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Abstract

Carving stone is an economically and culturally valuable commodity to northern communities. Quarries in Nunavut are few,

and the need to find new deposits and expand known sites has increased alongside the demand for carving stone. To better

understand the formational processes and identify new localities of carving stone in Nunavut, work was carried out on the

petrology, mineralogy and geochemistry of samples obtained from two sites in the Qikiqtaaluk Region of Nunavut.

Carving stone from the main community quarry of Qullisajaniavvik is a dolomitic talc carbonate with the mineral assem-

blage dolomite+calcite+talc+chlorite±quartz. Formation of artisanal stone likely occurred through contact metamorphism

of Costello Formation carbonates by the Haig intrusions, with two distinct varieties identified based on the degree of alter-

ation. There are three varieties of serpentinite used as carving stone from Kangiqsukutaak (Korok Inlet); they comprise ser-

pentine+magnetite±brucite±hydrotalcite±calcite. The serpentinites formed from hydrothermal alteration of either the Lake

Harbour Group marble or calcsilicate. Despite their formational and compositional differences, carving stone deposits in

the Belcher Islands and Korok Inlet both contain excellent-quality carving stone, according to Inuit carvers, and yet are the

products of unique geological histories.

Résumé

La pierre à sculpter est une ressource de grande valeur commerciale et culturelle pour les communautés du Nord. Les

carrières au Nunavut sont rares, et compte tenu de la demande croissante pour la pierre à sculpter, il est nécessaire de trouver

de nouveaux gisements et de mettre en valeur les carrières existantes. Afin de mieux comprendre les processus de formation

et d’identifier de nouvelles localités de pierre à sculpter au Nunavut, des analyses pétrochimiques, minéralogiques et

géochimiques ont été réalisées sur des échantillons provenant de deux carrières de la région de Qikiqtaaluuk au Nunavut.

La pierre à sculpter provenant de la carrière principale de Qullisajaniavvik se compose de talc ou de carbonate dolomitique

dont l’assemblage de minéraux consiste en dolomie+calcite+talc+chlorite±quartz. La pierre à sculpter artisanale est

probablement le produit d’un épisode de métamorphisme de contact impliquant les roches carbonatées de la Formation de

Costello et l’intrusion de Haig, épisode à partir duquel il est possible de distinguer deux variétés de pierre qui diffèrent l’une

de l’autre en fonction de leur degré d’altération. La pierre à sculpter de la carrière de Kangiqsukutaak (Korok Inlet) provient

de trois variétés de serpentinite composées de serpentine+magnétite±brucite±hydrotalcite±calcite. La serpentinite est le

produit de l’altération hydrothermale des silicates calciques ou du marbre de Lake Harbour. Les sculpteurs inuits
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considèrent que les gisements de pierre à sculpter de Korok Inlet et des îles Belcher renferment de la pierre à sculpter

d’excellente qualité, bien qu’ils soient le produit d’événements géologiques entièrement différents, et ce malgré les

différences notées au niveau de leur formation et de leur composition.

Introduction

Carving stone—such as serpentinite, marble and soap-

stone—holds intrinsic value in Nunavut’s Inuit society.

Traditional carvings are valuable both economically (1 kg

of raw stone can range from $10 to 100, whereas carvings

of that size can sell for up to several thousands of dollars

online, e.g., Walker’s Auctions [2017]) and as a means of

passing traditional knowledge down through generations

(Beauregard et al., 2013; Rathwell and Armitage, 2016).

Traditional Inuit carvings are also continually sought after

by museums and collectors (Beauregard et al., 2013; Beau-

regard and Ell, 2015). Quarries in Nunavut are few, and the

need to find new deposits and expand known sites has in-

creased alongside the rising demand for excellent-quality

carving stone. Timely investigation into the petrogenesis of

these traditional carving stone deposits furthers the under-

standing of the geological factors that define good- to ex-

cellent-quality carving stone, and aids in the search for new

resources. To this end, the aim of this study is to better un-

derstand these properties and processes by providing a

comparative study of the carving stone from two of the

quarries in Nunavut (Figure 1a) that have supplied a sub-

stantial amount of excellent-quality carving stone to their

regions for several decades: Qullisajaniavvik (near Sanik-

iluaq on the Belcher Islands; Figure 1b) and Kangiqsuk-

utaaq (Korok Inlet, near Cape Dorset; Figure 1c). Both

quarries are located under the jurisdiction of the Qikiqtani

Inuit Association (QIA) and are highly regarded in the

industry for the consistency, competency, ability to hold

fine detail, and smooth polish of the finished product.

