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Abstract

In 2009, an assessment of the resource potential for industrial limestone in the Upper Ordovician strata near the community

of Coral Harbour on Southampton Island was completed. These strata contained only medium- to low-purity limestone. In

2013, new fieldwork focused on the resource potential of the Lower Silurian Ekwan River and Attawapiskat formations on

western Southampton Island. Three major areas underlain by these formations were explored, and 49 samples, each weigh-

ing >3 kg, were collected for whole-rock major- and minor-element analysis. In order to quantitatively grade the resource

potential of the Ekwan River and Attawapiskat limestone formations, all samples were analyzed by X-ray fluorescence

(XRF). The preliminary data suggest that high-calcium limestone occurs in the Ekwan River Formation on western South-

ampton Island.

Résumé

On a complété, en 2009, une évaluation dont l’objet était de déterminer la présence de ressources potentielles de calcaire

industriel dans les strates de l’Ordovicien supérieur situées à proximité de la collectivité de Coral Harbour dans l’île

Southampton. Ces strates ne renfermaient que du calcaire dont la pureté variait de faible à moyenne. De nouveaux travaux

sur le terrain, entrepris en 2013 dans l’ouest de l’île Southampton, ont porté sur la présence de ressources potentielles dans

les formations d’Ekwan River et d’Attawapiskat du Silurien inférieur. Trois zones importantes reposant sur ces formations

ont fait l’objet d’explorations et 49 échantillons d’un poids de plus de 3 kg chacun ont été recueillis aux fins d’analyse

géochimique sur roche totale pour les éléments majeurs et mineurs. Tous les échantillons ont été analysés par fluorescence

X en vue d’établir de façon quantitative le potentiel économique des formations calcaires d’Ekwan River et d’Attawapiskat

. Les données préliminaires obtenues semblent indiquer que la formation d’Ekwan River dans l’ouest de l’île Southampton

renferme du calcaire à haute teneur en calcium.

Introduction

Quicklime (CaO) is a chemical reagent that has many uses

in the mining industry. In particular, it is used in the recov-

ery of gold and silver in cyanide-leaching processes to cur-

tail the loss of cyanide, and for pH control in tailings pro-

cesses. With the projected growth of the mining industry in

the Kivalliq Region of Nunavut alone, 4 000 000, 4 700 000

and 4 000 000–10 000 000 kg of quicklime would be re-

quired annually at the Meadowbank mine (gold) and the

proposed Kiggavik (uranium) and Meliadine (gold) mines,

respectively.

Quicklime (CaO) is a product of thermal decomposition of

limestone, consisting principally of calcite (CaCO3). Lime-

stone containing >97% calcite is ideal for producing such a

product. Finding limestone resources suitable for quick-

lime on Southampton Island could potentially meet mining-

industry needs, reduce transportation costs for mine oper-

ators and provide significant opportunities for economic

development and local employment in the Kivalliq Region

of Nunavut. The Canada-Nunavut Geoscience Office (CNGO)

conducted a research project to evaluate the industrial-min-

eral potential of the Upper Ordovician limestone near the
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community Coral Harbour in 2009 (Figure 1). Unfortunate-

ly, according to Zhang et al. (2011), most limestones in the

Upper Ordovician Bad Cache Rapids and Churchill River

groups are of only medium (93.5–97% CaCO3; 52.4–54.3%

CaO) to low purity (85–93.5% CaCO3; 47.6–52.4% CaO).

The Silurian Ekwan River and Attawapiskat formations in

northern Ontario (Moose River Basin) yield high-purity lime-

stone resources (Kelly, 1996). Since these formations de-

veloped similar facies in both the Moose River and Hudson

Bay basins during the Early Silurian (Figure 1), a new study

was initiated by CNGO and the Department of Economic

Development and Transportation (EDT), Government of

Nunavut (GN) to see if high-purity limestone exists in the

Silurian Ekwan River and Attawapiskat formations on

Southampton Island, located on the northern margin of the

Hudson Bay Basin. The primary objectives of this study are

to:
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Figure 1: Simplified geology of Southampton Island, south-central Nunavut, modified from Heywood and Sanford (1976) and Zhang
(2008), with sample locations. Areas 1–4 were sampled in 2009 (see Zhang et al., 2011); areas 5–10 were sampled during this study.



