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INTRODUCTION 

The Western Churchill Province of the Canadian Shield in south-central Nunavut (Kivalliq 

Region) is a region with high potential for base and precious metal deposits.  Mineral exploration 

and prospecting started nearly 70 years ago over the AEnnedai-Rankin@ greenstone belt (Wright, 

1967).  A suite of geophysical and geochemical techniques, including drift prospecting (i.e., Shilts, 

1973; Ridler and Shilts, 1974; Shilts and Wyatt, 1989; Klassen and Knight, 1996), have been used 

for mineral exploration.  In recent years, several major gold occurrences hosted by the Rankin Inlet 

Group have been discovered along the Meliadine Trend, 25 km north of Rankin Inlet (Armitage et 

al., 1993; Miller et al., 1995; Carpenter and Duke, 1999).  The Meliadine Trend forms a 65 km long 

linear aeromagnetic anomaly and extends >65 km west from Hudson Bay.  A major part of this 

highly prospective area is covered by a thick blanket of glacial sediments.  As part of the Western 

Churchill National Mapping Program (NATMAP), a surficial geological and geochemical mapping 

project was designed by the Geological Survey of Canada to assist mineral exploration along the 

Meliadine Trend.  The specific objectives of the project are to 1) provide a Quaternary geological 

framework for drift prospecting, 2) determine the signature of the known gold occurrences in glacial 

sediments and propose a glacial dispersal model for the region, 3) supply a surficial materials 

database that would serve as a baseline for environmental assessment for future development, and 

4) produce surficial geology maps at 1:50 000 scale (5 NTS sheets). 

 

This open file presents data collected by the Geological Survey of Canada regarding till 

provenance and geochemistry for regional samples and for samples collected near selected zones 

of mineralization.  Data on the composition and physical characteristics of glaciofluvial, glaciomarine 

and marine sediment samples are included, as well as erosional ice flow indicators and field site 

descriptions.  A summary of the regional geology is presented together with an extensive description 

of field and laboratory methods.  Results are discussed briefly for till composition only.  A full 

discussion will be presented in further reports and papers, specifically regarding the signature of the 

known gold occurrences in till, glacial transport and implications for drift prospecting, and field 

methods in permafrost terrain, including the examination of the effects of surface weathering and 

marine reworking on till geochemistry.  
 
LOCATION 

The area studied is located in the Kivalliq Region of Nunavut along the northwestern side of 

Hudson Bay, approximately 480 km north of Churchill, Manitoba, and includes the town of Rankin 
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Inlet (Fig. 1).  The only major route outside Rankin Inlet is a gravel road that reaches the Meliadine 

River 10 km to the north (Fig. 2).  The area covers approximately 2,800 km2 and is bounded by 

latitudes 62°45' and 63°15' N and longitudes 91° and 93° W, an area that covers the Archean 

Rankin Inlet Greenstone Belt (Tella, 1994).  It spans the following 1:50 000 scale National 

Topographic Series maps: Falstaff Island (55 J/13), Scarab (55 J/14), Rankin Inlet (55 K/16), 

Meliadine Lake (55 N/1), and APeter Lake@ (55 N/2).  Rankin Inlet is the site of the only mine brought 

into production in the entire region to date, the North Rankin Nickel Mines Limited, which was closed 

in 1962 due to the lack of ore. 

 

REGIONAL GEOLOGY 

Bedrock geology and mineralization 

The Archean (ca. 2.66 Ga.) Rankin Inlet Greenstone Belt (Tella, 1994, 1995) covers about 

65% of the study area (Fig. 3).  It includes essentially the Rankin Inlet Group (Tella et al., 1986), a 

metavolcanic-metasedimentary sequence deformed and metamorphosed to greenschist grade.  The 

Rankin Inlet Group is composed of sheared and carbonatized massive and pillowed mafic volcanic 

flows (1), felsic volcanics (2), interflow sediments (3), mainly greywacke and quartz-magnetite iron 

formation, and minor mafic and felsic tuffs, pyroclastics, volcanic breccia and gabbro sills (Tella et 

al., 1997).  The higher metamorphic grade equivalents of the greenstone belt rocks are exposed 

north of the Rankin Inlet Group and comprise gneiss and minor remnants of banded iron formation 

(4).  Archean and/or Paleoproterozoic layered gneiss and migmatite border the rest of the 

greenstone belt (5).  Several compositionally distinct Archean and/or Early Proterozoic granitoid 

plutons are found throughout the area (6,7,9).  Proterozoic sediments correlative with the Hurwitz 

Group discontinuously overly the sequence (8).  

 

The Meliadine Trend is characterized by a regional pervasive structural zone (Pyke Fault 

Zone) located at the southern edge of oxide iron-formation within the Rankin Inlet Group (Miller et 

al., 1995; Carpenter and Duke, 1999).  Active gold exploration in the region is focused on the oxide 

facies iron formation and associated sediments, as well as on high strain zones at 

volcanic-sediment contacts associated with deformation along and near the Pyke Fault (Tella et al., 

1992; Armitage et al., 1993; Miller et al., 1995; Carpenter and Duke, 1999, 2000).  All significant 

gold occurrences are located near but north of the ESE-striking Pike Fault.  Both types of gold 

mineralization are characterized by coarse grained arsenopyrite (Armitage et al., 1993), but gold 

does not always correlate with arsenic (Miller et al., 1995; James et al., 2000; J. Kerswill, pers. 
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Figure 1.  Location map of study area in the Kivalliq Region of 
Nunavut.  The Western Churchill NATMAP area is also shown.
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comm.).  In the oxide iron formation, for example at the Discovery Zone, the visible gold is 

associated with pyrrhotite, arsenopyrite, pyrite, and minor chalcopyrite (Armitage et al., 1993) and is 

concentrated in individual hinge and limb segments of the folded iron formation.  Gold mineralization 

related to high strain zones differs from iron-formation hosted gold mineralization in deformation 

style and silicate, carbonate, sulphide, and gold composition (Miller et al., 1995).  At AWesmeg@, gold 

is associated with arsenopyrite with pyrite, chalcopyrite, pyrrhotite and galena.  Free gold in both 

types of mineralization also occurs intergranular to sulphides and as fracture fillings, inclusions and 

coatings, dissiminated, and in sulphide-bearing carbonate-quartz veins. 