Kangiqsukutaak (Figure 1c) has been a primary source of

serpentinite carving stone within the southern Baffin Island

region since the 1960s. The quarry consists of two pits:

lower and upper. The lower pit is the main source of carving

stone; serpentinite from the upper quarry is of lower qual-

ity. The lower pit has been partially infilled with wasterock

and debris, which has exacerbated an unsafe working envi-

ronment. A recent magnetic survey of the area (Steenkamp

et al., 2014) indicates that the potential for more carving

stone exists in the subsurface between lower and upper

quarries. The quarry sites in the Belcher Islands yield carv-

ing stone that is mainly black to light-green talc carbonate.

Qullisajaniavvik, the community quarry, holds an esti-

mated reserve of 15 700–18 540 t of accessible stone

(Elgin, 2017).

The QIA launched an evaluation program during summer

2016 to assess the quality, safety and development of exist-

ing quarries in the Qikiqtaaluk Region, including Kangiq-

sukutaak and Qullisajaniavvik (Camacho et al., 2015;

Steenkamp et al., 2016). Following up on those initial sur-

veys, this paper details the mineralogy and geochemistry of

rock types at the Belcher Islands and Korok Inlet sites, and

compares the interpreted protoliths and metamorphic pro-

cesses that created the respective carving stone deposits.

Geological background

Belcher Islands

The Belcher Islands are a series of low-relief islands in the

southernmost reaches of Hudson Bay, and are underlain by

metasedimentary rocks of the middle Paleoproterozoic

(1.96–1.87 Ga) Belcher Group (Jackson, 2013). The Belch-

er Group is part of the Reindeer Zone in the upper-plate

Churchill Province north of the Trans-Hudson Orogen’s

collisional front (Hoffman, 1988; St-Onge et al., 2006;

Corrigan et al., 2009). The Belcher Group comprises two

flood basalt units and accompanying sills and dykes that in-

terrupt marine transgressive, primarily carbonate sedimen-

tation. Qullisajaniavvik is situated along the basal contact

of a sill belonging to the Haig intrusions (informally called

the ‘Haig sill’ throughout this paper) where it intrudes the

Costello Formation, which is part of the transgressive car-

bonate platform phase of a continental shelf-slope deposit

contained within the Belcher Group (Jackson, 2013). The

basal unit of the Costello Formation comprises black and

grey shale to calcareous shale containing biostromal

dolostone, whereas the rest of the formation is rhythmically

bedded, varicoloured dololutite, calcarenite, calcilutite and

shale (Jackson, 2013). The depositional environment is in-

terpreted to be deep water, with the strata being formed by

west-flowing currents on the platform foreslope (Ricketts,

1979; Ricketts and Donaldson, 1981). The Haig intrusions

are interpreted to be coeval with the later of the two flood

basalt units, the Flaherty Formation (Jackson, 2013). The

Belcher Group was deformed into a unique series of north-

trending isoclinal folds with kilometre-scale wavelengths

during the terminal collisional stage of the Trans-Hudson

Orogen at ca. 1.85–1.83 Ga (Ricketts and Donaldson, 1981;

Corrigan et al., 2009).

Korok Inlet

Southwestern Baffin Island is part of the Meta Incognita

microcontinent, which accreted with the Rae craton along

the Baffin suture between 1883 and 1865 Ma (St-Onge et

al., 2006). Kangiqsukutaak is located to the southeast of

Baffin Island’s Foxe Peninsula, which comprises three

supracrustal assemblages intruded by a suite of primarily

monzogranitic batholiths (Sanborn-Barrie et al., 2008).
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Figure 1: a) Regional map of Nunavut. Both Kangiqsukutaak and Qullisajaniavvik are located in the Qikiqtaaluk region, indicated in green
(modified from Beauregard and Ell, 2015); b) geological map of the Belcher Islands; carving stone is quarried from the light green area (af-
ter Steenkamp et al., 2016); c) Map of Kangiqsukutaak; carving stone samples were obtained from site b (after Steenkamp et al., 2014).