� better understand the stratigraphic and geographic dis-

tribution of relatively pure Silurian limestone intervals

on Southampton Island;

� provide an assessment of limestone purity based on de-

tailed geochemical data; and

� identify potential quarry locations, based on limestone

thickness and lateral continuity, that may be of interest

to industry.

This paper summarizes fieldwork that took place during the

2013 field season, and geochemical data from the samples

that were collected during that fieldwork.

Lower Paleozoic stratigraphy on
Southampton Island

The lower Paleozoic strata on Southampton Island (Fig-

ure 1) include 1) the Upper Ordovician Bad Cache Rapids

and Churchill River groups and Red Head Rapids Forma-

tion, and 2) the Lower Silurian Severn River, Ekwan River

and Attawapiskat formations (Heywood and Sanford,

1976), which are composed entirely of carbonate with mi-

nor shale and distributed throughout the southern and west-

ern parts of Southampton Island (Figure 1). Over broad ar-

eas, these carbonate rocks are almost horizontally distributed,

undeformed and unmetamorphosed; therefore, they are ex-

posed as subcropping rubble, although layered outcrops are

commonly found along rivers and creeks.

Bad Cache Rapids Group

The Bad Cache Rapids Group unconformably overlies the

Precambrian crystalline basement. It is dark grey or brown-

grey fossiliferous limestone with a thin layer (about 1–2 m)

of basal sandstone. It is characterized by yellowish-orange

irregular zones of mottling on almost all bedding. The

group has a maximum thickness of approximately 65 m.

This unit was systematically sampled for geochemical

analysis (Zhang et al., 2011), which indicates its medium

purity and low purity based on the content of both calcite

(CaCO3) and calcium oxide (CaO).

Churchill River Group

The Churchill River Group conformably overlies the Bad

Cache Rapids Group (Zhang, 2011). It consists of greenish-

grey or grey-brown, argillaceous dolomitic limestone. No

complete section of the formation was found; therefore, the

maximum thickness of the group is unknown on Southamp-

ton Island. The lower part of the group was sampled for

geochemical analysis (Zhang et al., 2011), which indicates

mainly medium purity and low purity based on the content

of both calcite (CaCO3) and calcium oxide (CaO).

Red Head Rapids Formation

The Red Head Rapids Formation conformably overlies the

Churchill River Group; the contact between these two units

is transitional. The Red Head Rapids Formation has a dis-

tinctive orange-tan colour, and is composed mostly of

dolostone; therefore, no samples were collected for testing

limestone purity during the previous and recent field sea-

sons. The Red Head Rapids Formation is divided (Zhang,

2008) into laminated beds (unit 1), breccia beds (unit 2),

biostromal beds (unit 3) and biohermal beds (unit 4). The

maximum thickness of the formation is greater than 61 m

on Southampton Island (Zhang, 2011).

Severn River Formation

The Severn River Formation disconformably overlies the

Red Head Rapids Formation. It consists primarily of brown

microcrystalline limestone and dolostone; at a number of

localities, Severn River strata have been intensely dolomit-

ized (Heywood and Sanford, 1976, p. 15–29); therefore, no

samples were collected for analysis of limestone purity dur-

ing the previous and recent field seasons. The thickness of

the formation on Southampton Island is unknown.

Ekwan River and Attawapiskat formations

The Ekwan River Formation, which conformably overlies

the Severn River Formation, consists of well-bedded, skel-

etal and peloidal limestone and fine-grained dolostone. The

upper part of the formation passes laterally into the

Attawapiskat Formation, consisting of a reef-bearing car-

bonate unit with algal and stromatoporoid bioherms. The

Ekwan River Formation is nowhere exposed in a complete

section; the formation probably has a composite thickness

of about 91 m, according to Sanford (Heywood and San-

ford, 1976, p. 15–29). These two formations occur on west-

ern Southampton Island and are the focus of the present

study.

