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INTRODUCTION

The southern Core Zone has experienced a complex
ice-flow history related to the buildup, migration, and
demise of the Ancestral Labrador ice divide associated
with the Laurentide Ice Sheet (LIS) (Dyke and Prest,
1987; Vincent, 1989; Klassen and Thompson, 1993;
Rice et al., 2015, 2016). As a result, a discontinuous
cover of surficial sediments has made bedrock map-
ping and mineral exploration in the region challenging.
There remains a significant portion of northern Quebec
and Newfoundland and Labrador that have neither sur-
ficial geology maps, nor till geochemical or mineralog-
ical data to aid the evaluation of mineral potential or to
support mineral exploration programs.

New surficial mapping and surficial geochemical
studies are being carried out as part of an integrated
regional mapping program (McClenaghan et al., 2015)
centred on Archean Core Zone rocks between the
Torngat Orogen to the east and New Quebec Orogen to
the west (Fig.1). This mapping and sampling program
is being carried out by the Geological Survey of
Canada (GSC) as part of its Geo-mapping for Energy
and Minerals 2 (GEM 2) program and in collaboration
with the Ministère de l’Énergie et des Ressources
naturelles du Quebec (MERNQ) and the Geological
Survey of Newfoundland and Labrador (GSNL). These
surficial activities coupled with bedrock mapping
(Sanborn-Barrie et al., 2015; Sanborn-Barrie, 2016)
will produce new regional geoscience data that will
increase the geological understanding, support natural
resource exploration, and allow for responsible
resource development in the region. 

This open file reports geochemical data for the
matrix of till samples collected in the southern Core

Zone in NTS sheets 23-I and 23-P in 2015 and 2016 as
well as for selected archived GSC till samples collected
in 1986 and 1987 (Klassen and Thompson, 1993) in the
current southern Core Zone study area. 

LOCATION AND ACCESS

Straddling the border between Quebec and
Newfoundland and Labrador, the southern Core Zone
study area is located east of the town of Schefferville,
Quebec, in the Lac Résolution (National Topographic
System NTS 23-P) and Woods Lake (NTS 23-I) map
sheets, between latitudes 52°N and 57°N and longi-
tudes 57°W and 70°W. The study area is within the
Lake Plateau portion of the James Region and the
George Plateau and Whale Lowland divisions of the
Davis Region within the Canadian Shield (Bostock,
2014). It spans the drainage divide that is the provincial
boundary between Quebec and Newfoundland and
Labrador, separating northern flow to Ungava Bay, and
southern to southeastern flow to the Labrador Sea. Due
to the lack of transportation infrastructure, remoteness,
and rugged terrain of the study area, field sites were
only accessible via helicopter. Site selection was there-
fore limited to locations allowing for safe helicopter
operation, usually treeless highlands, large bedrock
outcrops, edges of wetlands, and open lake shorelines.

PHYSIOGRAPHY

Typical of Canadian Shield terrain, the topography of
the study area is generally undulating with low to mod-
erate relief, and irregular bedrock knobs dispersed
between numerous lakes. Elevation ranges from <350
m in the George River valley to a maximum of 668 m
(above mean sea level) on the highest bedrock knob.

Till geochemical data for the southern Core Zone, 
Quebec and Newfoundland and Labrador (NTS 23-P and 23-I): 

samples collected in 2015 and 2016

J.M. Rice1, M.B. McClenaghan2, R.C. Paulen2, M.D. Pyne2, and M.A. Ross1

1Department of Earth and Environmental Sciences, University of Waterloo, 200 University Avenue West, Waterloo, Ontario 
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ABSTRACT

This open file reports geochemical data for till samples collected in 2015 and 2016 as part of a reconnais-
sance-scale till sampling and surficial mapping project across the southern Core Zone, Quebec and
Newfoundland and Labrador (NTS map sheets 23-I and 23-P). Additional geochemical data (Au, Pt, Pd) of
till samples collected in 2014 are also reported here as well as re-analysis of select archived till samples col-
lected by the Geological Survey of Canada as part of the Canada - Newfoundland Mineral Development
Agreement (1984-1989) in the southern Core Zone. Data reported in this open file include geochemical
analyses of the <0.063 mm fraction using aqua regia (partial), borate fusion (total), and fire assay (total Au,
Pt, Pd), as well munsell colour, grain-size data, loss on ignition, and total carbon analyses. 
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Hills and upland regions typically have outcrops cov-
ered by thin veneers of glacial sediment and are
flanked by thick glacial deposits of ribbed and stream-
lined terrain crosscut by numerous, small esker sys-
tems and meltwater corridors. Lowland regions are
mantled by littoral sediments of varying thickness that
formed when glacial lakes were impounded in the
topographic lows at the end of glaciation (Ives,
1960a,b; Clark and Fitzhugh, 1990; Jansson, 2003).

The northern map sheet (Lac Résolution, NTS 23-
P), which has the greatest variation in elevation, is
characterized by abundant barren highlands scattered
with perched glacial erratics. Lakes are common in the
eastern and northwestern portion of the map sheet;
notably the elongated lakes are structurally controlled
by bedrock joints and faults. 

The southern portion of the study area (Woods Lake,
NTS 23-I) is dominated by the Smallwood Reservoir, a
large hydroelectric reservoir created by the damming
of the Churchill River in 1974, and now occupies the
former basins of Ossokmanuan, Lobstick and
Michikamau lakes. Glacial sediment thickness varies
throughout the southern part of the map sheet, with thin
till veneer covering highland areas, thicker till on the

flanks of highland areas, and thick glacial sediments
infilling many of the lowland areas. An extensive esker
network crosscuts the southern and eastern portion of
the Woods Lake region. North of the reservoir, exten-
sive drift cover results in low-lying swamps, fens, and
bogs that are confined between a plethora of small lakes.

The study area is dominated and bisected by the De
Pas batholith, a north-south trending plutonic unit that
is characterized by high flat-topped topographic relief
with abundant bedrock outcrops (Sanborn-Barrie,
2016). East of the batholith, the terrain is radially punc-
tuated with well-defined eskers, several of which con-
tinue for tens of kilometres. 

