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Abstract

The data collected in 2013 indicated that high-calcium limestone is present in the Lower Silurian Ekwan River Formation

south of Manico Point on western Southampton Island. Following the industrial limestone project in 2013, more detailed

fieldwork was carried out in 2014 in the expanded prospective area, approximately 320 km2 between Manico Point and

Nalugalaarvik Point on western Southampton Island. A total of 106 samples were collected along six creeks in this area; all

samples were analyzed using X-ray fluorescence. Based on the CaO content, the field observations and the distribution pat-

tern of Paleozoic strata on the island, the mineable intervals with high- and very high calcium limestone have been identi-

fied, and a map of limestone purity distribution has been made for the project area.

Résumé

Les données recueillies en 2013 ont indiquées que la formation d’Ekwan River du Silurien inférieur, et située au sud de la

pointe Manico dans la partie ouest de l’île Southampton, renferme du calcaire à forte teneur en calcium. Dans la foulée du

projet de 2013 portant sur le calcaire industriel, des travaux sur le terrain plus précis ont été réalisés en 2014 dans la zone

prometteuse élargie, soit quelque 320 km2 s’étendant entre la pointe Manico et la pointe Nalugalaarvik dans la partie ouest

de l’île Southampton. Un total de 106 échantillons a été recueilli le long de six ruisseaux sillonnant la zone en question; tous

les échantillons ont été analysés par fluorescence à rayons X. Les intervalles se prêtant à l’exploitation et renfermant du

calcaire à teneur élévée et très élevée en calcium ont été identifiés à partir de l’examen du contenu en CaO, d’observations de

terrain et de la configuration de la répartition des strates paléozoïques dans l’île, lesquels renseignements ont permis de

dresser une carte de la répartition du niveau de pureté du calcaire de la zone ciblée dans le cadre du projet.

Introduction

Quicklime (CaO) is a product of thermal decomposition of

limestone. Limestone containing >97% calcite (CaCO3), or

>54.3% CaO, classified as high purity or very high purity

(Table 1), is ideal for producing such a product. Quicklime

as a chemical reagent has many uses in the mining industry.

With the projected growth of the mining industry in the

Kivalliq Region of Nunavut alone, 4 000, 4 700 and 4 000–

10 000 tonnes of quicklime would be required annually at

the Meadowbank mine (gold) and the proposed Kiggavik

(uranium) and Meliadine (gold) mines, respectively.

Finding limestone resources suitable for quicklime on South-

ampton Island could potentially meet mining-industry

needs, reduce transportation costs for mine operators and

provide significant opportunities for economic develop-

ment and local employment in the Kivalliq Region. Since

2009, the Canada-Nunavut Geoscience Office (CNGO) has

been conducting a research project to evaluate the indus-

trial-limestone potential in the Upper Ordovician sequence

(Zhang et al., 2011), and then in the Lower Silurian se-

quence (Zhang et al., 2014) on Southampton Island (Fig-

ure 1). In 2013, the data collected from a creek (creek 2 of

this study; Figure 2) south of Manico Point suggested that

high-calcium limestone (CaO >54.3%) occurs in the Lower

Summary of Activities 2015 171

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2015/.

Table 1: Classification of limestone by purity (after
Harrison et al., 1998).



Silurian Ekwan River Formation on western Southampton

Island.

A new study was initiated by the CNGO and the Govern-

ment of Nunavut’s Department of Economic Development

and Transportation in 2014 between Manico Point and

Nalugalaarvik Point on western Southampton Island (Fig-

ures 1, 2) to

• better understand the stratigraphic and geographic dis-

tribution of relatively pure Silurian limestone intervals

of the Ekwan River Formation on Southampton Island,

• provide an assessment of limestone purity based on de-

tailed geochemical data,

• and identify potential quarry locations based on lime-

stone thickness and lateral continuity.
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Figure 1: Simplified geology of Southampton Island, eastern Kivalliq Region, Nunavut, modified from Heywood and Sanford (1976) and
Zhang (2008), with sample locations. Areas 1–4 and 5–10 were sampled in 2009 (see Zhang et al., 2011) and 2013 (see Zhang et al., 2014)
respectively; the area sampled during this study is highlighted by the pink rectangle.