 

Glacial geology   

During the last glaciation, Keewatin Sector ice of the Laurentide Ice Sheet, flowing in a 

southeasterly direction, deposited a sandy till containing a mixture of local and exotic debris over the 

Kivalliq region.  The Meliadine area lies at the edge of the southeastward Dubawnt glacial dispersal 

train (Shilts et al., 1979), hence surface till clast composition and reddish color reflect the 

incorporation of far-travelled debris in the southwest part of area, but not in the northeast (Fig. 4).  

Hand dug pits, small natural sections and drill hole data indicate that till is the predominant surficial 

sediment in the area (Fig. 5) and that it forms the bulk of streamlined landforms, ribbed moraines, 

DeGeer moraines and hummocky moraines.  Following deglaciation, between 7 and 6 ka BP (14C), 

marine submergence resulted in the deposition of a discontinuous, thin veneer of marine sediments 

over the glacial landforms.  Concurrent isostatic rebound caused a rapid rise in the land surface, 

and as the land emerged, till and marine sediments were variably reworked by wave and current 

action in the Tyrrell Sea. 

 

The Meliadine Lake and Peter Lake map sheets (55N/1 and N/2) are dominated by thick till 

(<25 m), commonly drumlinized or ribbed, and weakly reworked by the postglacial sea.  Only the 

tops of the landforms are developed into small marine terraces forming distinctive gravel caps.  Till 

is thinner or absent in the northwest part of the Meliadine Lake map area (55N/1) underlain by 

intrusive rocks.  Along the coast, till is prevalent above 30 m a.s.l. in the Rankin Inlet map area 

(55K/16) and above 60 m a.s.l. east of Atulik Lake (55J/13 and J/14).  In these areas, topographic 

lows are commonly filled with a veneer of marine sands and silts and the tops of landforms are 

locally reworked into beaches, terraces and spits.  Below the till-dominated areas, marine littoral 

sand and gravel, nearshore and tidal sands fill lowland between bedrock outcrops.  Till, where 

preserved, is generally thin and wave-washed.   Four major continuous trunk eskers with tributaries 
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joining at near 90° angles from the north traverse the area from west to east: Peter Lake, Sic Sic, 

Meliadine Lake, and Parallel Lake eskers.  These eskers are commonly beaded and aligned within 

major topographic lows.  East of Atulik Lake, eskers are numerous, closely spaced, discontinuous, 

and extensively reworked by marine action.  Other minor surficial units in the study area include 

undifferentiated alluvium and fine grained marine sediments, shallow peatlands, and glaciomarine 

diamictons. 

 

Ice flow indicators (rf. Field procedures section) recorded on bedrock across the area trend 

to the southeast, parallel to the long axes of lakes, streamlined landforms and roches moutonnées 

(Fig. 6).  Directions shift slightly from west to east, from an average of 131° in the Peter Lake map 

area (55N/2) to 147° in the Scarab map sheet (55J/14).  Two older regional ice flows mapped in the 

Kivalliq Region (McMartin and Henderson, 1999) have also been recognized in the area : 1) 

striations indicating a more south-southeasterly (149° to 152°) flow and preserved on the lee-side of 

the regional southeast trending indicators were observed at a few sites in the western part of the 

area and south of Rankin Inlet, and 2) well-preserved surfaces with striations indicating an older flow 

to the east-southeast (114° to 122°) were commonly found along the coast east of Rankin Inlet on 

recently emerged bedrock outcrops.  In the vicinity of the large eskers (<4 km), the youngest ice flow 

indicators are found at right angle or oblique to the esker direction.  Within these corridors, the 

regional southeastward trending striae and drumlins are generally preserved.  At several sites 

however, particularly to the north of the eskers, DeGeer moraines, and occasionally ribbed 

moraines, are reoriented obliquely to the SE trending drumlins.  These relationships suggest 

redirection of ice towards the esker ridge near the ice margin (i.e. Veillette, 1986).  

 

METHODOLOGY 

Field procedures 

Surficial mapping and till sampling were completed during the summers of 1997 through 

1999.  Access was by helicopter, boat and foot traverses, from Rankin Inlet and from mineral 

exploration camps (Atulik Lake, Meliadine Lake and Peter Lake).  Nearly 545 sites were visited and 

are described in Appendix I.   

 

Over 220 surface glacial sediment samples (3 kg), mainly till, were collected from active 

mudboils at an average spacing of 4 km and an average depth of 30 cm.  In the vicinity of selected 

gold occurrences, 80 more till samples were collected.   For means of comparison, till samples were 
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classified in the field according to their degree of weathering, reworking by the Tyrrell sea or 

incorporation of marine sediments through periglacial activity.  Most of the till samples fell in Class I 

when they were collected from fresh mudboils with little sign of oxidation (i.e. Fe-staining), no 

organic cover and no marine shells. Class I samples were found throughout the area, mainly by 

photointerpretation prior to sampling, even in the coastal strip of marine sediments.  About one third 

of the samples were slightly oxidized or contained some organic matter and were classified as Class 

II samples.   Class III samples were oxidized (Fe-staining and rotten clasts) and/or contained 

organic matter and abundant marine shells.  Class I and class II tills were preferentially sampled for 

drift prospecting purposes.  About 50 large bulk till samples (10 kg) were collected for gold grain 

counts, mineralogical and size partitioning studies, heavy mineral geochemistry, and indicator 

mineral analysis.  36 large esker sediment samples were collected along the Peter Lake esker, and 

parts of the Meliadine Lake esker where it crosses the Pyke Fault Zone.  Shallow soil profiles and 

mudboils developed in till and marine sediments were sampled in detailed down to permafrost to 

characterize weathering profiles.  The top organic-rich layer (humus) of the soil profiles was also 

collected.  A discussion of results for the esker sediment and profile samples will be presented 

elsewhere.  Sample locations and descriptions are presented in Appendix II together with maps 

showing sample location (by type) and till sample (by class). 