Vegetation varies with topography and latitudinal
location. The southern part of the study area is within
the Boreal Forest woodlands, with abundant small and
stunted black spruce (Picea mariana) and tamarak/
larch (Larix laricina), interspersed between small
bushes and moss floors. The northern part is forested
tundra with barren highlands covered in caribou lichen
(Cladonia rangiferina), grasses, and small plants. The
entire region has isolated patches of discontinuous per-
mafrost (Heginbottom et al., 1995), which occur only
in the northern map sheet at higher elevations. 
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Figure 1. Simplified bedrock geological map of the Core Zone and bounding orogens in Quebec and Newfoundland and
Labrador. The south Core Zone surficial mapping area (NTS 23-P and 23-I) is outlined in black. Bedrock geology is modified
after James et al. (2003). Note: NQO = New Quebec Orogen.  
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BEDROCK GEOLOGY

The southern Core Zone is located just east of the
Schefferville iron-ore district. It is the southern extent
of the 300 km long - 40 km wide Core Zone, which
extends south-southeast from Ungava Bay in the north
and is bounded by the Grenville Orogen to the south.
The Core Zone, a Precambrian lithotectonic terrain at
the eastern edge of Canadian Shield, is bounded to the
west by lithologies associated with the New Quebec
Orogen and to the east by the Torngat Orogen (Fig. 1)
(Wardle et al., 2002). Two major shear zones transect
the region, the dextral Lac Tudor shear zone and the
dextral Rivière George Shear Zone (Sanborn-Barrie,
2016). The Core Zone is centred along the Archean cra-
tonic Meta Incognita rocks, dominated by Churchill
basement rocks overlain by Doublet Zone fine-grained
mafic metavolcanic rocks in the north (Corrigan et al.,
2015). The Smallwood Reservoir separates the Core
Zone rocks from the Grenville Orogen rocks of south-
ern Quebec and Newfoundland and Labrador.

The northern half of the study area is dominated by
the De Pas batholith, a felsic granitic unit characterized
as a K-feldspar porphyritic monzogranite-granodiorite-
syenogranite. The mineralogy changes across the
batholith from more orthopyroxene-rich assemblages
in the western half to more hornblende-biotite-rich in
the eastern half (Sanborn-Barrie, 2016). A broad band
of Archean orthogneiss flanks both the western and
eastern margins of the De Pas batholith (Fig. 2). In the
western portion of the map sheet, Churchill Province
basement rocks are overlain by fine-grained mafic
metavolcanic rocks of the Doublet Zone in the south
and metasedimentary rocks of the Laporte domain to
the north. The Tudor Lake shear zone separates these
domains along a general north-northwest/south-south-
east vector (Corrigan et al., 2015; Sanborn-Barrie,
2016). East of the De Pas batholith and associated east-
ern orthogneiss, the study area is underlain by super-
crustal rock assemblages, including the Ntshuku,
Atshakash, and Zeni (Girard, 1990; van der Leeden et
al., 1990). These assemblages include interbedded
graphitic schists, cherty quartz arenite, schistose
metatuff, and metabasalt. Southeast of these domains is
the Mistinibi-Raude migmatite domain, which is dis-
tinguished by its high-grade magmatic character (van
der Leeden et al., 1990). 

The southern part of the study area (NTS 23-I) is
bisected by the De Pas batholith and associated
orthogneiss. The fine-grained mafic metavolcanic
rocks of the Doublet Zone extend from NTS 23-P into
the northwest portion of NTS 2-3I, where they are
bounded by lithologies associated with the Labrador
Trough (Knob Lake Group) and the Superior Craton
(Wardle, 1982; Sanborn-Barrie, 2016). The wedges of
fault-bounded metaplutonic rocks are also referred to

as the Snelgrove Arch (Wardle and Bailey, 1981), as its
most northern terminus is at Snelgrove Lake (Fig. 2).
The south-central portion of the map sheet, just west of
the De Pas batholith on the northwestern shores of the
Smallwood Reservoir, is characterized by semipelite,
iron-rich metasedimentary, and mafic volcanic rocks of
the Lobstick group. East of the De Pas batholith on the
northeastern shore of the Smallwood Reservoir,
Mesoproterozoic intrusions cut into the aforemen-
tioned Archean lithologies of the Core Zone. For a
detailed summary of lithological assemblages and their
lithotectonic significance and relationships, see James
et al. (1992) and Sanborn-Barrie (2016).  

SURFICIAL GEOLOGY

The study area underwent extensive glacial modifica-
tion as a result of continuous ice cover throughout the
Wisconsin glaciation. Specifically, northern Quebec
was covered by a major ice dispersal centre of the
Quebec-Labrador sector of the LIS, often referred to as
the New Québec dome, with the Ancestral Labrador
Divide extending into the study area (Vincent, 1989).
The proximity to a former dynamic ice centre has
resulted in a complex glaciological history of glacial
deposition and dispersal. Understanding this complex
history, including past ice-flow trajectories, their asso-
ciated landforms, bedrock erosion, glacial drift trans-
port and its eventual deposition, is vital for successful
drift prospecting in the region.

The oldest documented ice-flow phase in the region
was to the northeast (Fig. 3) and likely originated
somewhere in the Laurentian highlands of southern
Quebec (Veillette et al., 1999). This ice-flow event was
sporadically (yet consistently) the oldest phase
observed within the study area and has been largely
eroded by later ice flows. The second oldest flow phase
resulted from radially flowing ice from the Labrador
ice centre, with the Ancestral Labrador Ice Divide posi-
tion on the east side of the De Pas batholith. This sec-
ond phase was responsible for most of the erosional
landforms in the study area. The third ice-flow phase
was imparted onto the landscape after the westward
migration of the ice divide, west of the De Pas
batholith. Evidence of the shift in the ice centre was
observed in several opposing bi-faceted outcrops in the
north-central part of the northern map sheet (Rice et al.,
2016) and resulted in a number of areas experiencing a
complete reversal of ice flow. The fourth phase
occurred in the early stages of deglaciation as ice
flowed eastward to the Labrador Sea and reduced the
ice-sheet profile in the eastern section of the LIS
(Margold et al., 2015). This fourth phase remobilized
the previously deposited tills and created crosscutting
landforms and elongated mega-scale glacial lineations
in corridors of fast-flowing ice. After the paleo ice-
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stream network shut down, a deglacial land system
remained and records the last glacial events in the
region and is dominated by radial esker networks in the
eastern half of the map area, with local deviations that
resulted from topographically controlled ice flow. In
the western part of the map area, meltwater channels
impacted the landscape during the stagnation and abla-
tion of remnant ice masses.

