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Canada-Nunavut Geoscience Office (CNGO), with participants from Nunavut Arctic College and Canadian universities (Dalhousie Uni-
versity, Université du Québec à Montréal, Université Laval, University of New Brunswick and University of Victoria). The focus is on tar-
geted bedrock geology mapping, surficial geology studies, surface and stream sediment sampling, and other thematic studies, which
collectively will increase the level of geological knowledge in this frontier area and allow evaluation of the potential for a variety of com-
modities, including diamonds and other gemstones, base and precious metals, industrial minerals, carving stone and aggregates. This ac-
tivity also aims to assist northerners by providing geoscience training to college students, and by ensuring that the new geoscience
information is accessible for making land-use decisions in the future.
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Abstract

The Tehery-Wager geoscience mapping activity is a four-year initiative conducted by the Geological Survey of Canada and
the Canada-Nunavut Geoscience Office. The project aims to gather new geoscience knowledge to create modern bedrock
and surficial geological maps, evaluate the economic potential in the area and characterize the tectonic, magmatic, depos-
itional and metamorphic history of the rock units therein. The first of two field seasons of bedrock geological mapping in the
Tehery Lake–Wager Bay area, north of Chesterfield Inlet, Nunavut in 2015 focused on better documentation and character-
ization of rock types and features across the eastern part of the study area. Major lithological units include Archean tonalite
to granodiorite gneiss, monzogranite to syenogranite gneiss, K-feldspar–phyric monzogranite (likely correlative with the
2.6 Ga Snow Island suite), presumed Proterozoic supracrustal rocks, undeformed monzogranite to syenogranite (likely cor-
relative with the 1.85–1.81 Ga Hudson suite) and roughly coeval ultrapotassic clinopyroxenite to syenite intrusions. Porta-
ble X-Ray fluorescence (pXRF) spectrometry analyses of mafic to intermediate orthogneiss, and amphibolite layers in the
tonalite to granodiorite orthogneiss and metasedimentary panels, were collected in the field. The interpreted data suggest
that the rocks have diverse, variably metasomatized basaltic to andesitic compositions. Least altered samples range from
primitive and mantle-like to more evolved compositions that, coupled with diverging multi-element patterns, point to multi-
ple, chemically distinct subpopulations within the basaltic sample suite. The preliminary results highlight the advantage of
in situ, real-time and nondestructive pXRF measurements as a chemostratigraphic tool that can be used in the field to sup-
port bedrock mapping.

Résumé

Les travaux de cartographie géoscientifique Tehery-Wager, une initiative menée conjointement par la Commission
géologique du Canada et le Bureau géoscientifique Canada-Nunavut, doivent s’échelonner sur quatre ans. Ils ont pour objet
d’acquérir de nouvelles connaissances de nature géoscientifique dans le but de permettre la réalisation de cartes
géologiques modernes de la surface et du substratum rocheux, l’évaluation du potentiel économique de la région et la
caractérisation des antécédents tectoniques, magmatiques, sédimentaires et métamorphiques des unités lithologiques
qu’elle renferme. Des deux campagnes de terrain prévues, la première a eu lieu en 2015 dans la région du lac Tehery et de la
baie Wager, au nord de Chesterfield Inlet, au Nunavut, et a porté sur la cartographie du substratum rocheux, en mettant plus
particulièrement l’accent sur la façon de mieux documenter et caractériser les types et les propriétés des roches dans
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l’ensemble de la partie orientale de la région à l’étude. On compte au nombre des unités lithologiques importantes un gneiss
de composition tonalitique à granodioritique de l’Archéen, un gneiss de composition monzogranitique à syénogranitique,
un monzogranite porphyritique à feldspath potassique (qui peut possiblement être mis en corrélation avec la suite de Snow
Island datée à 2,6 Ga), des roches supracrustales présumément d’âge protérozoïque, une unité non déformée dont la compo-
sition varie du monzogranite au granite syénitique (qui peut possiblement être mise en corrélation avec la suite de Hudson
datant de 1,85 à 1,81 Ga) ainsi que des intrusions ultrapotassiques plus ou moins contemporaines, dont la composition varie
de la clinopyroxénite à la syénite. À l’aide d’appareils portatifs de fluorescence à rayons X, on a pu effectuer sur le terrain
des analyses spectrométriques de l’orthogneiss de composition mafique à intermédiaire ainsi que des couches
d’amphibolite dans les panneaux de roches métasédimentaires et dans l’orthogneiss tonalitique à granodioritique. Les
données recueillies semblent indiquer que la composition des roches, plus ou moins métasomatisées, varie de basaltique à
andésitique. La composition des échantillons les moins altérés, qui varie de phases minérales d’un type soit primitif, soit
mantellique, à un type plus évolué, associée aux configurations en éventail formés par plusieurs éléments indique la
présence de nombreuses sous-populations à caractère chimique distinct au sein de la série d’échantillons basaltiques. Les
résultats préliminaires témoignent du fait que des mesures non destructives prises sur place et en temps réel à l’aide
d’instruments portatifs de fluorescence X s’avèrent un outil chimiostratigraphique avantageux qui peut servir à la
réalisation sur le terrain de travaux de cartographie du substratum rocheux.