 

The orientation and relative ages of nearly 275 erosional ice flow indicators were measured 

from 187 sites.  Indicators included striations, grooves, rat tail striae, crescentic gouges and 

fractures, chattermarks, and roches moutonnées.  Measurements were commonly taken on clean 

lake shoreline outcrops and on flat-lying surfaces to avoid influence by local topography.  Outcrops 

recently cleaned of drift along the coast because of high isostatic uplift rates in the area were ideal 

sites for observing well preserved striations.  The sense of ice flow movement was derived from rat 

tails, crescentic features, chattermarks and roches moutonnées where present, or from stoss and 

lee topography.  Relative ages of striated facets were interpreted based on the following criteria: a) a 

set located in a lee-side position relative to another, is usually older, b) a set found only on the top 

part of an outcrop will have been formed by the youngest movement, c) a set preserved only in 

depressions and other low positions is  interpreted as older, and d) a deeper set (groove) is usually 

older than a finer set (microstriae).  The location and description of erosional ice flow indicators are 

presented in Appendix III together with ice flow indicator maps.  
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Laboratory procedures 

Sample preparation and analytical procedures for till samples are summarized in Figure 7.  

About half of a 2 kg split of till and esker sediment samples was wet-sieved to collect the 4-8 mm 

fraction for lithological analysis.  Pebbles were visually examined using a binocular microscope 

(maximum 250 clasts) and lithologies were divided into Dubawnt Supergroup, Rankin Inlet Group 

(volcanics, sediments, iron formation), granitoids, and Paleozoic carbonates.  Results were 

calculated by weight % of the total sample and are presented in Appendix IV.  Proportional dot maps 

and descriptive statistics for each major lithological group have been compiled for till and esker 

sediment samples separately and are included in Appendix IV.  Intervals for all maps presented in 

the Appendices were defined from basic statistics (50, 75, 90, 95, 98, 99,100th percentile).  Values 

below detection limit were assigned 2 detection limit value for the purpose of calculations. 

 

The other half of the 2 kg split of all samples was air-dried and dry-sieved using a stainless 

steel 230 mesh screen to obtain the <0.063 mm fraction.  About 1 g of this fraction (till samples only) 

was analysed for carbonate mineralogy using the Chittick method at the GSC Sedimentology 

Laboratory (Dreimanis, 1962).  The procedure determines the concentrations of calcite and dolomite 

based on the different reaction rates of those minerals in hydrochloric acid.  The results are 

presented in Appendix V as weight % calcite, weight % dolomite, weight % total carbonates, and 

calcite/dolomite ratios.  Maps and statistics included in Appendix V present data for calcite, dolomite 

and total carbonate content. 

 

The clay size fraction (<2 µm) of about 300-500 g of a 1 kg split of till samples was separated 

by centrifugation and decantation following the method of Lindsay and Shilts (1995).  Approximately 

1 g of the clay-sized fraction was analysed at Chemex Ltd. for a suite of trace and major elements 

using ICP-AES (inductively coupled plasma atomic emission spectrometry), following an aqua regia 

digestion (HCl-HNO3, 3:1).  Mercury was determined using CV-AAS (cold vapor atomic absorption 

spectrometry) after an aqua regia digestion for samples collected in 1996, 1997 and 1999.  Aqua 

regia is a partial digestion that leaches organic matter, amorphous oxides, sulphides, and 

phyllosilicate minerals.  Generally most base metals are dissolved with this extraction (Räisänen et 

al., 1992).  Detection limits and analytical results are presented in Appendix VI for all till samples.  

Geochemical plots and statistics for elements with concentrations above detection limits in Class I 

and Class II till samples are included in Appendix VI. 
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About 1 g of the silt and clay size fraction (<63 µm) of till and esker sediment samples was 

analysed at Chemex Ltd. for a suite of trace and major elements using ICP-AES, following an aqua 

regia digestion.  Mercury was determined using CV-AAS after an aqua regia digestion for samples 

collected in 1996 and 1997 only.  Detection limits and analytical results are presented in Appendix 

VII for all samples.  Geochemical plots and statistics for elements with concentrations above 

detection limits have been compiled for till samples (Class I and Class II) and esker sediment 

samples separately, and are included in Appendix VII.  

 

About 10-30 g of the silt and clay size fraction (<63 µm) of till and esker sediment samples 

were analysed at Activation Laboratories Ltd. for Au and a suite of trace, major and rare earth 

elements using INAA (Instrumental Neutron Activation Analyses).  Only Au, Sb, As and W were 

determined with this method for the 1999 samples.  INAA provides total metal concentrations.  

Detection limits and analytical results are presented in Appendix VIII for all samples.  Proportional 

dot maps and descriptive statistics for Au, As and Na concentrations have been compiled for till and 

esker sediment samples separately and are included in Appendix VIII.  For comparisons of 

methods, Au concentrations determined by Fire Assay ICP-AFS (inductively coupled plasma atomic 

fluorescence spectrometry) for samples collected in 1996 and 1997, together with Pt and Pd values, 

are listed in Appendix IX. 

 

The large bulk till samples and esker sediment samples were disaggregated and screened 

at 2 mm at Overburden Management Drilling Ltd.  The <2 mm fraction was pre-concentrated with 

respect to density using a shaker table.  Visible gold grains were recovered at the table and by 

panning of the remaining table concentrate, and subsequently counted and described with respect 

to morphology.  Gold grains were not returned to the table concentrate but put into separate vials  

for further examination under the SEM.  The table concentrate was then put in methylene iodide 

(specific gravity of 3.3) and the heavy mineral concentrate (HMC) was collected.  After a 

ferromagnetic separation, half of the nonferromagnetic (NFM) concentrate was screened to recover 

the <63 µm, 63-250 µm and 250 µm-2 mm fractions.  The fine fraction (<63 µm) of till samples was 

analyzed geochemically at Chemex Ltd. by ICP-AES, following an aqua regia digestion.  Mercury 

was determined using CV-AAS after an aqua regia digestion.  Detection limits and analytical results 

are presented in Appendix X.  Maps included in Appendix X present data for several noteworthy 

elements for which values above the detection limit show a spatial pattern (As, Co, Cu, La, Ni, and 

Zn).  The fine sand fraction (63-250 µm) was visually examined under the binocular microscope and 
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counted, and the coarse sand fraction (250 µm-2 mm) was analysed for indicator minerals.  Results 

for those two fractions will be reported elsewhere.  The other half of the NFM-HMCs of till and esker 

sediment samples was pulverized and analysed at Chemex Ltd. for Au, Pt and Pd by FA-ICP-AFS 

(1997 samples) and for Au by FA-AA and INAA (1998 samples).  Geochemical results and detection 

limits are presented in Appendix XI.  The total number of gold grains recovered, the weights of table 

feed, table pre-concentrates, NFM and ferromagnetic HMCs, and a detailed report on the gold grain 

count and classification are presented in Appendix XII.  Proportional dot maps of the number of 

visible gold grains per 10 kg table feed and per NFM HMCs, and of NFM HMCs and magnetite per 

10 kg table feed are included in Appendix XII. 