The main supracrustal assemblage in the Korok Inlet region

is the Lake Harbour Group clastic-carbonate succession,

which comprises metasedimentary rocks including inter-

layered garnetiferous psammite, semipelite and pelite,

overlain by layers of marble and calcsilicate (Scott, 1997;

Scott et al., 1997). The Lake Harbour Group has been inter-

preted as a shelf succession developed on cratonic crust that

rifted away from the Superior craton (Scott et al., 2002).

There are two main phases of Paleoproterozoic plutonism

in the Korok Inlet region: buff- to light rusty-weathering

charnockite and relatively younger, pink-weathering, foli-

ated to gneissic biotite-magnetite monzogranite (Sanborn-

Barrie et al., 2008). Carving stone from Kangiqsukutaak is

mainly obtained from a 7–10 m wide layer of excellent-

quality serpentinite confined to the upper contact of the

Lake Harbour Group marble and an offshoot dyke of the

Cumberland Batholith monzogranitic leucogranite (Steen-

kamp et al., 2014).

Site descriptions and petrology

Belcher Islands

Qullisajaniavvik quarry (lat . 56°10’37"N, long.

78°53’42"W; Figure 1b) is located 45 km east of Sanikiluaq

on the western shore of Tukarak Island, in the easternmost

part of the Belcher Islands.

Units of interest at Qullisajaniavvik include the Haig sill

and the Costello Formation carbonate, specifically the con-

tact aureole in the carbonate adjacent to the sill. The Haig

sill is dolerite that has experienced a greenschist-facies

metamorphic overprint. The porphyritic texture observed

in hand sample is a product of primary, twinned

clinopyroxene megacrysts (1–5 mm) with relict subophitic

texture formed by small (<0.1 mm), subhedral feldspar

laths. Qualitative energy dispersive X-ray spectrometry

(EDX) indicates that clinopyroxene is augite and feldspar

laths are primarily albite with minor K-feldspar. The

dolerite is moderately chloritized and some of the

clinopyroxene is almost completely uralitized (hydrated

and converted to actinolite). Ilmenite and pyrite are found

as anhedral crystals and angular clusters at the rims of

clinopyroxene megacrysts and throughout the groundmass.

The carving stone closest to the Haig sill is green and

ranges in hardness from too soft to carve with power tools

(Mohs hardness of <2) where it is directly in contact with

the Haig sill, to a stone that holds a fine detailed polish

(Mohs hardness of ~2.5) approximately 1 m from the con-

tact (J. Iqaluq, pers. comm., 2016). This carving stone is a

dolomitic talc carbonate comprising a groundmass of cal-

cite and dolomite supporting clusters and laths of

clinochlore and talc (Figure 2a), with a ratio of 40:60 cal-
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Figure 2: a) Hand sample slab (left) and backscattered electron (right) images of the green carv-
ing stone and b) hand sample slab (left) and backscattered electron (right) images of the black
carving stone from Qullisajaniavvik, Belcher Islands; note the fine talc laths in the black carving
stone. Abbreviations: Cal, calcite; Chl, chlorite; Dol, dolomite; Qz, quartz; Tlc, talc.



cite to dolomite content. Clinochlore and talc laths are 10–

50 μm long and there are mottled areas of clustered laths.

Clinochlore and talc are preferentially associated with do-

lomite. Ilmenite content is up to 5% by volume.

Farther from the contact with the Haig sill there is a black,

weakly foliated, dolomitic talc carbonate carving stone

(Figure 2b). This stone comprises anhedral laths and clus-

ters of clinochlore and talc in a groundmass of calcite, dolo-

mite and rare quartz. Carbonate grains have a ratio of 60:40

calcite to dolomite and are very fine grained (20–80 μm),

whereas the quartz grains are angular and larger (up to

0.1 mm). Talc and clinochlore make up approximately 40%

of the rock. Where present in the groundmass, the talc and

clinochlore grains are smaller than the carbonate grains,

whereas the laths average approximately 30 μm in length

and are no more than 5 μm wide. Subhedral talc laths clus-

ter around calcite and dolomite grains, and mottled talc and

chlorite partially to completely replace dolomite. The black

stone variety is harder than the green stone (J. Iqaluq, pers.

comm., 2016), and this is likely due to the small amount

(10%) of quartz disseminated through the rock. An addi-

tional factor in increasing Mohs hardness could be a greater

amount of metallic minerals in the black stone compared to

the green variety.