During deglaciation, three glacial lakes formed in
the study area: 1) glacial Lake Low (Paulen et al.,
2017) in the southern part of NTS 23-I, in the present
day Smallwood Reservoir basin; 2) glacial Lake
Naskaupi, which occupied the George River basin in

the northeast part of NTS 23-P (Ives, 1960a,b); and 
3) glacial Lake McLean, which occupied the Rivière à
la Baleine (Whale River) basin (Barnett, 1967) in the
northwest part of NTS 23-P. Below an elevation of 450
m asl till within the George River basin in the northeast
part of the study area was winnowed and the fines were
washed away leaving large expanses of bedrock
washed clean. As a result, finding till to sample at or
near surface in this part of the study area is difficult.

PREVIOUS WORK

The southern Core Zone was first recognized as a
region of significant ice accumulation, dispersal, and
wasting during the incredible expedition by GSC scien-
tist Albert Peter Low in the late 1890s (Low, 1896).
Other than minor observations of glacial deposits dur-
ing economic exploration (e.g. Gill et al., 1937), little
work had been reported for the surrounding region
until the release of aerial photographs of the region fol-
lowing World War II. Douglas and Drummond (1953)
compiled a map of large-scale landforms using air-
photo interpretation. Ives (1959) and Kirby (1960)
were the first to conduct detailed field work around the
town of Schefferville, Quebec. They suggested the area
once contained an ice dome, citing large meltwater
channels as evidence of significant meltwater runoff
associated with the deglaciation of a large ice dome
within the region. A reconnaissance till sampling pro-
gram was carried out by the GSC in the 1980s across
western Labrador and northeastern Quebec, including
the south Core Zone study area. Data from this pro-
gram were reported in Klassen and Thompson (1987,
1989, 1990, 1993), Klassen (1999), and Klassen and
Knight (1995).

METHODS

Till sampling methods

Till samples were collected across the study area using
established GSC protocols (Spirito et al., 2011;
McClenaghan et al., 2013). Where possible, active mud
boils were targeted for till sample collection at depths
between 0.2 and 1.0 m. These sites were mainly in map
sheet NTS 23-P (Fig. 4a,b), as discontinuous per-
mafrost is found throughout this region. In the southern
map sheet (NTS 23-I), south of the limit of discontinu-
ous permafrost, till samples were collected by digging
through the naturally developed soil profile (Fig. 4c) to
sample unoxidized till (C horizon). Cobbles (clasts >
64 mm) were removed from till samples to maximize
the amount of till matrix being collected. At each site,
two samples were collected: a large till sample (averag-
ing 12 kg) for recovery of indicator minerals, and a
smaller sample (~3 kg) for archiving and geochemical
analysis. For till samples collected in Labrador in 2016,
an additional 3 kg till sample was collected by the
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Figure 3. Generalized ice-flow chronology in the study area.
Red arrows indicate the oldest known ice flow recorded in the
region, likely originating from the Laurentian Highlands in
southern Quebec (Veillette et al., 1999). Orange arrows indi-
cate early phase radial flow from the Labrador ice sector of
the Laurentide Ice Sheet. Yellow arrows indicate later phase
radial flow as the ice divide shifted westward. Green arrows
indicate the youngest known ice flow that occurred during
deglaciation (from McClenaghan et al., 2016).  
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Geological Survey of Newfoundland and Labrador for
matrix till geochemistry using different analytical pro-
tocols (Campbell et al., 2017). Locations for all till
samples collected in 2014, 2015, and 2016 are shown
in Figure 2. Metadata for till samples collected in 2015
and 2016 are reported in Appendix A1. 

Till samples were collected across the region in
1986 and 1987 as part of the Canada-Newfoundland
Mineral Development Agreement (1984-89). These 2-
4 kg till samples were collected from hand-dug pits, or
mudboils where available, at depths of between 30 and
80 cm, targeting unoxidized material (Klassen and
Thompson, 1993). Thirty-one of these archived sam-
ples that were collected within the current study area
were submitted for reanalysis together with the till
samples collected in 2014 (Batch #2). These older sam-
ples help to provide a regional context in which to
interpret the results. Metadata for these older till sam-
ples are reported in Appendix A1. 

Sample processing

The 3 kg till samples were submitted to the GSC
Sedimentology Laboratory, Ottawa. Each sample was
air dried by being laid out on dry Kraft paper and, if
needed, disaggregated inside a plastic sample bag
using a rubber mallet (Girard et al., 2004). For each
dried sample, an ~800 g split was archived and the
remainder was subjected to matrix grain-size analysis,
Munsell colour determination, and sieving to recover
the <0.063 mm fraction following GSC protocols as
outlined by Spirito et al. (2011) and McClenaghan et al.
(2013) and shown in Figure 5. The <0.063 mm fraction
of each till sample was isolated by dry sieving in a
stainless-steel US standard 230 mesh sieve in prepara-
tion for geochemical analysis. 

Grain-size analysis of the sediment matrix was con-
ducted on a separate aliquot using a combination of wet
and dry methods (Girard et al., 2004). The size classes
for the >0.063 mm material were determined by dry
sieving in a stack of sieves; the size classes for the
<0.063 mm material were determined using a Lecotrac
LT-100 Particle Size Analyzer. Sediment classification
was based on the Shepard (1954) system for determin-
ing sand-silt-clay ratios. Data from the reported grain-
size determinations are listed in Appendix A2. Munsell
colour (dry) was determined for each dry till-matrix
sample using a Spectrophotometer linked to IQC
colour software. Munsell colour determinations are
also reported in Appendix A2.

Geochemical analysis

All analytical data are reported in Appendices B to D.
Total carbon, organic and inorganic carbon contents,
and loss on ignition (LOI) were determined for the
<0.063 mm fractions using the LECO® RC-412

Carbon Analyzer at the GSC Sedimentology
Laboratory, Ottawa. Till samples were separated into
two aliquots: one portion was heated to 1350ºC to
determine percentage of total inorganic carbon and
total carbon through infrared detection of liberated
CO2; the second aliquot of each sample was heated for
1 hour at 500ºC to determine the LOI. Total carbon and
LOI data for samples collected in 2015 and 2016 are
reported in Appendix B1 and D1, respectively. 

