. Descriptive Notes
Introduction

The Montresor River area (part of lan Calder Lake, NTS 66-I, NTS 66-H) is underlain by Precambrian rocks of the Rae
structural province in central Nunavut, and includes two major geological features, the Montresor metasedimentary belt
and part of the Amer mylonite zone. The area was initially mapped at 1:1M during Operation Northern Keewatin
(Heywood, 1961) and subsequently at 1:250,000 (Frisch and Patterson, 1983; Frisch, 1992; 2000). Parts of the area
were covered by a high-resolution aeromagnetic survey (Miles and Oneschuk, 2013) and GIS compilation including new
information on archival samples (Harris et al., 2013). Geochronological results are reported for archival material from a
regional transect (Davis et al., 2013) as well as for samples collected in 2012 (Davis et al., 2014). Results of a regional
till survey are reported in McMartin et al. (2013). The present map results from compilation of existing information,
augmented by integrated topical field work and geophysical interpretation in 2014 (Percival et al., 2015; Tschirhart et al.,
2015).

Regional geology, structure, and metamorphism

Two main age groups are represented in the map area: Archean (ca. 2.6 Ga) granite and orthogneiss with sparse
paragneiss and amphibolite enclaves; and Paleoproterozoic units including metasedimentary rocks of the Montresor belt
(Frisch, 2000) and plutonic rocks. Archean granitoid rocks range in composition from tonalite to granodiorite and granite
(Frisch, 2000). A K-feldspar porphyritic granodiorite representative of a regional-scale aeromagnetic low north of the
Montresor belt yielded a U-Pb zircon age of 2589 + 3 Ma (Davis et al., 2014). Within the map area these rocks range
texturally from homogeneous and weakly foliated to augen gneissic, layered gneissic or mylonitic. They are generally
metamorphosed in the amphibolite facies, except south of the Amer mylonite zone, where some rocks attained granulite
facies (Fraser, 1988; Tella, 1994; Berman, 2010), dated at ca. 1.82 Ga locally (U-Pb monazite; Berman, 2010). At the
regional scale, deformation and metamorphism of the Archean rocks is attributed to effects of both the ca. 2.35 Ga
Arrowsmith and ca. 1.9-1.8 Ga Trans-Hudson orogeny (Berman et al., 2005; Berman, 2010; Berman et al., 2013a).