 

About 300-500 g of the 1 kg split of all samples was used for textural analysis at the GSC 

Sedimentology Laboratory.  The <2 mm (-10 mesh) fraction of bulk samples was separated by dry- 

sieving.  The sand fraction (0.063-2 mm) was separated from the silt and clay fractions by dry- 

sieving (+ 230 mesh).  The silt and clay fractions (-230 mesh) were determined with a Galai  Particle 

Size Analyzer (PSA).  The results were calculated as a percentage weight of the <2 mm fraction and 

are presented in Appendix XIII.  Complete grain size distributions were determined with the PSA on 

a selection of samples and results are included in Appendix XIII.   

 

Physical tests were completed on selected samples at the GSC Sedimentology Laboratory to 

determine various sediment properties.  All results are compiled in Appendix XIV.  Atterberg limits 

(Carter, 1993) could be determined on only three clay-rich marine samples.  Nearly 50 other 

samples, mainly till and marine sands, were tested for Atterberg limits but most tests were 

incomplete because of high sand contents.  Moisture contents and conductivity (Carter, 1993) were 

determined on small splits of selected large bulk till samples.  pH was determined on the <2 mm 

fraction of selected bulk till samples and of till and humus samples collected in soil profiles (Knight et 

al., 2000).  Loss-on-ignition, an approximation of total organic content, was done on the silt and clay 

size fraction (<0.063 mm) of selected 1997 till samples and on the clay size fraction (<0.002 mm) of 

1999 till samples.   Results for LOI are expressed as % weight loss of the dry weight after heating a 

small portion at 550°C for one hour (Sheldrick, 1984).  Organic carbon was determined with a LECO 

Carbon Analyzer instrument on the silt and clay size fraction of 1998 and 1999 till samples and on 

the <2 mm fraction of humus samples collected in 1999 (Sheldrick, 1984).  The remainder (<800 g) 

of all original (bulk) 3 kg and 10 kg samples was archived.      
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Quality Assurance and Quality Control (QA/QC)
Analysis of duplicate samples and analytical standards were used to monitor analytical

precision and accuracy of geochemical results (e.g. Garrett, 1969, 1991).  Analytical precision was

assessed by inserting laboratory duplicate samples, i.e., samples prepared from the same field

sample, but submitted with different sample numbers.  No field duplicates were submitted.  One

duplicate in approximately 10 samples was submitted for analysis (8%).  Precision was determined

by first calculating the analytical variance (A2) as follows (Garrett, 1969):

A2  =  1     Σ (X1i-X2i)2

         2N

Where A2 is the analytical variance, X1i is the sample analysis result, X2i is the duplicate sample

analysis result and N is the number of duplicate pairs.  Logarithmic values were used only for the

elements that had a range exceeding one order of magnitude (rf. Appendix XV).  The precision was

then computed (modified from Garrett, 1969):

RSD (95% Confidence level) = A x 100%
        Xav

Where Xav is the average of all the replicate results.  The value of Student�s �t� was not used here

therefore the precision is an estimate of the Relative Standard Deviation (RSD).  

A single-factor fixed analysis of variance model can be used to determine if the analytical

error is significantly smaller than the overall data variability (modified from Garrett, 1969).  First the

data variance was computed:

D2  =  1    Σ (Xi-Xav)2

        N -1 

Where D2 is the data variance, Xi is the average of each duplicate sample analysis result, Xav is the

average of all the sample analysis results and N is the number of duplicate pairs.  Again, log values

were used only for the elements that had a range exceeding one order of magnitude.  Then a

variance ratio was determined:

F = 2 x D2

                 A2

This ratio should exceed about 2 for 22 pairs of replicates and about 10 for 3 pairs (95%
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Confidence level).  The ratio rises as the number of replicates drops. 

Analytical precision and variance ratios for elements above detection limits are compiled

in Appendix XV.  Laboratory duplicates were only inserted with samples analysed for trace and

major element geochemistry.  For the <0.002 mm fraction of till analysed by ICP-AES (rf. Appendix

VI), the precision is very good for most elements, particularly for Al, Ba, Co, Cu, Fe, K, Mg, and Mn

(<±5%).  This method is less effective for Ca, Pb and Ti at low concentrations (>±10%), but

appeared to be appropriate at higher levels.  All variance ratios are high hence the data variability

is much higher than the analytical error (F>15).  Duplicate analyses of the <0.063 mm fraction of

till samples (rf. Appendix VII) are generally as precise as for the clay fraction using the same

method, and variance ratios are also high (F>5).  Exceptions include As, Ba, Pb, Sc and Ti which

are less precise than with the clay fraction.   Pb analysis show particularly poor reproducibility

(>±40%) because of low levels, and alternative analytical methods are suggested if better precision

is required.  

With the INAA method (rf. Appendix VIII), the analytical precision is poor for elements that

occur in levels near the lower detection limit (Br, Ca, Cs, Mo, Sb, Ta, Tb and Zn) but generally good

for all other elements.  The method is less effective for Nd and U (>±15%) and relatively ineffective

for Rb (±37% and F<2).  Au analysis are poorly precise (±77%) for several reasons: 1) values close

to lower detection limits in several duplicates, 2) relatively low sample weights (mean of 15 g), and

3) the particulate nature in which gold occurs coupled with sample inhomogeneity (the “nugget

effect).  However the variance ratio indicates that the precision is acceptable for Au considering the

high data variability.  Au anomalies are definitively questionable for sample weights below 5 g and

resampling is required in those “anomalous” areas prior to further interpretation.  For the analysis

of the HMC <0.063 mm fraction of till (rf. Appendix X), the ICP-AES method is generally poorly

precise, although only 3 replicate pairs were analysed so the precision may not be significant.

Nevertheless, Ca, Co, Cu, Mg, Ni, P are much better with precisions below ±15%, and Co, Cu, Ni

and P have high variance ratios (F>20).

Analytical accuracy was assessed by including GSC in-house control reference samples

with the field samples.  In every analytical batch, 2% standard samples were generally included.

Analytical standards (i.e., TCA 8010) are monitored and maintained by the Terrain Sciences

Division to ensure accuracy of data reported by the commercial laboratory.  The mean of values
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from previous analysis (<5 years) can be compared with the Meliadine results (Appendix XV).

