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Abstract

The Paleo- to Mesoproterozoic Elu Basin is located in the Kitikmeot Region of Nunavut, Canada, and consists of a 1.9–

1.6 Ga belt of sandstone-dominated fluvial deposits and shallow-marine carbonate rocks resting unconformably on

Archean metasedimentary, metaigneous and granitoid rocks of the Slave Province. During the summer of 2014, the first

phase of the three year Elu Basin geoscience project focused on the stratigraphic and sedimentological analysis of fluvial

sandstone-dominated deposits, as well as on an overall reconnaissance of the study area. Field observations were integrated

with gamma-ray spectrometry and targeted lithogeochemical sampling. Study results have led to the development of an im-

proved stratigraphic and sedimentological framework for the lower units of the Elu Basin, and an improvement of the explor-

ation context for unconformity-related uranium deposits. Investigation of unconformity surfaces, the preferential targets,

was carried out using gamma-ray spectrometry and bulk-rock sampling, especially where coarse-grained clastic rocks dir-

ectly overlie metasedimentary and metaigneous rocks. Accessory mineralization was also recognized along stratigraphic

unconformities within the basin fill. The results underline the exploration potential of both low-cost and time-efficient

gamma-ray spectrometry for identifying concentrations of radioactive nuclides, and bulk geochemical analyses for deter-

mining concentrations of base metals and rare-earth elements such as zirconium, barium, lanthanum and cesium.

Résumé

Le bassin d’Elu, dont l’âge s’étend du Paléoprotérozoïque au Mésoprotérozoïque et qui se situe dans la région de Kitikmeot,

au Nunavut (Canada), se compose d’une zone de dépôts fluviaux surtout constitués de grès et de roches carbonatées mis en

place en milieu marin peu profond, et lesquels reposent à leur tour en discordance sur les roches métasédimentaires,

métaignées et granitoïdes archéennes de la province des Esclaves. Au cours de l’été de 2014, la première phase du projet

géoscientifique du bassin d’Elu, qui doit s’étendre sur trois ans, a porté sur l’analyse stratigraphique et sédimentologique

des dépôts fluviaux à prédominance de grès et sur des activités de reconnaissance générale de la région à l’étude. Aux obser-

vations de terrain sont venus s’ajouter des travaux de spectrométrie gamma et d’échantillonnage lithogéochimique sélectif.

Les résultats obtenus ont permis d’améliorer non seulement le cadre stratigraphique et sédimentologique s’appliquant aux

unités inférieures du bassin d’Elu, mais aussi les conditions liées à l’exploration des gisements d’uranium associés à des

discordances. Les travaux de spectrométrie gamma et d’échantillonnage massif se sont effectués surtout sur les surfaces de

discordance, soit des zones qui constituent des cibles préférentielles, plus particulièrement aux endroits où les roches

clastiques à grain grossier reposent directement sur les roches métasédimentaires et métaignées. Des traces de

minéralisation dite « accessoire » ont également été remarquées le long de discordances stratigraphiques au sein du rem-

plissage de bassin. Les résultats obtenus mettent en valeur les avantages potentiels que présentent aussi bien le recours à la

spectrométrie gamma, qui s’avère une méthode rentable et rapide pour localiser les concentrations en nucléides radioactifs,

que l’analyse géochimique, à l’aide de laquelle il est possible d’établir le potentiel d’une région en matière d’exploration en

vue d’y déceler la présence de concentrations de métaux communs et d’éléments des terres rares, tels le zirconium, le

baryum, le lanthane et le césium.
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Introduction

The Elu Basin geoscience project started in the summer of

2014 as a three year field-based study developed to evalu-

ate the stratigraphy, sedimentology and economic potential

of Paleo- to Mesoproterozoic rocks exposed in western

Nunavut (Rainbird and Ielpi, in press). The Elu Basin is lo-

cated in the Kitikmeot Region of Nunavut (Arctic Canada;

