than plutons that clearly intrude the Sickle Group, map patterns 
within the volcanic-dominated portions of the belt are not a  
useful criterion for the determination of pluton age. This is 
particularly evident in the examples of the post–Sickle Group  
plutons in the western portion of the belt (Figure 5).

The age of the Burge Lake pluton provides several impor-
tant constraints on the tectonic evolution of the Lynn Lake belt. 
The ca. 1857 Ma age provides a minimum age for the Ralph 
Lake conglomerate and Zed Lake greywacke, as it intrudes both 
units. Secondly, the pluton appears to stitch the northern margin 
of the northern Lynn Lake belt prior to the regional transposi-
tional D2 deformation; thus, it represents a minimum age for 
this deformation.

The Wathaman-Chipewyan age of the Grouse Peninsula 
granodiorite (1854 ±4 Ma) is significant in light of its interpre-
tation as the intrusive equivalent of the Cartwright Lake rhyo-
lite (Peck, 1986). Although largely based on their geochemical 
similarity, this interpretation and the implication of a younger 
age of volcanism in the Lynn Lake belt are further supported by 
the determination of similar ages of felsic volcanism elsewhere 
in the Lynn Lake belt (Beaumont-Smith and Böhm, 2003).

The analysis of detrital zircons from the Sickle Group  
arkose yielded a broad spectrum of ages, reflecting the varied 
provenance of material shed into the Kisseynew Basin. The 
majority of the zircons analyzed reflect relatively local prov-
enance, with ages dominated by supracrustal and plutonic rocks 
in the map area. Unfortunately, the precision of LA-ICP-MS 
does not allow for a precise estimate of the age of deposition 
of the Sickle Group. The youngest dated zircon (1801 ±15 Ma) 
suggests an age of deposition that is slightly younger than the 
accepted age for similar rocks in the La Ronge greenstone belt 
in Saskatchewan (Ansdell et al., 1999), but the morphology of 
the zircons does not preclude the possibility that this zircon 
is metamorphic (see Beaumont-Smith and Böhm, 2003). The 
multiple ca. 1830 Ma zircon ages more likely reflect the maxi-
mum age of Sickle Group deposition. The older ages suggest 
that both Archean and early Proterozoic basement rocks were 
exposed within the basin. The Archean ages probably repre-
sent sediment shed from the Hearne Province hinterland to the 
Trans-Hudson Orogen. The early Proterozoic ages span a range 
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Figure 2: Concordia diagram for sample 98-94-401-1, foliated metagranodiorite, Cartwright Lake, Lynn Lake greenstone belt.

Figure 3: Concordia diagram for sample 98-94-403-1, biotite granodiorite, Burge Lake pluton, Lynn Lake greenstone belt.

consistent with that of the Sask Craton and are the result either 
of the incorporation of material shed from exposed Sask Craton 
or of inherited zircons derived from the Sask Craton. Although 
the former interpretation is possible and known from the south-
ern margin of the Kisseynew basin (Lucas et al., 1996), the later 
interpretation is favoured based on the demonstration of Sask 
Craton–age inheritance in the Southern Indian Lake area (see 
Rayner and Corrigan, 2004).

Summary
The results of a U-Pb geochronology study in the Lynn 

Lake greenstone belt demonstrate that Wathaman-Chipewyan-
age plutonism is spatially continuous along the northern flank 
of the Trans-Hudson Orogen in Saskatchewan and Manitoba. 

A sample of Burge Lake biotite granodiorite returned a U-Pb 
zircon age of 1857 ±2 Ma, and a sample of Grouse Peninsula 
granodiorite was dated at 1854 ±4 Ma. A previous interpreta-
tion, that the Grouse Peninsula granodiorite is the intrusive 
equivalent to the Cartwright Lake rhyolite, suggests that the 
Lynn Lake greenstone belt contains at least two different ages 
of felsic volcanism (ca. 1890 Ma and ca. 1855 Ma).

Laser ablation–inductively coupled plasma–mass spec-
trometry (LA-ICP-MS) analysis of detrital zircon from  
a sample of Sickle Group arkose from the Hughes Lake area 
yields a broad spectrum of Neoarchean to Paleoproterozoic 
ages. The oldest Neoarchean age suggests involvement of 
the Hearne Province at the time of Kisseynew basin infill. A  
number of Early Paleoproterozoic zircons suggest the presence 
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Table 4: Laser ablation–inductively coupled plasma–mass spectrometry (LA-ICP-MS) 207Pb/206Pb analytical data for sample 
98-94-400-1, Sickle Group arkose, Hughes Lake, Lynn Lake greenstone belt.

Figure 4: Histogram of laser ablation–inductively cou-
pled plasma–mass spectrometry (LA-ICP-MS) 207Pb/
206Pb analytical data for sample 98-94-400-1, Sickle 
Group arkose, Hughes Lake, Lynn Lake greenstone 
belt.

Sample Grain #       Age +/- 
98-94-400

DIA 1 2316 9

N=13 2 2297 18

3 1853 25

4 1801 15

5 1830 41

6 1971 51

7 1931 40

8 1951 74

9 1868 50

10 1835 17

11 2274 20

12 2658 35

13 2037 49

M1 14 2048 56

N=11 15 1894 33

16 1872 17

17 2347 21

18 1880 13

19 2286 42

20 1857 47

21 2338 18

22 2424 25

23 2400 22

24 2513 14

Max. 2658 35

Min. 1801 15

DIA, diamagnetic zircons

M1, zircons magnetic at 1º of the Frantz chute
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of Sask Craton within the internal portion of the Trans-Hudson 
Orogen. The zircon analysis yielded a single ca. 1800 Ma age, 
which may represent metamorphic zircon growth, whereas a 
number of ca. 1830 Ma zircons are probably representative of 
the maximum age of deposition of the Sickle Group.
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