Korok Inlet

Kangiqsukutaak is located 160 km east of Cape Dorset and

240 km northwest of Kimmirut (lat. 64°23’44"N, long.

73°19’24"W; Figure 1c). The site has been active since the

1960s and is one of the preferred carving stone resources by

the people of southern Baffin Island. The main stone ex-

ported from Kangiqsukutaak is from a 7–10 m wide layer of

excellent-quality serpentinite (Mohs hardness of 2.0–2.5)

confined to the upper contact of the Lake Harbour Group

marble with a monzogranitic leucogranite dyke of the

Cumberland Batholith. The main units of interest at

Kangiqsukutaak are the Lake Harbour Group marble and

calcsilicate, and three varieties of serpentinite carving

stone.

The Lake Harbour Group marble contains, in decreasing

abundance, calcite+dolomite±phlogopite±olivine±serpen-

tine with rare magnetite, pyrite, spinel, apatite and brucite.

Interlocking grains of calcite (0.5–5.0 mm) are rhom-

bohedral and contain vermicular to rounded dolomite in-

clusions. Calcite is the main carbonate phase in all samples

(up to 85% calcite by volume). Phlogopite is particularly

prominent (20% by volume) in marble from the lower

quarry and occurs as tabular grains 0.5–5.0 mm long. Oliv-

ine grains are 0.1–1.0 mm across, highly fractured and par-

tially to completely replaced by serpentine. Brucite is pres-

ent as an alteration mineral at the rim of fully serpentinized

olivine crystals.

The Lake Harbour Group calcsilicate contains diopside+par-

gasite+chlorite±calcite±pyrite±spinel±augite. Diopside is

55% of the rock by volume and pargasite makes up 40%.

Diopside grains are largely anhedral, equant and 0.3–

1.0 mm in diameter, and form a granoblastic texture with

tabular pargasite grains. Chlorite is rare and anhedral, and

calcite is present as very fine grained veinlets or small,

rounded inclusions within larger diopside crystals. Ovoid

spinel is associated with chlorite, and rare magnetite grains

are equant, subhedral to anhedral, and disseminated

throughout the groundmass.

Three types of serpentinite were initially identified in the

field at Kangiqsukutaak based on quality, location and

composition (Steenkamp et al., 2014). All three contain a

combination of serpentine+magnetite±brucite±hydrotalc-

ite±calcite±pyrrhotite±hematite (Figure 3a). X-ray diffrac-

tion analyses show that the serpentinite does not contain

harmful asbestiform varieties of serpentine. Type 1 domi-

nates the centre of the serpentinite body. Type 2 is less

abundant than type 1 and is found in the outer 0.5–2 m of

the serpentinite body. Type 3 is the least abundant and is

found only as a 10–50 cm wide rim at the contact between

the serpentinite body and the Lake Harbour Group marble.

Serpentine in all types is subrounded, anhedral and has a

characteristic mesh texture.

Type 1 serpentinite comprises highly fractured elongate

lizardite pseudomorphed after dolomite (0.5–4.0 mm long)

with fine-grained acicular serpentine and brucite along the

margins and in the fractures. Pyrrhotite occurs as rare,

stringy, interstitial veinlets and magnetite grains are clus-

tered and angular. Type 1 serpentinite is traditionally rated

as high-quality carving stone. There are light and dark vari-

eties that correspond with abundant or limited calcite con-

tent, respectively (Figure 3b, c). The lighter stone is rated as

higher quality than the darker variety for carving.

Type 2 serpentinite has a polka-dot appearance in hand

sample and contains hydrotalcite and brucite interstitial to

fractured and serpentinized relict dolomite grains. Hydro-

talcite and brucite crystals are oriented perpendicular to the

fractures and margins, indicating that they likely formed

synchronously with serpentinization. Magnetite is intersti-

tial to serpentine as discontinuous veins up to 1 mm across.

Chlorite has anomalous blue-black birefringence colours

and forms equant, anhedral clusters or grains interstitial to

serpentine. Type 2 serpentinite is lower quality than type 1

as a carving stone.

Type 3 serpentinite is characterized by a banded or layered

texture with interspersed fine-grained serpentine pseudo-

morphs after medium-grained euhedral olivine, and 0.5–

1.5 cm thick phlogopite books in 2–5 cm thick discontinu-

ous lenses. This serpentinite contains 85% by volume,

equant, fractured, serpentine after dolomite. Brucite forms
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platy clusters that curve around the margins of serpentine

and relict dolomite. Magnetite is also interstitial to serpen-

tine and forms anhedral blobs and clusters with rare hema-

tite. Type 3 serpentinite is the lowest quality carving stone

found in the lower quarry pit.

