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New and upcoming releases Glacial Map of Manitoba, north of 54° 2013 Fieldwork
Geoscientific Paper GP2013-1
Till composition and ice-flow indicator data, Snyder Lake area, northwestern Manitoba (parts of NTS 64N5)

Gillam area (parts of NTS 54D5, 6, 7, 8, 9, 11 and 54C12)

Northeast Manitoba 

Geoscientific Paper 
Surficial geology, till composition, stratigraphy and ice-flow indicator data, Seal River to North Knife River 
region, Manitoba (parts of NTS 54L, 54M, 64I, 64P)

Quaternary geological investigations were undertaken in
the Snyder–Grevstad lakes area, situated in the far northwestern
corner of Manitoba, as part of the Manitoba Far North
Geomapping Initiative. In conjunction with detailed bedrock
mapping, this work provides a modern geoscience knowledge
base tailored toward current and future mineral exploration
and/or infrastructure development. This report includes all till 
sample analyses (major- and trace-element matrix geochemistry,
carbonate, grain size, colour, clast lithology) and a re-release
of the mapped ice-flow indicators (formerly DRI2011002).
Emphasis in the discussion is placed on drift-exploration
results, including a study of uranium dispersal from a known
occurrence.

Geoscientific Paper 
Glacial history and till composition, Knee Lake area, Manitoba (NTS 53L14, 15; 53M1, 2)
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Quaternary geology investigations, including 1:50 000 scale mapping of surficial materials
 and ice-flow indicators, and regional till sampling surveys, were undertaken in the Seal 
River region (parts of NTS 54L, 54M, 64I, 64P) in the summer of 2012, in partnership with 
De Beers Canada Exploration Inc. Geological observations, sampling of glacial sediments 
(till), and/or measurements of ice-flow indicators were recorded at 87 field sites and 63 

2
remote sites within a 7770 km  area in this far-northeastern part of Manitoba. Four 
stratigraphic sections along the North Knife River were also investigated. These 
observations supplement data from the Manitoba Geological Survey's Far North 
Geomapping Initiative, undertaken in 2009 and 2010 in the same area. A series of 1:50 000 
scale surficial geology maps are released, which extend the regional detailed mapping .
New ice-flow indicators were found that better delimit an old ice-flow phase to the west and 
northwest (270-338°), in addition to known ice-flow indicators trending towards the north-east, 
east, east-southeast, south-east, south, south-west and west-southwest. These new ice-flow 
indicators are commonly rare and protected features. New data confirms that most E-W trending 
fine striations on top of outcrops, that signify the youngest regional flows, are oriented to the 
ESE and E (90-130°) and are widespread across the entire study area. A new minimum 
deglacial radiocarbon age is provided for the study area, taken from a shell within a section
along the North Knife River.
      To determine the composition and regional heterogeneity of the till, the <63 µm fraction of the 
sampled till-matrix was analyzed for total-carbonate (Ca-Mg); inorganic carbon, organic carbon 
and sulphur (LECO, LOI), and trace-element and major-element geochemistry (ICP-ES and MS; 
partial and near-total digestion) at the Saskatchewan Research Council Geoanalytical Laboratory. 
Additionally, clasts (2-30 mm fraction) were separated from the till matrix, and classified according 
to lithology. Noncalcareous, weakly-calcareous and calcareous hybrid tills are recognized within the 
study area.
      The dispersal of local- and regional-scale transported Canadian Shield subglacial detritus within the 
noncalcareous till is amoeboid over short distances (< 20 km). The tail-end of a continental-scale 
(> 600 km) Dubawnt Supergroup dispersal fan is noted across the study area, within all till-types. 
Carbonate dispersal (< 34% concentration), from the Paleozoic Hudson Carbonate Platform, is 
recognized south of the North Knife River at distances up to 60 km. 

