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6 Exploration Potential for Muskrat Dam Lake Greenstone 
Belt and Rottenfish River Greenstone Belt

Note:  The following recommendation is modified from Paterson and Lewis (2020).

The Muskrat Dam Lake greenstone belt is located within the Sachigo Subprovince approximately 300 km 
north-northeast of Red Lake in the Red Lake Resident Geologist District. It is a typical Archean greenstone 
belt comprising metavolcanic and metasedimentary rocks with felsic to ultramafic intrusions and bounded 
by composite granitic batholiths (Figure 1). Ayres’ (1969) field work and report on the Muskrat Dam Lake 
greenstone belt is the first and only comprehensive study of the Muskrat Dam Lake greenstone belt. Ayres’ (1969) 
interpretation of the Muskrat Dam Lake greenstone belt was drawn from 2 field seasons during which 75% of the 
area was covered by traverses along major lakes and rivers or by pace and compass traverses in forested areas. 
Brief follow-up field work and reinterpretation were completed in 1987 by Thurston, Cortis and Chivers focussing 
on general structural–stratigraphic interpretations (Thurston, Cortis and Chivers 1987).

Only 2 geophysical surveys have been flown over the area. In 1967, the Geological Survey of Canada (GSC) 
performed the first aeromagnetic survey over the entire belt (Geological Survey of Canada 1967a-d). Later in 1980, 
Gulf Minerals Canada flew another aeromagnetic survey over the central portion of the greenstone belt.

Three assemblages have been mapped in the greenstone belt (Thurston, Osmani and Stone 1991): the Nekence 
assemblage (2.9 Ga) comprising komatiitic and tholeiitic flows overlain by iron formation and quartz arenites, 
the Muskrat Dam assemblage (2.7 Ga) of arc volcanic rocks and the Rottenfish assemblage (~2.9 Ga), also an arc 
volcanic assemblage. Only 3 ages have been obtained from the Muskrat Dam Lake greenstone belt (Figure 2A). 
Two ages of 2734 Ma come from rhyolites in 2 different stratigraphic positions within Ayres’ Upper Metavolcanic 
Formation, within the Muskrat Dam assemblage and one age of 2958 Ma from Ayres’ Lower Metasedimentary 
Formation, near the southern margin of the greenstone belt, in the Nekence assemblage.

Ayres (1969) mapped 3 major structures in the area: the Windigo and Severn River faults affecting the Muskrat 
Dam Lake greenstone belt and the Rottenfish Lake fault (see Figure 2A). The Windigo River fault trends 
approximately north-south through the middle of the belt with the rocks east of it dominated by the upper 
mafic metavolcanic formation, whereas, west of the fault, all formations are represented, often with significant 
thicknesses. Ayres’ (1969) work shows the east-trending Muskrat Dam assemblage to be isoclinally folded and 
characterized by marked facies changes. The eastern margin of the belt gradually tapers and thins out, whereas 
the western margin ends abruptly against granitic rocks.

Immediately west and separated by approximately 5 to 8 km of granitic rocks, along the Rottenfish Shear (Osmani 
and Stott 1988), is the Rottenfish River greenstone belt (see Figures 2A and 2B). This is a narrow south-trending 
belt dominated by mafic volcanic and gabbroic rocks with lesser felsic to intermediate volcanic rocks and iron 
formations. It has been folded into an isoclinal anticline and is thought to be part of the North Sandy assemblage 
because of its orientation and evidence of a xenolith train linking it to the Sandy Lake greenstone belt (Thurston, 
Osmani and Stone 1991).

The entire Muskrat Dam Lake greenstone belt has been metamorphosed to greenschist facies in the core through 
to almandine amphibolite facies with extensive hornblende hornfels around the margins. Gabbros and diorites 
form several significant (up to 24 km in strike and 2.3 km in thickness) sills in both greenstone belts.

Subsequent investigation by Thurston, Cortis and Chivers (1987) confirmed much of Ayres’ (1969) work with some 
notable new findings: the basal basalts north of Nekence Lake (in the Lower Metavolcanic Formation) included 
200 m thick pillowed komatiitic flows, and some of the gabbros along the Severn River were also found to be 
komatiitic flows (see Figure 1). Also, abundant evidence of a shallow water depositional environment in both the 
Lower and Upper Metasedimentary Formations, including stromatolites, were recorded.
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Structural deformation in the Muskrat Dam Lake greenstone belt is typically complex (Thurston, Osmani and 
Stone 1991). Early D1 thrusting is evidenced by the occurrence of the age of 2734 Ma in differing stratigraphic 
positions within the Muskrat Dam assemblage and the presence of non-arc komatiitic units in the Muskrat Dam 
assemblage. Later deformation is seen in the D2 fold axes within the belt having been broadly warped from 
the emplacement of the large batholiths surrounding the belt, as are the D2 fold-parallel shears separating the 
assemblages (see Figure 1).