The <0.063 mm fraction of each till sample was sub-
mitted to Bureau Veritas Minerals Canada Ltd. (BV),
Vancouver, for analysis of a suite of major, minor, and
trace elements using (1) a modified aqua regia diges-
tion (HCl:HNO3 in a 1:1 ratio) followed by an ICP-MS
determination (BV AQ250 package on 0.5 g); (2)
lithium metaborate/tetraborate fusion followed by
nitric acid digestion/ICP-ES (BV LF200 package on
0.2 g), which included the determination of total Cu,
Pb, Zn, and Mo; (3) fire assay/ ICP-ES/MS analysis on
30 g aliquots of till samples for Au, Pt, and Pd; and (4)
total S and total C were determined by the LECO® RC-
412 Carbon Analyzer. At the same time, 30 g of GSC
till samples collected in 2014 were re-submitted for fire
assay ICP-ES/MS analysis. Samples were analyzed in
three batches: Batch #1 consists of samples collected in
2015; Batch #2 consists of samples collected in 2014
plus samples collected in 1986-87 and submitted for
additional analyses; and Batch #3 consists of samples
collected in 2016. 

Geochemical data for the <0.063 mm fraction of
Batch #1 till samples that were analyzed in 2015 are
reported in Appendix B2. Results for the Batch #2 2014
till samples that were re-submitted for fire assay analy-
sis are reported in Appendix C1. Geochemical data for

a) c)

b)

Figure 4. a) Mudboil typical of those sampled in the northern
portion of the study area where permafrost is discontinuous;
b) sample pit in a mud boil with routine geochemistry (small)
and indicator mineral (large) samples; c) sample pit typical of
the southern portion of the study area where there is no per-
mafrost and natural soil horizons have developed on till.



J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

7

archived till samples collected in 1986 and 1987 and
re-analyzed as part of this study are also reported in
Appendix C1. Data for the Batch #3 2016 samples are
reported in Appendix D2.

The results listed in Appendix D2 for the 2016 sam-
ples include data for GSC till samples collected at the
Strange Lake peralkaline granite, 250 km to the north-
east of Schefferville. The geochemical data for these
samples are reported here because the samples were
analyzed as part of a larger batch. To fully evaluate the
quality assurance/quality control (QA/QC) of the entire
batch, all data must be considered. Location data for
these Strange Lake till samples will be reported in a
subsequent GSC Open File.

Laboratory duplicates
For the Batch #1, four blind (analytical) duplicates
were inserted by the GSC Sedimentology Laboratory
to monitor analytical precision. Sample 15-PTA-001B
is a duplicate of sample 15-MPB-008; 15-PTA-009-B
is a duplicate of 15-MPB-102; 15-PTA-110-B is a
duplicate of 15-MPB-024; and 15-PTA-157-B is a
duplicate of 15-PTA-097; these data are reported in
Appendix B3.

For the Batch #2 till samples collected in 2014 (14-
PTA series) and reanalyzed in 2016 with the 1986-87
samples, three analytical duplicates were analyzed:
sample 87TBA1191-A is a duplicate of 14PTA-B021;

3 kg till sample 

Split

Archive
~800 g

>2 mm clasts <0.063 mm

GSC Sed Lab
carbon

calcite/dolomite

Air dry, 
disaggregate

Grain size,
Munsell colour

Excess pulp returned
and archived

Create blind 
duplicates; insert

reference standards

Insert
in-house standards

Insert silicic
acid blanks

GSC archived
pulps

>0.063 mm

Discard /
temporarily

 archive
Discard

Dry sieving

Commercial lab 
geochemical analysis

Figure 5. Flow chart outlining sample processing and preparation of the <0.063 mm fraction of till samples at the Geological
Survey of Canada’s Sedimentology Lab, Ottawa, (modified from McClenaghan et al., 2013).
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87TBA1192-A is a duplicate of 86TBA2025; and
87TBA1193-A is a duplicate of 87TBA1184. These
data are reported in Appendix C2.

For Batch #3 till samples collected in 2016, three
blind (analytical) duplicates were prepared and inserted
into the batch of routine samples by the GSC
Sedimentology Laboratory, to monitor analytical preci-
sion. Sample 16-PTA-004A is a duplicate of sample
16-MPB-004; 16-PTA-046A is a duplicate of 16-MPB-
046; 16-PTA-102A is a duplicate of 16-MPB-102.
These data are reported in Appendix D3.

Certified reference standards
CANMET certified reference standards TILL-1 and
TILL-4 were inserted into Batch #1 prior to geochemi-
cal analysis to monitor analytical accuracy. Samples
15-MPB-010-A, 15-PTA-055-A, 15-PTA-182-A are
TILL-1 and samples 15-MPB-022-A, 15-PTA-089-A,
15-PTA-128-A are TILL-4. These data are reported in
Appendix B4. The certificate of analysis for TILL-1
and TILL-4 reference materials is available at:
https://www.nrcan.gc.ca/mining-materials/certified-
reference-materials/certificate-price-list/8137.

In Batch #2, TILL-4 was inserted as samples 14-
PTA-B026-A, 14-PTA-R046-A, 86TBA2450-A, and
87TBA1190-A. The data for these standards are
reported in Appendix C3. 

In Batch #3, TILL-4 was inserted as the following
samples 16-PTA-175, 16-PTA-176, and 16-PTA-177;
the data for these samples are reported in Appendix D4.

Silica sand blanks
Silicic acid (silica sand) blanks were inserted into the
analytical batches prior to sieving and analysis to mon-
itor potential cross contamination between samples
during sieving and/or during analytical procedures. In
Batch #1, the silica blanks were 15-PTA-001-A, 15-
PTA-025-A-C, 15-PTA-090-A-C, and 15-PTA-157-A-
C. These data are reported in Appendix B4. 

Four silica blanks were inserted into Batch #2.
These blank samples were labelled 14-PTA-B032-A,
14-PTA-R001-A, 14-PTA-R011-A, and 86TBA2472-
A. Analytical data for the four blanks are reported in
Appendix C3. 

In 2016, six silica blanks were inserted into Batch #3
and are labelled as: 16-PTA-001-A, 16-PTA-100-A,

Sand
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Figure 6. Ternary diagram showing the percentage of sand, silt, and clay in the till matrix of samples collected in 2014, 2015,
and 2016 (N=278).



16-PTA111-A, 16-PTA-172-A, 16-PTA-173-A, and
11-PTA-174-A. The data for these blank samples are
reported in Appendix D4.  