Introduction

In 2012, the Geological Survey of Canada (GSC) led a two-
week reconnaissance survey in the Tehery Lake–Wager
Bay study area to evaluate the need for a future, higher reso-
lution mapping campaign in this region. Given the interest-
ing field observations and analytical results from this sur-
vey (Day et al., 2013; McMartin et al., 2013), plus the
generally insufficient geoscience knowledge in this region,
a comprehensive geoscience-mapping project was deemed
necessary and a high priority by the GEM-2 program lead-
ers for the Tehery Lake–Wager Bay area.

The current Tehery-Wager geoscience mapping activity is a
four-year initiative conducted by the GSC and the Canada-
Nunavut Geoscience Office (CNGO) under the GEM-2
program (see also Wodicka et al., 2015). This project aims
to increase the level of geoscience knowledge in the area
through targeted bedrock and surficial geology mapping
and sampling, as well as regional and focused thematic stud-
ies. Data and information collected during this project will
be used to 1) produce new bedrock and surficial geological
maps (1:100 000 Canada Geoscience Maps) for all or parts
of eight National Topographic System (NTS) map areas
(46E, D, 56A, B, C, F, G, H); 2) characterize and constrain
the geological and metamorphic histories of major rock
units in the area; 3) provide glacial and postglacial histories
and re-evaluate the dispersal and weathering of surficial
deposits in the area; and 4) identify locations and litho-
stratigraphy that may have potential for economic materi-
als, such as base and precious metals, industrial minerals,
carving stone, gemstones or aggregate, through bedrock
mapping and till and stream–sediment/water surveys.

This paper provides a summary of the initial bedrock-geol-
ogy findings from the 2015 field season. Presented herein
are a simplified geology map, descriptions of field relation-
ships and characteristics of the dominant lithological units,

portable X-ray fluorescence (pXRF) data collected in the
field for selected rock types and a discussion of areas with
economic potential in the eastern part of the Tehery Lake–
Wager Bay area.

The study area is approximately 45 000 km2 and is located
on the northwestern coast of Hudson Bay, in the Kivalliq
Region of Nunavut (Figure 1). It includes the land south of
latitude 65°50'N and the Ukkusiksalik National Park boun-
dary to latitude 64°N, and extends west from the coastline
of Roes Welcome Sound to longitude 93°W. Helicopter-
supported fieldwork took place between June 30th and Au-
gust 3rd, 2015, and was focused on the eastern half of the
study area. Geological mapping was conducted by setting
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Figure 1: Location of the Tehery-Wager geoscience mapping ac-
tivity study area (outlined in red) on the western side of Hudson
Bay, Nunavut. Inuit-owned land parcels are shown in orange.



out 2–3 teams per day that would each traverse a 6–10 km
route, along which geological observations, samples and
measurements were collected.

Regional geological background

Reconnaissance-scale (1:1 000 000) bedrock-mapping
campaigns in the Tehery Lake–Wager Bay area (Figure 1)
were first conducted by the GSC in the 1950s (Wright,
1955, 1967; Lord and Wright, 1967) and 1960s (Heywood,
1967a, b). Since then, further mapping focused around the
Daly Bay Complex (Gordon and Heywood, 1987; Gordon,
1988; Hanmer and Williams, 2001) and the Wager Shear
Zone (Henderson et al., 1991), and maps have been com-
pleted for these areas at scales of 1:250 000 and 1:50 000,
respectively. Airborne geophysical surveys have also cov-
ered the Tehery Lake–Wager Bay study area (Geological
Survey of Canada, 1978, 1998; Keating et al., 2003; Coyle
and Kiss, 2012a, b), and remote predictive maps have been
interpreted based on all previously collected data (Pana-
gapko et al., 2003).

The Tehery Lake–Wager Bay study area is interpreted as
being underlain primarily by Archean and Proterozoic meta-
plutonic and metasedimentary rocks belonging to the south-
eastern Rae craton within the western Churchill Province
(Hoffman, 1988). The northern part of the study area in-
cludes the Wager Shear Zone, a >25 km thick, dextral my-
lonite zone that parallels the southern shore of Wager Bay
(Figure 1; Henderson and Broome, 1990; Henderson et al.,
1991). This shear zone is associated with a prominent aero-
magnetic anomaly that extends west of Wager Bay for at
least another 100 km, where it may merge with the north-
west-vergent Quoich River thrust fault (Panagapko et al.,
2003; Figure 1). The Chesterfield Fault Zone, also located
in the northern part of the study area, is interpreted by
Panagapko et al. (2003) as the northeastern extension of a
major shear zone that separates amphibolite-facies rocks of
the Ketyet River group to the north from high-grade gneiss
to the south (Figure 1; Schau, 1983).