Figure 1) and consists of one of several intracratonic

depocentres within the Canadian Shield (Fraser et al.,

1970). Geological mapping of the Elu Basin was last per-

formed during the 1970s and the area has been relatively ig-

nored since then. However, many Paleo- to Mesoprotero-

zoic basins of Northern Canada have well-known economic

potential for uranium, lead-zinc and, to a lesser degree,

nickel, cobalt, copper, iron, manganese, arsenic, sulphur

and selenium (Long and Turner, 2012). Filling an existing

lack of knowledge on the Elu Basin and its economic poten-

tial represents the main goal of the present geoscience pro-

ject.

In the first year of the Elu Basin geoscience project, recon-

naissance geological mapping has been integrated with

depositional architectural analysis of large exposures, as

well as with targeted sampling and analysis using a hand-

held gamma-ray mass spectrometer. Two stratigraphic

units have been investigated to date, the Burnside River and

Ellice formations. Detailed sedimentological and deposit-

ional-architecture observations were made on the Ellice

Formation. A database of field gamma-ray spectrometry

data and bulk-rock geochemical analyses has been col-

lected on all the clastic sedimentary units and basement

rocks to establish background values, test for possible

anomalies and evaluate the mineral potential.

Geological setting

The Elu Basin is approximately centred on 68°18'N to

107°40'W, and comprises an irregular ~100 by 30 km, east-

northeast-oriented tract of Paleo- to Mesoproterozoic

siliciclastic and carbonate rocks, which are exposed along

the shores of Tariyunnuaq (formerly Melville Sound) and

Elu Inlet (Figure 1). Along the south-southeastern flank of

the basin, these strata rest unconformably on Archean rocks

of the Slave Province. A dominant north-trending green-

stone belt is bounded to the east and west by granitoid and

gneissic rocks, and intersects the Elu Basin at Hope Bay

(‘Hope Bay greenstone belt’; Sherlock et al., 2012).
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Figure 1: Preliminary geology of the Elu Basin, Kitikmeot Region, Nunavut, modified in part from Campbell (1979). Geochronology from
Bowring and Grotzinger (1992) and Heaman et al. (1992). Place names with the generic in lower case are unofficial.



The Elu Basin fill consists of four lithostratigraphic units

(from the oldest and lowermost): Burnside River, Tinney

Cove, Ellice and Parry Bay formations (Campbell, 1979),

which have been dated to 1.9–1.6 Ga (Bowring and Grot-

zinger, 1992; Heaman et al., 1992). The fluvial Burnside

River Formation is composed of unsorted sandstone and

conglomerate, and displays distinctive red staining due to

iron-oxide cement and ubiquitous trough-crossbedding.

The Tinney Cove Formation, recognized at only one local-

ity in the Elu Basin, is a coarse, disorganized, conglomer-

atic unit interpreted as alluvial-fan to slope-scree deposits.

The Ellice Formation is a continental to shallow-marine

clastic unit, with overlying carbonate rocks. Carbonate

rocks at the top of the Ellice Formation are gradational with

the dolostone-dominated Parry Bay Formation, which ac-

cumulated in a shelf setting (Campbell, 1979). These de-

posits are grouped in three unconformity-bounded pack-

ages that are correlated with supra-regional sequences

(Figure 1), the traceability of which extends across much of

the Canadian Shield (Rainbird and Davis, 2007; Rainbird et

al., 2007). The basin fill is cut by diabase sills and dykes at-

tributed to the Franklin event at 720 Ma (Heaman et al.

1992) and is covered to the north-northeast by sedimentary

deposits of suspected Cambrian to Ordovician age

(O’Neill, 1924; Thorsteinsson and Tozer, 1962).