In 2012, the Manitoba Geological Survey (MGS) commenced Quaternary fieldwork in the Knee 
Lake area of northeastern Manitoba. The project builds on an already substantial amount of 
Quaternary data for this area, collected during the MGS Operation Superior project (1999-2001). 
The new research focuses on: i) providing a better understanding of the glacial history of the region,
 ii) adding data to the till geochemistry and kimberlite indicator mineral sampling surveys,  and iii) 
conducting lithology analyses of clasts within till to assist mineral exploration in this region underlain
 by prospective bedrock but mantled by deposits of varying thicknesses. 
     Beige, calcareous, sparsely fossiliferous, silty till is widespread throughout the study area. The
calcareous subglacial detritus within this till was sourced from either the east or northeast, and 
transported (c.f. 100 km) to the study area during the penultimate glaciation and/or south-westerly
ice flow in the Late Wisconsinan. Sparse Omar erratics, and a lone Kipalu clast, were also 
transported west-southwest, presumably from the Belcher Island Group (c.f. 940 km) during these
ice-flow phases. 
     More work needs to be completed in the surrounding regions, but it appears that till between Knee
 Lake and Semmens Lake generally contains an elevated component of inherited Shield-derived 
subglacial detritus (>95th percentile of granitoid, exotic granitoid and Dubawnt Supergroup erratics) 
than the surrounding region. These clasts were transported south and south-easterly to the study 
area, during early ice-flow phases in the Late Wisconsinan or the penultimate glaciation. This 
high-inheritance hybrid till is brown, red-brown, grey or beige, non-calcareous or weakly-calcareous, 
and has a silty-sand matrix. These sites were protected (not diluted or reworked) from the ice-flow 
phases that transported substantial calcareous subglacial detritus to the area.
     There are also non-calcareous tills that are enriched in greenstone-belt clasts (presumably locally-
derived) or consist of a mixture of greenstone-belt and Shield-derived clasts.
     Within the regional calcareous till, till-matrix geochemistry does not depict any spatial patterns or 
obvious dispersal trains of metals from known mineralized source outcrops. While regional variation
of most element concentrations is masked, there are several sites with elevated gold concentrations 
(up to 560 ppm; background is 2 ppm) and other multi-element highs (>99th percentile). Weakly-
calcareous (3.3% of sites) and non-calcareous (2.9% of sites) tills are 'more prospective' and may be 
'truer' indications of local mineral potential. Ten sites exhibit multi-element highs (>99th percentile) of
metals (As, Co, Cr, Fe and REEs). As such, detailed attention must be paid to Ca% (INAA), total CO3%
(chittick or calcium-magnesium) and/or CaO% (ICP total digestion) concentrations during drift exploration 
analyses. Consequently, calcareous till samples with moderate to elevated metal concentrations may be 
more prospective than non-calcareous till samples with high metal concentrations, and the two populations
 should not be statistically treated as one dataset.
     All three till-types occur within streamlined landforms, as well as till blankets or veneers over bedrock.
This diverse geomorphology indicates that the process of drumlinization within the deglacial Hayes 
Lobe (300 by >400 km) was by subglacial erosion, modification, or cannibalization of pre-existing inherited 
sediment. As such, in the Knee Lake area, the orientation of these widespread streamlined landforms should 
not be used as an indicator of ice-flow transport direction for drift exploration. The study area is also draped 
by a variable thickness of glaciolacustrine clay, which must be avoiding during drift exploration programs.
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Geoscientific Maps (MAP2013-6 to -9)
Surficial geology, Makakysip Lake, 
   Manitoba, NTS 53M1
Surficial geology, Mines Point, Manitoba,
   NTS 53M2
Surficial geology, Oxford House, 
   Manitoba, NTS 53L14
Surficial geology, Knee Lake, Manitoba, 
   NTS 53L15

Geoscientific Maps (MAP2013-1 to -5)
Surficial geology, Thuykay Lake, Parts of NTS 64P2, 3, 6 and 7; Geoscientific Map MAP2013-1, 1:50 000
Surficial geology, Kuytoocho Lake, Parts of NTS 64I10, 11, 14 and 15; Geoscientific Map MAP2013-2, 1:50 000
Surficial geology, Dechanhooledezay River, Parts of NTS 64I 9, 10, 15 and 16; Geoscientific Map MAP2013-3, 
    1:50 000
Surficial geology, Pady Lake, Parts of NTS 54L 12, 13 and 64I 9, 16; Geoscientific Map MAP2013-4, 1:50 000
Surficial geology, Schoenthaler Lake, Parts of NTS 54M4, 5; Geoscientific Map MAP2013-5, 1:50 000

Gauer Lake to Wishart Lake (NTS 64H4, 5, 12, 13)
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Study area, with fieldwork based out of a camp at the Manitoba
 Hydro station at Missi Falls, Southern Indian Lake.