Geochemical analyses

Electron probe micro-analyses (EPMA) for Kangiqsukutaak

and Qullisajaniavvik carving stone samples were con-

ducted at the University of Manitoba’s Department of Geo-

logical Sciences Microbeam Laboratory (Winnipeg, Mani-

toba) in 2014 and 2017, respectively. The instrument used

was a CAMECA SX 100 electron microprobe equipped

with five wavelength-dispersive X-ray spectroscopy

(WDS) detectors and one EDS detector. The 2014 analyses

were completed with the beam voltage at 15 keV, current at

20 nA and at a spot size of 10 μm. The 2017 analyses were

completed with the same voltage and current, but a spot size

of 5 μm to accommodate smaller grain sizes. Whole-rock

geochemistry was completed separately for the Kangiq-

suktaak and Qullisajaniavvik samples by Activation Labo-

ratories Ltd. (Ancaster, Ontario). Lithium metaborate/

tetraborate fusion and inductively coupled plasma–emis-

sion spectrometry (FUS-ICP-ES) was used to determine

major-element concentrations, and FUS-ICP-mass spec-

trometry (FUS-ICP-MS) was used to determine trace-ele-

ment concentrations.

Belcher Islands

Geochemistry of alteration minerals

The primary constituents of the dark, dolomitic talc carbon-

ate carving stone from Qullisajaniavvik are talc and

chlorite. Talc occurs in mottled areas that comprise clus-

tered anhedral laths and has <2% CaO and <2% FeO;

chlorite contains less than 3% FeO.

The laths and mottled areas of the green, dolomitic talc car-

bonate carving stone found at Qullisajaniavvik are also

composed of talc and chlorite. Talc contains more CaO (2–

4%) here than in the black variety, but there is no significant

difference in the final structural formulas. Chlorite is iden-
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Figure 3: a) Hand-sample slabs of the varieties of carving stone from Kangiqsukutaak, Baffin Island; type 1 (dark and light; centre) is the
highest quality, type 2 (right) is of moderate quality and type 3 (left) is the lowest quality. Each sample slab is 2 cm wide; b) photomicrograph
(taken in cross-polarized light) of the dark type 1 carving stone with secondary brucite (Brc) and serpentine (Srp); and c) photomicrograph
of light type 1 carving stone showing calcite (Cal) interstitial to the serpentine kernels.



tified as clinochlore and is compositionally similar to the

chlorite in the black stone but contains >2 wt.% FeO.

Whole-rock geochemistry

Whole-rock geochemistry was obtained for both carving

stone types from Qullisajaniavvik. Both varieties of carv-

ing stone have similar MgO content (13–15 wt.%), but the

black carving stone is depleted in CaO (24 wt.%) relative to

the green carving stone (32 wt.%). The green carving stone

has relatively less SiO2 (22 wt.%) than the black (28 wt.%)

and both samples contain notable amounts of Al2O3 (2–

5 wt.%).

Korok Inlet

Geochemistry of alteration minerals

Marble

Calcite from the Lake Harbour Group marble is uniform in

composition and has up to 9 wt.% MgO. Dolomite compo-

sitions are also similar between samples, although there is

local enrichment of FeO (1–2 wt.%). Mica grains from all

three marble samples are phlogopite, determined based on

AlIV/[Fe/Fe+Mg] with Fe/Fe+Mg values <0.1, as well as

relatively enriched F content (2–5 wt.%). Pyroxene in the

Lake Harbour Group marble is augite.

Calcsilicate

Clinopyroxene in the Lake Harbour Group calcsilicate is

dominantly diopside. Amphibole in the calcsilicate is

mostly pargasite, potassium pargasite or potassium pargas-

itic hornblende. Amphibole is relatively enriched in F

(1.24–1.42 wt.%) and K2O (1.2–2.0 wt.%). Chlorite is clas-

sified as pycnochlorite based on SiO2 content and Fe/Fe+

Mg (Hey, 1954).