The reasoning behind the expansion of the project area

from Manico Point to Nalugalaarvik Point is mainly based

on the fact that the Paleozoic strata on Southampton Island

are almost horizontally distributed; therefore, the rocks ex-

posed in this area are generally at the same stratigraphic level.

This paper summarizes 2014 fieldwork and X-ray fluores-

cence (XRF) data, and identifies the mineable intervals in

the project area.

Lower Paleozoic stratigraphy on
Southampton Island

During the Paleozoic, Southampton Island was located on

the northern margin of the Hudson Bay Basin somewhere

close to the paleo-equator. Thick Paleozoic carbonate rocks

were deposited in the Hudson Bay Basin, and this geologi-

cal record is exposed on Southampton Island today. The

lower Paleozoic strata on Southampton Island (Figure 3)

include the Upper Ordovician Bad Cache Rapids and Chur-

chill River groups and the Red Head Rapids Formation, and

the Lower Silurian Severn River, Ekwan River and Attawa-

piskat formations (Heywood and Sanford, 1976). They are

composed entirely of carbonate rocks with minor shale and

distributed throughout the southern and western parts of

Southampton Island (Figure 3). Across broad areas, these

carbonate rocks are almost horizontally distributed, unde-

formed and unmetamorphosed; therefore, they are exposed

as subcropping rubble, although layered outcrops are com-

monly found along rivers and creeks. For a detailed intro-

duction to lower Paleozoic stratigraphy on Southampton

Island, see Heywood and Sanford (1976), Zhang and

Barnes (2007) and Zhang (2011). This paper will describe

the Lower Silurian Ekwan River Formation that is the focus

of the current study.

The Ekwan River Formation conformably overlies the

Severn River Formation, and it consists of well-bedded,

fine-grained and fossiliferous limestone. Fossil corals,
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Figure 2: A total of 28 localities (27 represented by red dots in
2014; 1 by a black dot in 2013) along six creeks in the area between
Manico Point and Nalugalaarvik Point.

Figure 3: Paleozoic stratigraphy on Southampton Island. Ages are
from Cooper and Sadler (2012) and Melchin et al. (2012).



stromatoporoids and brachiopods are common. In the

lower part of the formation, light grey or white-coloured

chert or dolomite nodules occur locally; stromatolitic

dolostone is rare. The upper part of the formation passes lat-

erally into the Attawapiskat Formation, a reef-bearing car-

bonate unit with algal and stromatoporoid bioherms, which

can be seen in the Cape Low area (Zhang et al., 2014). The

Ekwan River Formation was divided into three units by

Sanford (Heywood and Sanford, 1976), mainly based on

the outcrops on Coats and Mansel islands, but the three

units are not distinguishable in the study area on Southamp-

ton Island. The Ekwan River Formation is not exposed in a

complete section in the Hudson Bay area; according to San-

ford (Heywood and Sanford, 1976), the formation probably

has a composite thickness of approximately 91 m. Based on

the horizontal distribution pattern of the Paleozoic strata on

Southampton Island, the elevation data and detailed sam-

pling in the area between Manico Point and Nalugalaarvik

Point during the current study, this formation has a total

thickness of more than 100 m. On Southampton Island, the

formation is confined to the western part of the island, ris-

ing to form the bedrock surface from Cape Low in the

southwestern part of the island and extending northward

along the east side of Roes Welcome Sound to the vicinity

of Hansine Lake (Figure 1). The outcrops of the formation

are scattered along the creeks flowing westward into Roes

Welcome Sound. The creeks tend to be more meandering

and shallower as one goes from north to south in the project

area, so more outcrops of the Ekwan River Formation were

found in the northern part than in the southern part of the

project area.