RESULTS

Till characteristics

Despite the large geographical area and a variety of
bedrock lithologies, the grain-size distribution of the
till samples collected in 2014, 2015, and 2016 is
remarkably uniform (Fig. 6). All the till samples have
a sandy-silt to silty-sand matrix with an average com-
position of 55% sand, 41% silt, and 4% clay. Matrix
grain-size data for the 2015 and 2016 till samples are
reported in Appendix A2.

Munsell colour determination also shows little vari-
ability across the study area. Over 75% of the till sam-
ples collected had a light yellowish brown (2.5Y 6/3),
light brownish grey (2.5Y 6/2), or light olive grey (5Y
6/2) matrix colour. Munsell colour determinations for
the 2015 and 2016 till samples are reported in
Appendix A2. 

Total carbon, inorganic and organic carbon, and
LOI results for the 2015 and 2016 till samples are
reported in Appendix B1 and Appendix D1, respec-
tively. Results indicate consistently low levels of inor-
ganic and organic carbon with an average of 0.2%
inorganic carbon. The levels of organic carbon are sim-
ilarly low with an average of 0.7%. Three samples
have higher levels of organic carbon: samples 15-PTA-
083C (6.0%), 15-PTA-073 (3.0%), and 15-PTA-072
(2.8%). Sample 15-PTA-083C is an oxidized till col-
lected from a thin till unit overlying bedrock, which
would account for the elevated organic carbon content.
The elevated levels of organic carbon in samples 15-
PTA-073 and 15-PTA-072 are unknown. Loss on
Ignition (LOI) results showed similar trends to those
observed for organic carbon content, with an average
LOI value of 2.9% and elevated LOI values for sam-
ples 15-PTA-083C (17.1%), 15-PTA-073 (10.5%), and
15-PTA-072 (9.1%). 

Geochemical results

Geochemical data for the <0.063 mm fraction of till
samples collected in 2015 and 2016 are listed in
Appendix B2 and Appendix D2, respectively.
Geochemical data for the 2014 samples analyzed using
fire assay/ICP-MS are listed in Appendix C1. Till geo-
chemical data for <0.063 mm fraction of archived till
samples from 1986 and 1987 are reported in Appendix
C1. 

Geochemical for till samples collected in 2014
(McClenaghan et al., 2016) were combined with the
new data reported here and are presented for selected
elements as proportional dot maps in Appendix E

(maps 1 to 25). Data classes for each dot size were
determined using Jenks natural break optimization cal-
culation within the ArcMap software (v. 10.3.1). Data
for field duplicates were not included on these distri-
bution maps. 

Gold and silver in the <0.063 mm fraction of till
Gold abundance shown on Appendix E Map 1 was
determined by fire assay/ICP-MS. Gold values
throughout the study area range from below detection
limit (<2 ppb) to 23 ppb. Three till samples had ele-
vated values of gold: 15-PTA-157 (19 ppb), 15-PTA-
028 (21 ppb), and 87TBA1186 (23 ppb). All three of
these till samples were collected over the Doublet
Zone volcanic rocks (Fig. 2) near the Ashuanipi River
Shear Zone boundary, which separates the mafic vol-
canic rocks from the Laporte metasediment domain to
the north. Silver content was determined by aqua
regia/ICP-MS. Silver values in till range from <2 ppb
to 693 ppb (Appendix E, Map 2). Of the three till sam-
ples that contained elevated gold contents, till sample
15-PTA-157 also contained an elevated value of silver
(693 ppb). 

Platinum and palladium in the <0.063 mm 
fraction of till
Platinum and palladium values plotted on maps 3 and
4 (Appendix E) were determined using fire assay/ICP-
MS. Platinum values in till range from <3 to 8 ppb and
palladium values vary between <2 and 6 ppb. Overall
the values in till are low. The highest values overlie the
Doublet Zone and the Labrador Trough rocks on the
west side of the study area. A single archived till sam-
ple (86TBA2447) contains the highest levels of plat-
inum (8 ppb) and palladium (6 ppb). 

Copper, lead, and zinc in the <0.063 mm 
fraction of till
Copper, lead, and zinc were determined by aqua
regia/ICP-MS. Copper values range from 10 to 205
ppm, with the highest values detected overlying the
Doublet Zone and the Laporte domain (Appendix E,
Map 5). Overall, lead values in till across the region
were extremely low (<30 ppm) (Appendix E, Map 6).
Zinc values display patterns similar to copper with ele-
vated values in the western portion of the map sheet
overlying the Doublet Zone, the southern Laporte
domain, and the Labrador Trough (Appendix E, Map
7).

Cobalt, nickel, and chromium in the <0.063 mm
fraction of till
Cobalt, nickel, and chromium values, plotted on maps
8 to 10 (Appendix E), were determined using aqua
regia/ICP-MS. Cobalt values vary between 5 and 58

J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

9



ppm. Nickel values range from 8 to 191 ppm.
Chromium values range from 16 to 294 ppm. All three
elements display patterns similar to copper, with higher
concentrations within the Doublet Zone, Laporte
domain, and, to a lesser extent, the Knob Lake Group
rocks of the Labrador Trough. 

Antimony in the <0.063 mm fraction of till
Antimony values (Appendix E, Map 11) were deter-
mined using aqua regia/ICP-MS. Antimony values in
till are highest overlying the Labrador Trough and to a
lesser extent the Doublet Zone on the west side of the
study area. This Sb pattern in the till is likely related to
the large geochemical province defined by elevated
antimony abundance in lake sediments that overlies the
entire 600 km length of the Labrador Trough and was
recently reported by Amor et al. (2016). 

Major oxides in the <0.063 mm fraction of till
Major oxide concentrations were determined by
lithium metaborate/tetraborate fusion/nitric acid diges-
tion/ICP-ES. In general, the patterns for the till sam-
ples, as shown in maps 12 to 15 (Appendix E), reflect
the composition of the underlying bedrock. For exam-
ple, the highest Fe2O3 and MgO values in till overlie
the Doublet Zone mafic volcanic rocks. 

Vanadium in the <0.063 mm fraction of till
Vanadium values (Appendix E, Map 18) were deter-
mined using lithium metaborate/tetraborate fusion
/nitric acid digestion/ICP-ES. Values range from 53 to
372 ppm and are highest overlying the Doublet Zone
volcanic rocks and Laporte metasedimentary rocks on
the west side of the study area.