The southeastern part of the study area includes the gran-
ulite-facies Daly Bay Complex, traditionally interpreted as
forming part of the ca. 1.9 Ga Snowbird Tectonic Zone
(e.g., Hanmer and Williams, 2001), a major translitho-
spheric fault that represents the cratonic break between the
Rae craton and the Chesterfield block to the south (Berman
et al., 2007). Interpretation of magnetotelluric and co-lo-
cated teleseismic survey data collected along a transect per-
pendicular to this crustal boundary suggests that the
Snowbird Tectonic Zone may extend to the northeast from
Baker Lake, or may bend east toward Chesterfield Inlet
(Jones et al., 2002). Defining the surficial expression of the
Snowbird Tectonic Zone would ultimately resolve many
long-standing questions regarding the extent, geometry
and paleotectonic reconstruction of the Rae-Hearne bound-

ary zone (e.g., Hanmer et al., 1995; Flowers et al., 2006;
Berman et al., 2007; Spratt et al., 2014). All large-scale,
translithospheric structures mentioned above, and their as-
sociated fault networks, are prospective for a range of eco-
nomic mineral deposits.

Field observations

Observations were collected from 630 bedrock-outcrop lo-
cations in the eastern part of the study area. The data in-
clude rock and mineral identification, textural descriptions,
relative age relationships, structural measurements, mag-
netic-susceptibility measurements, pXRF data and digital
photographs. A preliminary geological map has been pre-
pared to show the major rock types in the Tehery Lake–
Wager Bay study area (Figure 2), based on compilation of
the new field data and integration of historical data, aero-
magnetic data and satellite imagery. Lithological descrip-
tions are provided in this section; classification of rock sub-
divisions is based primarily on field observations, combined
with results from previous geological mapping, lithogeo-
chemistry and U-Pb age data.

Archean tonalite to granodiorite orthogneiss

The Tehery Lake–Wager Bay study area is underlain pre-
dominantly by tonalite to granodiorite orthogneiss that is
complexly deformed, contains mafic to intermediate bands
and is locally heterogeneous. The mafic to intermediate
bands may reflect older plutonic or volcanic phases, or
transposed dykes that postdate the emplacement of the
tonalite and granodiorite protoliths. A dominant mineral L-
S fabric in the orthogneiss is defined by biotite and locally
hornblende, as well as coarser grained granitic injections
and dykelets (centimetre to metre scale) that have been
transposed parallel to the dominant foliation (Figure 3a).
Locally, clinopyroxenite, amphibolite (±garnet±biotite),
metagabbro, chlorite schist, metadiorite and rare metasedi-
mentary rocks (biotite schist, garnetite and calcsilicate) oc-
cur as pods and boudins in the orthogneiss that range from
centimetres to 500 m in size. Felsic melts occur around
some transposed pod and boudin necks, suggesting that, at
least locally, fabric development was concomitant with
crustal anatexis. Rocks containing these inclusions are also
commonly associated with quartz-rich vein networks that
cut both the orthogneiss and foliated mafic pods, are subse-
quently deformed and are cut by a second generation of
quartz veins that postdates the main regional fabric. Mafic
pods and mafic to intermediate bands were analyzed by
pXRF in the field, and these data are discussed below.

Based on the observed field relationships, the tonalite to
granodiorite orthogneiss can be correlated with two archived
samples collected by Heywood (1967b) and dated by van
Breemen et al. (2007) at 2.7 Ga using the U-Pb zircon
SHRIMP (sensitive high-resolution ion microprobe) method.
Concordant zircon from a foliated hornblende-biotite
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Figure 3: Representative photographs of major lithological units: a) biotite tonalite orthogneiss with isoclinally folded granitic dykelets ori-
ented parallel to the main regional fabric; b) deformed monzogranite orthogneiss with a crosscutting syenite dyke; c) relatively undeformed
K-feldspar–phyric monzogranite with thin white rims on K-feldspar phenocrysts, possibly indicating rapakivi texture; d) augen texture in de-
formed K-feldspar–phyric monzogranite near the contact with biotite tonalite orthogneiss (not shown); e) grey quartzite with recrystallized
white detrital plagioclase defining a lineation fabric; f) garnet-sillimanite-biotite-muscovite pelitic gneiss with concentrations of white
sillimanite defining a lineation fabric. Abbreviation: bt, biotite.



tonalite located approximately 85 km west of Lorillard
camp (Figure 2, location A) yielded a weighted mean 207Pb/
206Pb crystallization age of 2699 ±11 Ma, and a foliated
granodiorite from approximately 35 km southwest of
Lorillard camp (Figure 2, location B) has a weighted mean
207Pb/206Pb crystallization age of 2701 ±14 Ma, and a
weighted mean 207Pb/206Pb metamorphic age of 1863 ±14
Ma (van Breemen et al., 2007). Despite the similarity of
these two crystallization ages, it is likely that other tonalite-
granodiorite plutonic components with different ages are
present in the study area, based on the compositionally
complex nature of this lithology.