Methods

Helicopter-based studies were performed during the sec-

ond half of July 2014, covering parts of NTS area 77A (Elu

Inlet). The main objectives of this study were to investigate

the sedimentology and fluvial architecture of the Burnside

River and Ellice formations, as they comprise sandstone

and conglomerate units deposited in mainly fluvial

depositional settings. It was decided to focus on the Ellice

Formation in 2014, with the Burnside River Formation in

the western part of Tariyunnuaq to be studied in 2015. De-

tailed observations, including measurement of stratigraphic

sections, were conducted along stepped, shore-platform

and cliff exposures, up to 60 m high and laterally contin-

uous for up to 400 m. The sedimentological features of the

measured strata were observed along the same exposures.

Facies and architectural analysis was aided by line-drawing

on photographic panels derived from ground and oblique

aerial imagery. Collection of ~1300 paleoflow measure-

ments from crossbedding also supported paleogeographic

reconstruction. Additional field activities included bulk

sampling and collection of gamma-ray spectral signatures

from all representative rock types, including basement

rocks. Lithogeochemical analyses were performed by Acti-

vation Laboratories Ltd. (Ancaster, Ontario). Spectral sig-

natures consist of a total radioactivity value expressed in

nano-Sievert per hour (nSv/h), and bulk content of potas-

sium (%), as well as uranium and thorium (ppm). The RS-

125 model hand-held spectrometer manufactured by Radi-

ation Solutions Inc. was used in the field. The full suite of

results from bulk-rock geochemistry and gamma-ray spec-

trometry analyses is contained in CNGO Geoscience Data

Series GDS2015-0043.

Results

Basal contact relationships

In the study area, basal strata of the Elu Basin exhibit vari-

able relationships with underlying rocks. In Tariyunnuaq

and Elu Inlet, the Burnside River Formation overlies

granitoid rocks, whereas in Hope Bay it overlies rocks of

the Hope Bay greenstone belt, here consisting of folded

metasedimentary, mafic metaigneous and mafic intrusive

rocks (Sherlock et al., 2012). There is extensive hematitic

alteration of the volcanic rocks, which are unconformably

overlain by dark maroon sandstone and quartz-pebble–rich

conglomerate that was deposited in depressions interpreted

as paleovalleys. At Kuururjuaq Point (Figure 2a), to the

northeast, a lenticular cliff-face exposure of angular sand-

stone-clast breccia and/or conglomerate up to 30 m thick

belonging to the Tinney Cove Formation overlies ~10 m of

maroon arkosic sandstone of the Burnside River Forma-

tion, from which the sandstone clasts were derived (Fig-

ure 2b). The Burnside River Formation overlies in turn foli-

ated Archean volcanic rocks exposed along the shore,

where the contact is partly obscured by large blocks of

Franklin diabase derived from the cliff top. Further to the

east, coarse micaceous sandstone of the basal Ellice Forma-

tion unconformably overlies hematite- and sericite-altered,

red, granitic rocks of the Slave Province.

Sedimentology of the Ellice Formation

The Ellice Formation comprises an approximately fining-

upward succession of quartz-rich sandstone 1 km thick,

with minor conglomerate, shale and carbonate rocks. The

sedimentology of the Ellice Formation is depicted in Fig-

ure 3. Detailed measured sections with paleoflow data are

reported in Figure 4. Conglomerate is more abundant in the

lower 200 m of the Formation, whereas the upper 500 m are

dominated by interbedded fine-grained sandstone, shale

and dolostone. Following this distinction, the Ellice For-

mation is here informally subdivided into a lower coarse-

clastic member and an upper carbonate-clastic member.

In the coarse-clastic member, conglomerate and weakly

sorted sandstone are ubiquitously trough-crossbedded in

crosscutting, conglomerate-dominated lensoid units (Fig-

ure 3a), or large-scale sandstone-dominated inclined beds

(Figure 3b). These units display a mildly dispersed

paleoflow pattern lower in the section or in their coarser

portions (Figure 4a). The upper sandstone-dominated por-
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tions show less dispersion, with paleoflow consistently to

the northwest (Figure 4b). Due to their weak sorting and

abundance of unidirectional current indicators, these de-

posits are interpreted as representing a fluvial environment.