Samples, sample-site selection and areas

According to Kelly (1996), analyses from samples col-

lected from the Ekwan River and Attawapiskat formations

in the Moose River Basin (northern Ontario) indicate the

potential for high-calcium limestone, with CaCO3 concen-

trations of 96.86–97.40% (54.3–54.57% CaO) in the

Ekwan River Formation and 98.03–100% (54.8–56.03%

CaO) in the Attawapiskat Formation. These formations de-

veloped similar facies in both the Moose River and Hudson

Bay basins during the Early Silurian. Since Southampton

Island was located on the northern margin of the Hudson

Bay Basin during the Paleozoic, it was targeted by this

study. Therefore, from north to south, the following areas

were selected (Figure 1; Zhang et al., 2014, sheet 13):

� Hansine Lake: area 5 and north of area 5
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� south of Hansine Lake: areas 6, 7 and 8

� Manico Point: area 9

� Cape Low: area 10

Sampling stratigraphically targeted the Lower Silurian

Ekwan River and Attawapiskat formations.

Hansine Lake (area 5; stations 7–19)

Hansine Lake is located near the northern tip of Southamp-

ton Island (Figures 1, 2a), about 200 km northwest of Coral

Harbour. Based on information from K. Dewing (pers.

comm., 2012), the Silurian ‘reef’ is exposed on the east

shore of Hansine Lake (Figure 2a, b, e). Actually, at this lo-

cality, three flat ‘reef’patches are lined up in a northerly di-

rection and occupy an area measuring about 1200 by 400 m

(light grey colour in Figure 2b, e). Due to the strong glacial

erosion and frost shattering, the rocks here do not outcrop.

The three flat ‘reef’ patches are actually formed by the in

situ limestone rubble (light grey colour in Figure 2b, e), and

the surrounding rocks are heavily covered by vegetation

(brown colour in Figures 2b, e). Many macrofossils, mainly

corals, stromatoporoids and brachiopods, are scattered

among the rubble. Based on the topography at this locality,

it is difficult to determine the three-dimensional distribu-

tion of the fossiliferous rocks (i.e., whether they are bio-

herms or biostromes, or just simply layered limestone rich

in fossils).

The Hansine Lake locality was originally mapped as Upper

Ordovician Red Head Rapids Formation (Heywood and

Sanford, 1976, p. 15–29); however, one of the fossils, Pen-

tamerus sp. (or Pentameroides sp.), indicates that its age is

Silurian.

Thirty rubble samples, each weighing >3 kg, were collected

for geochemical analysis from the three flat ‘reef’ patches

(Zhang et al., 2014, sheet 1); each sample covers an area

measuring about 76 by 76 m.

In order to determine the relative age of the three flat ‘reef’

patches of fossiliferous limestone, six rubble samples were

collected for microfossil conodont processing (Zhang et

al., 2014, sheet 1). Another six samples ( Zhang et al., 2014,

sheet 1) were collected from the dolomitic limestone out-

crop in the area north-northeast of area 5 (station 4) for

conodont processing; this outcrop is stratigraphically high-

er than the three flat patches of fossiliferous limestone in

area 5 and geographically about 500–1000 m north of

area 5.

South of Hansine Lake

Area 6 (station 20)

The second flat patch of fossiliferous limestone (area 6, sta-

tion 20) was found about 13 km south of area 5, and mea-

sures about 700 by 500 m (Figure 2a, c, f). Similar to the

patches in area 5, this patch is composed of limestone rub-

ble (dark brown colour in the foreground of Figure 2f),

which is rich in fossil corals, stromatoporoids and brachio-

pods. Unlike the patches in area 5, it is apparently sur-

rounded by dolomitic limestone and dolostone rubble (yel-

lowish colour in the background of Figure 2f). Topograph-

ically, the patch of fossiliferous limestone is ~1 m higher

than the surrounding dolomitic limestone and dolostone at

some spots, and almost at the same level in others. This may

indicate that the patch of fossiliferous limestone at this lo-

cation is stratigraphically higher than the surrounding

dolomitic limestone and dolostone, and is therefore just an

erosional remnant.