Monzogranite to syenogranite orthogneiss

Large areas of mixed monzogranite to syenogranite ortho-
gneiss were observed throughout the study area. The mon-
zogranite weathers pale pink to white, is generally medium
to coarse grained and typically contains biotite and magne-
tite as mafic phases, and rare muscovite. It has a well-devel-
oped foliation fabric defined by biotite, and compositional
banding defined by mafic-mineral proportions. The syeno-
granite weathers dark to pale pink, is fine to medium
grained and typically contains <5% biotite and lesser mafic
minerals that also define a weak foliation. Fine-grained, ho-
mogeneous syenite dykes, up to 1 m thick, are transposed
parallel to the main regional fabric and locally cut the foli-
ated syenogranite (Figure 3b), suggesting that these dykes
may have intruded during and after the main phase of re-
gional deformation.

The nature of the contact between the monzogranite to
syenogranite orthogneiss and the tonalite to granodiorite
orthogneiss is unclear due to poor exposure; therefore, the
relative timing of emplacement of these units was not accu-
rately interpreted in the field.

Archean K-feldspar–phyric monzogranite

A large body of brown-weathering K-feldspar–phyric
monzogranite was identified about 30 km east of Lorillard
camp (Figure 2, location C). At the centre of the body, K-
feldspar phenocrysts are up to 5 cm wide and rounded, and
commonly have white rims, possibly of plagioclase (Fig-
ure 3c), a feature typical of rapakivi texture. The matrix is
fine grained and contains biotite, plagioclase and quartz.

Within this body, a few scattered positive magnetic anoma-
lies correlate with gabbroic to dioritic phases that locally
contain plagioclase phenocrysts. The transition zone from
one such phase to the porphyritic monzogranite is marked
by a grey, mesocratic, medium-grained matrix containing
sparse K-feldspar macrocrysts and likely reflects magma
mixing of igneous phases.

Near the contact with the structurally underlying tonalite
orthogneiss, the porphyritic monzogranite develops an
augen texture, locally with pinhead garnet porphyroblasts

(Figure 3d), that transitions to a finely laminated mylonite
with K-feldspar porphyroclasts <1 cm wide. At the contact,
the underlying tonalite is also mylonitized and contains
porphyroclasts of garnet and plagioclase. The textures and
relationship suggest that the porphyritic monzogranite
body is in tectonic contact with the tonalite orthogneiss;
however, the timing of this juxtaposition remains unclear.
The remnant igneous textures, the presence of a coeval
mafic phase and the interpreted tectonic juxtaposition over
Archean tonalite gneiss are similar to descriptions of felsic
plutonic rocks of the ca. 2.6 Ga Snow Island suite, which is
present across the central Rae domain (Peterson et al.,
2015). Within the western part of the Tehery Lake–Wager
Bay area (Figure 2, location D), van Breemen et al. (2007)
dated a foliated monzonite at 2584 ±22 Ma, which they in-
terpreted as correlative with the Snow Island suite.

Asecond, kilometre-scale body of K-feldspar–phyric mon-
zogranite occurs farther north (Figure 2, location E), but the
presence of mafic phases or augen gneiss near the contact
of this body with the surrounding rocks could not be con-
firmed due to poor exposure.

Smaller intrusions of K-feldspar–phyric monzogranite
were identified across the field area as thin sheets associ-
ated with presumed Paleoproterozoic supracrustal rocks.
Petrography, geochemistry and geochronology will be re-
quired to determine if these sheets are related to the larger
K-feldspar–phyric monzogranite bodies.

Supracrustal rocks

Several panels of supracrustal rocks were documented in
the central part of the Tehery Lake–Wager Bay study area
(Figure 2). The panels are 1–800 m wide and continuous for
tens of kilometres along strike before they either pinch out
or have been eroded away. The nature of the basal contact
(i.e., tectonic or depositional) between the orthogneiss
units and the supracrustal rocks, and the reason for the ap-
parent repetition of supracrustal panels and orthogneiss
layers (i.e., due to thrust imbrication or isoclinal folding)
will be the focus of further mapping and thematic studies.