Results show that the accuracy is generally  acceptable for all elements and for all methods as the

Meliadine values are within two standard deviations of the mean of values from previous analysis.

Exceptions include Ba, Sb and Sm concentrations analysed by INAA (<63 µm)and Au by FA-ICP-

AFS, which are significantly higher than the average of the previous years results. 

RESULTS AND DISCUSSION
Turbic cryosols are the prevalent type of mineral soils developed in glacial sediments of the

Meliadine area.  These soils are characterized by intense vertical mixing of material by frost

heaving and churning.  Relatively fresh bedrock fragments can be supplied to the soil and mixed

in with oxidized drift and bedrock in areas of shallow bedrock, and/or organic matter recycled from

the surface can be found throughout the active layer.  C-horizons are therefore variably oxidized

in the area, laterally and vertically, varying from relatively unoxidized to moderately oxidized.  In

mudboils where the material is extruded to the surface (Fig. 8), C-horizon samples are relatively

homogenized and generally weakly weathered (Class I and II).  Moreover, special care was taken

not to include layers of organic material or heavily oxidized clasts (if present), and mudboils with

little or no clasts on the surface or abundant shells were avoided (Class III samples).

Till matrix colour and texture
As indicated in Appendix II, the majority of till samples are greyish to olive brown (Munsell

hue 2.5Y) and olive grey to olive (5Y) in colour, reflecting the incorporation of greenstone belt

lithologies.  The brownish grey to brown colored samples are also relatively common with either

2.5Y or 10YR hues.   Those with 10YR hues are commonly the samples that are the richest in

Dubawnt clasts.

Virtually all till samples collected in the region contain more than 5% gravel clasts (>2 mm)

by weight (Appendix XIII).  The average is 15%, varying from 1 to 37%, although the samples are

not sufficiently large to produce useful statistics for gravel content.  Over the map area, the till

matrix (<2 mm) consists of 5 to 83% sand, 16 to 92 % silt, and 1 to 12% clay, with an average of

about 52% sand, 46 % silt and only 2% clay.  Variations in grain size distribution with depth are not

significant.  Over the study area, till derived from Archean gneiss and granites is sandier than till

derived from greenstone belt lithologies.  Thus, regionally, there appears to be a relationship
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b

Figure 8. a) Simplified diagram of mudboil showing cryoturbation 
processes (from Levinson, 1980). b) Active mudboil with freshly extruded 
till in the centre surrounded by vegetation rim.  Shovel is 15 cm wide.
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between color and till lithology, and between grain size of till matrix and underlying bedrock type.

Till lithology 
Lithological composition of the 4-8 mm pebble fraction of till presented in Appendix IV is

characterized by: 1) intrusive and high grade metamorphic rocks (granitic) averaging 49% and

ranging from 0 to 95%; 2) low grade metavolcanics and metasediments (greenstones) averaging

47% and ranging from 5 to 100%; 3) Dubawnts clasts averaging 4% and ranging from 0 to 22%;

and 4) the absence of Paleozoic rocks.   Regional variations are significant and are primarily

related to the nature of up-ice lithologies and thickness of till sheet.  For example, granitic clasts

are predominant over intrusive/gneissic rocks outcropping northeast, north and southwest of the

greenstone belt.  Over the northwestern part of the greenstone belt where the drift is particularly

thick (Peter Lake area), granitoid rich till is smeared across the greenstone terrain for more than

10 km down-ice from the source, indicating that (1) the coarse material in till is not renewed before

a glacial transport distance of 10-20 km (i.e. >50% greenstones; Peltoniemi, 1985), (2) the first

appearance of dispersal trains at the surface may well exceed 2 km in areas of thick till (Drake,

1983), and/or (3) the buried, approximate contact between the granitic terrain and the greenstone

belt is inaccurate (Tella and Shau, 1994).  Glacial dispersal of granitic rocks is also observed as

far as 10 km down-ice from a large granitic intrusion north of Diana River where greenstone clast

values are depressed relative to the rest of the greenstone belt.  Nevertheless, high values of

greenstone clasts in till are found throughout the belt (average of 56%), particularly in areas of thin

drift (up to 100%), indicating that till lithology is closely related to the composition and nature of the

local bedrock.

Dubawnt lithologies are most abundant in the SW part of the area (up to 22%), rapidly

decreasing to near 0% towards the NE, forming the edge of the well known dispersal train of exotic

red erratics from outcrops located 200 km up-ice (Fig. 4).  Within the dispersal train, concentrations

show a gentle, linear decrease in the direction of the last ice flow, which could reflect englacial

transport with minimal modification of debris by crushing and abrasion, characteristic of dispersal

by ice streams (i.e., Boulton, 1996; Dredge, 1995).  However, the slow decay more likely

represents the “tail” of the negative exponential curve of Krumbein (1937), characterized by glacial

transport and abrasion as part of the basal debris load, as concentrations decrease exponentially

in the direction of glacial transport from the source area down to the Meliadine Trend area
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(McMartin and Henderson, 2000).  Basal transport is also supported by the presence of locally

derived stony till throughout the greenstone belt, even in areas of thick till, and a high ratio of

greenstone belt clasts to Dubawnt clasts (average of 12).  Outside the dispersal train, Dubawnt

clasts are commonly absent but do occasionally occur in low concentrations (<2%).  Dubawnt

clasts in till have also been observed NE of the Meliadine Trend towards Chesterfield Inlet (T.

Goodwin, pers. comm.).  This contrasts with the “zero” Dubawnt south-east-trending line shown

by Shilts et al. (1979) across the study area and interpreted as ice flow from the KID “throughout

one or more glacial stades of the Wisconsinan Stage” (Shilts, 1980).  The presence of occasional

red erratics outside (NE) the dispersal train is significant in that it allows the concept that prior to

the southeastward flow, a general easterly ice flow affected most of the area, an idea supported

by the ice flow record (McMartin and Henderson, 1999).

Banded iron Formation (BIF) clasts occur in low concentrations averaging 0.22% in till and

ranging from 0 to about 7%.  However, any level of BIF in the pebble fraction usually indicates a

close proximity to a known source.  In some samples, the sulphide-bearing BIF clasts are

intensively weathered hence actual levels are difficult to interpret in terms of glacial dispersal.  The

absence of carbonate Paleozoic clasts in till of the Meliadine area is interpreted as no ice flow from

Hudson Bay.  This refutes the idea of a long-term center of an ice sheet over Hudson Bay as

modeled by Flint (1943), and later refuted by Shilts (1980).  Distinct, buff colored, siliceous

dolomite clasts are found in till near Rankin Inlet, but the source for these is undoubtedly Archean

carbonates from Rankin Inlet Group outcrops located NW of town (Tella, 1994). 