Conglomeratic lensoid units possibly represent the fill of

amalgamated channel belts and sandstone-dominated in-

clined beds are possibly the product of accretion and re-

working of compound-channel bars (Bridge, 2006).

Isolated and large-scale planar crossbeds, composed of

very well-sorted, fine- to medium-grained quartz sand-

stone, occur within the lower member fluvial deposits (Fig-

ure 3c, d). The deposits consist of tabular crossbed sets up

to 4 m thick that display polymodal paleotransport. Due to

their textural and compositional maturity, and distinctive

large, tabular crossbedding, these deposits are interpreted

as representing an eolian-dune environment (Hunter,

1977).

In the upper carbonate-clastic member, fine sandstone,

siltstone and dolostone are organized in decimetre-thick

strata that are planar and laterally extensive. The abun-

dance of carbonate increases upsection toward the grad-

ational contact with the overlying Parry Bay Formation.

The clastic portion is compositionally mature but poorly

sorted, ranging from fine-grained sand to silt. Typical li-

thology is parallel-laminated dark siltstone and wavy to

parallel-laminated, tan-weathering dolomitic sandstone

(Figure 3e). Wavy lenticular bedding is common. Thicker

and coarser sandstone beds are lenticular with scoured

bases and cross-stratified fill that displays unimodal north-

west paleotransport. Further to the west, where it transi-

tions into the Parry Bay Formation, crossbedded and wavy-

bedded sandstone is interbedded within dome-topped

dolostone strata composed of laterally linked stromatolites

(Figure 3f). The close interbedding of these lithotypes

points to a nearshore-marine to coastal plain environment,

subject to deltaic progradation and shoreface aggradation

during periods of enhanced clastic supply, and shallow-wa-

ter carbonate shelves, which expanded during periods of

clastic starvation (Ielpi, 2013). The overall upward in-

crease in carbonate suggests an overall transgressive set-

ting.

Gamma-ray spectrometry

Gamma-ray spectrometry of both basement and sedimen-

tary rocks yielded background values of radioactive

nuclides. Within the basement, analyses were performed on

granitoid, greenstone (i.e., both extrusive and intrusive

mafic metaigneous rocks) and metasedimentary rocks of

the Archean Slave Province. Granitoid rocks yielded the

highest dose rates, still to be considered as background,

reaching 73.3 nSv/h on average and peaking at 118 nSv/h.

These values result from concentrations of potassium, ura-

nium and thorium of up to 6.8%, 2.7 ppm and 5.4 ppm, re-

spectively. Mafic metaigneous and metagreywacke rocks

have lower dose rates, with an average value of 30.2 nSv/h

and peak of 55.6 nSv/h, attributed to concentrations of po-

tassium, uranium and thorium of up to 1.7%, 3.6 ppm and

10.7 ppm, respectively.

Within the Elu Basin, dose rates vary from 7.8 to 216 nSv/h,

averaging 68 nSv/h. Elevated dose rates in the lower strati-

graphic units (i.e., Burnside River and Tinney Cove forma-

tions) occur in proximity to erosional unconformities. At

Kuururjuaq Point, deposits of these two formations are

characterized by dose rates of 92.8 and 97.5 nSv/h respec-

tively, with peaks of 111.0 and 144.0 nSv/h. These results

are attributed to values of potassium, uranium and thorium

of up to 3.8%, 9.3 ppm and 26.6 ppm, respectively. Lower

readings were recorded along the eastern shore of Hope

Bay, where the lowermost deposits of the Burnside River
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Figure 2: Basal conglomerate units in the Elu Basin, Kitikmeot Region, Nunavut: a) heterolithic, hematitic conglomerate of the Burnside
River Formation overlying altered Archean metasedimentary rocks of the Hope Bay greenstone belt (left foreground); b) basal breccia of
the Tinney Cove Formation composed exclusively of angular clasts from the underlying Burnside River Formation.