Three rubble samples, each weighing >3 kg, were collected

for geochemical analysis from the central, northern and

southern ends of the patch (Zhang et al., 2014, sheet 1);

each of them covers an area measuring about 76 by 76 m.

For determining the relative age of the patch of fossiliferous

limestone, four rubble samples were collected for conodont

processing from the surrounding dolomitic limestone and

dolostone that is probably stratigraphically beneath the

patch of fossiliferous limestone.

Area 7 (station 21)

The third flat patch of fossiliferous limestone was found

about 7 km south of area 6, and measures about 1200 by

1000 m (Figure 2a, 2d, g). Similar to the patch in area 6,

dark grey limestone rubble (dark grey colour in the middle

of Figure 2g) is rich in fossil corals, stromatoporoids and

brachiopods, and the patch is surrounded by dolomitic

limestone and dolostone rubble (yellowish colour in the

foreground of Figure 2g). Both topographically and

stratigraphically, this patch of fossiliferous limestone is ap-

parently higher than the surrounding dolomitic limestone

and dolostone rubble; it may therefore be an erosional

remnant.

Only one sample, weighing >3 kg, was collected from this

area for geochemical analysis (Zhang et al., 2014, sheet 1).

Area 8 (station 22)

This area is covered by thinly layered dolomitic limestone

and dolostone rubble; no fossils were found among the rub-

ble. Only one sample, weighing >3 kg, was collected from

this area for geochemical analysis (Zhang et al., 2014,

sheet 1).

Manico Point (area 9; stations 23 and 24)

Manico Point is about 135 km southwest of Coral Harbour.

The brown-coloured limestone is well exposed along a

creek that flows into the Bay of Gods Mercy about 6–7 km

south-southeast of Manico Point (Figure 3a). The rocks

here were mapped as Ekwan River Formation by Sanford

(Heywood and Sanford, 1976, p. 15–29). They are nearly
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Figure 2: a) Locations of Silurian fossiliferous limestone around Hansine Lake, northern Southampton Island, south-central Nunavut,
on a Google Maps base (Imagery ©2013 Terrametrics, Map data ©2013 Google, data downloaded Sep. 15, 2013). b), c), d) close-ups of
areas 5 (stations 7–19), 6 (station 20) and 7 (station 21), respectively. e), f), g) Field photos from areas 5 (stations 7–19), 6 (station 20)
and 7 (station 21), respectively.



horizontally distributed; based on the contour lines in Fig-

ure 3a), the limestone is about 90 m in thickness; it is dis-

tributed along this creek and exposed off and on for approx-

imately 3.5 km between stations 23 and 24. It is uncertain

whether all the 90 m thick strata in this area belong to the

Ekwan River Formation or include parts of the Attawap-

iskat Formation at station 23 or the Severn River Formation

at station 24.

At station 23, the upper reach of the creek (Figure 3a), the

rubble on the top of the two sides of the creek is similar to

that in the vicinity of Hansine Lake and south of Hansine

Lake. Afossiliferous limestone with a thickness of about 6–

7 m is well exposed along the two sides of the creek (Fig-

ure 3b–e). Several layers are full of fossil brachiopods and

corals, which are apparently a biostrome. Figure 3d and e

show a 15–20 cm thick layer full of brachiopod shells and a

large colony of corals, respectively. However, at the bottom

of the outcrop, there is a nonlayered bioherm-like structure

(Figure 3c), but no macrofossils were found within it.

At station 24, the mouth of the creek (Figure 3f), the rocks

are deeply cut by a waterfall and a thickness of about 12–

15 m of strata is exposed. The rocks here appear to be strati-

graphically lower than those at station 23, and some inter-

vals above the waterfall are dolomitic. The fossils in these

rocks are not as abundant as at station 23, but are more di-

verse. Besides corals and stromatoporoids, gastropods and

trilobites are also found.