Samples and sampling locations

According to Zhang et al. (2014), analyses from samples

collected from the Ekwan River Formation in a creek south

of Manico Point (creek 2 in Figure 2) indicated the potential

for high-calcium limestone with CaO content above 54.3%

in 10 out of 12 samples (Zhang et al., 2014). To expand the

potential area, the field study targeted an area of approxi-

mately 320 km2 between Manico Point and Nalugalaarvik

Point (Figure 2) in summer 2014. Because the Paleozoic

rocks on Southampton Island are almost horizontally dis-

tributed, the selection of the potential area is based on the

following assumptions:

• the rocks dispersed in the target area are at the same

stratigraphic level and they belong to the same strati-

graphic unit, the Ekwan River Formation;

• the same elevation represents the same stratigraphic

level and can be used to estimate the thickness; and

• if the facies does not change significantly laterally, the

rocks distributed at the same elevation should contain a

similar percentage of CaO.

More than 10 dry creeks run nearly east-west in the area be-

tween Manico Point and Nalugalaarvik Point, but outcrops

of the Ekwan River Formation were only found in six

creeks (Figure 2). Along the six creeks, a total of 106 sam-

ples weighing 3 kg were collected from 28 localities. These

six creeks are numbered 1–6 from north to south; creek 2

was sampled in 2013 (Zhang et al., 2014).

Results of whole-rock major- and trace-
element analysis by XRF

A total of 106 samples were sent to Acme Analytical Labo-

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

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

ple weighed approximately 3 kg. The entire sample was

crushed to 80% passing 10 mesh, and then a 1000 g portion

was pulverized to 85% passing 200 mesh. The samples

were analyzed by XRF (Acme method 4X01), with total S

and C determined by LECO carbon-sulphur analyzer. The

results for major oxides are summarized in Table 2 and

complete geochemical data are presented in Zhang (20152,

sheet 1). Application of the British Geological Survey

scheme for the classification of limestone by purity (per-

centage of CaO; Table 1; Harrison et al., 1998) was used in

this study to evaluate the limestone sampled in the target

area.

Creek 1

Creek 1 is immediately south of Manico Point, where two

outcrops (localities 9 and 10) were found. A total of seven

samples were collected from these two outcrops; all sam-

ples but one contain CaO >54.3% in rocks at an elevation

between 50 and 70 m. On average, three samples at locality

9 and four samples at locality 10 contain 54.8 and 54.5%

CaO, respectively (Figure 4).

Creek 2

Creek 2 was sampled in 2013 (Zhang et al., 2014) and again

in 2014. During the 2013 field season, only two outcrops

were sampled along this creek; one is close to the mouth of

the creek (green dots in Figure 5) and the other is in the up-

per reaches of the creek (locality 4 in Figure 5). Atotal of 35

samples collected from this creek in 2014, plus the eight

samples collected from an outcrop near the mouth of the

creek in 2013, allow an identification of two intervals of

high-purity limestone; one is approximately 10 m of strata,

close to the coast at an elevation of 10 m and below, and the

other is approximately 35 m of strata distributed at eleva-

tions between 65 and 100 m. On average, a total of eight

samples from the former locality contain 55% CaO. The

latter includes three localities (locality 4, 5 and 6), where

four, three and five samples were collected; on average,

they contain 55.4, 55.1 and 54.9% CaO, respectively.
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Table 2: Results for major oxides in carbonate samples collected from 28 localities along six creeks in the area between
Manico Point and Nalugalaarvik Point, western Southampton Island.



Creek 3

Creek 3 is located approximately 3 km south of creek 2. A

total of 22 samples were collected from seven localities (lo-

calities 18, 18a, 18b and 19–22) along the creek and two

samples were collected from locality 25 on the coast near

the mouth of creek 3 (Figure 6). The distribution of high-

purity limestone in creek 3 is similar to that in creek 2: ap-

proximately 10 m of high-purity limestone and 20 m of very

high purity limestone are distributed at elevations between

10 and 20 m (localities 18a and 25) and between 80 and

100 m (localities 21 and 22), respectively. On average, the

samples from the two localities at the lower elevations (lo-

calities 18a and 25) contain 55 and 55.2% CaO, and those

from the two localities at the higher elevations (localities 21

and 22) contain 55.1 and 55.6% CaO (Figure 6).

