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Abstract: New geochronological results indicate that the predominant age of Flin Flon block volcanism 
is ca. 1890 Ma. A volcanic breccia within the Millrock member yields a maximum age of 1889 ± 9 Ma. 
A rhyolite flow at Millrock Hill yields a crystallization age of 1888.9 ± 1.6 Ma. The age of rhyolite at 
the Flin Flon mine South Main shaft is revised to 1887.1 ± 2.2 Ma. Lapilli tuff at Hilary Lake is dated at 
1886 ± 4 Ma. A weakly foliated intermediate dyke is dated at 1872 ± 7 Ma, indicating early deformation. A 
porphyritic leucocratic granite dyke provides a minimum age for post-Missi folding of 1840 ± 8 Ma north 
of the Club Lake fault. The maximum age of shearing is constrained by a felsic dyke at 1839 +6/-2 Ma. The 
western sequence of the Hook Lake block is constrained by a crystallization age of 1891 ± 17 Ma and a 
minimum age of 1888.1 ± 0.9 Ma. Altered rhyolite from the eastern sequence is dated at 1882.0 ± 1.0 Ma.

Résumé : De nouveaux résultats géochronologiques indiquent que les âges qui témoignent du 
volcanisme dans le bloc de Flin Flon se situent principalement à environ 1 890 Ma. Une brèche  
volcanique du membre de Millrock  a livré un âge maximal de 1 889 ± 9 Ma. Un âge de cristallisation de 
1 888,9 ± 1,6 Ma a été établi pour une coulée rhyolitique du secteur de la colline Millrock. L’âge de la 
rhyolite au puits South Main de la mine Flin Flon a été révisé et se situe à 1 887,1 ± 2,2 Ma. L’âge du 
tuf à lapillis au lac Hilary est de 1 886 ± 4 Ma. Une datation indique que l’âge d’un dyke intermédiaire 
légèrement folié se situe à 1 872 ± 7 Ma, ce qui témoigne d’une déformation précoce. En se basant sur un dyke 
de granite porphyrique leucocrate, l’âge minimal du plissement postérieur au dépôt du Groupe de Missi est de  
1 840 ± 8 Ma au nord de la faille de Club Lake. L’âge maximal du cisaillement est circonscrit à 
1 839 +6/-2 Ma par un dyke felsique. L’âge de la séquence occidentale du bloc de Hook Lake est circonscrite 
par un âge de cristallisation de 1 891 ± 17 Ma et un âge minimal de 1 888,1 ± 0,9 Ma. Une datation établit 
à 1 882,0 ± 1,0 Ma l’âge de la rhyolite altérée de la séquence orientale.
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INTRODUCTION

The Flin Flon Targeted Geoscience Initiative project was 
designed to aid in the discovery of new base-metal deposits 
in the Trans-Hudson Orogen in established mining com-
munities of Manitoba and Saskatchewan. An important 
subcomponent within the project is precise U-Pb geochro-
nology to constrain the stratigraphy, timing of volcanogenic 
massive-sulphide (VMS) mineralization and deformation 
history of the Flin Flon camp and adjacent prospective 
blocks. We report previously unpublished results from ten 
samples which include igneous crystallization ages for 
plutonic and volcanic units. These ages underpin the inter-
pretations of a new geological map of the Flin Flon area 
(Simard et al. 2009, Figure 1). Ages were determined using a 
combination of the isotope dilution–thermal-ionization mass 
spectrometry (ID-TIMS) and Sensitive High Resolution Ion 
Microprobe (SHRIMP) techniques at the Geological Survey 
of Canada.

All of the VMS deposits mined to date in the Flin Flon 
area are associated with the 1.9 Ga juvenile Flin Flon arc 
assemblage (Syme et al. 1999). In the Flin Flon area these 
rocks have been separated into fault blocks (Fig. 1). The Flin 
Flon block, which hosts the Flin Flon–Callinan-777 VMS 
deposits, is bounded to the east by the Channing-Mandy 
Road faults, and extends beyond the boundaries of the map 
area to the south and west. The Hook Lake Block, which 
does not host any known VMS deposits, is bounded to the 
west by the Cliff Lake Fault, to the east by the Manistikwan 
Lake Fault.