Four and eight samples, weighing >3 kg, were collected for

geochemical analysis from outcrops at stations 23 and 24,

respectively (Zhang et al., 2014, sheet 1). All sample inter-

vals are =1.5 m; within each 1.5 m interval, uniform-sized

chips were taken at nearly equal spacings. Weathered sur-

faces were avoided where possible, and the weathered rind

on the chips was discarded. Unfortunately, the strata be-

tween these two stations, representing a thickness of about

60–70 m, were not sampled. In 2007, four samples were

collected by the senior author from station 23, and another

six samples were collected from three additional localities

between stations 23 and 24 along the creek for microfossil

conodonts; these samples have been processed, but the

conodonts have not yet been examined.

Cape Low (area 10; stations 1 and 2)

Cape Low is located on the south coast of western

Southampton Island, about 135 km southwest of Coral Har-

bour (Figure 1). The rocks here were mapped as Attawap-

iskat Formation by Sanford (Heywood and Sanford, 1976,

p. 15–29). The formation is composed of inter-reef dolo-

mitic limestone and dolostone, and small algal bioherms.

At this locality, the small bioherms (<1 m high and less than

10 m long) are seen both on the surface (Figure 4a, b) and as

a ‘lens’ interbedded with the inter-reef dolomitic limestone

and dolostone (Figure 4c). The majority of rocks at this lo-

cality are thick to massive dolomitic limestone and

dolostone (Figure 4d, e). Chert and limestone nodules were

found on the surface of the thick dolomitic limestone and

dolostone (Figure 4e), which is an indication that some of

the rocks at this locality were possibly deposited in the fore-

reef transition zone. No macrofossils were found within the

bioherms, but brachiopods, corals and crinoids were found

among the inter-reef dolomitic limestone and dolostone.

Because of the dolomitization, only two samples were col-

lected from the ‘limestone’ nodules and the small bioherm

‘lens’ within the inter-reef dolomitic limestone and

dolostone (Zhang et al., 2014, sheet 1).

Results of whole-rock major- and trace-
element analysis by X-ray fluorescence
(XRF)

Forty-nine samples were sent to Acme Analytical Labora-

tories Ltd. (Vancouver, British Columbia) for whole-rock

major- and trace-element geochemical analysis. Each sam-

ple weighed >3 kg. The entire sample was crushed to 80%

passing 10 mesh, then a 1000 g portion was pulverized to

85% passing 200 mesh. The samples were analyzed by X-

ray fluorescence (XRF; Acme method 4X01), with total S

and C determined by LECO carbon-sulphur analyzer. The

results for major oxides are summarized in Table 1, and

complete geochemical data are presented in Zhang et al.

(2014, sheet 2). Application of the British Geological Sur-

vey scheme for the classification of limestone by purity

(percentage of CaO) (Harrison et al., 1998; Table 2) was

employed by this study to evaluate the limestones sampled

in the various areas.

Hansine Lake (area 5)

Of the 30 rubble samples collected from Hansine Lake

(area 5; Figures 1, 2a, b, e), only one is of high purity (55%

CaO), whereas four and twenty-five samples are of medium

(54.3–52.4% CaO) and low (<52.4% CaO) purity, respec-

tively (Figure 5a; Tables 1, 2; Zhang et al., 2014, sheet 2).

Therefore, 83% of the collected samples are classified as

low-calcium and impure limestone.

South of Hansine Lake (areas 6, 7 and 8)

Three and one rubble samples, respectively, were collected

in areas 6 and 7, south of Hansine Lake (Figures 1, 2c, d,

f, g). Two of the four samples contain >55.2% CaO, indicat-

ing very high purity, and the other two contain 54.3–55.2%

CaO, indicating high purity (Figure 5b; Tables 1, 2; Zhang

et al., 2014, sheet 2).