Supracrustal belts comprise a distinct lithological package
that includes quartzite, semipelite, garnetite, silicate-facies
iron formation, amphibolite, metagabbro, peridotite,
calcsilicate and rare marble. Quartzite is a minor lithology
observed in several of the metasedimentary panels and is
typically at the base of the supracrustal package. In some
locations, quartzite is in tectonic contact with the Archean
tonalite to granodiorite gneiss. It is generally fine grained,
well recrystallized and white, pale pink, pale green or grey
(Figure 3e). The quartzite contains metamorphic minerals
including muscovite, biotite, sillimanite and garnet. It also
locally contains fine-grained, detrital K-feldspar and/or
plagioclase grains. Individual layers of quartzite range
from 0.1 to 3 m thick and are intercalated with garnetite,
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calcsilicate or semipelite layers. A quartzite sample col-
lected in 2012 (Figure 2, location F) has dominantly
Archean detrital zircon populations that range in age be-
tween ca. 3.7 and 2.55 Ga, and minor Paleoproterozoic ages
from low–Th/U zircon overgrowths that may indicate a
predepositional metamorphic event (Ferderber et al., 2013)

Layers dominated by semipelite are typically 0.1 to 5 m
thick; one location (Figure 2, location G) south of the Ches-
terfield fault, however, has an approximately 30 m thick
layer. Based on the observed metamorphic mineral assem-
blages, the semipelite locally ranges in composition from
highly aluminous or pelitic (i.e., containing 25% sill-
imanite, 25% biotite, 10% muscovite, 5% garnet and 35%
cumulative quartz, feldspars and accessory phases by vol-
ume; Figure 3f) to relatively siliceous or psammitic (i.e.,
containing 35% quartz, 35% feldspars, 15% biotite, 10%
garnet and 5% cumulative sillimanite and accessory phases
by volume). Foliation fabrics are defined by biotite, sill-
imanite and muscovite where present, and deflect around
garnet porphyroblasts, suggesting that a major deform-
ational event was synchronous with or followed the growth
of garnet. Garnet is typically fine grained, but coarser
grained examples have rims of biotite and plagioclase, indi-
cating retrograde metamorphism. Foliation-parallel
leucosome is documented in multiple locations, which sug-
gests that melting was concomitant with the main phase of
deformation.

Garnetite layers 10–250 cm thick comprise primarily gar-
net, quartz and minor magnetite (Figure 4a), and were com-
monly found intercalated with 5–30 cm thick magnetite-
rich layers that contain green amphibole (likely grunerite),
garnet, quartz and graphite. These alternating layers are in-
terpreted as silicate-facies iron formation, and are typically
associated with quartzite, calcsilicate, semipelite and am-
phibolite units within the supracrustal panels. Some sec-
tions weather rusty brown and were therefore sampled to
evaluate their economic potential.

Mafic to intermediate rocks occur as 1–100 m thick layers
intercalated with the metasedimentary successions. The
layers are dominated by metagabbro, metadiorite and am-
phibolite, which are typically compositionally layered into
ultramafic, mafic and intermediate components at a smaller
scale (Figure 4b). These rocks typically contain clinopy-
roxene, garnet (Figure 4c) and hornblende porphyroblasts,
with minor matrix biotite, plagioclase and quartz. Plagio-
clase rims on garnet were documented in several locations,
suggesting decompression during retrograde metamor-
phism. A suite of these rocks was analyzed by pXRF in the
field (discussed below) to compositionally classify them
and evaluate whether or not compositional variations could
be used as a tool to accurately subdivide this lithological
unit during mapping. A variety of other homogeneous,
fine- to medium-grained, dark grey and black mafic units

containing garnet, clinopyroxene, orthopyroxene, plagio-
clase, hornblende and minor magnetite were identified in
several of the supracrustal belts. These rocks require fur-
ther work (i.e., thin-section and geochemical analyses) to
classify their protoliths and provide some context for their
source and genetic environment.

Lesser ultramafic rocks weather dark orange to brown and
are partially recrystallized with amphibolite-facies mineral
assemblages. These rocks act as relatively rigid layers
within the supracrustal sequence, and have therefore been
boudinaged during deformational events but have not de-
veloped pervasive internal fabrics. Boudinaged bodies up
to 20 m thick are typically surrounded by other highly de-
formed and melt-saturated supracrustal units. The ultra-
mafic rocks contain clinopyroxene, olivine, magnetite,
orthopyroxene, tremolite, actinolite, phlogopite and other
minor mafic and ultramafic phases.

Minor amounts of calcsilicate rocks were observed in every
supracrustal panel. Centimetre- to metre-scale, bright
green calcsilicate pods and boudins are also found interca-
lated with Archean basement orthogneiss. These rocks con-
tain diopside, wollastonite, hornblende, tremolite, actin-
olite, apatite, garnet and rare carbonate phases. Marble was
documented at three localities and is associated with the
calcsilicate rocks (Figure 4d), garnetite and iron formation.
Marble is locally intercalated with narrow psammite layers,
giving the appearance of rhythmic bedding. The largest oc-
currence of marble, about 15 km northwest of Lorillard
camp (Figure 2, location H), contains approximately 50%
carbonate minerals, 40% olivine and 10% cumulative diop-
side, apatite, wollastonite and other minor phases by vol-
ume. The marble weathers grey and is recessive relative to
the calcsilicate and other siliceous rock types.