Field-based ice-flow indicator data in the study area. Larger circles are 
a compiled summary of the relative ages (1, oldest) and trends of ice-
flow indicators for a single site or sites in close proximity to each other. 

Permafrost mud boils in an area of thick 
sediment

Multiple orientations of striations
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Study area, with fieldwork based out of a Manitoba Hydro trailer within the town of Gillam

Rare reddish till that underlies a grey-brown tillThick Quaternary sediments cover most of 
the region

Thick fossiliferous sandy gravel is common 
between Limestone and Conowapa dam 
sites

Using an extendable 
auger (3 m depth)

Thick till section that shows the mixed 
(Canadian Shield, Paleozoic and
 Proterozoic) clast types

Once again, the MGS conducted reconnaissance fieldwork
  in northeastern Manitoba, supported by De Beers Canada
  Exploration.

Two curious wolvesMarine sand with a small bed of 
fossiliferous gravel

Collection of ice-flow indicators continue Clayey silt calcareous till creates 
numerous unstable river banks

Surficial geology compilation map series
Up-to-date, queryable surficial-geological data are essential for the successful interpretation of ice flow and glacial history in Manitoba. These data are also used by the agriculture,
 land-use, aggregate, groundwater, environment, hazard and exploration industries, which require current knowledge to make effective decisions. The objectives of this project are to:
        • digitize point and line features from all pre-existing Quaternary geology maps in Manitoba;
        • achieve consistency with the existing digital compilation completed for northwestern Manitoba; and
        • update mapping at a more detailed scale using remotely-sensed imagery.

NEW Line Compilation NEW Point Compilation
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granitoid

Ongoing till composition analyses: 
Carbonate

If we know where the source of carbonate is, we can work
 backwards to determine the direction(s) and distance(s)

of transport.

This is complicated in Manitoba because the till clast composition
 is a resultant net effect of erosion, transportation and deposition; 

over a very long time period.

Problematic because carbonate till can mask the prospective 
geochemistry of the underling

bedrock. 
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Manitoba Map Gallery
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One of the many stratigraphic sections in the area
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DESCRIPTIVE NOTES

Surficial geology of the Knee Lake – Oxford Lake area (NTS 53L14, 15, 53M1, 2)

Introduction
These four surficial geology map sheets (NTS 53L14, 15, 53M1, 2) are complimented
by a Report of Activities (Trommelen, 2012b), a field-based ice-flow indicator data
repository (Trommelen, 2012a), and a geological paper that focuses on till
composition (ref). This work builds on builds on previous 1:250 000 scale mapping
(Klassen and Netterville, 1979; Clarke, 1988) and till geochemistry data collected
at 1 km spacing during Manitoba Geological Survey’s (MGS) Operation Superior project
undertaken from 1999 to 2001 in the same area (Fedikow et al., 2001, 2002, 2009).

Methods
The surficial geology of the Knee Lake – Oxford Lake area was interpreted from
1:60 000 scale black and white airphotos (obtained from Natural Resources Canada).
Aspects of the regional surficial geology were also gleaned from shuttle radar
topography mission imagery (30 m and 90 m resolution, United States Geological
Survey, 2002) and SPOT orthoimages (Geobase®, 2005-2010). Field studies were conducted
in NTS 53L14, 15, and 53M1, 2 in August, 2012, by helicopter and jet boat. Helicopter
landing sites were generally limited to open fens, and skid shutdown sites were rare.
This project includes data from 198 field sites visited in 2012, and archival data
from 695 Operation Superior field sites. 

Bedrock geology
The underlying bedrock consists predominately of the Oxford Lake – Knee Lake
greenstone belt (Barry, 1959; Gilbert, 1985; Syme et al., 1998). These rocks
are surrounded by intrusive granitoid rocks of several ages, which have not been
subject to significant geological study.

