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Introduction

The southwestern Rae Province in Saskatchewan is flanked by the Taltson Magmatic Zone in
the west and the Snowbird Tectonic Zone in the east (Figure 1). This portion of the Rae
Province is divided into multiple domains, each with long and varied histories. Affects of the
1.94-1.92 Ga culmination of the Taltson-Thelon orogeny are well documented in the west of the
province and into Alberta and Northwest Territories (McDonough et al., 2000), with ca. 1.93 Ga
metamorphic ages reported from as far east as the Zemlak Domain (Ashton et al., 2009). In
contrast, the rocks of the Tantato Domain appear devoid of the ca. 1.93 Ga record and rather
contain abundant evidence for ca. 1.90 Ga high-pressure high-temperature metamorphism (e.g.
Baldwin et al., 2003).
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Figure 1: A) Simplified orogenic sketch map of North
America. Saskatchewan is outlined by black dashed line.
Red box indicates area shown in detail in figure 1B. B)
Detailed map of Rae Province domains in northern
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The Beaverlodge Domain, situated between the Zemlak and Tantato domains, serves as a
place to test the apparently contrasting metamorphic histories across Rae Province in
Saskatchewan. The western Beaverlodge Domain experienced granitoid plutonism at ca. 3.0
Ga, 2.6 Ga, and 2.33 Ga (Van Schmus et al., 1986; Hartlaub and Ashton, 1998; Hartlaub et al.,
2007). These plutonic rocks form the basement to the Murmac Bay Group; a package of
quartzite, mafic volcanic, minor carbonate, komatiitic rocks and psammite to pelite (Hartlaub and
Ashton, 1998; Ashton et al., 2000). Deposition of the Murmac Bay Group was originally
considered to have occurred after 2630 Ma (Hartlaub et al., 2005). Recent studies of psammitic
to psammopelitic sediments have indicated deposition of a least the pelitic component occurred
after 2170 Ma (Ashton et al., 2009). Regional deformation has created an early migmatitic to
gneissic foliation (S1), an early east southeast-trending set of isoclinal folds (F2), local
northwest-trending folds (F3), northeast-trending folds (F4), and minor north-trending late folds
(F5). Metamorphic grade is lowest in the southwest Beaverlodge Domain where it is
amphibolite facies and increases to granulite facies both to the north and east.

In the eastern Beaverlodge Domain rocks are granulite facies equivalents of those described in
the west (Ashton and Card, 1998; Ashton et al., 2006; Ashton et al., 2007). The psammopelite
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is more voluminous than observed in the west, however, this is considered due to deposition in
a deeper water environment (Ashton and Card; 1998). A SHRIMP geochronological study of
detrital zircon provides a maximum deposition age of 2030 +/- 16 Ma from the youngest detrital
zircon. A metamorphic zircon age of 1907 +/- 5 Ma constrains the lower age limit for deposition.
This is similar to the results reported from the west (Ashton et al., 2009) and further supports
correlation of the psammopelite with the Murmac Bay Group.

The geographically central location of the rocks of the eastern Beaverlodge Domain provides an
opportunity to further explore the apparently contrasting metamorphic histories between the
western Beaverlodge Domain and the Tantato Domain. A detailed petrographic and in-situ
chemical monazite geochronological study of these granulite-facies rocks was warranted to test
the working hypothesis that two major events affected these rocks at ca. 1.93 Ga and 1.90 Ga
related to the Thelon-Taltson orogeny and thermotectonism along the Snowbird tectonic zone
respectively. The psammopelite was an attractive choice for a detailed study of these regional
events as their <2030 Ma depositional age excludes complications introduced by ca. 2.6 Ga,
2.55 Ga and 2.34 Ga metamorphic events recorded in the southern Rae Province (Baldwin et
al., 2003; Berman et al., 2005). Furthermore, as the psammopelite records D1 through D5
deformation, collection and study of oriented samples aimed at obtaining absolute timing of
fabric development was possible.