METHODS

Heavy minerals were separated from the rock samples 
by standard crushing, grinding and heavy liquid techniques, 
followed by sorting of the heavy minerals using a Frantz 
isodynamic separator. Zircons analyzed by ID-TIMS were 
heavily abraded mechanically (Krogh, 1982) or by the 
chemical abrasion method (Mattinson, 2005) before being 
submitted for U-Pb chemistry. Dissolution of zircon in con-
centrated HF, extraction of U and Pb and mass spectrometry 
followed the methods described by Parrish et al. (1987). 
Analytical blanks for Pb were 1 to 3 pg. Results are pre-
sented in Table 1.

Prior to SHRIMP analysis, the internal features of the 
zircons (zoning, structures, alteration, etc.) were character-
ized with backscattered electrons (BSE) utilizing a Zeiss Evo 
scanning electron microscope. Detailed SHRIMP analytical 
procedures and U-Pb calibration details are given in Stern 
(1997) and Stern and Amelin (2003). The ion-probe results 
were collected over 5 sessions on 5 separate epoxy mounts 
with varying instrumental conditions. Specific analytical 
details for each sample are given in the footnotes of Table 2. 
An O- primary beam was used in all analytical sessions with 
strength ranging from 3.5 to 11 nA. The count rates of ten 

isotopes of Zr+, U+, Th+, and Pb+ were sequentially measured 
over 5 or 6 scans, depending on the sample, with a single 
electron multiplier. The 1σ external errors of 206Pb/238U 
ratios reported in the data Table incorporate an error between 
1.0 and 1.65% in calibrating the standard zircon (Stern and 
Amelin, 2003). No fractionation correction was applied 
to the Pb isotope data; common Pb correction utilized the 
Pb composition of the surface blank (Stern, 1997). Isoplot  
v. 3.00 (Ludwig, 2003) was used to generate concordia plots 
and calculate weighted means. All ages quoted in the text are 
given at 2σ. Isotopic ratios in tables 1 and 2 (both ID-TIMS 
and SHRIMP) are given at the 1σ uncertainty level, however 
ID-TIMS ages are reported in the tables as 2σ.

RESULTS

Flin Flon block

The stratigraphy of the Flin Flon block volcanic rocks 
associated with the Flin Flon–Callinan–777 VMS depos-
its record the infilling of a subsidence basin with localized  
felsic magmatism and formation of VMS (Flin Flon forma-
tion; Bailes and Syme, 1989; Devine, 2003; Syme et al., 
1999). The Flin Flon formation can be subdivided into three 
members from the oldest to the youngest: the Club, the Blue 
Lagoon, and the Millrock members (Devine et al., 2002). 
The Millrock member hosts the VMS deposits and includes 
rhyolitic flows both below (footwall) and above (hanging 
wall) the VMS deposits. Following VMS deposition and a 
hiatus in volcanism, there was resurgence in volcanism and 
subsidence marked by the development of one or more mafic 
shield volcanoes atop this earlier structure resulting in the 
deposition of the Hidden and Louis formations. (DeWolfe, 
2008; DeWolfe and Gibson, 2005, 2006; Syme et al., 1999).