Paleoproterozoic monzogranite

Medium-grained, homogeneous and undeformed monzo-
granite (Figure 4e) occurs in several locations as small
plutons and sills up to about 25 m thick that are oriented
parallel to the regional fabric within strongly deformed
Archean granitoid and supracrustal rocks. The monzogran-
ite contains equigranular K-feldspar, plagioclase and
quartz, with minor, finer grained biotite, magnetite and rare
fluorite. Partially assimilated biotite tonalite and supracrus-
tal xenoliths, ranging from tens of centimetres to 1 m wide,
occur within the nonfoliated monzogranite. The largest
known plutonic body of monzogranite within the eastern
part of the Tehery Lake–Wager Bay area surrounds Loril-
lard camp (Figure 2, Lorillard camp).

Also associated with this rock type are granitic pegmatite
dykes that range from 0.2 to 75 m in width. Similar dykes
are ubiquitous throughout the Tehery Lake–Wager Bay study
area and cut all older rock types and deformation fabrics.
On the basis of field relationships and lithological charac-
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Figure 4: Representative photographs of major lithological units: a) supracrustal garnetite comprises mostly garnet and quartz;
b) metagabbro to metadiorite layers within a supracrustal belt are rich in clinopyroxene or amphibole, and have garnet porphyroblasts
rimmed with plagioclase, suggesting retrograde metamorphism; c) pyroxenite within a supracrustal belt contains pale pink garnet
porphyroblasts that have visible inclusions but minimal retrograde reaction rims; d) the largest exposure observed in 2015 of impure marble
(grey) contains pods and lenses of green calcsilicate rocks, and is associated with white wollastonite (forming the outcrop in the back-
ground); e) homogeneous, undeformed monzogranite is believed to be correlative with postorogenic granite of the intrusive Hudson suite
(Peterson et al., 2002); f) homogeneous pyroxene-rich syenite is likely correlative with ultrapotassic intrusive Martel syenite of the Christo-
pher Island formation (Peterson et al., 2002).



teristics, the monzogranite and granitic dykes are inter-
preted as correlative with 1.85–1.81 Ga felsic intrusive
rocks of the Hudson suite (van Breemen et al., 2005). West
of Hudson Bay, the Hudson granite forms large voluminous
bodies that are interpreted as mid- to shallow-crustal,
postorogenic plutons associated with continental-collision
environments (Peterson et al., 2002).

Paleoproterozoic ultrapotassic intrusive rocks

Well-exposed, coarse-grained ultrapotassic plutons were
identified in the southern part of the study area (Figure 2).
The plutons cut the Archean tonalite to granodiorite gneiss
and are typically cut by Hudson granitic dykes. The plutons
appear to be zoned bimodal intrusions and display a net-
veined complex at their margins, suggesting a mafic to fel-
sic intrusive sequence. The most mafic rock observed
within an ultrapotassic pluton is a phlogopite clinopyro-
xenite with sparse interstitial alkali feldspar (Figure 4f),
and this grades into a biotite-pyroxene syenite. The most
felsic phase was observed within an intrusive contact zone
of a pluton located approximately 80 km southwest of
Lorillard camp (Figure 2, location I). The contact zone was
found to be only 10 m thick and composed of leucosyenite
with partly resorbed rafts of clinopyroxene-rich melasyen-
ite. The internal portion of this body is dominated by
syenite, which has about 5–10% mafic minerals in a matrix
dominated by alkali feldspar and is remarkably homoge-
neous in texture and mineralogy. A single 2 m wide minette
dyke that cuts Archean granodiorite was observed in the
same area as the ultrapotassic plutons.

Within a large portion of the central and southern Rae and
Hearne cratons, the Hudson suite is coincident in time and
space with a felsic to mafic ultrapotassic (minette to
lamproite) suite of dykes and volcanic rocks known as the
Christopher Island formation (CIF; Peterson et al., 2002).
The lower felsic volcanic rocks are compositionally similar
to mixed minette-granite intrusive rocks (Martell syenite),
which can be recognized by their intermediate composi-
tions and heterogeneous mixing textures (Scott et al.,
2015). It is believed that the ultrapotassic rocks recognized
in the Tehery Lake–Wager Bay area are correlative with the
CIF and Martell syenite rocks.