The Archean units have traditionally been considered to be depositional basement to the Montresor group, although
no unconformity was observed (Frisch, 2000). Recent results support a more complex relationship among the Archean
and Paleoproterozoic units (see Schematic tectonostratigraphic section, Fig. 1), including elements of the fold-thrust belt
interpretation established in the Amer belt 50 km to the south (Patterson, 1986; Rainbird et al., 2010; Tschirhart et al.,
2013; Pehrsson et al., 2013; Calhoun et al., 2014). The northeast end of the Montresor belt consists of a structural
footwall complex made up of units including: augen gneiss (unit Agg), quartz arenite and related arkose (unit Pmq);
chert, dolostone and related calc-silicates (unit Pmc), as well as argillite and micaceous schist (unit Pmp), the latter unit
intruded by boudinaged sills of gabbro (locality 2; 2047 Ma; M.A. Hamilton, pers. comm., 2013) and foliated granodiorite.
Assemblages in calc-silicate units including forsterite-diopside-tremolite indicate metamorphism at amphibolite facies. All
units are transected by sparse narrow dykes of hornblende granodiorite, biotite granite and pegmatite. Contacts
between augen gneiss and sedimentary units are characterized by deformation corridors of flaggy foliation, penetrative
lineation, grain size reduction and obliteration of primary textures, and are interpreted as ductile fault zones (first phase
of deformation, D). Map patterns of units and fault zones suggest polyphase structural imbrication of gneisses and
sedimentary units. The metasedimentary rocks of the footwall complex are collectively referred to as the lower Montresor
group. A structurally-bound quartzite from the Montresor footwall complex contains detrital zircons with a statistical peak
of U-Pb SHRIMP ages at ca. 2190 Ma (locality 3; B. Davis, pers. comm., 2015), which together with the gabbro sill age,
bracket deposition of the sedimentary units between 2190 and 2047 Ma. Lithologically, these units resemble regionally
extensive quartzite, mudstone and dolostone strata exposed in the lower parts of the Amer and Ketyet River belts
(Rainbird et al., 2010), informally known as Ps1 and Ps2 (Paleoproterozoic sedimentary units 1 and 2; Pehrsson et al.,
2013). Structurally higher, in the core of the Montresor syncline, are weakly deformed and metamorphosed, fine-grained
sandstone, siltstone, and calcareous sedimentary units informally referred to as the upper Montresor group. With U-Pb
SHRIMP ages of ca. 3800-1938 Ma (locality 4; B. Davis, pers. comm., 2015), these units correspond to Ps3 units of the
Amer and Ketyet River belts (Rainbird et al., 2010; Pehrsson et al., 2013). The nature of the boundary between the
footwall complex and overlying upper Montresor units is best defined near the southwestern end of the belt. There, the
footwall complex consists of muscovite-andalusite-sillimanite-garnet rich schist indicating middle-amphibolite facies
conditions (3.3 kbar, 575°C) at 1861-1844 Ma (locality 6; Berman et al., 2015). Schistosity dips moderately northwest
and is concordant with well-preserved bedding in the structurally overlying, weakly deformed sandstone and siltstone
units of the upper Montresor group. Metamorphic assemblages in these fine-grained metasedimentary units include
chlorite-muscovite-biotite and epidote-zoisite-clinozoisite-actinolite, defining middle greenschist-facies conditions, dated
locally (locality 7) by metamorphic monazite at 1847 Ma (B. Davis, pers. comm., 2015). The interface between the upper
and lower parts of the Montresor group is interpreted as a late- to post-metamorphic, low-angle extensional detachment
fault (D) with vertical offset of several kilometres, to account for the missing upper greenschist- and lower amphibolite-
facies rocks. Sedimentary units of the upper Montresor group include fine-grained, thinly laminated sandstone and
siltstone, with sparse dolostone and calcareous sandstone (unit Pms). The siliciclastic units include laterally continuous
beds with disseminated magnetite (unit Pmsm) that form prominent aeromagnetic markers outlining a pair of doubly-
plunging, open, upright synclines (D). In the southwestern syncline, a prominent aeromagnetic low corresponds to a
stratabound unit of altered, brecciated igneous rocks (unit Pmb). Pervasive hematite alteration within the unit suggests
that oxidizing fluids may have been responsible for producing low magnetic susceptibilities. Observed over 4 kilometres
of strike length, the zone can be extrapolated aeromagnetically for at least 50 km (Tschirhart et al., 2015; see Mineral
Potential below).

The interpreted extensional fault separating the upper from the lower Montresor group is consistent with field
observations of a metamorphic ‘gap’ between mid-greenschist and mid-amphibolite facies. However, the depositional
relationship between the >2047 Ma lower Montresor and <1938 Ma upper Montresor is undefined. Possibilities include:
1) a disconformity encompassing a >109 million year depositional gap; 2) an unconformity between lower Montresor
rocks, possibly deformed during the ca. 1.97 Ga Thelon orogeny (D4-imbrication), and the upper Montresor sediments
that contain 2.02-1.94 Ga detritus possibly derived from the Thelon orogen 300 km to the west. Although the
stratigraphic nature of the contact cannot be defined in the Montresor belt, the correlative interface between sequences
2 and 3 is significant in the Amer and Ketyet River belts (Rainbird et al., 2010), where it is a disconformity or
unconformity interpreted to reflect a change in tectonic setting from earlier extension to younger contraction and
collision. In these belts, D4 fold and thrust structures are bracketed between 1.93 and 1.83 Ga and probably close to
1.90 Ga (Pehrsson et al., 2013). This age could also apply to D4 structures in the Montresor belt, which have been
documented in the lower Montresor, and could also be present but unrecognized in the upper Montresor.