Till matrix mineralogy
The mineralogy of the till matrix (<2 mm) illustrates the local provenance of glacial

sediments in the Meliadine area.  Till is generally non-calcareous i.e. lacks a visible reaction to HCl

in the field.  Non-calcareous till generally contains 0 to 1% calcite, 0 to 0.5% dolomite and below

1.5% total carbonates according to the Chittick method (Appendix V).  A few samples have a slight

reaction to HCl but lack any significant (<1.5%) carbonates.  On the other hand, samples showing

a high reaction to HCl have no more than about 13.5% total carbonates.  Values above 1.5% total

carbonates indicate: 1) enrichment in calcite and/or dolomite along the coast  from mixing of

calcareous marine sediments in the active layer, 2) leaching and/or mixing of marine shells, 3)

proximity to carbonate alteration associated to mineralization or to the Pyke Fault Zone, or 4)

glacial transport of Archean carbonate lithologies.  Partial or complete dissolution of carbonates
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at depth resulting from the oxidation of till in the active layer, or precipitation of calcite at the

surface, make carbonate values quite erratic.  It is therefore apparent that calcite or dolomite

concentrations do not correspond with carbonate pebble values. 

The clay fraction (<2 µm) analyzed by X-ray diffraction consistently exhibits a prominent

chlorite peak for greenstone-rich tills or a quartz and/or K-felspar peak for granite-rich tills.

Plagioclase is abundant in all samples.  Illite (biotitic) and amphibole are moderately abundant in

the clay fraction and hematite is occasionally present.  Traces of goethite and smectite were also

found in two samples.  No trace of kaolinite was found, including in the most Dubawnt-rich

samples.

The light (s.g.<3.3), fine sand (63-250 µm) fraction is essentially composed of quartz

(>90%). The heavy mineral (s.g.>3.3) fraction is dominated by hornblende, garnet sp. and epidote.

Hematite, ilmenite and pyroxene sp. are moderately abundant.  Fresh pyrite grains and pyrite

coated with goethite were observed in about half of the samples examined under the microscope

(up to 5.5% of 200 heavy minerals counted).  The most abundant sulphides were found in till

located directly down-ice from mineralization.  Numerous sulphide grains were also observed in the

coarser fraction of till (<2 mm) during pre-concentration of HMCs (rf. Appendix XII).  The presence

of labile minerals such as sulphides in surface till sampled above the permafrost table conflicts with

the idea that sulphides are completely destroyed in the active layer (i.e., Shilts, 1977; Klassen,

1995).  The cold climate and associated periglacial processes that bring relatively fresh sulphide-

bearing bedrock fragments to the surface likely favour the preservation of some sulphide grains

in till underlain by permafrost. 

Till matrix geochemistry
Clay fraction

Data presented in Appendix VI include several regional trends in the geochemistry of the

<2 µm fraction.  In areas enriched with metal-poor granite debris, Al, Ba and K are generally high

but most trace metal concentrations are suppressed.  For example, a strong negative correlation

exists between granitic clast content and As, Co, Cu, Fe and Ni concentrations.  Inversely, these

same trace metals, in addition to Pb and Zn, are relatively high in till enriched in greenstone clasts.

Although the area underlain by the greenstone belt is one of high background for most metals, a

few patterns of high abundances are consistent over three areas: 1) till near Rankin Inlet has
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elevated Co, Cr, Cu, Fe and Ni values and this likely reflects the glacial comminution of serpentinite

debris down-ice from ultramafic outcrops near the former Ni-Cu mine at Rankin Inlet (DiLabio and

Shilts, 1977), and glacial dispersal from other Cu-Ni-Co occurrences in the area (Fig. 3); 2) till up-

ice and down-ice from the eastern end of the Pyke Fault Zone has elevated Co, Cr, Cu, Fe, Mo,

Ni, Pb and Zn concentrations, perhaps reflecting mineralization itself, the presence of ultramafic

rocks along the Meliadine Trend, or glacial dispersal of kimberlitic rocks that have been reported

from drill core, erratics and possibly outcrops in the general area (Miller et al., 1998; Seller, 1999;

B. Kjarsgaard, pers. comm.); 3) zones of anomalous As, Co, Cu, Fe, Ni, Pb and Zn values occur

in till over and down-ice from known gold mineralization and other potentially mineralized areas.

Fine-grained metal-bearing particles and grains of ore minerals are glacially comminuted

and the elements redistributed into different grain sizes (Dreimanis & Vagners 1971).  Furthermore,

during weathering, it is evident that clastically dispersed labile minerals such as sulphides are partly

decomposed in the oxidized active layer above the permafrost table (rf. Fig. 8a), releasing elements

which are dissolved and transported by surface water.  These elements preferentially accumulate

in the clay-sized fraction (<2 µm) because clay minerals in this fraction have large surface area,

high cation exchange capacity and can accommodate wide ranges of ionic radii (Shilts, 1995).   In

the clay fraction, most trace metals measured by ICP-AES after an aqua regia partial leach

probably reside in primary phyllosilicates and secondary amorphous Fe-Mn oxides/hydroxides,

and/or are adsorbed onto clay-size particles (Räisänen et al., 1992).  This metal partitioning is

demonstrated by the good correlation of most trace metals with Fe, Mg and Mn, and somewhat with

Al and K, which are the main constituents of phyllosilicates and/or oxides/hydroxides.  Exceptions

include As and Pb, which do not correlate with any of the major elements nor with Mn, suggesting

these elements partly reside within clay-sized sulphide particles and/or possibly fine-grained

organic matter.  More detailed chemical speciation studies have been undertaken on selected

samples using selective extraction techniques to help determine in which phases the metals reside.