PQB07-KM157–01–01 (z9500)

A sample of lapilli to block breccia containing abun-
dant quartz eyes and small pinhead, metamorphic garnets 
was collected for geochronology near the Creighton land-
fill site. This rhyolite unit occurs within a mafic dyke/sill 
complex interpreted to be part of the Millrock member of 
the Flin Flon formation (Fig. 1). It is a composite massive 
to brecciated body that may either represent a subvolcanic 
dome or an extrusive flow, although unequivocal volcanic 
textures demonstrating the latter case are lacking. Five zir-
cons were recovered from the unit (three broken, but simple, 
euhedral prisms and two fragments), and were analyzed by 
SHRIMP (Fig. 2a). Replicate analyses on three of the zir-
con grains yielded a 207Pb/206Pb age of 1889 ± 9 Ma (n = 7, 
mean square of weighted deviates - MSWD = 1.15) which 
was interpreted to represent the maximum age of the brec-
cia. This date provides a minimum age for the Millrock 
and underlying Blue Lagoon and Club members. Two 
of the zircons gave 207Pb/206Pb ages of ca. 2.7 Ga and are 
interpreted as inherited or detrital. Pre-accretionary dates 
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Figure 2. Concordia diagrams of SHRIMP 
and TIMS results for samples from the 
Flin Flon area. See text for details. Error 
ellipses plotted at 2σ.
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(>1900 Ma) are not common in the Flin Flon area and are 
restricted to rare, strongly deformed, felsic plutonic rocks, 
inherited zircon in magmatic rocks and detrital grains in pre- 
and post-accretion sedimentary rocks (David and Syme, 1994, 
Stern et al., 1999, Ansdell 1993). The older reported dates 
range from 2.2 Ga to 3.0 Ga and are thought to represent slivers 
of continental crust that may have acted as basement to parts 
of the Amisk collage. This crust was subsequently recycled 
during accretionary processes to be expressed as detritus in 
the Flin Flon juvenile arc magmas, which show geochemical 
and isotopic evidence for a component crustal contamination  
(Stern et al. 1999; Simard and Creaser, 2007).

PQB-1707–08 (z9736)

A sample of in situ brecciated, coherent, quartz-phyric 
rhyolite of the Millrock member was collected at Millrock 
Hill, interpreted to represent the immediate footwall of 
the mineralized horizon. Approximately 100 zircon grains 
were recovered; largely poor quality, stubby simple prisms 
with visible oscillatory zoning in plane-polarized light and 
numerous fractures. Fractions Z1A-Z1C were chemically 
abraded following the procedure of Mattinson (2005) at 
180°C for 2 hours. Fractions Z1D and Z1E were leached for 
an additional 4 hours with a noticeable improvement in con-
cordance. Linear regression through the five fractions yield 
an upper intercept age of 1888.9 ± 1.6 Ma (MSWD = 1.3). 
This is interpreted as the crystallization age of the rhyo-
lite, which is notably younger than the previous age 
estimate of the Millrock member; a well constrained age of  
1903 +7/-5 Ma age for the Flin Flon ‘Mine rhyolite’  
(Stern et al. 1999).

Northwest rhyolite dome at South Main 
(z1319)

The northwest rhyolite dome at South Main is one of a 
pair of massive to brecciated rhyolite bodies situated in the 
immediate footwall of the Flin Flon mine (Millrock mem-
ber), at the base of a unit correlated with the Mine rhyolite 
(Bailes and Syme, 1989, Syme 1997). Lithological descrip-
tions and preliminary geochronological data can be found in 
Syme et al. 1991 (sample z1319), where the unit was inter-
preted as a high-level intrusive rock. This sample of rhyolite 
is one of the rare instances of abundant zircon in Flin Flon 
felsic volcanic rocks. A second sample of this unit was ini-
tially interpreted to have crystallized at 1893 +5/-4 Ma, with 
some older ca. 1.9 Ga inheritance (sample FF92–2, David et 
al. 1993). The crystallization age was subsequently reinter-
preted as 1903 +15/-12 Ma, coeval with the Mine rhyolite 
to the north that was dated at 1903 +7/-5 Ma (Stern et al. 
1999). Additional fractions of sample z1319 refined the age 
to 1918 +32/-22 Ma (Stern et al., 1999) and later mapping 
reclassified it as extrusive (Bray, 2002). The original Syme 

et al. (1991) sample was reanalyzed owing to the large error 
and importance of its location in the immediate footwall of 
the Flin Flon VMS deposit.