The southeastern boundary of the Montresor belt is exposed in locations northwest of the confluence of the
Meadowbank and Back rivers. In that region, amphibolite-facies schist (unit Pmp) of the lower Montresor Group is
juxtaposed with augen gneiss across a moderately northwest-dipping mylonite zone (D3) characterized by an intense,
gently southwest-plunging stretching lineation. Rare kinematic indicators suggest a dextral, oblique sense of motion.
Biotite granite and pegmatite dykes that transect schists northwest of the mylonite zone are deformed within the zone,
where monazite within high-strain fabrics records U-Pb SHRIMP ages of 1850 Ma, (locality 8; B. Davis, pers. comm.,
2015). Later muscovite-garnet granite and pegmatite dykes cut the mylonitic fabrics. The mylonite zone has not been
observed at the northwestern margin of the belt but is included on the map for consistency. To the southeast, a
moderately northwest-dipping ductile foliation characterizes augen gneisses in the 30 km-wide region toward the Amer
mylonite zone. This zone has both ductile and brittle structures and experienced at least two periods of movement (Tella,
1994). The younger, brittle, dextral phase may have been as late as ca. 1700 Ma (Tella, op cit.) but the older, ductile
phase could relate to events recognized in the Montresor belt. Specifically, a regional late-Trans-Hudsonian extensional
event could relate the ca. 1.82 Ga granulite-facies metamorphism south of the Amer mylonite zone, to the ca. 1.85 Ga
amphibolite and greenschist-facies metamorphism in the Montresor belt, through exhumation of a core complex
accomplished by northwest-directed detachment.

At least three generations of diabase dykes are evident on aeromagnetic maps. North-south-trending dykes appear
to be limited to the region between the Amer and Chantrey fault zones and have been named the Intra-Amer-Chantrey
(IAC) dykes. A locality sampled north of the Back River yielded no zircon or baddelyite. Rare northeast-trending dykes
may represent part of the undated Duggan swarm (Buchan and Ernst, 2013). Although prominent aeromagnetic
features, northwest-trending dykes of the 1267 Ma Mackenzie swarm are poorly exposed in the area. The area is
characterized by widespread glacial till and esker deposits.

Mineral potential

A single showing of copper and arsenopyrite was previously reported from the northern margin of the Montresor belt
(Frisch, 2000). Several samples were assayed from the altered, brecciated zone (unit Pmb) located to the east of the
showing and one breccia returned anomalous values of Cu (1600 ppm), Ag (1700 ppb), Au (24 ppb), Bi (8.9 ppm), Se
(36 ppm), and Te (1.5 ppm) (Berman et al., 2015). The stratabound zone, approximately 500 m thick where observed on
the southeastern limb of the Montresor syncline, can be traced as an aeromagnetic low around the southwestern end of
the syncline, and magnetic forward modeling supports a synclinal cross-sectional shape (Tschirhart et al., in press). At
the upper contact, sedimentary rocks are variably silicified, brecciated and epidote-veined. Igneous rocks within the
zone are variably altered to hydrothermal assemblages including actinolite, biotite, K-feldspar and tourmaline, and
epithermal overprints characterized by epidote, chlorite, hematite and quartz. Breccias range texturally from multiply
fractured or sheared rocks of unidentified protolith, to quartz-cemented stockworks with angular epidote and/or hematite-
rich fragments. Original bulk compositions are obscure as a result of alteration and brecciation but the least altered
rocks appear to have been silica undersaturated, possibly in the range alkali basalt to syenite. A relatively unaltered
syenite yielded zircons ranging in age from 2.7 to 2.0 Ga, interpreted as inherited xenocrysts (B. Davis, pers. comm.,
2015). The youngest zircon (2.0 Ga) represents a maximum age for emplacement. Textural observations indicate that
the processes of igneous emplacement, alteration and brecciation overlapped in time. Fragments of altered basalt occur
as xenoliths in syenite, itself altered and brecciated. In one location, thin basaltic dykelets cut breccia with a network of
extensional veinlets. In terms of potentially analogous mineralized environments, Cu-Ag-Au deposits of Eocene age in
the southwestern U.S.A. may be relevant. There, varieties of breccia, vein, epithermal and disseminated mineralization
styles were deposited from oxidizing, low-sulphidation, Te-, Se-bearing fluids associated with alkaline magmatism in a
regional extensional setting (e.g. Kelley and Ludington, 2002; Sillitoe, 2002; Sillitoe and Hedenquist, 2003; Richards,
2009; Colgan et al., 2014). Based on this analogy, the area may have potential for low grade, high-tonnage Cu-Ag-Au
mineralization in a variety of mineralization styles.