          

One other area of interest in terms of trace element distribution is within the  Dubawnt clast

dispersal train where Dubawnt values are relatively high (>10%).  In this area, the exotic metal-poor

Dubawnt debris slightly depresses the geochemical signature of the local bedrock, specifically Co,

Cr, Fe, Mg, Ni and Zn concentrations.  In contrast, Sr values are relatively high in the same area

and show no correlation with Fe, Mg or Mn.  Sr is a lithophile element that is concentrated in the

earth’s crust hence Dubawnt Supergroup lithologies, which include Proterozoic silicate rich
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sedimentary rocks, are likely the source of the strontium.  This is supported by high Sr values

obtained on red Dubawnt bedrock samples analysed geochemically by ICP-MS (n=4, average =

303 ppm).  

Silt and clay fraction

Data presented in Appendix VII for the geochemistry of the <63 µm fraction (ICP-AES)

show regional trends that are similar to those for the <2 µm fraction, but values are significantly

higher in the <2 µm fraction (2 to 25x).  The <63 µm fraction contains predominantly silt-size

minerals, and quartz is likely more important in this size range, acting as a diluting agent for trace

elements.  However, the correlation with most trace metals and Fe, Mg and Mn is still very good,

if not better than with the clay fraction, suggesting most metals reside in or on clay-sized particles.

Similar to the clay fraction, As, Pb, Sr and V do not correlate with Fe-Mg-Mn, and Sr values are

generally higher in the Dubawnt dispersal train.  One dissimilarity includes the poor correlation

between Al or K with Mg-Fe-Mn in the <63 µm fraction, which may reflect the presence of more silt-

size rock/mineral fragments, for example feldspar grains.  P forms a distinct SE-trending dispersal

train with concentrations higher outside the Dubawnt dispersal train.  The glacial dispersal of silt-

sized apatite group minerals, soluble in acid, from alkaline igneous rocks located up-ice from the

greenstone belt is a likely source of phosphorous.       

  

Results of geochemical analysis of the <63 µm fraction by INAA methods are presented in

Appendix VIII.  Most elements show similar patterns and near equal values from INAA relative to

ICP analysis after an aqua regia digestion, particularly As, Co, Fe, La and Zn.  The aqua regia

digestion therefore represents near “total” concentrations for these elements.  In contrast, INAA

gives much higher Na values than with ICP (aqua regia), and a very distinctive pattern which was

not seen with the ICP method is observed in the form of a SE-trending dispersal train outside the

Dubawnt-rich till area.  This perhaps reflects the glacial dispersal of resistant silt-sized Na-bearing

silicates from granitic terrain up-ice from the greenstone belt.  Ba is also much higher by INAA, as

barite is not soluble in aqua regia, but no consistent patterns are observed with any of the two

methods. 

Gold and arsenic dispersal

Data for Au analysed by INAA in the <63 µm fraction of till (Appendix VIII) show that the

area of highest concentrations is located along and down-ice from the Meliadine Trend near several
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known showings and major occurrences.  In this area, Au concentrations above the 75th percentile

value (8 ppb) form a broad anomaly approximately 60 km long and 20 km wide. Three sites with

Au concentrations in excess of 100 ppb are located within this anomaly.  Although the general trend

of the anomaly suggests glacial dispersal in the direction of the main regional ice flow event to the

southeast, the extent of Au dispersal based on till geochemistry alone from 4 km spaced samples

is difficult to determine.  The presence of multiple sources, known and unknown, suggests the

anomaly results from overlapping dispersal trains since most gold dispersal trains are known to be

commonly short (<2 km) (i.e., Nichol et al., 1992).  Similarly, although detailed sampling around the

Discovery Zone indicates glacial transport distances exceeding 5 km for Au, a strong possibility

remains that glacially transported Au-bearing sulphide-rich debris has been partly weathered out

and that Au has been released locally at distances much farther than the original source, or that

other unknown, buried sources are located immediately north of Atulik Lake. 

 

Results for As analysed by INAA show that till along the Meliadine Trend has particularly

high As concentrations, reflecting the abundance of arsenopyrite as one of the major sulphides in

the auriferous oxide-iron formations and high-strain zones.  Concentrations exceeding 9 ppm (50th

percentile) are found in a 15 km wide anomalous zone extending to the ESE between Peter Lake

and the coast.  This anomaly is better defined than the broad Au anomaly.  It roughly parallels the

Meliadine Trend but concentrations do not regularly decrease in the direction of glacial transport.

Again, glacial dispersal from multiple sources located along the Trend can explain this complex

pattern. Glacial dispersal of As near Discovery indicates a long (>5 km) dispersal train down-ice

from the zone, however, similar to Au, values are erratic within this train and actually increase north

of Atulik Lake.  Elevated As concentrations are also found in the southern part of the Rankin Inlet

map area (55 K/16) where BIF erratics and clasts in the pebble fraction of till were occasionally

found, and where gold concentrations are above the 75th percentile (8 ppb).  The source for this

anomaly is unknown.

The fairly good regional spatial correlation observed between As and Au is not observed

on a site-to-site basis.  The R2 value on a linear correlation between Au and As in the <63 µm

fraction (INAA) of till is only 0.36 (Figure 9).  Gold analyses, however, generally exhibit lower

reproducibility, which probably lowers the correlation.  Most samples containing high As

concentrations (>100 ppm) are anomalous with respect to Au in the <63 µm fraction whereas there

are several samples with high Au but low As.  This complex correlation likely reflects, in part, the
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Figure 9.  Au versus As in the <63 µm fraction of till samples (n = 289). 

Figure 10.  As in HMCs versus As in the <63 µm fraction of large
till samples (n = 60).

Au and As by INAA
<63 µm fraction of till

y = 1.5633x + 9.6308
R2 = 0.3589

0

50

100

150

200

250

300

350

400

0 20 40 60 80 100 120 140

Au (ppb)

A
s 

(p
pm

)

As by ICP-AES
<63 µm fraction of till

y = 0.2994x + 24.721
R2 = 0.519

0

50

100

150

200

250

300

350

400

450

0 200 400 600 800 1000 1200 1400

As (ppm) in HMC

A
s 

(p
pm

) i
n 

bu
lk



30

lack of correlation between Au and As in mineralization. 

In summary, factors such as differences in the age, primary form and grain size of Au in the

two main types of mineralization (Miller et al., 1995; J. Kerswill, pers. comm.), and differences in

glacial transport distances and possibly in the degree of sulphide weathering in the active layer

appear to complicate the relationship between Au and As in till.  It therefore appears that arsenic

in till cannot be used directly as a pathfinder element for Au prospecting in the Meliadine Trend.

Physical partitioning studies in selected samples will help to determine variations in fractionation

of Au and As among the different styles of gold occurrences and the impact of glacial transport.