Mesoproterozoic Mackenzie dykes

A series of southeast-trending diabase dykes cuts all rock
types and deformation fabrics in the study area. These
dykes are about 25 m thick, mostly continuous and
subvertical, and interpreted as correlative with the 1267
±2 Ma Mackenzie dyke swarm that radiates throughout
northern Canada (LeCheminant and Heaman, 1989; Ernst
and Baragar, 1992).

pXRF data

Amphibolite and mafic to intermediate gneiss occur as
pods and layers intercalated with metasedimentary panels
and granitoid gneiss throughout the Tehery Lake–Wager
Bay map area (Figure 2). Fine- to medium-grained exam-
ples of these rocks were targeted for pXRF analysis to test
its usefulness as a chemostratigraphic tool and to help iden-
tify probable precursor rock types. A full description of the
methodology and specific instrumentation used, as well as
the complete dataset collected in the field, are provided in
Lawley et al. (2015a)4. Semiquantitative pXRF results are
presented in Figure 5.

Results and discussion

Most published rock-classification and tectonic-discrimi-
nation diagrams rely on immobile trace elements with con-
centrations that are significantly below the analytical detec-
tion limit of the pXRF (e.g., Nb, Yb, Y, Th, Ta; e.g., Pearce,
1996). To address this issue and to construct pXRF-com-
patible rock-discrimination indices, the authors compiled a
diverse suite of volcanic-rock lithogeochemical data from
t h e G E O R O C d a t a b a s e ( h t t p : / / g e o r o c . m p c h -
mainz.gwdg.de/georoc/; Sarbas and Nohl, 2008). Least al-
tered samples from this database (classified using the total
alkalis versus silica and Pearce classification diagrams; Le
Bas et al., 1986; Pearce, 1996) acted as a training set to con-
struct rock-discrimination fields using elements with con-
centrations that are routinely above the analytical detection
limit of the pXRF device. This approach is not effective for
discriminating alkalic-rock suites, which require major and
trace elements that are not routinely collected during pXRF
analyses (e.g., Na2O, Nb, Y).

Two examples of rock-discrimination diagrams using this
approach are presented in Figure 5. Mafic (amphibolite and
mafic orthogneiss) to intermediate (metadiorite) samples
that occur as pods and layers intercalated with granitoid
gneiss and metasedimentary panels plot primarily within
the basaltic field and extend toward lesser andesitic compo-
sitions (Figure 5a). Rhyolite classifications are spurious
and reflect sample heterogeneity that is not captured by the
relatively small analytical window of the pXRF device for
these coarser grained and/or heterogeneous samples. In
contrast, fine-grained samples tend to yield compositions
that are in good agreement with conventional whole-rock
lithogeochemistry (Lawley et al., 2015b). Samples that plot
to the right of the three rock fields are likely metasomatized
(i.e., the metasomatized field is based on the approximate
limit of the least altered training set; Figure 5a). As a result,
real-time and nondestructive pXRF analyses can be used to
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Figure 5: a) Modified pXRF-based rock-discrimination diagram colour coded to Mg enrichment [Mg / (Mg + Fe)]. Rock fields are based on
the classified training set (GEOROC, n = 54 946) and logistic regression in R (R Core Team, 2015). Abbreviations reflect the samples’ set-
ting: Gneiss, mafic layers intercalated with tonalite-granodiorite gneiss; Meta seds., mafic layers intercalated with metasedimentary pan-
els; Pod, pod hosted entirely within tonalite-granodiorite gneiss. Combining mobile and least mobile elements can identify metasomatized
samples and be used to target sampling for conventional lithogeochemistry; b) Modified pXRF-based rock-discrimination diagram colour
coded to Mg enrichment. Seven anomalous superchondritic Ti/V ratios for andesitic and rhyolitic samples were excluded for plotting pur-
poses; c–d) Parallel co-ordinate plot of log-ratio (clr)–transformed element concentrations colour coded to rock type (c) and geological set-
ting (d). Elements are ordered according to variance between groups, following the approach of Schloerke et al. (2014). Diverging patterns
highlight geochemical subpopulations between rock types and geological settings: Chondrite (McDonough and Sun, 1995); CC, continen-
tal crust (Rudnick and Gao, 2003); DM, depleted mantle (Salters and Stracke, 2004); MORB, mid-ocean-ridge basalt (Gale et al., 2013).



help identify least altered samples and guide sample selec-
tion for conventional whole-rock lithogeochemistry.

Least altered basaltic samples yielded a range of Ti/V ratios
(Ti/V mean = 18 ±2) that vary between relatively primitive
(Ti/V mean = 10; Salters and Stracke, 2004) and more
evolved basaltic (MORB; Ti/V mean = 32; Gale et al.,
2013) compositions (Figure 5b), along with lesser super-
chondritic compositions (Ti/V mean = 8; McDonough and
Sun, 1995). Primitive, mantle-like samples are also rela-
tively rich in Mg, Cr and Ni (Figure 5b). Therefore, the
sample suite likely comprises a range of basaltic composi-
tions and possible precursor rocks that were not clear from
field relationships and modal mineralogy. Diverging multi-
element patterns also suggest that multiple, chemically dis-
tinct subpopulations are included within the basaltic sam-
ple suite (Figure 5c). Each basaltic subpopulation is repre-
sented as distinct clusters on the parallel co-ordinate plot
(e.g., Fe, Ti, Rb, Al, K, S, Cr, Sr, Cu, Mg), whereas other el-
ements (e.g., Zr, Ca, P, V, Mn, Ni, Si) yield relatively
unimodal but skewed concentrations for each basaltic
subpopulation (Figure 5c). Rhyolitic samples are clearly
anomalous and define unique multi-element patterns (see
above; Figure 5c). Andesitic samples are also distinct and
yield relatively depleted Fe-Cr concentrations that, along
with relative K-Sr enrichment, are consistent with their
more geochemically evolved compositions.