Upper Montresor group

-------------- D2 detachment fault

Imbricated gneiss and
Lower Montresor group

............. ... D1 thrust faults

Lower Montresor group

....................... inferred unconformity

Archean granodiorite,
augen gneiss (ca. 2.59 Ga)

alkaline magma

Figure 1. Schematic tectonostratigraphic section illustrating interpreted relationships
among Archean and Paleoproterozoic units, and two generations of Paleoproterozoic
structures in the Montresor belt.

Abstract

The Montresor River area (parts of NTS 66-H/13, 14,
15, 16, and NTS 66-1/1, 2, 3, 4, 5, 6, 7, 8), part of the
Rae structural province, is underlain by granitic rocks of
Archean (ca. 2.6 Ga) age and the Paleoproterozoic
(<2.19 Ga) Montresor group of metasedimentary rocks.
Quartzite, dolostone and metapelite of the lower
Montresor group are structurally imbricated (D) with
granitic gneisses and metamorphosed to the
amphibolite facies. This structural footwall complex is
separated from greenschist-facies rocks of the upper
Montresor group by a detachment fault (D,). A third set
of structures including mylonites juxtaposes the basal

Résumé

La région de la riviere Montresor (parties des feuillets
66-H/13, 14, 15, 16 et 66-1/1, 2, 3, 4, 5, 6, 7, 8 du
SNRC), située dans la province structurale de Rae,
présente un sous-sol formé de roches granitiques de
I'Archéen (env. 2,6 Ga) et de roches métasédimentaires
du groupe de Montresor du Paléoprotérozoique (<2,19
Ga). Les unités de quartzite, de dolomie et de
métapélite du groupe de Montresor inférieur sont
structuralement imbriquées (D;) avec des gneiss
granitiques et métamorphisées au facies des
amphibolites. Ce complexe de mur structural est séparé
par une faille de décollement (D;) des roches du groupe

footwall complex and surrounding granitoid rocks de Montresor supérieur, métamorphisées au facies des
carrying concordant augen gneissic fabric. The schistes verts. Un troisieme ensemble de structures,
Montresor syncline, outlined aeromagnetically by comprenant des mylonites, met en contact la partie

prominent magnetic siltstone beds, may be a D,
structure.  Previously unrecognized breccia and
hydrothermally altered alkaline igneous rocks occur as
a stratabound layer in the southwestern Montresor
syncline and have elevated Cu, Ag, Au values.

basale du complexe de mur avec les roches granitoides
environnantes, qui présentent des fabriques de gneiss
ceillé concordantes. Le synclinal de Montresor, mis en
évidence dans les données aéromagnétiques par des
lits de siltstone a forte signature magnétique, pourrait
étre une structure D,. Dans la partie sud-ouest du pli
synclinal de Montresor, des bréches et des roches
ignées  alcalines ayant subi une altération
hydrothermale, non relevées jusque-la, forment une
couche stratoide renfermant des teneurs élevées en
Cu, Ag et Au.
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No. Unit Sample Number | Age (Ma) | Error (Ma) Method Mineral Interpretation Significance Reference