Ice-flow history
The orientation and relative ages of erosional ice-flow indicators include
micro-scale nondirectional indicators (striations and grooves), and directional
indicators (chattermarks, crescentic gouges and stoss-lee relationships)
(Trommelen, 2012a)( GP) The Knee Lake area contains evidence of at least five
different ice-flow phases (Figure 1). The old, rare ice-flow phase to the southeast
(between 150 and 160° azimuth, Phase I), and the more widespread old phase to the
west (between 255 and 280°, Phase II) are likely correlative to the Pre-Illinoian
Sundance and Illinoian Amery (Nielsen et al., 1986; Dredge et al., 1990; Dredge
and McMartin, 2011) glaciations. Late Wisconsinan ice-flow phases include a rare
but widespread southward-trending ice-flow phase (between 180 and 194°, and towards
200°, Phase III), followed by a major southwest-trending phase (between 230 and 248°,
Phase IV). There also a young, presumably late deglacial, south-southwest-trending
phase (between 212 and 220°, Phase V). At one site, a rare young westward ice-flow
phase may correlate to the possibly young westward-trending drumlinoid ridges
situated between the towns of Thompson and Gillam, approximately 130 km northwest
of the study area.

Till composition
The composition of the surface till was studied in detail (Figure 2) and the reader
is referred to Trommelen geological paper for more information. Generally, the
widespread regional till is beige, calcareous and sparsely fossiliferous. This
heterogeneous till sheet was likely formed during ice-flow phases II and/or IV
and V, when the large component of allochthonous calcareous detritus was transported
at least 125 km (west or southwest) from the Paleozoic Carbonate Platform in Hudson
Bay. Patchy weakly-calcareous, grey or beige till was encountered at 3.3% of field
sites. Patchy non-calcareous, brown, red-brown, grey or beige till was encountered
at 2.9% of field sites. These heterogeneous weak to non-calcareous till samples were
likely deposited during southerly ice-flow phase III, and protected from dilution/
reworking during the later south-westerly and/or westerly ice-flow phases.
All three till-types occur within streamlined landforms, as well as till blankets
or veneers over bedrock. This diverse geomorphology indicates that the process of
south-westerly drumlinization within the deglacial Hayes Lobe (300 by >400 km)
was by subglacial modification/cannibalization of pre-existing inherited sediment.
As such, in the Knee Lake area, the formation of these widespread streamlined
landforms may have occurred between or after ice-flow phase IV and V, but is not
directly related to sediment transport.

Drift Exploration
There is mineralization potential within the Knee Lake area. Gold potential occurs
throughout, especially at the historic Knee Lake Gold Mines and Johnson Knee Lake
Mines gold-silver occurrences (Southard, 1977). Massive-sulphide-type mineralization
was investigated near upper Knee Lake and at Cinder Lake  (Gale et al., 1980). Rare
earth (REE)-bearing minerals have also been observed in the fine-grained
silica-undersaturated syenite, the metasomatized pegmatite and within calcite
veining at Cinder lake (Kressall et al., 2010). Unfortunately, there are no obvious
glacial dispersal patterns from any of the field sites with elevated till-matrix
concentrations of multiple metals (ref GP). In large part, this is because the
widespread regional calcareous till is masking the ‘local bedrock’ signature.
The detailed data clearly shows that elevated metal concentrations within till
matrix, presumably derived from the underlying greenstone belt, are predominately
detectable within the non- or weakly-calcareous tills (<10 ppm CaO ICP,
<10 Ca% INAA or <30% total CO 3). Thus for most greenstone-belt derived
elements, low concentrations within the till matrix should not be taken as indicative
of a lack of local mineralization. Even a small difference in carbonate content
(7 vs 10% Ca) may lead to drastically different element concentrations. As such,
detailed attention must be paid to Ca% (INAA), total CO 3% (chittick or calcium
-magnesium) and/or CaO% (ICP total digestion) concentrations during drift exploration
analyses. We suggest the till within the Knee Lake area contains a mixture of
inheritance and overprinting, and thus the transport directions of older ice-flow
phases should not be ignored.
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 Figure 1. Generalized ice-flow history for the Knee Lake project area, interpreted
 from field-based micro-scale ice-flow indicators and shown in comparison to
 streamlined landform orientation.