Multi-element comparisons between geological settings
(i.e., pods and layers intercalated with tonalite to granodi-
orite orthogneiss versus layers intercalated with metasedi-
mentary panels) for the analyzed rocks are presented in Fig-
ure 5d. Amphibolite and mafic to intermediate orthogneiss
layers intercalated with metasedimentary panels yield rela-
tively depleted element concentrations (K, Sr, Rb, P) in
comparison with mafic to intermediate pods and layers in-
tercalated with tonalite to granodiorite gneiss (Figure 5d).
The relatively depleted incompatible trace-element pattern
for metasedimentary-hosted samples, coupled with Ti/V
ratios that tend to plot closer to basaltic compositions
(metasedimentary Ti/V mean = 19 ±6; gneissic Ti/V mean =
18 ±2; enclave Ti/V mean = 17 ±2; Figure 5b), point to sys-
tematic geochemical differences between each setting
(e.g., Figure 5d). Whether these primitive to more evolved
basaltic samples represent volcanic flows intercalated with
metasedimentary panels requires further geochemical and
isotopic analysis. Nevertheless, pXRF analyses provide a
geochemical framework for correlating basaltic horizons
within tectonized and dismembered metasedimentary stra-
tigraphy.

Economic considerations

Based on the results of the fieldwork carried out in 2015,
several rock types with favourable associations and min-
eral assemblages are being evaluated for their economic

potential. The mafic and ultramafic rock layers in the
supracrustal sequences may have potential for base or pre-
cious metals, such as Ag, Au, Pt or Ni, and have been sam-
pled to investigate this. Similarly, rusty weathered (gossa-
nous) layers of supracrustal rocks, such as quartzite,
garnetite and iron formation, have been sampled to estab-
lish their metal content. Till and stream-sediment samples
collected within and near one of the supracrustal belts (Fig-
ure 2, location G) contain elevated concentrations of Ag,
Cu, Bi, Au and Co-Fe–arsenide minerals (Day et al., 2013;
McMartin et al., 2013). Detailed mapping and sampling of
this supracrustal belt is a major component in a Ph.D. thesis
project that focuses on the economic potential and meta-
morphic history of supracrustal rocks throughout the
Tehery Lake–Wager Bay study area.

The ultrapotassic plutons mapped in the southern part of the
study area will be analyzed in detail using geochemical and
isotopic methods, as similar rocks from the central Chur-
chill Province contain elevated concentrations of rare earth
elements (Miller and Blackwell, 1992).

Conclusions

The first field season of the Tehery-Wager geoscience map-
ping activity focused on the eastern part of the study area
and led to a better documentation and characterization of
rock units and features in the area. Rocks presumed to be
correlative with Snow Island suite porphyritic monzogran-
ite, Hudson granite and Martell syenite found elsewhere in
the western Churchill Province were identified and will be
analyzed to confirm their relationships. Supracrustal belts,
previously mapped only at reconnaissance scale, have been
delineated, described and sampled, and will be further ana-
lyzed to determine their depositional age and environment,
the conditions and timing of metamorphic and deforma-
tional events they experienced, and their economic poten-
tial.

The results obtained this field season highlight that in situ,
real-time and nondestructive pXRF analyses provide a
powerful chemostratigraphic tool in support of bedrock-
mapping programs. The authors demonstrated that pXRF
analytical accuracy and precision, following the standard-
sample-standard bracketing approach (Lawley et al.,
2015b), is sufficient to differentiate disparate rock types
that were unclear from field observations alone, and to
identify metasomatized samples by combining mobile and
least mobile pXRF element concentrations.

A second field season of regional bedrock- and surficial-
geology mapping in the western part of the Tehery Lake–
Wager Bay study area will be conducted during the summer
of 2016. The sum of the collected data and samples will be
used to produce higher resolution regional-geology maps,
evaluate economic potential and characterize the regional
tectonic and metamorphic histories of the major crustal
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blocks in the area. This information will be helpful for paleo-
tectonic reconstructions, minimizing investment risk asso-
ciated with natural-resource exploration and assisting orga-
nizations that require geoscience knowledge to make fully
informed land-use decisions regarding future economic de-
velopment in the area.
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