Serpentinite

The chemical composition of serpentine in the carving

stone is variable both between types and samples, and

within individual grains. Based on EPMA of multiple

grains throughout the samples, the cores of serpentine

grains from type 2 and type 3 serpentinites have low Al2O3

content (<2 wt.%) compared to the margins (5–20 wt.%).

The dark variety of type 1 serpentinite has similar

compositional zoning but in fewer serpentine kernels, and

the zoning is nonexistent in the light variety. The rims of

some of the serpentine grains in types 2 and 3 have been

chloritized to Al-rich (15–20 wt.% Al2O3) clinochlore,

sheridanite and ripidolite. Nomenclature for chlorite min-

eral chemistry was determined based on SiO2 content and

Fe/Fe+Mg following the classifications developed by Hey

(1954). In types 2, 3 and the dark type 1 serpentinite,

brucite is also present as a product of alteration at the rims

of serpentine grains. Avariety of hydrotalcite, intermediate

between hydrotalcite (Mg6Al2(OH)16�4H2O) and iowaite

(Mg6Fe2
3+(OH)16Cl2�4H2O), is present in light type 1 ser-

pentinite and is characterized by high values of Cl (1.5–

3.5 wt.%) and <5 wt.% SiO2.

Whole-rock geochemistry

Whole-rock geochemistry was obtained for seven of the

Kangiqsukutaak samples: two marble, three serpentinite

(types 1 and 2) and two calcsilicate rocks. The serpentinite

samples have high Mg content (35–40% MgO) relative to

the Ca-rich marble (3–5% MgO), whereas the calcsilicate

contains intermediate values of both Mg and Ca (~17%

MgO and ~17% CaO). The light green type 1 serpentinite

contains >6% CaO, whereas the other serpentinite samples

contain <2%. All samples have Cr and Ni contents below

detection limit (<20 ppm), which is atypical for serpentinite

derived from ultramafic rocks.

Geological interpretations

Belcher Islands

The Belcher Islands carving stone deposits are interpreted

to have formed by contact metamorphism and minor

hydration associated with the intrusion of the Haig sill

(Steenkamp et al., 2016). The protolith for the Qullisajan-

iavvik dolomitic talc carbonate is the argillaceous

dolostone of the Costello Formation. Formation of talc as a

result of contact metamorphism is often associated with a

large hydrothermal component (i.e., Moine et al., 1989;

Brady et al., 1998); however, talc can also form when the

intruding body is mafic and relatively anhydrous (i.e., Shin

and Lee, 2002; Sengupta and Yadav, 2007). In the latter

scenario, an alternate fluid source must be present as talc

forms from dolomite through silicification, decarboniza-

tion and hydration (Wiik, 1953):

3CaMg(CO3)2 + 4SiO2 + H2O → Mg3Si4O10(OH)2 +
3CaCO3 + 3CO2 (1)

dolomite talc
calcite

Water to drive this reaction could have been sourced from

the mud layers interbedded with the dolostone, or from

pore water contained in the dolostone unit. Interstitial

quartz from the original dolostone provides the SiO2 com-

ponent required in the formation of talc from dolomite. Rel-

ict quartz grains remain only in the black carving stone

from the main quarry, which is farther away from the con-

tact and where metamorphic reactions are likely to be less

complete. Quartz has been completely consumed in the

green stone, which is peripheral to the black stone, and

forms a rind along the contact with the Haig sill. The black

carving stone has more SiO2 (~28 wt.%) and MgO

(~16 wt.%) but less CO2 (~21 wt.%) and CaO (~24 wt.%)

than the green carving stone (~22 wt.% SiO2, ~13 wt.%

MgO, ~25 wt.% CO2, ~32 wt.% CaO). This aligns with a

more complete version of equation 1. Nevertheless, these
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discrepancies could also be a product of two compo-

sitionally different beds within the Costello Formation.

Korok Inlet

The new geochemistry and petrology results from this

study allow for modification and better constraint on the

protolith of the serpentinite carving stone at Kangiqsukutaak

and its mechanisms of petrogenesis. The serpentinite carv-

ing stone at Kangiqsukutaak was originally interpreted to

have formed from a peridotite dyke protolith that had in-

truded along the contact between the monzogranitic leuco-

granite of the Cumberland Batholith and the Lake Harbour

Group marble (Steenkamp et al., 2014). The serpentinite

samples that correspond to this ‘dyke’ contain the mineral

assemblage diopside+Ca-amphibole+chlorite+cal-

cite±spinel, which is identical to that of the Lake Harbour

Group calcsilicate layer, and lacks Ni and Cr, which is atyp-

ical of an ultramafic protolith. Consequently, the dyke is

now re-interpreted as a calcsilicate band that was present

within the Lake Harbour Group metasedimentary assem-

blage. Following this reinterpretation, further investigation

to confirm the protolith and petrogenesis of the serpentinite

carving stone at Kangiqsukutaak was conducted.