Results of Chemical Monazite Geochronological Study

In situ monazite geochronological study was performed on six oriented thin sections of
psammopelite from the eastern Beaverlodge Domain (See also Knox et al., 2008). Monazite
grains with distinct chemical signatures could be linked to deformational events and
metamorphic reactions were preferentially dated.

Results have been divided based on age and/or monazite composition and relationship of age
domain to structural elements: 1) 2.15 - 2.0 Ga, 2) 1.99-1.94, 3) 1.94-1.91 Ga, 4) 1.91 -1.90 Ga,
and 5) 1.90-1.85 Ga.

1) The oldest group of monazite ages ranges from 2.15-2.0 Ga is characterized by low Th.
Grains in this category are found both shielded within garnet as well as in the matrix. This
group does not have a distinct chemical or age signature and therefore does not define a
single event. The oldest grain is low-Th and is dated at 2146 +/- 65 Ma, which is older than
the minimum age of deposition. These grains are interpreted as detrital monazite that has
resisted resetting during regional metamorphism (Knox et al., 2008).

2) Monazite grains dating from 1.99-1.94 Ga are oriented in the S1/2 foliation and are found in
the matrix and within garnet. The composition of these grains is variable but interpreted to
have grown along the prograde metamorphic path and correspond to the timing of formation
of the gneissic to migmatitic regional foliation and early isoclinal folding (S1/2, F2). The
ages from 1.96-1.94 Ga show a relative decrease in Y indicating garnet growth had begun
during this time.

3) By far the largest population of dated monazite grains falls within the 1.94-1.91 Ga range.
Although the majority of ages are ~1.93 Ga this grouping represents a continuous span of
ages from 1.94-1.91 Ga (Figure 2). This age population has a chemical signature
characterized by generally low Y and moderate Th and suggests formation during garnet
growth in the presence of anatectic melt. Domains of this age are found shielded in garnet,
in corderite reaction rims around garnet and within the matrix. In addition, many of the
grains are aligned within the S1/2 foliation. These grains date high-grade metamorphism
associated with D2 deformation. Dumond et al. (2008) similarly concluded that high-grade
metamorphism was occurring at this time in the vicinity of the Grease River shear zone.

4) The slightly younger 1.91-1.90 Ga monazite have low-Y and moderate-Th compositions.
They are chemically similar to 1.94-1.91 Ga monazite but are texturally distinct forming rims
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on older monazite cores (e.g. core ca. 1.93 Ga with younger rim) and more rarely grains of
the same age. Texturally this population is also observed to be aligned in a northeast
orientation and in some cases overprinting minerals previously aligned in this northeast S4
orientation. This group of monazite is present in the matrix and in corderite reaction rims
surrounding garnets. The composition of the grains indicates the presence of stable garnet
during growth and thus signifies continuation of high-grade metamorphism during 1.91-1.90
Ga. Therefore, this range of ages is considered to date the formation of the northeast F4
folds and associated metamorphism.

5) The ca. 1.90-1.85 Ga monazite population is represented by a small number of overgrowths
on older cores (Figure 2). Grains of ca. 1.90-1.85 Ga are relatively enriched in Y with low Th
and are found exclusively within the matrix and cordierite reaction rims surrounding garnet.
Several domains of this age have been documented in a northeast orientation. These
grains therefore appear to be generated during continued regional stress creating the
northeast F4 folds during the retrograde metamorphic path as garnet breakdown to
cordierite was occurring. Regional cooling and uplift during this time has also been
documented by Dumond et al. (2008) in the Grease River shear zone.

Figure 2: A) Monazite grain images displaying variations
in Th levels and location of analyses. B) Histogram
showing age data obtained from monazite grains shown
in Figure 2 A.