Archived zircon separates from sample z1319 were 
composed of moderate quality stubby, simple prisms with 
oscillatory zoning visible in plane-polarized light (Fig. 2c, 
inset). Fractures and inclusions were rare. The zircons were 
chemically abraded for 2 hours. Single zircon grains that 
survived abrasion were submitted as individual fractions 
(Z1A, Z1B, Z1E). In cases where no grains survived intact, 
a fraction was composed of fragments of multiple zircon 
grains (Z1F). Where previous mechanically abraded frac-
tions were between 2 and 12% discordant, with most greater 
than 4% discordant (Stern et al., 1999), three chemically 
abraded fractions were between −1.3 to 0.5% discordant 
and a fourth 8.2% discordant but along a chord to the origin. 
The weighted mean 207Pb/206Pb age of these four fractions 
is 1887.1 ± 2.2 Ma (MSWD = 0.48, Fig. 2c). interpreted as 
the crystallization age of the rhyolite. It is distinctly younger 
than the previous, imprecise age constraint on this sample 
and is identical in age to the Millrock Hill rhyolite described 
above. The South Main rhyolite, Millrock Hill rhyolite and 
apparently older Mine rhyolite all occur within the Millrock 
member and are interpreted to be footwall to the Flin Flon 
VMS deposits.

PQB07-KM156–01–01 (z9499)

A sample of bedded lapilli tuff was collected near Hilary 
Lake (Fig. 1) from a laterally continuous felsic volcanicla-
stic layer sitting conformably on rocks of the Blue Lagoon 
member and overlain by flows of the Hidden formation. This 
finely bedded Hilary Lake lapilli tuff is clearly extrusive 
and it is interpreted to be correlative to the Millrock mem-
ber of the Flin Flon formation (MacLachlan and Devine, 
2007, Simard et al., 2009). A sample of a felsic intrusive 
unit (Myo unit), collected approximately 2km to the south-
east near Myo Lake, cuts across the southern extension of 
the Hilary Lake tuff and yields an age of 1888.9 ± 1.7 Ma 
(Bailey, 2006).

As is typical in samples from the Flin Flon area, zircon 
recovery was poor. Although only 7 zircons were recovered, 
all were simple euhedral prisms, typical of volcanic zircon 
(see Fig. 2d inset). Due to the low yield, this sample was 
dated by SHRIMP (Fig. 2d). The weighted mean 207Pb/206Pb 
age of 13 analyses on 7 zircon grains, is 1886 ± 4 Ma 
(MSWD = 1.07). Uranium concentrations range between 
250 and1050 ppm. This is interpreted as the crystallization 
age of this extrusive felsic unit and constrains the age of 
the upper Millrock member. This extrusive felsic unit and 
the overlying flows of the Hidden formation are both cut by 
an essentially coeval Myo intrusive rock indicating that the 
emplacement of the overlying Hidden formation occurred 
very rapidly after the deposition of the Flin Flon formation.
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PQB-2007-FF-141 (z9436)

A weakly foliated intermediate dyke cuts a deformed, 
scoriaceous volcaniclastic layer of the Hidden formation, 
the hanging wall to the Flin Flon mine sequence (Fig. 1). 
The sample has poor zircon yield (n = 17, Fig. 2e inset) and 
therefore was analyzed by SHRIMP. The weighted mean 
207Pb/206Pb age of 26 analyses of 13 zircons is 1872 ± 7 Ma 
(MSWD = 0.84, Fig. 2e) and is interpreted as the crystalliza-
tion age of the dyke. This is the oldest phase documented 
to intrude the hanging wall and also demonstrates the 
occurrence of a generation of deformation prior to the depo-
sition of Missi Group rocks in the Flin Flon area, bracketed 
between 1847 and 1842 Ma (Ansdell 1993, Heaman et al. 
1992). The intrusion of the dyke overlaps in within error with 
the emplacement of the Annabel pluton (1866 Ma, Stern and 
Lucas, 1994) and the Gants Lake pluton (1876 Ma, Whalen 
and Hunt, 1994) as one of the earliest successor arc phases.