Formation yielded an average dose rate of 57.6 nSv/h,

peaking at 93.1 nSv/h. In these deposits, radioactivity is

linked to concentrations of potassium, uranium and tho-

rium of up to 1.7%, 3.6 ppm and 22.7 ppm, respectively. A

significant discrepancy between the natural radioactivity of

basement rocks and that of their overlying deposits was

noted at both these locations. Stratigraphically higher in the

basin fill, the fluvial and eolian deposits of the Ellice For-

mation also yielded background values, with an average

dose rate of 39.3 nSv/h and a peak of 164 nSv/h (from sev-

eral locations). The nearshore-marine deposits of the Ellice

Formation yielded slightly higher dose rates, with an aver-

age of 164.4 nSv/h and a peak of 216 nSv/h. These values

are the product of concentrations of potassium, uranium

and thorium of up to 9.5%, 4.9 ppm and 48.1 ppm, respec-

tively.
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Figure 3: Sedimentological features of the Ellice Formation, Kitikmeot Region, Nunavut: a) lenses of pebble-cobble conglomerate are
commonly preserved in the lower member (rock hammer for scale is 28 cm long); b) large-scale trough-crossbedding in pebbly sandstone
of the lower member (hand-held radio circled for scale); c) oblique aerial view of large-scale, eolian crossbeds in the basal member
(foresets are inclined to right; field of view approximately 50 m in foreground); d) outcrop-scale view of crossbedding shown in (a) with geol-
ogist in background for scale; e) heterolithic strata of the upper member (notebook for scale); f) stromatolitic dolostone layers (above rock
hammer) in the uppermost part of the formation points to a gradational transition into the overlying Parry Bay Formation.
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Figure 4: Sedimentary logs measured along two stepped-cliff exposures of the Ellice Formation, Kitikmeot Region,
Nunavut, with paleoflow data showing mildly dispersed directions of transport in the lower stratigraphic portions mea-
sured at Uvayualuk, and more consistent northwest transport upsection at Kuururjuaq Point. Abbreviation: ch, chan-
nel.



Lithogeochemistry

Lithogeochemical analyses were conducted mostly on sed-

imentary rocks; however, a gossan contained within base-

ment rocks was also sampled at one location. Two main lo-

calities were sampled: Hope Bay and Kuururjuaq Point

(Figure 1). Along the eastern shore of Hope Bay, where

pebble-conglomerate beds of the basal Burnside River For-

mation present slightly elevated radioactive-dose rates (see

previous paragraph), 10 bulk samples were collected

(14RAT010 A01 to A010). Analysis of this suite of samples

generated homogeneous results, with concentrations of

uranium and thorium varying between 1.47 and 6.53 ppm,

and 3.4 and 19.1 ppm, respectively. By comparison, these

values are slightly above background when compared to

Athabasca Basin deposits (Jefferson et al., 2007). The suite

of samples also yielded notable concentrations of zirco-

nium (up to 371 ppm), likely related to the presence of

heavy-mineral laminae. In a basement exposure within

200 m of this sampling site, a gossan is underlain by pyrite

and chalcopyrite disseminated at the contact between gab-

bro and mafic metaigneous rocks of the Archean Hope Bay

greenstone belt. A suite of five samples (14RAT027 A01 to

A05) yielded negligible results on uranium and thorium,

but anomalous values of gold (up to 8990 ppb), platinum

(up to 87.9 ppb), copper (up to 1510 ppm) and arsenic (up to

802 ppm). By comparison, the highest gold concentrations

in the nearby economic Doris site of the Hope Bay gold de-

posit reach 22 000 ppb (Carpenter et al., 2003). These re-

sults present evidence for gold-rich, volcanogenic mas-

sive-sulphide or precious-metal vein prospectivity.