Figure 2. Simplified till composition at sampled sites within the project area. It should
 be noted that within these three classes the till is not homogenous. There is
considerable variation in the lithologic composition between sites with no spatial 
correlation.
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QUATERNARY

SURFICIAL DEPOSITS

HOLOCENE

NONGLACIAL ENVIRONMENTS

ORGANIC DEPOSITS : Peat and muck; formed by the accumulation of plant material in various stages of
decomposition; generally occurs as flat, wet terrain (swamps and bogs) over poorly drained substrates.
Fibric fens are present mainly along water channels though also occur throughout in very poorly-drained areas.
Permafrost is commonly present underlying/within organics >30 cm thick. Peat mantles most geologic features.

Ox
Organic thin veneer: Very thin accumulations of peat, 15-30 cm thick.  Where not otherwise noted, bedrock is
assumed to be the underlying material.

Ov
Organic veneer: Thin accumulations of peat, >30 to 100 cm thick.

Ob
Organic blanket: Thicker accumulations of peat that locally obscure underlying units, 1 -3 m thick. Some
polygons include hummocky mounds and plateaus underlain by discontinuous permafrost.

O1 Organic wetland - bog: Thick accumulations of peat that mask the underlying topography, >3 m thick. Some
polygons include hummocky mounds and plateaus underlain by discontinuous permafrost. O1k includes
thermokarst terrain related to melting ground ice.

O2 Organic wetland - fen: Thick accumulations of fibric, often floating, vegetation that mask the underlying
topography, >3 m thick.

ALLUVIAL DEPOSITS: Sorted sand, silt and clay with minor gravel and organic detritus; commonly stratified;
deposited along and/or within all modern rivers and streams.

Av
Floodplain deposits : sorted sand, silt, clay, minor gravel and organic detritus >1 m thick; forming active
floodplains close to river and stream level.

Af
Alluvial fan deposits : sorted sand, silt, clay, minor gravel and organic detritus; forming active fan where small
streams enter larger lakes.

sL
LACUSTRINE DEPOSITS : Massive to stratified sand, and minor gravel, deposited along the modern lakeshore,
0.2 to >1m thick.

LATE WISCONSINIAN

PROGLACIAL AND GLACIAL ENVIRONMENTS

GLACIOLACUSTRINE DEPOSITS : noncalcareous, massive, very well-sorted, moderately-dense 'milk-
chocolate' brown clay, and rarer sand ( sGL); offshore sediments deposited in glacial Lake Agassiz. These
deposits are of variable thickness (0.1-3 m), and drape both till deposits and bedrock. Around some of the larger
lakes, the glaciolacustrine sediments have been removed from the shoreline by Holocene wave-washing, and
thickness increases inland.
At a few sites, glaciolacustrine clay was observed underlying a veneer of till. The sediment thickness, as
mapped according to the detailed field site data, serves as a guide but the user should note that the occurrence
of glaciolacustrine sediments is highly variable and unpredictable.

GLx
Glaciolacustrine thin veneer :  15-30 cm thick, thin discontinuous cover, underlying topography is discernible.
Where thin glaciolacustrine veneers overlie tills, the two materials are often permafrost-mixed near the contact
zone (up to 1 m of mixing). Where not otherwise noted, bedrock is assumed to be the underlying material.

GLv
Glaciolacustrine veneer :  >30 cm to 1 m thick, moderately-well to imperfectly drained, underlying topography is
discernible. Where not otherwise noted, bedrock is assumed to be the underlying material. Where
glaciolacustrine veneers overlie tills, the two materials are often permafrost-mixed near the contact zone (up to 1
m of mixing).

GLb
Glaciolacustrine blanket : >1 to 3 m thick, moderately-well to poorly drained, continuous cover forming flat to
undulating topography that locally obscures underlying geomorphology.