Given the nature and location of the serpentinite carving

stone relative to other rock units, two possible protoliths are

the Lake Harbour Group marble and calcsilicate, both of

which are dissected by late, brittle faulting that also cut the

adjacent monzogranitic leucogranite. This faulting likely

allowed infiltration and interaction of hydrothermal fluids

with the protolith of the serpentinite.

In a marble protolith, the formation of serpentine after do-

lomite as a product of metasomatism related to the intrusion

of a granitic dyke into a carbonate host involves prograde

metamorphism to form forsterite (after Ferry et al., 2011):

2 2 22CaMg(CO SiO MgSiO CaCO CO3 2 aq 4 3 2)
( )

+ → + + (2)

dolomite forsterite calcite

Forsterite is subsequently hydrated to form serpentine (af-

ter Johannes, 1968):

2 34 2 3 2 5 4 2MgSiO H O Mg Si O OH Mg OH+ → +( ) ( ) (3)

forsterite serpentine brucite

The Lake Harbour Group marble has a mineral assemblage

of calcite+dolomite±phlogopite±olivine±serpentine. It is

rich in CaO (45–52 wt.%) and has high loss-on-ignition

(LOI) values indicating an abundant volatile, primarily CO2,

content (~40 wt.%) but relatively low MgO (3–6 wt.%) con-

tent. In contrast, Kangiqsukutaak serpentinites are low in

CaO and CO2 (<1–6 wt.%) contents, with light type 1 ser-

pentinite having the highest of both. This difference is

likely attributed to a greater abundance of calcite in the

light type 1 serpentinite compared to the other samples.

Light type 1 serpentinite is present farther from the main

brittle fault and closer to the Lake Harbour Group marble

than the other serpentinite varieties, which suggests that the

calcite is primary rather than the result of an incomplete re-

action (as shown in the mineral reactions above).

In general, the serpentinite types have abundant MgO (35–

40 wt.%) and SiO2 (28–32 wt.%) compared to the types of

marble, and have relatively high Al2O3 (5–7 wt.%) and total

Fe (6–8.5 wt.%) contents. Kangiqsukutaak varieties of ser-

pentinite have similar geochemistry and mineralogy to ser-

pentinite from the nearby Aberdeen Bay Ujararniarvik4

(also known as Tatsiituk) deposit, which is determined to

have been formed from the Lake Harbour Group marble

(Beauregard et al., 2013; Camacho et al., 2015). The Ujar-

arniarvik serpentinite lacks Cr and Ni, and contains serpen-

tine that has increasing Al content toward the rims (Cam-

acho et al., 2015), similar to the Kangiqsukutaak serpentinite

types 1 and 2. The Ujararniarvik serpentinite, however, has

significantly higher MgO content (~40 wt.%; Camacho et

al., 2015) than the Lake Harbour Group marble (5–

20 wt.%). One possible way to explain this difference is

through volume change and element mobility during hy-

drothermal alteration of the Lake Harbour Group marble,

particularly with loss of Ca and C, and enrichment of SiO2

and Mg. An alternative explanation could be that the sam-

ples collected from the Lake Harbour Group marble are

more calcite-rich than the marble protolith for the

Ujararniarvik serpentinite. These compositional variations

could reflect natural primary depositional changes between

the two sites, or be related to the relative proximity of the

serpentinite protolith with the intrusive monzogranitic

leucogranite, in the case of Kangiqsukutaak.