Rubidium and yttrium in the <0.063 mm 
fraction of till
Rubidium and yttrium values were determined using
lithium metaborate/tetraborate fusion/nitric acid diges-
tion/ICP-ES. Both elements display similar patterns
within the till (Appendix E, maps 19 and 21).  

DISCUSSION AND CONCLUSION 

In general, the underlying bedrock geology has had a
large influence on the elemental composition of the till
matrix. Till samples collected over the Laporte terrane
metasedimentary rocks, Labrador Trough (Knob Lake
Group), and Doublet terrane mafic volcanic rocks have
distinct geochemical signatures characterized by ele-
vated Cu, Zn, Au, Pt, Pd, and Sb contents. The elevated
Au and Ag values in till over the Doublet Zone rocks
coincides with the elevated gold grain content in till
samples (>6 grains / 10 kg) overlying the Doublet Zone
mafic volcanic rocks (McClenaghan et al., 2017).

ACKNOWLEDGMENTS

This project was carried out under the GSC’s GEM-2
Program as part of the Hudson-Ungava Core Zone
Project ably managed by Réjean Couture and Lila
Chebab. Field activities in 2015 were logistically sup-
ported by the Polar Continental Shelf Program and
Norpaq Aviation. The authors thank Hugo Dubé-
Loubert for his knowledgeable assistance as well as the
Ministère de l’Énergie et des Ressources naturelles du
Québec (MERNQ) for some field assistance. We are
especially grateful to Mary Sanborn-Barrie (GSC
Ottawa) for her insights and assistance with bedrock
geology and enthusiastic field assistance. Alain Rioux
and Maxim Gauthier (Innokopters Inc.) are thanked for
safe transportation to sample sites and for field assis-
tance. Funding for a part of the logistics for PhD stud-
ies in this region were supplied by the Northern
Scientific Training Program (NSTP) via Natural
Resources Canada. Wendy Spirito (GSC Ottawa) is
thanked for her thorough review of the manuscript.
Page layout was completed by E. Ambrose. 

REFERENCES

Amor, S., McCurdy, S., Garrett, R., Corrigan, D., and Solgadi, F.,
2016. Amalgamated lake-sediment data from Quebec and
Labrador; EXPLORE, v. 173, p. 1-17.

Barnett, D.M., 1967. Glacial Lake MacLean and its relationship
with Glacial Lake Naskaupi; Geographical Bulletin, no. 9, 
p. 407-428.

Bostock, H.S., 2014. Physiographic regions of Canada; Geological
Survey of Canada, “A” Series Map 1254A (Edition 2), scale 1:
5 000 000. doi:10.4095/293408

Campbell, H., Paulen, R.C., and Rice, J.M., 2017. Quaternary map-
ping and till geochemistry, Woods Lake, western Labrador
(NTS map areas 23I/03, 04, 05, 06, 23I/11, and 12); Current
Research, Newfoundland and Labrador Department of Natural
Resources, Report 17-1, p. 119-134.

Clark, P.U. and Fitzhugh, W.W., 1990. Late deglaciation of the cen-
tral Labrador coast and its implications for the age of glacial
lakes Naskaupi and McLean and for prehistory; Quaternary
Research, v. 34, p. 296-305.

Corrigan, D., Brouillette, P., Morin, A., Van Rooyen, D., Wodicka,
N., Houlé, M.G., Douma, S., and Robillard, K., 2015. Report of
Activities for the Core Zone and bounding orogens: Tectonic
framework and mineral potential; Geological Survey of
Canada, Open File 7706, 10 p. doi:10.4095/296141

Douglas, M.C.V. and Drummond, R.N., 1953. Glacial features of
Ungava from Air photographs; Transaction of the Royal
Society of Canada XLVIII, Series III, p. 11-16.

Dyke, A.S. and Prest, V.K., 1987. Late Wisconsin and Holocene
history of the Laurentide Ice Sheet; Géographie physique et
Quaternaire, v. 41, p. 237-263.

Gill, J.E., Bannerman, H.M., and Tolman, C., 1937. Wapussaktoo
Mountains, Labrador; Bulletin of the Geological Society of
America, v. 48, p. 567-586.

Girard, R., 1990. Évidence d’un magmatism d’arc protérozoïque
inférieur (2.3 Ga) sur le plateau de la rivière George;
Geoscience Canada, v. 17, p. 356-368.

Girard, I., Klassen, R.A., and Laframboise, R., 2004.
Sedimentology laboratory manual, Terrain Sciences Division;

Till geochemical data for the southern Core Zone, Quebec and Newfoundland and Labrador:samples collected in 2015 and 2016

10



Geological Survey of Canada, Open File 4823, 134 p.
doi:10.4095/216141

Heginbottom, J.A., Bureuil, M.A., and Harker, P.T., 1995.
Permafrost: National Atlas of Canada, Fifth Edition; Natural
Resources Canada, MCR 4177. 

Ives, J.D., 1959. Glacial drainage channels as indicators of late gla-
cial conditions in Labrador-Ungava; Cahiers de géologie de
Québec, n. 5, p. 57-72.

Ives, J.D., 1960a. Former ice-dammed lakes and the deglaciation of
the middle reaches of the George River, Labrador-Ungava;
Geographical Bulletin, no. 14, p. 44-69.

Ives, J.D., 1960b. The deglaciation of Labrador-Ungava- An out-
line; Cahiers de Géographie de Québec, v. 4, p. 323-343.

James, D.T., Johnston, D.H., and Crisby-Whittle, L., 1992.
Geology of the eastern Churchill (Rae) Province, north of the
Smallwood Reservoir, western Labrador, in Current Research
(1991); Newfoundland Department of Mines and Energy,
Geological Survey Branch, Report 92-1, p. 120-123. 

James, D.T., Nunn, G.A.G., Kamo, S., and Kwok, K., 2003. The
southeastern Churchill Province revisited: U-Pb geochronol-
ogy, regional correlations and the enigmatic Orma Domain;
Current Research, Newfoundland Department of Mines and
Energy, Geological Survey Report 03-1, p. 35-45.

Jansson, K.N., 2003. Early Holocene glacial lakes and ice marginal
retreat pattern in Labrador/Ungava, Canada; Palaeogeography,
Palaeoclimatology, Palaeocology, v. 193, p. 473-501.

Kirby, R.P., 1960. The late deglaciation of the Schefferville area as
interpreted from depositional evidence and till fabric analysis;
McGill Subarctic Research Papers, n. 9, p. 57-61.