Only one rubble sample (SZ13-08-01) was collected from

south of Hansine Lake in area 8 (Figure 1). It contains only

47.69% CaO (Zhang et al., 2014, sheet 2), and can therefore

be classified as low-calcium limestone (Table 2).
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Figure 3: a) Topography of the coastline south of Manico Point, southwestern Southampton Island, south-central Nunavut, showing a
creek (highlighted by orange line) and two localities (red dots) where the samples were collected for this study, and other creeks (high-
lighted by light blue lines) from north of Manico Point to Nalugalaarvik Point where future studies are being considered. b) Part of the out-
crop at station 23. c) Contact (dotted white line) between the layered fossiliferous limestone and nonlayered bioherm at station 23.
d) Fossiliferous limestone full of brachiopod shells and corals at station 23. e) Corals in the outcrop at station 23. f) Outcrop at station 24.



Manico Point (area 9)

Twelve samples were collected from outcrops along a creek

in the Manico Point area (area 9; Figure 3), of which ten are

of very high (>55.2% CaO) or high (55.2–54.3% CaO) pu-

rity (Figure 5c; Tables 1, 2; Zhang et al., 2014, sheet 2).

Therefore, 83% of the collected samples can be classified

as very high or high-calcium limestone.

Cape Low (area 10)

Only two samples were collected from Cape Low (Fig-

ures 1, 4). One (SZ13-01-01) is from a limestone nodule

and the other (SZ13-02-01) from a small ‘bioherm’. The

first sample contains 54.89% CaO and is classified as high-

calcium limestone. The second contains 34.11% CaO

(Zhang et al., 2014, sheet 2) and can therefore be consid-

ered impure limestone.

Economic considerations

The purpose of the project was to identify high-purity lime-

stone within the Silurian Ekwan River and Attawapiskat

formations on western Southampton Island. Samples were

collected (Figure 1) near Hansine Lake (area 5), south of

Hansine Lake (areas 6, 7, 8), and near Manico Point (area 9)

and Cape Low (area 10).

Because the rubble samples collected from Hansine Lake

and south of Hansine Lake are weathered, all CaO concen-

trations presented in Table 1 and sheet 2 of Zhang et al.

(2014) are likely to be lower than if they had been unweath-

ered. Although a few rubble samples can be classified as

high- and medium-calcium limestone (Table 1; Fig-

ure 5a, b; Zhang et al., 2014, sheet 2) in these areas, lack of

outcrop makes it difficult to determine their thickness in the

stratigraphic sequence. Drilling would be required to col-

lect nonweathered samples for more reliable geochemical

208 Canada-Nunavut Geoscience Office

Figure 4 Outcrops and fossils of the Attawapiskat Formation at Cape Low, southwestern Southampton Island, south-central Nunavut:
a) bird’s-eye view of a small algal bioherm exposed on the coast; b) close-up of the algal bioherm in (a); c) small bioherm interbedded within
thick dolostone; d) inter-reef dolostone; e) chert nodules on the surface of dolostone.



analysis and to get information on the thickness and three-

dimensional distribution of the higher concentrations.

Samples from Manico Point have the highest CaO concen-

trations, with 83% of the samples from the sampled stations

23 and 24 containing 54.76%–55.99% CaO, which is suit-

able for many industrial purposes. More importantly, this

limestone is well exposed along a creek, and the total thick-

ness of the sampled units is clear. Therefore, it is recom-

mended that further investigation is focused in the Manico

Point area, to confirm if a locally mineable high-calcium

limestone deposit exists. If so, this could become an ex-

tremely valuable resource for Nunavut and the community

Coral Harbour.

Future studies at Canada-Nunavut
Geoscience Office (CNGO)

Future studies by the CNGO will focus on examining cono-

dont microfossils to determine the relative age of these

sampled rock units, and continuing to evaluate materials

collected during the summers of 2007 and 2013. New field

work may also be initiated for

� more detailed sampling along the creek (highlighted by

orange line in Figure 3a) in the Manico Point area

(area 9) to understand the change in CaO content and to

identify the mineable intervals with very high and high-

calcium limestone; and

� expanding the prospective area near Manico Point by

sampling along other creeks in the region between

Manico Point and Nalugalaarvik Point (highlighted by

light blue lines in Figure 3a; area north of Manico Point

is within a bird sanctuary). Paleozoic strata are nearly

horizontally distributed on Southampton Island, so ex-

posures between Manico Point and Nalugalaarvik Point

should be from the same stratigraphic units.
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