Creek 4

Creek 4 is approximately 5 km south of Creek 3. Only two

outcrops were found along this creek (Figure 7). Two sam-

ples were collected from locality 24 at an elevation of ap-

proximately 40 m. They contain 55.5% CaO and can be

classified as very high purity limestone. A total of eight

samples were collected from locality 23 at an elevation of

approximately 30 m, which yielded an average of 54.2%

CaO, only 0.1% lower than those classified as high purity.

Six out of the eight samples, however, contain more than

54.3% CaO (Figure 7); sample SZ14-23-05F contains

50.76% (CaO), which makes the main contribution to the

0.1% difference.

Creek 5

Creek 5 is approximately 5 km south of creek 4. Five out-

crops (localities 13–17) were found below an elevation of

80 m along the creek (Figure 7). High- and very high purity

limestone was discovered at two localities. Approximately

10 m of strata are exposed at locality 15 at an elevation be-

tween 20 and 30 m, where four samples yielded an average

of 55.2% CaO. Approximately 5 m of strata are exposed at

176 Canada-Nunavut Geoscience Office

Figure 4. Percentage of CaO in samples collected from localities 9
and 10 along creek 1.

Figure 5. Percentage of CaO in samples collected from localities 1–8 and 24 (2013) along creek 2.
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Figure 6. Percentage of CaO in samples collected from localities 18, 18a, 18b, 19–22 and 25 along creek 3.

Figure 7. Percentage of CaO in samples collected from localities 23 and 24 along creek 4 and localities 13–17
along creek 5.



locality 17 at an elevation between 60 and 70 m, where

three samples contain 55.1% CaO on average.

Creek 6

Creek 6 is located in the southern end of the project area and

immediately north of Nalugalaarvik Point. Only two out-

crops (localities 11 and 12) were found near the mouth of

creek 6 at an elevation below 30 m (Figure 8). No high- or

very high purity limestone was discovered from the two lo-

calities along creek 6. Four samples were collected from lo-

cality 11 and another four from locality 12; on average, they

yielded 45.2 (classified as impure) and 48.8% CaO (classi-

fied as low purity), respectively.

Impure or low-purity intervals

Figure 9 shows the percentage of CaO, MgO and SiO2 in all

the samples collected from localities 1–25 and locality

2013 (which is locality 24 in Zhang et al. [2014]) along six

creeks in the area between Manico Point and Nalugalaarvik

Point. It is obvious that the samples yielding <54.3% CaO

are related to either high contents of MgO, SiO2, or both.

For example, all eight samples from locality 8 along creek 2

contain an average of 1.84% SiO2, which decreases the av-

erage CaO to 54.2%, slightly below the standard of high pu-

rity. The highest SiO2 contents are in two samples (SZ14-

12-01F and SZ14-12-02F) at locality 12 along creek 6,

27.06 and 19.12%, respectively, resulting in 40.15 and

44.4% CaO in these two samples. All four samples from lo-

cality 11 along creek 6 yielded an average of 9.23% MgO

and 45.2% CaO. In general, high contents of SiO2 and/or

MgO are the main contributors to the impure or low-purity

nature of the limestone in the project area.

The low-purity or impure intervals are not only recognized

by XRF analysis, but also can be easily identified in the

field. Normally, the low-purity or impure intervals contain

many white-coloured chert or dolomite nodules, or are

composed of interbedded dolostone and limestone, or

dolomitic limestone, or dolostone (Figure 10a–d). If this

area was quarried for pure limestone, the impure or low-pu-

rity intervals could be easily avoided.

Map of limestone purity distribution

Based on the compilation and analysis of the results of
whole-rock major- and trace-element analysis by XRF,
field observations and the distribution pattern of the Paleo-
zoic strata on Southampton Island with reference to eleva-
tion, a map of limestone purity distribution was made for
the area between Manico Point and Nalugalaarvik Point
(Figure 11). Of the 114 samples, 76 (67%), contain >54.3%
CaO. These samples represent intervals of high- or very
high purity limestone.