Klassen, R.A., 1999. The application of glacial dispersal models to
the interpretation of geochemistry in Labrador, Canada; Journal
of Geochemical Exploration, v. 67, p. 245-269.

Klassen, R.A. and Knight, R.D., 1995. Till geochemistry of central
Labrador; Geological Survey of Canada, Open File 3213, 250 p.
doi:10.4095/205763

Klassen, R.A. and Thompson, F.J., 1987. Ice flow history and gla-
cial dispersal in the Labrador trough, in Exploration
Technology and Glacial Dispersal Studies; Geological Survey
of Canada, Current Research Part A87-1A, p. 61-71.
doi:10.4095/122469

Klassen, R.A. and Thompson, F.J., 1989. Ice flow history and gla-
cial dispersions, Labrador, in Drift Prospecting, (eds) R.N.W.
DiLabio and W.B. Coker; Geological Survey of Canada, Paper
89-20, p. 21-29.

Klassen, R.A. and Thompson, F.J., 1990. Glacial history, drift com-
position, and till geochemistry, Labrador; Geological Survey of
Canada, Open File 2170, 194 p. doi:10.4095/130803

Klassen, R.A. and Thompson, F.J., 1993. Glacial history, drift com-
position, and mineral exploration, central Labrador; Geological
Survey of Canada, Bulletin 435, 84 p. doi:10.4095/183906

Low, A.P., 1896. Report on exploration in the Labrador Peninsula
along the East Main, Koksoak, Hamilton, Manicouagan and
portions of other rivers in 1892-93-94-95; Geological Survey of
Canada, Annual Report, 1895, 8, Part L, 387 p. 

Margold, M., Stokes, C.R., Clark, C.D., and Kleman, J., 2015. Ice
streams in the Laurentide Ice Sheet: a new mapping inventory;
Journal of Maps, v. 11, p. 380-395.

Ministère de l'Énergie et des Ressources naturelles, 2010. CG
SIGEOMM23P, SIGEOM Geological Maps for sheet 23P, 16
maps, 1:50 000 scale.

McClenaghan, M.B., Plouffe, A., McMartin, I., Campbell, J.E.,
Spirito, W.A., Paulen, R.C., Garrett, R.G., and Hall, G.E.M.,
2013. Till sampling and geochemical analytical protocols used
by the Geological Survey of Canada; Geochemistry:
Exploration, Environment, Analysis, v. 13, p. 285-301.

McClenaghan, M.B., Paulen, R.C., Rice, J.M., McCurdy, M.W.,
Fortin, R., Spirito, W.A., Adcock, S.W., Ross, M.A., Pyne, M.,
Dubé-Loubert, H., and Lion, A.J. (eds), 2015. Report of
Activities for the Core Zone: 2015 surficial geology, geochem-
istry, and gamma-ray spectrometry studies in northern Quebec
and Labrador; Geological Survey of Canada, Open File 7946.
doi:10.4095/297388

McClenaghan, M.B., Paulen, R.C., Rice, J.M., Pyne, M., and Lion,
A., 2016. Till geochemical data for the south Core Zone,
Quebec and Labrador (NTS 23-P and 23-I): till samples col-
lected in 2014; Geological Survey of Canada, Open File 7967.
doi:10.4095/297796

McClenaghan, M.B., Paulen, R.C., Rice, J.M., Campbell, H.E., and
Pyne, M.D., 2017. Gold grains in till samples from the southern
Core Zone, Quebec and Newfoundland and Labrador (NTS 23-
P and 23-I): potential for undiscovered mineralization;
Geological Survey of Canada, Open File 8222.
doi:10.4095/300657 

Paulen, R.C., Rice, J.M., and McClenaghan, M.B., 2017. Surficial
geology, Northwest Smallwood Reservoir NTS 23-I/SE,
Labrador; Geological Survey of Canada, Canadian Geoscience
Map 315 (preliminary), scale 1:100 000. 

Rice, J.M., Paulen, R.C., Campbell, H.E., Ross, M., Pyne, M., and
Hagedorn, G.W., 2015. Surficial mapping, Chapter 2 in Report
of Activities for the Core Zone: 2015 surficial geology, geo-
chemistry, and gamma-ray spectrometry studies in northern
Quebec and Labrador, (eds) M.B. McClenaghan, R.C. Paulen,
J.M. Rice, M.W. McCurdy, R. Fortin, W.A. Spirito, S.W.
Adcock, M. Ross, M. Pyne, H. Dubé-Loubert, and A.J. Lion;
Geological Survey of Canada, Open File 7946.
doi:10.4095/297388

Rice, J.M., Paulen, R.C., Campbell, H.E., Ross, Pyne, M., and
Hagedorn, G.W., 2016. Surficial Mapping, Chapter 2 in Report
of Activities for the Core Zone: 2016 surficial geology, geo-
chemistry, and gamma-ray spectrometry studies in northern
Quebec and Labrador, (eds) M.B. McClenaghan, R.C. Paulen,
J.M. Rice, M.W. McCurdy, S.D. Amor, R.G. Garrett, F.
Solgadi, R. Fortin, W.A. Spirito, S.W. Adcock, M. Ross, H.E.
Campbell, M. Pyne, and G.W. Hagedorn;. Geological Survey of
Canada, Open File 8148, p. 11-18.

Sanborn-Barrie, M., 2016. Refining lithological and structural
understanding of the southern Core Zone, northern Quebec and
Labrador in support of mineral resource assessment;
Geological Survey of Canada, Open File 7965, 39 p.
doi:10.4095/297560

Sanborn-Barrie, M., Rayner, N.M., and Lion, A., 2015. Report of
activities for the 2015 bedrock component of the GEM
Southern Core Zone activity, northern Quebec and Labrador;
Open File 7952, 18 p. doi:10.4095/297271

Shepard, F.P., 1954. Nomenclature based on sand-silt-clay ratios;
Journal of Sedimentary Petrology, v. 24, p. 151-158.