The samples of Lake Harbour Group marble from Kangiq-

sukutaak contain anhedral, rounded dolomite within larger,

rhombohedral calcite. This dolomite may be interpreted as

secondary, having replaced the original calcite. A reaction

of calcite to dolomite could have operated in the carbonates

closest to the granitic dykes and created a dolomite-rich

margin to the marble. This dolomite-rich area would then

have acted as the protolith to the serpentinites formed by

subsequent hydrothermal alteration via the reaction:

4CaMg(CO ) 2SiO 3H O Mg Si O (OH)3 2 2 2 3 2 5 4+ + → +
Mg(OH)2+ 4CO2 (4)

dolomite serpentine

brucite

This form of alteration would explain the presence of resid-

ual calcite and dolomite in some of the serpentinite sam-

ples, as well as brucite in others. In addition, the interaction

of Al- and Fe-rich fluids with the marble hostrock would
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explain the presence of hydrotalcite (MgAlCO3(OH)16�

4H2O), iowaite (MgFeCO3(OH)16Cl2�4H2O) or solid solu-

tions between them.

The second possible protolith to the serpentinite carving

stone at Kangiqsukutaak is the newly reinterpreted Lake

Harbour Group calcsilicate unit, which forms an intermedi-

ate rind between the marble and the monzogranitic leuco-

granite on the west side of the study area mapped by

Steenkamp et al. (2014). A calcsilicate protolith to the Kan-

giqsukutaak serpentinite varieties would require two

phases of alteration: an initial contact metamorphic stage of

the marble to form a calcsilicate containing Ca-rich amphi-

bole and diopside, and a second phase involving hydration

to alter the minerals formed during contact metamorphism

to serpentine and brucite. A calcsilicate protolith would

not, however, likely explain the relatively abundant car-

bonate proportions in some of the serpentinite samples, and

does not offer an explanation for the formation of the

hydrotalcite group, which also requires abundant carbon.

To provide an empirical evaluation of the two petrogenetic

possibilities, mass balance calculations were performed for

the transformations of marble to serpentinite and calcsil-

icate to serpentinite. Because these rock types have low im-

mobile element content, these results are considered a first

approximation of volume loss during transformation.

Gains in Mg, Si and H and substantial losses of Ca and C are

required when transforming marble to serpentinite, while

gains in H and losses of Ca and Si are required for the trans-

formation of calcsilicate to serpentinite. Transforming

calcsilicate to serpentinite requires less volume change

than transforming marble to serpentinite. Given the results

of the mass balance evaluation, as well as the petrological,

mineralogical and whole-rock geochemical evidence, it re-

mains a challenge to constrict the protolith of the Kangiq-

sukutaak carving stone to either the Lake Harbour Group

marble or calcsilicate. It is possible that the protolith could

involve components from both rock types because they are

physically adjacent and the primary carving stone deposit is

situated along their contact; regional metamorphism asso-

ciated with the Trans-Hudson Orogen could have provoked

an initial mixing of their respective geochemical signa-

tures.

Economic considerations

Understanding the petrogenesis of these two very different,

but equally valuable, carving stone deposit types is impor-

tant for future exploration for new carving stone resources.

Surveys for economic carving stone deposits in the Korok

Inlet area should focus on calcsilicate and marble units that

are cut by late, brittle faults, whereas targets in the Belcher

Islands should include areas where gabbroic or dolerite

dykes intrude carbonate rocks that contain quartz impuri-

ties.

Conclusions

The Kangiqsukutaak and Qullisajaniavvik carving stone

types have very different mineral assemblages and were

formed in different metamorphic environments. The con-

tact metamorphism associated with the Haig sill at

Qullisajaniavvik is confined to an aureole in the Costello

Formation at the margin of the sill, and decreases in level of

alteration outward from the contact margin. Argillaceous

dolostone, as carving stone formed by contact metamor-

phism of dolostone with an anhydrous mafic sill, is domi-

nated by talc with dolomite, calcite and chlorite.

Potential protoliths for the carving stone at Kangiqsukutaak

include the Lake Harbour Group marble, the newly reinter-

preted calcsilicate or a geochemically mixed zone at the

contact between the marble and calcsilicate. This protolith

was cut by a granitic dyke, and subsequently underwent hy-

drothermal alteration by siliceous fluids, which created a

carving stone that is dominated by serpentine with minor

brucite, hydrotalcite, calcite and dolomite.

Although both quarries produce desirable stone in large

quantities, regional faulting in the Kangiqsukutaak area

was instrumental in localizing fluids through the carbonate

and calcsilicate units. Despite the differences of their for-

mation, Inuit carvers rate both Kangiqsukutaak and Qullis-

ajaniavvik carving stone as excellent quality. Constraining

and understanding the geological and petrogenetic histo-

ries of carving stone deposits will provide valuable insight

for future carving stone deposit exploration.
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