PQB-6–2006 (z9278)

A quartz and K-feldspar porphyritic leucocratic granite 
dyke crosscuts a limb of the early Flin Flon creek synform 
in the Missi sedimentary rocks. The dyke contains a north-
west-trending fabric and a younger northeast-trending 
fabric and it is folded by an open north-south trending fold 
(LaFrance, pers. comm.). The age of the dyke provides 
a minimum age of F

1
 Missi folding and related tightening 

of the pre-Missi Hidden Lake syncline to the south and a 
maximum age for open north-south folding. The crystalliza-
tion age of the dyke was determined by SHRIMP (Fig. 2f). 
The weighted mean 207Pb/206Pb age from 20 zircon grains 
is 1840 ± 8 Ma (MSWD = 0.89). This unit has been corre-
lated, on the basis of lithology, with a feldspar-phyric phase 
of the Boot-Phantom Lake intrusive suite, dated at 1838 ± 
2 Ma (Heaman et al. 1992). This recent age determination  
supports this correlation.

PQB-2007-FF-140 (z9435)

A felsic dyke deformed by a north-northwest-trending 
shear zone was collected to constrain the maximum age 
of shearing along the west limb of the Hidden Lake syn-
cline. The maximum age of post-Missi Group folding is 
constrained to be 1840 Ma from sample PQB-6–2006; this 
sample will test whether shearing and post-Missi Group 
north-south folding are coeval. This sample had excellent 
zircon yield and consequently was analyzed by ID-TIMS 
with single grain and small multigrain (1 to 7 zircon grains), 
air-abraded fractions. Four fractions gave an upper intercept 
age of 1839 +6/-2 Ma (Fig. 2g) determined by a regression 
through 3 of the fractions. The intercept age is in excellent 
agreement with the 207Pb/206Pb age of the most concordant 
fraction. This is interpreted as the crystallization age and 
an upper limit on the time of shearing. This age is identical 

within error to the age of the post-Missi Group felsic dyke 
PQB-6–2006 (this study) and thus, while not proven, coeval 
shearing and folding is permissible.

Hook Lake block

The Hook Lake block is composed of two distinct 
sequences: 1) a western sequence consisting of basaltic 
flows with smaller amounts of felsic volcanic rocks, accom-
panied by a stratigraphically overlying sequence of reworked 
mafic and felsic proximal volcanic rocks, and 2) an eastern 
sequence of massive to fragmental, quartz- and feldspar-
phyric rhyolitic flows in a thick package of heterolithic mafic 
to mafic-felsic breccia (Kremer and Simard, 2007). The 
boundary between the two sequences is marked, in places, 
by the Cliff Lake pluton and, elsewhere, by the Hook Lake 
Fault. New geochronological results are being used to assess 
the relationship of the Hook Lake block stratigraphy to the 
VMS-hosting stratigraphy of the Flin Flon block.

107–07–1326 (z9549)

A sample of buff to white quartz- and feldspar-phyric 
massive rhyolite was collected east of Mud Lake in the 
western sequence of Hook Lake block (Fig. 1). The outcrop 
consists largely of massive, generally ‘unaltered’ rhyolite, 
which cannot be traced along strike as numerous strike-slip 
faults have dismembered the stratigraphy. Zircon recov-
ery from this sample was very poor, only six grains were 
recovered, five of them of sufficient quality for ion-probe 
analysis (Fig. 3a, inset). The weighted mean 207Pb/206Pb age 
of 10 analyses of these zircons is 1891 ± 17 Ma and was 
interpreted as the time of crystallization (Fig. 3a).