1 Agg 12PBA-23A1 2589 3 U-Pb SHRIMP|Zircon Igneous crystallization age Age of lithological unit Agg 1

2 gabbrosill [ 12PBA-B17E 2047 13 U-Pb TIMS  |Zircon Igneous crystallization age Minimum depositional age for PMp 4

3 Pmq 14PBA-29A1 <2190 - U-Pb SHRIMP|Zircon Youngest detrital zircon age Maximum depositional age for PMq 3

4 PMs 12PBA-B19A <1938 - U-Pb SHRIMP|Zircon Youngest detrital zircon age Maximum depositional age for PMs 3

5 Pmb 14PBA-102D <2000 - U-Pb SHRIMP|Zircon Inheritance age Maximum cystallization age for PMb syenite 3

6 PMp 12PBA-27A 1861 U-Pb SHRIMP|Monazite |Metamorphic crystallization age |Age of regional amphibolite-facies metamorphism 2

6 Pmp 12PBA-27A 1844 U-Pb SHRIMP|Monazite |Metamorphic crystallization age Age of regional amphibolite-facies metamorphism 2

7 PMs 14PBA-43 1847 15 U-Pb SHRIMP|Monazite |Metamorphic crystallization age Age of regional greenschist-facies metamorphism

8 Agg 14PBA-74A 1850 5 U-Pb SHRIMP|Monazite |Metamorphic crystallization age (D3 shear zone age

Table 1. Summary table showing results of U-Pb age determinations and constraints for units and metamorphic events. Localities are numbered on the map face. References: 1 - Davis et al., 2014; 2 - Berman et al., 2015;
3 - Davis and Percival, unpublished data; 4 - Hamilton and Percival, unpublished data.
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Figure 2. Geophysically constrained, composite (segments A-B, B’-C, C’-D) geological cross-section (no vertical exaggeration) showing interpreted subsurface distribution of units and structures.
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Diabase (Mackenzie swarm, 1267 Ma): Northwest-trending diabase dyke, poor
to no exposure.

Diabase (Intra Amer-Chantrey (IAC) swarm): North-trending diabase dyke,
poorly exposed (aeromagnetic interpretation).

Diabase (Duggan? swarm): East-northeast-trending diabase dyke
(aeromagnetic interpretation).
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Granite, pegmatite: Massive, medium- to coarse-grained, white, muscovite
garnet granite. Occurs as dykes and plutons around the southwestern end of
the Montresor belt.

Mafic syenite, quartz syenite: Massive, medium- to coarse-grained.

Montresor Group
Upper Montresor

Breccia, intrusive rocks, altered rocks: Breccia: Polymict tectonic-hydrothermal
fragmental zone with very low magnetic response. Fine-grained, hackly
fracturing, dark red or green breccia containing angular fragments of altered or
igneous rock up to a few cm in size, in a matrix of rock flour or igneous
dykelets. Fragments may be cemented by stockworks of quartz or epidote.
Some breccias consist of epidote-chlorite cataclasite and pseudotachylite.
Intrusive rocks: Sparsely preserved fragments, dykes and sills of felsic,
intermediate, and mafic composition, with altered mineral assemblages. Felsic
rocks are medium-grained K-feldspar-muscovite-chlorite-quartz granite to
syenite, intermediate rocks are medium-grained K-feldspar-actinolite-epidote
syenite, and mafic rocks are fine-grained biotite-tourmaline-plagioclase rock.
Altered rocks: breccia fragments and zones of uncertain protolith, consisting of
fine-grained mixtures of quartz, epidote, hematite, and chlorite.