The Au-As relationship in the HMC fraction and correlation with Au grain data will be discussed in

the next sections.

Heavy mineral geochemistry 
Data in Appendix X present results of geochemical analysis for the <63 µm non-magnetic

heavy mineral concentrates (NFM-HMCs) of large till and esker sediment samples.  No data on the

mineralogy of this fraction are available but it is presumed that it closely resembles that of the 63-

250 µm NFM-HMC fraction, hence, amphiboles, garnets, oxides, pyroxenes and some sulphides

would predominate.  Although the uneven distribution of large samples does not permit mapping

of clear regional trends, most trace metals, for example As, Co, Cu, Ni and Zn (Appendix X), show

elevated concentrations near known zones of mineralization.  La is specifically elevated around the

Discovery Zone.  Trace elements are commonly equal or higher in the <63 µm bulk fraction (Al, Ba,

Co, Cr, Cu, Mg, Ni, Sb, Ti and Zn) than in the HMC fraction, reflecting the concentrations of stable

minerals in the finest fractions of till samples, such as phyllosilicates and hydrous oxides, as

observed by Shilts (1973) in Keewatin.  In contrast however, concentrations of several trace metals

(i.e., As, Hg, Mo and Pb) are much higher in the heavy mineral suites than in the bulk till fraction.

This confirms that metals held in labile minerals like sulphides, which are concentrated in the HMC,

have not all been released  by oxidation in the active layer.  For example, As is 2 to 5x higher in

the HMC than in the bulk fraction, and a fair relationship exists between As concentrations in both

fractions (Figure 10), suggesting that an important part of the As in the <63 µm fraction of till may

be held in As-rich sulphides. 

Geochemical analysis of the <2 mm NFM-HMC fraction from which gold grains have been

removed (Appendix XI) permits detection of gold encapsulated in sulphides, or more rarely, gold
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not recovered during panning.  Results show that some of the gold is present in sulphides as

inclusions because the highest Au values in the heavy mineral fraction are found in till collected

near mineralization.  However, there is general lack of correspondence between Au in the HMC (<2

mm) and Au in the <63 µm bulk fraction of till (Fig. 11).  This may reflect in part variations in the

content of gold in different size fractions, but more likely that the bulk the Au occurs in particulate

form in till.  Although both As and Au in the heavy mineral fraction are generally highest near

mineralization, the Au-As relationship (Fig. 12) is not much better than in the finest bulk till fraction,

again reflecting indirect relations in terms of mineralized bedrock sources, form and grain size in

till, and glacial dispersal.   

Visible gold grains
Data presented in Appendix XII show the close correspondence between the number of

gold grains in till and mineralization.  The great majority of visible gold grains extracted from large

bulk till samples were <60 µm in diameter (92%).  Averill (in press) has published on the dominance

of silt-sized gold in till and ores in Canada.  The fine grained nature of Au in mineralization, and the

fact that Au occurs largely in particulate form in till, is reflected in Figure 13 which shows a good

relationship between gold grain counts and Au concentrations in the <63 µm bulk fraction of till.

An average of 31 gold grains (70 grains/10 kg sample weight), ranging from 0 to 348 grains per

till sample, were recovered.  The highest counts (>25 grains/10 kg sample weight) occur within a

narrow band (~ 5 km) that parallels the Meliadine Trend in between Atulik Lake and the southwest

arm of Meliadine Lake.  Within this band, a few sites close to mineralization have several large

grains up to 300 µm in the long axis dimension.  Gold grains classified through the binocular

microscope using the scheme of DiLabio (1990) vary in morphology from pristine to reshaped.  The

highest proportion of pristine grains is in the silt size fraction (<50 µm), and although most grains

are reshaped (66%), pristine grains generally occur within the Au grain anomalous area.  However,

the number of grains is probably the best indicator of closeness to deposit, as release of some

pristine Au grains from sulphides is a strong possibility in weathered tills (Henderson and Roy,

1995), and probably in the active layer.

CONCLUSIONS
• Basal till over much of the Meliadine Trend is an appropriate sampling medium for gold

prospecting.  Till is abundant, locally derived and its provenance reflects a clear

southeasterly direction of glacial transport.
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Figure 11.  Au in HMCs (Fire Assay) versus Au in the <63 µm fraction
(INAA) of large till samples (n = 42). 

Figure 12.  Au in HMCs (Fire Assay) versus As in HMCs (ICP-AES) of
large till samples (n = 42). 
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Figure 13.  Number of Au grains per 10 kg of table feed of the <2 mm 
fraction versus Au in the <63 µm fraction of large till samples (n = 81). 
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• The seasonally thawed layer (active layer) in mudboils is analogous to the upper C-horizon

layer above the water table in forested areas, hence till collected in mudboils at shallow

depth is relatively unoxidized. 

• The area has been influenced primarily by ice flowing to the southeast during the last

glaciation.  Lateral variations in surface till characteristics, and the lack of vertical variations,

suggest samples were collected from the same till unit, i.e., having the same provenance

from the northwest. 

• The lithology of pebbles in till reflects the nature of sediment source and primary glacial

processes.  Marine reworking and redistribution has been minimal for most of the area.  Till

generally is locally derived, but thickness of glacial sediments is an important factor in

controlling renewal distances. 

• The presence of exotic Dubawnt-rich debris in the southwest half of the area does not

significantly depress the local bedrock signature in till.  The ratio of greenstone belt clasts

to Dubawnt clasts remains high, with an average of 12.

• Till matrix mineralogy is characterized by a local provenance and the presence of sand-

sized sulphide grains in low concentrations (<6 %) in HMCs of about half of the samples.

• Till geochemistry reflects both the glacial comminution of primary bedrock minerals and

secondary accumulation in the finest fractions of till.  

• The 4 km sample spacing exceeds the length of most Au dispersal trains but is useful to

broadly define major features of sediment provenance and composition such as the

Dubawnt dispersal train and associated Sr enrichments, Na and P dispersal from alkaline

lithologies, and manifestations of gold mineralization zones along the Meliadine Trend (Au,

As, Co, Cu, Fe, Ni, Pb and Zn).

• On a regional scale, the association of high As with high Au in dispersal trains supports the

use of As to define Au-rich domains in till surveys.  However, in the Meliadine Trend, the

complex relationship observed between Au and As in mineralization, and particularly in till,
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