PQB-1705–08 (z9738)

A sample of quartz diorite, interpreted to be a synvol-
canic phase of the complex Cliff Lake pluton. The Cliff 
Lake pluton is a multiphase body whose components are 
differentiated in the field by the amount of assimilated host 
rock xenoliths (Bailes and Syme, 1989). Previous geochro-
nology of this intrusion yielded ages ranging from 1874 
to 1894 Ma, with the complexity attributed to sampling a 
combination of inherited and primary igneous material  
(Gordon et al. 1990, MacQuarrie, 1980). Stern et al. (1999) 
reported the most precise age of 1886 ± 1 Ma from a cognate 
quartz diorite xenolith. Quartz diorite (phase 45b, Bailes 
and Syme, 1989) is the least contaminated major phase and 
therefore was recently sampled to determine a precise, early, 
synvolcanic crystallization age. Abundant, clear, colourless, 
prismatic to stubby zircons (Fig. 3b, inset) were recovered 
and chemically abraded for 8 hours (Mattinson, 2005). Two 
single-grain and two multigrain fractions yield a weighted 
mean age of 1888.1 ± 0.9 Ma (MSWD = 1.4, Fig. 3b) by 
ID-TIMS. This age is interpreted as the crystallization age 
of this phase of the Cliff Lake pluton and is identical, within 
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error, to the age determined by Stern et al. (1999). While the 
age of the western sequence of the Hook Lake block is impre-
cisely constrained, the crosscutting relationship between the 
quartz diorite and the western sequence would suggest a vol-
canic package older than 1888 Ma, roughly coeval with the 
Millrock member in the Flin Flon block.

107–07–1381 (z9550)

A sample of moderately to strongly silicified rhyo-
lite with abundant quartz veining was collected west of 
Manistikwan Lake (Fig. 1) for comparison with the western 
sequence and Flin Flon block stratigraphy. Abundant clear, 
colourless, high quality, prismatic zircons were recovered 
and mechanically abraded (Fig. 3c, inset). Four multi-
grain fractions yielded a weighted mean 207Pb/206Pb age of 
1882.0 ± 1.0 Ma (MSWD = 0.83, Fig. 3c) by the ID-TIMS 
technique, interpreted as the time of crystallization.

Although the large error on the age from the western 
sequence prevents us from positively correlating the two 
sequences of the Hook Lake block, the younger age obtained 
from the eastern sequence clearly demonstrates a signifi-
cantly different age from the western sequence as well as 
from dated units in the VMS-hosting Flin Flon block.

CONCLUSIONS

The results presented here address a number of outstand-
ing questions related to the stratigraphy and deformation 
history of the Flin Flon area in Saskatchewan and Manitoba.

1. The ages of four volcanic units from the Flin Flon block 
presented in this report suggest that ca. 1890 Ma is the 
dominant age of volcanism and possibly VMS min-
eralization in the Flin Flon area. The significance of 
the1903 Ma age for the Flin Flon Mine rhyolite (Stern  
et al. 1999) is now unclear.

2. A 1872 Ma folded felsic dyke confirms an early, pre-
Missi Group generation of deformation. Post-Missi 
Group deformation consists of multiple episodes. Two 
felsic dykes independently indicate that post-Missi fold-
ing and shearing occurred after 1840 Ma. These results 
permit an interpretation of coeval thrusting and shearing.

3. An imprecise age from a rhyolite from the western 
sequence of the Hook Lake block prevents us from posi-
tively correlating it with the Flin Flon block. However, 
geochemical similarities, as well as a minimum age of 
1888 Ma from the crosscutting Cliff Lake pluton, are 
consistent with coeval volcanism in the two blocks.

4. The younger (1881 Ma) age obtained from the eastern 
sequence of the Hook Lake block clearly demonstrates 
that this sequence is distinct from western sequence and 
the Flin Flon block.

Figure 3. Concordia diagrams of SHRIMP and TIMS results for 
samples from the Hook Lake area. 
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