Fine-grained sandstone, siltstone: The fine-grained clastic rocks are grey or
pink, with variably preserved sedimentary structures and textures. Bedding
varies from thin laminations (2—5 mm) to thick (>1 m) beds; trough
cross-bedding, ripple marks and convolute bedding are common. Bulk
composition varies from feldspathic sandstone and arkose to pelite. Dolostone
and calcareous sandstone are common in the lower parts of the sequence.
Rare quartz and granite-pebble metaconglomerate at southwestern end of
belt. Metamorphic assemblages including muscovite, chlorite, and biotite in
pelitic compositions, and epidote, clinozoisite and actinolite in calc-silicate
rocks indicate metamorphism to the greenschist facies.

Magnetic marker units within PMs containing up to 2% magnetite define
prominent aeromagnetic stripes outlining doubly plunging synforms. The
magnetite is concentrated in heavy-mineral-rich bands that also contain
apatite, zircon, and tourmaline.

Lower Montresor

Muscovite-rich schist: Coarse-grained pelitic schist with local relict bedding.
Coarse assemblages of muscovite, biotite, andalusite, cordierite, local garnet,
and sillimanite, indicating metamorphism to amphibolite facies. Contains local
beds up to 10 m thick of garnet-amphibole-quartz ironstone, and rare bodies of
amphibolite and gabbro. Zircon in a boudinaged anorthositic gabbro sill yielded
U-Pb ages of 2.7, 2.6, and 2.047 Ga, the latter interpreted as the crystallization
age of the rock and providing a minimum depositional age for the schist unit.
Cut by granite and pegmatite dykes.

Marble, dolostone, calc-silicate rock: White, grey, or buff, medium- to
coarse-grained, massive to irregularly layered (1-10 cm) marble. Assemblages
include tremolite-calcite-dolomite-diopside-talc-forsterite, indicating
amphibolite facies metamorphism. May contain fine-grained, siliceous pods
and layers (chert nodules).

Quartz arenite, quartzite: Medium- to fine-grained, massive, white, grey or pink
quartz-rich sandstone. Contains some feldspar, muscovite and sillimanite.
May be correlative with quartz arenite of the lower Amer Group.

Granite: Medium- to coarse-grained or porphyritic, massive to foliated, pink or
white, biotite granite. Zircon U-Pb dates of 2630—-2612 Ma Roddick et al.
(1992) and 2589 + 3 Ma (Davis et al., 2014).

Granulite: Granulite, garnet-biotite paragneiss, mafic schist, amphibolite.

Granodiorite augen gneiss: Medium- to coarse-grained, pink, biotitex hornblende
granodiorite gneiss with K-feldspar augen to 1.5 cm. Generally augen gneissic but
varies from weakly foliated to migmatitic and mylonitic. Composition ranges to

tonalite and granite; may be derived in part from Ag. Contains rare schistose layers
of metasedimentary rock and amphibolite. Cut by common granite and
pegmatite dykes.

Geological contact:
Approximate
Gradational

Faults:

Fault, late

Ductile shear zone: mylonite zone separating the footwall complex
from structurally lower granodioritic augen gneiss and tonalite gneiss

Detachment fault: fault separating the fine-grained sandstone and
siltstone unit in the greenschist facies from the structural footwall complex
in the amphibolite facies, ornamentation on down-thrown side

Thrust fault: fine-grained to aphanitic schist derived from augen gneiss,
quartz arenite, dolostone, and muscovite-rich schist. Locally mylonitic in
augen gneiss. Occurs as thin (10—100 cm) shear zones bounding less-
deformed panels in the structural footwall complex in the northeastern
Montresor belt.

Syncline

Esker

Linear feature, air photo interpretation (includes bedding, fracture, flaggy foliation)
Breccia zone (aeromagnetic interpretation)

Cross-section trace

Bedding: defined by mm to cm-scale compositional and/or grain-size layering
Stretching lineation

Z-crenulation

Foliations:
Includes schistosity, gneissosity; dip known

Includes schistosity, gneissosity; dip unknown
Mylonitic

Shear zone

Cu, arsenopyrite showing

Geochron sample
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