Generally, the limestone yielding >54.3% CaO is mainly

distributed at elevations between 30 and 100 m (Figure 11);

this is based on data from

• localities 9 and 10 at elevations between 50 and 70 m

along creek 1,

• localities 4 to 7 at elevations between 65 and 100 m

along creek 2,

• localities 21 and 22 at elevations between 75 and 100 m

along creek 3,

• locality 24 (2013) with an elevation of approximately

40 m along creek 2, and

• localities 15 and 17 at elevations between 25 and 65 m

along creek 5.

Because of lateral facies change within elevations between

30 and 100 m, samples containing <54.3% CaO were found

at localities 19 and 20 along creek 3 and locality 16 along

creek 5; therefore, a narrow interval of low-purity or im-

pure limestone was recognized at elevations between 70

and 80 m in the middle and southern part of the project area

(Figure 11).

A narrow interval of limestone with >54.3% CaO is distrib-

uted near the coast in the northern part of the project area,

which is based on the data from locality 9 from the 2013

field season (Zhang et al., 2014) near the mouth of creek 2,

locality 25 close to the coast and locality 18a close to the

mouth of creek 3 (Figure 11).

Limestone with <54.3% CaO is mainly distributed along

the coast approximately below an elevation of 30 m, which

is supported by the data collected from locality 8 along

creek 2, localities 18 and 18b along creek 3, locality 23

178 Canada-Nunavut Geoscience Office

Figure 8. Percentage of CaO in samples collected from localities
11 and 12 along creek 6.
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along creek 4, localities 13 and 14 along creek 5 and locali-

ties 11 and 12 along creek 6 (Figure 11).

An interval of limestone with <54.3% CaO is also identi-

fied at elevations between 100 and 110 m, which is only

supported by the data from localities 1 to 3 in the upper

reaches of creek 2 (Figure 11). In the rest of the project area,

no outcrops were found at or above this elevation.

Economic considerations

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

stone within the Silurian Ekwan River Formation, western

Southampton Island. A total of 106 samples plus 8 from the

2013 field season were collected from 28 localities along 6

creeks in the area between Manico Point and Nalugalaarvik

Point.

Of the 114 analyzed samples, 67% yielded >54.3% CaO,

which is suitable for many industrial purposes. Extensive

sampling confirms that a locally mineable high-calcium

limestone deposit exists between Manico Point and

Nalugalaarvik Point, and it could become an extremely

valuable resource for Nunavut and the community of Coral

Harbour.

Possible future studies at the Canada-
Nunavut Geoscience Office (CNGO)

Another potential area with high- or very high purity lime-

stone lies to the northwest of Manico Point; however, it is

located within the Harry Gibbons Migratory Bird Sanctu-

ary (Figure 1). In this area, there are many deeply incised

rivers and creeks that expose the rocks better than the cur-

rent study area. If this area could be studied and sampled,

continuous sections of the Ekwan River Formation would

likely be found, more detailed data would be collected, the

resource of mineable high-calcium limestone deposits on

Southampton Island would likely be greatly increased and

the boundaries of mineable high-calcium limestone inter-

vals could be defined more accurately than the current

study has been able to do.
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Figure 10. Examples of impure or low-purity samples/intervals in the study area: a) chert nodules in sample SZ14-12-01F at locality 12,
creek 6; b) interbedded limestone and dolostone in sample SZ14-14-04F at locality 14, creek 5; c) dolomitic limestone in sample SZ14-11-
03F at locality 11, creek 6; d) dolostone of sample SZ14-20-01F at locality 20, creek 3.
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Figure 11. Limestone purity distribution for the area between
Manico Point and Nalugalaarvik Point. Red and black dots indi-
cate sample localities (27 represented by red in 2014; 1 by black
in 2013), black numbers are locality numbers and the red num-
bers indicate the average percentage of CaO and the number of
samples collected (e.g., 55.5/2 is an average CaO of 55.5% for
two samples).
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