Spirito, W.A., McClenaghan, M.B., Plouffe, A., McMartin, I.,
Campbell, J.E., Paulen, R.C., Garrett, R.R., and Hall, G.E.M.,
2011. Till sampling and analytical protocols for GEM Projects:
from field to Archive; Geological Survey of Canada, Open File
6850, 83 p. doi:10.4095/288752

van der Leeden, J., Bélanger, M., Danis, D., Girard, R., and
Martelain, J., 1990. Lithotectonic terrains in the high-grade ter-
rain east of the Labrador Trough (Quebec), in The Early
Proterozoic Trans-Hudson Orogen of North America, (eds) J.F.
Lewry and M.R. Stauffer; Geological Association of Canada,
Special Paper 37, p. 371-286. 

Veillette, J.J., Dyke, A.S., and Roy, M., 1999. Ice-flow evolution of
the Labrador Sector of the Laurentide Ice Sheet: a review, with
new evidence from northern Quebec; Quaternary Science
Reviews, v. 18, p. 993-1019.

J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

11



Vincent, J.S., 1989. Quaternary geology of the southeastern
Canadian Shield, Chapter 3 in Quaternary Geology of Canada
and Greenland, (ed.) R.J. Fulton; Geological Survey of Canada,
Geology of Canada, no. 1 (also: Geological Society of America,
The Geology of North America, v. K-1).

Wardle, R.J., 1982. Geology of the south-central Labrador Trough;
Newfoundland Department of Mines and Energy, Mineral
Development Division, Maps 82-5 and 82-6. 

Wardle, R.J. and Bailey, D.G., 1981. Early Proterozoic sequences in
Labrador, in Proterozoic Basins of Canada, (ed.) F.H.A.
Campbell; Geological Survey of Canada, Paper 81-10, p. 331-
359. doi:10.4095/109385

Wardle, R.J., Gower, C.F., Ryan, B., Nunn, G.A.G., James, D.T.,
and Kerr, A. 1997. Geological map of Labrador; 1:1 million
scale. Map 97-07. Scale: 1:1 000 000. Government of
Newfoundland and Labrador, Department of Mines and
Energy, Geological Survey. GS#LAB/1226.

Wardle, R.J., James, D.T., Scott, D.J., and Hall, J. 2002. The south-
eastern Churchill Province: synthesis of a Paleoproterozoic
transgressional orogeny. Canadian Journal of Earth Sciences, 
v. 39, p. 639-663.

Till geochemical data for the southern Core Zone, Quebec and Newfoundland and Labrador:samples collected in 2015 and 2016

12



J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

13

#
#

#
#
#

# #

#
#

#

# #
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

E E E E E E
E E E E E

E E E E E E E E E EEE
EE
EE
EE
EE
EE
EE

EE E E E E EE EEE E EEE E E
E E EEE EE E

EE EE EE

E
E EE EEEEE

#
#

#
#

#
#

#
#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#

#
#
#

#

#

#
#
#
#

#
#

#

EE
E
EE
EE
EE
EE
EE

DOUBLET

DE PAS

LABRADOR
 TROUGH

LAPORTE

ZENI

MISTINIBI

McKENZIE RIVER

western orthogneiss

eastern orthogneiss

RESERVOIR

SMALLWOOD

Quebec

Labrador

0 10 205
kilometres

³

-6
6°

56°

54°

-6
4°

~ ~ ~

1479.9 +12.6/-5.4 Ma Juillet syenite
1460 Ma Michikamau anorthosite
1460 Ma Michikamats granite
1420 Ma Mistastin granite

1810–1837 Ma De Pas batholith

metagabbro

Laporte Zone

crossbedded arkose,
 conglomerate

shale, siltstone, sandstone
ironstone, quartzite
basalt, mafic pyroclastic rocks

orthogneiss, dated locally at 
  2776±7 Ma

thrust fault
brittle fault, lineament

regional-scale shear zone

heterogeneous orthogneiss, 
  dated locally at ca. 2.6 Ga

unsubdivided, undated 
  orthogneiss

paragneiss (Mistinibi)

supracrustal rocks (Lobstick)
supracrustal rocks (Overflow)

monzonite, granite (Lac Cabot)
diorite, monzodiorite, quartz 
  monzonite

granite, dated locally at 
  2571±6 Ma

basalt, mafic pyroclastic rocks

amphibolite ± metabasalt
banded calc-silicate ± marble

muscovite-sillimanite-graphite
  quartzo-feldspathic gneiss

greywacke, shale, biotite schist

peridotite, gabbro

dolomite, chert

Doublet Zone

LABRADOR TROUGH  (ca. 2.1–1.88 Ga) 

NEW QUEBEC OROGEN

CORE ZONE

CORE ZONE

ca. 2.3 Ga porphyritic granite
 (Pallatin)

2480±11 Ma amphibolite (Lac Zeni)

mafic metavolcanic rocks
  (Ntshuku)

mylonitic tonalite (Lac Zeni)

banded quartzofeldspathic
  (Hutte Sauvage)

volcano-sedimentary rocks
   (Atshakash)

biotite ± hornbblend gneiss 
(George Complex)

Schefferville Zone

1225–1275 Ma Seal Lake group

ARCHEAN /  
     PALEOPROTEROZOIC

MESOPROTEROZOIC

PALEOPROTEROZOIC

Au (ppb)
<0.063 mm

2-4

5-7

8-12

13-15

16-23

(2)

(21)

(136)

(3)

(6)

Concentration No. of samples

<2 (120)

Appendix E, Map 1. Au by fire assay/ICP-MS. 

Appendix E. Proportional dot maps geochemical data for the <0.063 mm fraction of till samples collected in
1986-87, 2014, 2015, and 2016. Bedrock geology is the same as shown in Figure 2.
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Appendix E, Map 2. Ag by aqua regia/ICP-MS. 

Appendix E continued.
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Appendix E continued.
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Appendix E, Map 6. Pb by aqua regia/ICP-MS. 
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Appendix E, Map 7. Zn by aqua regia/ICP-MS. 
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Appendix E, Map 14. Fe2O3 by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 15. MgO by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 16. U by borate fusion/ICP-MS. 

Appendix E continued.



J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

29

Appendix E, Map 17. Th by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 18. V by borate fusion/ICP-MS. 

Appendix E continued.



J.M. Rice, M.B. McClenaghan, R.C. Paulen, M.D. Pyne, and M.A. Ross

31

Appendix E, Map 19. Rb by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 20. Sr by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 21. Y by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 22. Zr by borate fusion/ICP-MS. 
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Appendix E, Map 23. La by borate fusion/ICP-MS. 

Appendix E continued.
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Appendix E, Map 25. Li by aqua regia/ICP-MS. 

Appendix E continued.
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