Given all the evidence that the Nekence assemblage is significantly older and of much different provenance, it 
is thought to be a sliver of the North Caribou greenstone belt separated from the Muskrat Dam assemblage by 
an extension of a major shear separating older and younger assemblages in the North Caribou greenstone belt 
(Thurston, Osmani and Stone 1991).

Within the Superior Province in northwestern Ontario, there are numerous metallogenic associations related to 
assemblage and rock types and structure. In the Muskrat Dam Lake greenstone belt, what little exploration that 
has been done has shown there is anomalous gold, copper, nickel and chromium, to name a few only. Some of 
the major associations that may be important in the Muskrat Dam Lake greenstone belt can be summarized as 
below (Thurston, Osmani and Stone 1991).

1. Platformal rocks
a. uranium mineralization in clastic sediments (quartz arenites, conglomerates)
b. nickel in komatiitic rocks

2. Arc volcanic rocks
a. copper as disseminated sulphides in altered mafic flows
b. platinum group elements (PGE), chromium in mafic to ultramafic sills

3. Shear zones
a. gold in discordant vein systems associated with D2 shears
b. rare elements (“rare metals”) in pegmatites associated with 2-mica granites in major shear zones

Figure 1.  Assemblages of the Muskrat Dam Lake greenstone belt based on mapping carried out by Ayres (1969) and Thurston, 
Cortis and Chivers (1987).
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The Muskrat Dam Lake greenstone belt received limited exploration work from 1969 to 1988 and only by a 
handful of companies. To date, there are only 217 diamond-drill holes and 228 assessment files within the Muskrat 
Dam Lake greenstone belt—many as single drill-hole submittals, documented in the Ontario Drill Hole Database 
and the Ontario Assessment File Database (Ontario Geological Survey 2019b, 2019c, respectively; see Figure 2B). 
There are 35 non-assessment donated exploration files held at the Red Lake Resident Geologist Office. These are 
also mostly drill-hole submissions.

Several prospective mineral exploration targets were identified by Ayres (1969), which suggests that more 
exploration work is required within the greenstone belt. A high density of sulphide mineral occurrences is found in 
the eastern part of the Muskrat Dam Lake greenstone belt in abrupt lateral and vertical lithology changes where 
a major syncline is cross folded (see Figure 2B). Several thick-banded iron formations, identified in the Rottenfish 
River greenstone belt and along the shore of Munekun Lake, appear to contain 20% Fe over 30 to 10 feet widths 
and generally correlate with aeromagnetic surveys (Ayres 1969; Geological Survey of Canada 1967a–d; see Figure 2B). 
The area of the Rottenfish Lake fault should be examined in detail because of previously reported occurrences 
of gold (see Figure 2B). Additionally, several muscovite-bearing leucogranites and pegmatites, forming as rare 
sills, lenses and dikes in metasedimentary rocks and metavolcanic rocks suggest rare earth element and lithium 
potential (see Figure 2B). Overall, 17 localities containing gold, copper, cobalt, lead, nickel and zinc potential 
contained 1 to 10% sulphide minerals with 5 localities containing more than 10% sulphide minerals (see Figure 2B).

A review of the past work history conducted in the Muskrat Dam greenstone belt indicates that further 
examination is required on several open anomalous locations. The high density of sulphide mineral occurrences 
along the northeastern shores of Muskrat Dam Lake should be followed up with detailed prospecting and 
geophysics (see Figure 2B). Grab samples collected during Ayres’ field work identified trace amounts of gold, 
cobalt, copper, lead, nickel and zinc mineralization over several thousand feet in garnetiferous mafic and 
metavolcanic rocks, felsic to intermediate metavolcanic rocks and metaconglomerates (Ayres 1969). The highly 
varied mineralized metaconglomerate unit that is exposed over 1500 feet along the north shore of Muskrat 
Dam Lake and along the western shores of Sandhill Crane Island may be acting as a conduit for sulphide-rich 
hydrothermal fluids.

The metaconglomerates exposed at the northwest corner of Sandhill Crane Island for 300 feet have been replaced 
locally by disseminated to massive pyrrhotite and by concordant lenses of massive pyrite (see Figure 2B). 
Three grab samples collected by Ayres from the metaconglomerate contained anomalous values of gold, 
copper and nickel (Ayres 1969). In 1980, Gulf Minerals Canada conducted diamond drilling within this zone and 
intersected 13 580 ppm Cr2O3 (Solonyka 1981). Multiple other drill holes by Gulf Minerals Canada intersected 
>1000 ppm Cr2O3 within their claim area suggesting the potential for chromite mineralization elsewhere within the 
Muskrat Dam Lake greenstone belt.