Discussion and Conclusions

Rocks of the eastern Beaverlodge Domain include higher grade equivalents of the ca. 2.6 and
2.3 granitoid plutons, and a deeper water facies equivalent of the Murmac Bay Group (Ashton
and Card, 1998; Ashton et al., 2008; 2009). The 2030 Ma maximum age for deposition of the
psammopelite in the Fond-du-Lac map area agrees with more recent data from the western
Beaverlodge Domain (Ashton et al., 2009). In addition, this 2030 Ma age is very similar to
results from the Snowbird Lake area where deposition is constrained to be post-2070 Ma and
pre-1910 +/- 10 Ma (Martel et al., 2008). Similar metasediments in the Dodge Domain (Gilboy,
1979; Knox and Ashton, 2009) could be correlative

The psammopelite from the Fond-du-Lac map area records an extended monazite history that
allows for elucidation of post-2030 Ma deformational and metamorphic events. With monazite
ages spanning from ca. 2.15 Ga to 1.85 Ga it appears that resetting (or complete resetting) of
monazite age domains, even for non-shielded grains, appears incomplete. Low-Th monazite
grains (2.15-2.0 Ga) are interpreted to be of detrital origin. A 1.99-1.94 Ga monazite population
represents growth along a prograde metamorphic path and records garnet growth beginning at
~1.96 Ga. An overwhelming population of monazite growth took place during high-grade
metamorphism at 1.94-1.91 Ga. A large percentage of the results from this monazite population
are ca. 1.93 Ga, which is interpreted to be the timing of peak D1-D2 fabric formation and
accompanying granulite-facies metamorphism. Dumond et al. (2008) also document a granulite
facies metamorphic event in the eastern Beaverlodge Domain at ca. 1.93 Ga. The unique
orientation of 1.91-1.90 Ga monazite grains allows for recognition of a distinct population of
zircon grains that record the timing of northeast-trending F4 folding. Although it appears that
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the eastern Beaverlodge experienced high-grade metamorphism from ca. 1.94 to 1.90 Ga, two
distinct thermotectonic events are structurally and chemically distinguishable. In-situ chemical
monazite geochronology of oriented sections provided a useful tool to distinguish the ages of
the multiple deformational events.

References

Ashton K.E., and Card, C.D. 1998. Rae Northeast: A Reconnaissance of the Rae Province Northeast of Lake
Athabasca, In SOI 1998, SGS, Sask. Energy and Mines, Misc. Rep. 98-4.

Ashton, K.E., Knox, B., Bethune, K.M., and Marcotte, J., 2006. Bedrock geology of the area west of Fond-du-Lac
(NTS 740), south-central Beaverlodge Domain, Rae Province, In SOI 2006, Vol. 2, SGS, Sask. Industry Res. Misc.
Rep. 2006-4.2, Pap. A-1.

Ashton, K.E., Knox, B., Bethune, K.M., and Rayner, N. (2007): Geochronological update and basement geology
along the northern margin of the Athabasca Basin east of Fond-du-Lac (NTS 740/06 and /07), southeastern
Beaverlodge-southwestern Tantato domains, Rae Province; in Summary of Investigations 2007, Volume 2,
Saskatchewan Geological Survey, Saskatchewan Ministry of Energy and Resources, Misc. Rep. 2007-4.2, CD-ROM,
Paper A-9, 22p.

Saskatchewan Ministry of Energy and Resources, Misc. Rep. 2007-4.2, CD-ROM, Paper A-11, 8p.Ashton, K.E.,
Ashton, K.E., Rayner, N.M., Bethune, K.M., 2009. Meso- and Neoarchean granitic magmatism, Paleoproterozoic
(2.37 Ga and 1.93 Ga) metamorphism and 2.17 Ga provenance ages in a Murmac Bay Group pelite: U-Pb Shrimp
ages from the Uranium City area. In: SOI 2009, SGS, SEM Misc. Rep. 09-4.

Dumond, G, McLean, N., Williams, M.L., Jercinovic, M.J., Bowring, S.L., 2008. High-resolution dating of granite
petrogenesis and deformation in a lower crustal shear zone: Athabasca granulite terrane, western Canadian Shield.
Chem. Geol., 254, 175-196.