At Kuururjuaq Point, the contact between the Burnside

River and Tinney Cove formations presents slightly ele-

vated radioactive-dose rates (see previous paragraph):

here, a suite of 11 samples was collected, 5 from the

Burnside River Formation (14RAT001 A02 to A06) and 6

from the Tinney Cove Formation (14RAT001 B03 to B08).

Samples from the Burnside River Formation generated a

homogeneous dataset, with background concentrations of

uranium and thorium ranging between 2.02 and 3.24 ppm,

and 5.12 and 11.4 ppm, respectively. The suite of samples

also showed elevated values of zirconium (up to 171 ppm)

and barium (up to 554 ppm), which suggests the presence of

a detrital heavy-mineral source of thorium. Samples from

the overlying Tinney Cove Formation showed more dis-

persed concentrations, ranging between 1.06 and 4.38 ppm

for uranium, and 6.39 and 49.5 ppm for thorium. The latter

suite of samples also generated notable concentrations of

zirconium (up to 1073 ppm), barium (up to 394 ppm), lan-

thanum (up to 166 ppm) and cesium (up to 362 ppm), sup-

porting yet again the likely presence of concentrations of

detrital heavy minerals. No diagenetic phosphate minerals

are suggested by these data.

Discussion and conclusions

Reconnaissance mapping was performed in the Elu Basin

of Nunavut, Canada, as part of a three year multidisciplin-

ary geoscience project. Field activities were aided by field

gamma-ray spectrometry and lithogeochemical sampling

with the aim of assessing possible mineral potential for an

underexplored sector of Arctic Canada. Gamma-ray spec-

trometry and bulk-rock analyses yielded overall compara-

ble results, underlining the efficiency of low-cost, field-

based spectrometry for the exploration of sedimentary bas-

ins. Overall background levels of uranium characterize

sandstone units and unconformable surfaces at the base of,

or within, the basin fill. Field results confirm subdivision

into four lithostratigraphic units that comprise three uncon-

formity-bounded sequences, with supra-regional traceabil-

ity. Lithogeochemical results show no correlation with stra-

tigraphy, except for concentrations of detrital heavy

minerals.

Detailed sedimentological studies of the Ellice Formation

demonstrated a higher complexity in its internal architec-

ture and stratigraphy than previously described. The Ellice

Formation is here informally subdivided into a lower

coarse-clastic member, deposited in fluvial and newly rec-

ognized eolian depositional environments, and an upper

interbedded carbonate-clastic member, deposited in

nearshore-marine to coastal plain environments. An up-

ward increase in carbonate interlayers points to an overall

transgressive setting. Sedimentological analyses were

aided by the collection of paleoflow indicators. Fluvial

paleoflow patterns display mild dispersion between west

and north in lower or coarser portions of the Formation; the

upper, sandstone-dominated portions exhibit less dispersed

paleoflow toward the northwest. Eolian crossbedding ex-

hibits polymodal paleotransport.

Economic considerations

Correlative sedimentary basins, such as the Thelon and

Athabasca (Jefferson et al., 2007), contain the largest high-

grade uranium deposits of the world, which are located in

the proximity of their basal unconformity. Similar potential

has been postulated for the unconformity between the

Archean rocks of the Slave Province and the overlying Pro-

terozoic terrestrial sandstone units (cf. Gall, 1994). The

Ellice, Tinney Cove and Burnside River formations yielded

overall background radiation, with slightly elevated read-

ings reported at Kuururjuaq Point (Figure 1; Campbell,

1979). The field observations made this summer suggest

that an accumulation of sediment on detrital heavy minerals

contributed to these elevated dose rates. The analysis of a

gossan overlying pyrite and chalcopyrite within basement

rocks is consistent with the known gold, platinum and cop-

per deposits in the Hope Bay greenstone belt (Sherlock et

al., 2012). Other local concentrations of zirconium, barium,
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lanthanum and cesium are consistent with detrital heavy

minerals, and/or basement pegmatites.
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