The Windigo River occurrence is characterized by pyrite-chalcopyrite mineralization within quartz vein lenses 
in sheared south-striking metagabbro sills over several hundred feet (see Figure 2B). The metagabbro sills lay 
adjacent to the Windigo River fault and a broad aeromagnetic anomaly (Ayres 1969; Geological Survey of Canada 
1967a–d). A grab sample collected by Ayres from a 6 inch massive pyrite chalcopyrite lens contained 1.22% Cu 
and trace amounts of gold (Ayres 1969). Despite Ayres’ brief examination of the Windigo River site, multiple 
mineralized veins were identified and further detailed prospecting may lead to the discovery of larger zones of 
mineralization.

The Rottenfish River anomaly is hosted within rusty weathering, felsic metavolcanic rocks, mafic metavolcanic 
rocks and metagabbro sills, contains 1 to 10% pyrite, pyrrhotite and trace chalcopyrite mineralization, and analyses 
returned anomalous gold, copper, and nickel values (see Figure 2B). The Rottenfish River anomaly hosts the thickest 
and most iron-rich unit identified by Ayres and corresponds well with aeromagnetic data (Ayres 1969; Geological 
Survey of Canada 1967a–d). The iron formations within the Rottenfish River belt have been metamorphosed to 
almandine amphibolite facies and are possibly analogous to the mineralization style at the Musselwhite Mine, 
which is hosted primarily in high-strain silicate-rich garnetiferous iron formation (Oswald et al. 2015).

Between Morrison River and Muskrat Dam Lake, muscovite-bearing granites and metamorphosed felsic intrusive 
rocks are sandwiched between felsic and mafic metavolcanic rocks and gabbroic rocks (see Figure 2B). The white 
pegmatite dikes, sills and lenses are typically composed of albite-oligoclase, quartz, muscovite, tourmaline, 
garnet, magnetite and molybdenite. In contrast, the equigranular, garnetiferous, potassic muscovite leucogranites 
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and pegmatites were emplaced after the gabbroic sills present in the Muskrat dam assemblage (Ayres 1969). 
The mapped outcrop areas of the white pegmatites and younger muscovite-bearing units, also emplaced after 
gabbroic sills, share a similar geological setting to Frontier Lithium’s Pakeagama property, which is also situated 
near an intersection of 3 differing lithologies: mafic to intermediate metavolcanic rocks, muscovite-bearing 
granitic rocks and metasedimentary rocks.

Figure 2.  Ayres (1969) geological map superimposed with additional information:  A) OGS Mineral Deposit Inventory 
occurrence locations (from Ontario Geological Survey 2019a) and geochronology; and  B) Ontario drill hole database (from 
Ontario Geological Survey 2019b) and non-assessment drill-hole locations, sulphide mineral occurrences and target areas 
(from Ayres 1969; Solonyka 1981).
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A reconnaissance re-evaluation of a number of northwestern greenstone belts by Thurston, Cortis and Chivers 
(1987) identified komatiitic pillowed flows north of Nekence Lake in the Nekence assemblage (see Figure 2B). The 
identification of mafic to ultramafic sills indicates the possibility of PGE and chromium mineralization within the 
Nekence assemblage in the Muskrat Dam Lake greenstone belt.

The Muskrat Dam Lake greenstone belt provides an excellent opportunity to develop noteworthy exploration 
properties. Historically underexplored, and largely open unencumbered ground, this greenstone belt provides vast 
potential for new discoveries to occur. Reviews of assessment files, reports and diamond-drill hole data indicate 
that several deposit types and mineralization styles are possible within the Muskrat Dam Lake greenstone belt. The 
Windigo River area presents discordant vein systems within metagabbro sills that may host lode gold deposits. 
Samples collected at Sandhill Crane Island indicate gold, copper, nickel and chromium mineralization and reflects 
potential PGE and lode gold deposits. The Muskrat Dam Lake area contains the highest density of sulphide 
mineral occurrences reported by Ayres (1969) and remains an excellent target for lode gold mineralization. 
The Rottenfish River greenstone belt and other areas around the Muskrat Dam Lake greenstone belt contain 
almandine-bearing banded iron formation and have the potential to host banded iron-formation–associated gold 
deposits. Muscovite-bearing granites and intrusive rocks present an opportunity for lithium-bearing and rare earth 
element deposits near Morrison River.
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