Gilboy, C. F., 1979. Reconnaissance bedrock geology, Stony Rapids north (parts of NTS Area 74P) in SOI 1979,
SGS, Sask Miner. Resour., Misc. Rep. 79-10, p12-18.

Hartlaub, R.P., Ashton, K.E., 1998. Geological investigations of the Murmac Bay Group, Lake Athabasca North Shore
Transect. In: SOI 1998, SGS, SEM Misc. Rep. 98-4, p. 17-28.

Hartlaub, R.P., Chacko, T., Heaman, L.M., Creaser, R., Ashton, K.E., 2005. The Archean Murmac Bay Group:
evidence for a giant Archean rift in the Rae Province. Precambrian Res., 131, 345-372.

Hartlaub, R.P., Heaman, L.M., Chacko, T., Ashton, K.E., 2007. Circa 2.3-Ga magmatism of the Arrowsmith Orogeny,
Uranium City Region, Churchill Craton, Canada. J. Geology, 115, 181-195.

Knox, B., Bethune, K.M., Ashton, K.E., Williams, M.L., Rayner, N., 2008. U-Pb SHRIMP and chemical monazite
geochronology of rocks in the central Beaverlodge Domain, Saskatchewan: constraints on ages of rock units and
implications for the tectonic evolution of the SW Rae Province. GAC—MAC Abstr., 33, 86.

Knox, B., and Ashton, K.E., 2009. Bedrock Geology and Setting of Ni-Cu Showings in the Robins Lake Area, East-
central Dodge Domain (Parts of NTS 74P/11 and /14). In SOI 2009, SGS, SEM Misc. Rep. A-1.

Rayner, N.M., and Bethune, K.M. (2009): New U-Pb zircon ages from the Uranium City area: 2.94 and 2.61 Ga
granitic magmatism, 2.37 Ga (Arrowsmith) and 1.93 Ga (Taltson) metamorphism, and 2.17 Ga detritus in a Murmac
Bay Group pelite; in Summary of Investigations 2009, Volume 2, Saskatchewan Geological Survey, Saskatchewan
Ministry of Energy and Resources, Misc. Rep. 2009-4.2, CD-ROM,

Baldwin, J.A., Bowring, S.A., and Williams, M.L. (2003): Petrological and geochronological constraints on high
pressure, high temperature metamorphism in the Snowbird tectonic zone, Canada; J. Metamorphic Geol. V21, p81-
98.

Berman, R.G., Sanborn-Barrie, M., Stern, R.A., and Carson, C.J. (2005): Tectonometamorphism at ca. 2.35 and 1.85
Ga in the Rae Domain, western Churchill Province, Nunavut, Canada: Insights from structural, metamorphic and in
situ geochronological analysis of the southwestern Committee Bay Belt; Canadian Mineralogist, v43, p409-442.
Martel, E., van Breemen, O., Berman, G., and Pehrsson, S. (2008): Geochronology and tectonometamorphic history
of the Snowbird Lake area, Northwest Territories, Canada: new insights into the architecture and significance of the
Snowbird tectonic zone; Precambrian Geology, v161, p201-230.

McDonough, M.R., McNicoll, V., Schestselaar, E.M., Grover, T.W., 2000. Geochronological and kinematic constraints
on crustal shortening and escape in a two-sided oblique-slip collisional and magmatic orogen, Paleoproterozoic
Taltson Magmatic Zone, northeastern Alberta. Can. J. Earth Sci., v. 37, p1549-1573.

Van Schmus, W.R., Person, S.S., Macdonald, R. and Sibbald, T.l.I. 1986. Preliminary results from U-Pb zircon
geochronology of the Uranium City region, northwest Saskatchewan. In SOl 1986, SGS, Sask. Energy and Mines,
Misc. Rep. 86-4, p108-111.

GeoCanada 2010 — Working with the Earth 4