GLACIOFLUVIAL DEPOSITS : light grey, moderately to poorly-sorted, silt, sand, gravel and diamicton
deposited behind, or at the ice margin by flowing glacial meltwater.

GFb
Glaciofluvial blanket : >2 m thick, continuous sand and gravel cover forming flat to undulating topography that
locally obscures underlying units and associated geomorphic patterns.

GFh
Ice-contact glaciofluvial sediments : undifferentiated deposits; poorly-sorted sand and gravel with minor
diamictons: deposited by glacial meltwater in direct contact with the glacier; 1 to >10 m thick; forming gently
undulating to hummocky topography related to melting of underlying ice. Features include kettles, kames and
ridges. Typically overlain by a veneer or blanket of glaciolacustrine sediments.

GFr
Eskers and esker systems : stratified sand and gravel with minor diamicton, deposited by meltwater flow within
tunnels beneath or within the glacier; present as 1 -8 m high segments. The esker ridges are below lacustrine
limit and in most places are overlain by a veneer or blanket of glaciolacustrine sediments. Smaller esker
segments are interpreted as beaded eskers, deposited into Glacial Lake Agassiz.

GLACIAL DEPOSITS: unsorted to poorly sorted diamictons (till) deposited in subglacial environments. The
predominant widespread till is beige, sparsely fossiliferous, has a silty-sand matrix, and is calcareous (till matrix
24-53% total carbonate, 10.8-22.5 ppm CaO, and 11-17% Ca; with 30-70% calcareous pebbles).
There is a wide range in the composition of the calcareous till, with significant variable proportions of eastern-
and/or northeastern-sourced (calcareous), 'locally'-sourced (greenstone belt), regional (granitoids) and
northern-sourced (Dubawnt Supergroup) clast concentrations.
As such, the regional calcareous till is a hybrid till that contains a mix of inheritance and overprinting. Weakly
calcareous and non-calcareous (till matrix <5% total carbonate, <5.4 ppm CaO, and <4% Ca; with <7%
calcareous pebbles) tills were encountered at 3.3% and 2.9% of field sites, respectively (see Trommelen xxx) .
The occurrence of weakly-calcareous till is noted as T 1and non-calcareous till as T2but these units have not
been colored separately on the accompanying pdf.

Tst
Streamlined till: greater than 2 m thick, subglacial till moulded beneath the glacier into linear ridges and/or
furrows parallel to ice flow; drumlins, drumlinoid ridges, flutings. Ridges are typically 0.1 -3 km long and 1-10 m
high.

Th
Hummocky till: supraglacial meltout (ablation) tills deposited by melting of stagnant ice; loose, texturally
variable sandy to gravelly matrix, some sorting; angular to subangular clasts; locally includes poorly sorted sand
and gravel; gently undulating to hummocky topography.

Tv
Till veneer: >15 cm to 1 m thick, discontinuous till cover; underlying topography is discernible. Where not
otherwise noted, bedrock is assumed to be the underlying material.

Tb
Till blanket: greater than 1 m thick, continuous till cover forming flat to undulating topography that locally
obscures underlying units and associated geomorphic patterns.  Occasional thinner patches of till may occur.

PRE-QUATERNARY

BEDROCK

R
Precambrian rocks: metasedimentary, metavolcanic rocks and associated intrusive rocks; may be overlain by
a thin, discontinuous veneer of till and or glaciolacustrine clay in upland areas.

NOTE: In areas where the surficial cover forms a complex pattern, the area is coloured according to the
dominant unit and labelled in descending order of cover (e.g., R/Tv). Where underlying stratigraphic units are
known, areas are coloured according to the overlying unit and labelled in the following manner:

O
Tb

For example,   Ox/GLv      means thin organic veneer and less dominant
                          Tst           glaciolacustrine veneer, all overlying streamlined till

O1k

x

Crag-and-tail landform

Drumlinoid ridge or fluting

Esker - direction known; Esker - direction unknown

Esker - washed known; Esker - washed unknown

Iceberg scour

Meltwater channel

í í í í í Meltwater channel corridor

Minor moraine udifferentiated

Streamlined bedrock

Trimline (Scarp)
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