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Abstract

Two carving stone deposits, one developed and one undeveloped, in Aberdeen Bay, southern Baffin Island, were evaluated

during the 2013 summer field season. The Tatsituya deposit, considered to be one of Nunavut’s foremost carving stone

quarries, is located at the intersection of a steep, east-west–trending, sinistral, strike-slip fault with a marble layer in the mid-

dle of the Lake Harbour Group. The fault records several episodes of deformation and fluid flow. The higher proportion of

aluminum-rich lizardite rimming lizardite kernels and brucite appears to distinguish good-quality carving stone from excel-

lent-quality carving stone in this deposit. An altered ultramafic unit deformed by the same fault system hosts the Tatsitui

Tiniiniya deposit located ~1.25 km northwest of the Tatsituya quarry. The chemistry of alteration minerals and altered rocks

is different between the deposits. Higher iron (FeO) and chromium (Cr2O3) contents in serpentine from serpentinized ultra-

mafic rock distinguish this rock from serpentinized marble; this can be used to discriminate among source rocks, making ex-

ploration for excellent-quality carving stone more efficient.

Résumé

Un gisement de pierre à sculpter exploité et un deuxième encore inexploité dans la région de la baie Aberdeen, dans la partie

sud de l’île de Baffin, ont fait l’objet d’une évaluation au cours de la campagne de terrain estivale de 2013. Le gisement

Tatsituya, soit la carrière de pierre à sculpter que l’on estime être l’une des plus importantes du Nunavut, se situe à

l’intersection d’une faille de coulissage à décrochement senestre très escarpée d’orientation est-ouest et d’une couche de

marbre de la partie moyenne du groupe de Lake Harbour d’âge paléoprotérozoïque. La faille témoigne de nombreux

épisodes de déformation et de circulation de fluides. Une proportion plus élevée de lizardite riche en aluminium entourant

des cœurs de lizardite et de brucite semble être le critère qui permet de distinguer la pierre à sculpter de bonne qualité de la

pierre de qualité supérieure au sein de ce gisement. Une unité ultramafique altérée, qui a été déformée suite à l’activité de ce

même système de failles, renferme le gisement Tatsitui Tiniiniya, lequel se situe environ 1,25 km au nord-ouest de la carrière

Tatsituya. Les réactions chimiques des minéraux d’altération et des roches altérées varient d’un gisement à l’autre. Des

teneurs en fer (FeO) et en chrome (Cr2O3) plus élevées dans la serpentine provenant de roches ultramafiques serpentinisées

aident à distinguer la roche en question du marbre serpentinisé; cette caractéristique peut servir de critère pour établir une

différence entre les roches mères, rendant ainsi plus efficaces les méthodes d’exploration utilisées en vue de découvrir des

gisements de pierre à sculpter de qualité supérieure.
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Introduction

The evaluation and characterization of carving stone depos-

its throughout Nunavut is a collaborative effort between the

Government of Nunavut’s Nunavut Carving Stone Deposit

Evaluation Program (NCSDEP), the Canada-Nunavut

Geoscience Office (CNGO) and the University of Mani-

toba. The aim of this project is to better understand what

comprises artisan serpentinite and to gain insight into the

geological processes responsible for the formation of good-

to excellent-quality serpentinite carving stone. The evalua-

tion of developed and undeveloped carving stone deposits

in southern Baffin Island, as well as those across the terri-

tory, is necessary and significant because carving is a

source of income for many in Nunavut, and quarries are be-

coming overworked and local supplies are diminishing as

result of traditional carving stone practices.

During the summer of 2013, fieldwork with the NCSDEP

was carried out across southern Baffin Island. The carving

stone deposits investigated for this study were the Aber-

deen Bay quarries (Tatsituya and Tatsitui Tiniiniya) north-

west of Kimmirut, the Opingivik quarry southwest of

Pangnirtung, the Korok Inlet quarry (Kangiqsukutaaq) east

of Cape Dorset, and the undeveloped Hall Peninsula (Ika-

tuyak) ultramafic deposit southeast of Iqaluit (Figure 1).

Various rock types are used for traditional carving using

carving stone: primarily serpentine, marble and soapstone,

which occur in many geological settings and environments.

Carving stone can be defined as a rock that is soft enough to

carve and manipulate with carbide tools (Beauregard et al.,

2013). The quarries of interest have been classified by the

NCSDEP as containing good- to excellent-quality rock, in-

dicating that the carving stone has a Mohs hardness of 2.0–

2.5, has excellent consistency with tough and interlocking

minerals, holds fine detail, polishes well with a desirable

colour and can be quarried in large blocks. The NCSDEP

has determined the Tatsituya quarry in Aberdeen Bay to be

a community-sized (~500 tonnes), mature and nearly de-

pleted quarry and the Opingivik quarry to be a community-

sized (~200 tonnes), recently opened quarry with the poten-

tial to become a large quarry that could produce up to

25 000 tonnes of stone. Steenkamp et al. (2014) estimated

that a total of 50 000 tonnes of carving stone has been re-

moved to date from the Korok Inlet quarry and recom-

mends that further carving stone be extracted using mecha-

nized excavation techniques for safety reasons because of

the extensive workings. The Hall Peninsula ultramafic de-

posit discovered in 2014 has not been sufficiently exam-

ined to determine its quantities of usable carving stone. The

quality of the stone and size of the resource at these four lo-

cations indicate that they have the potential to provide

significant carving stone resources to several communities

for decades (Beauregard et al., 2013).

The Aberdeen Bay carving stone occurrences (Tatsituya

and Tatsitui Tiniiniya) are the focus of this paper and show

evidence of metasomatic alteration caused by significant

fluid flow. Field observations and detailed sampling of

each quarry, critical for the evaluation of each carving stone

deposit, show evidence of fluid-flow pathways. Identifying

such large-scale conduits such as faults for fluid flow is im-

portant in identifying additional carving stone sites.

This study involves integrating laboratory analysis with

standard measures of artisanal suitability to classify carv-

ing stone deposits in terms of geochemical compositions

and microstructural features to determine characteristics of

excellent-quality carving stone. Understanding how min-

eral compositions and structures of carving stone deposits

were influenced by metasomatism and fluid flow patterns

in the middle and upper crust will provide insight into alter-

ation processes, fluid percolation during major tectonic

events and geological settings that are ideal for the forma-

tion of carving stone.

Geological setting

The Aberdeen Bay deposits are hosted within the Paleo-

proterozoic Lake Harbour Group, a continental-margin

clastic-carbonate shelf succession that overlies crystalline

basement of the Meta-Incognita microcontinent (St-Onge

et al., 2007). The crystalline rocks act as the depositional

basement for the Lake Harbour Group units and consist of

layered orthopyroxene–biotite±hornblende monzogranite

and tonalite orthogneiss termed the Ramsay River
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Figure 1: Locations of the evaluated quarries: 1) Aberdeen Bay, 2)
Opingivik, 3) Korok Inlet and 4) Hall Peninsula. Figure modified
from Beauregard et al. (2013).



orthogneiss (Theriault et al., 2001). The monzogranite

gneiss is Archean in age that has, however, undergone sig-

nificant Paleoproterozoic reworking based on a U-Pb age

of 1950 ±6 Ma (Scott et al., 2002).

The clastic-carbonate metasedimentary units of the Lake

Harbour Group are interpreted to be a shelf succession de-

posited along the margin of the Superior craton and later

rifted from this margin. The Lake Harbour Group consists

of interlayered garnet-rich psammite and pelite with minor

quartzite, which are overlain by marble and calcsilicate

units. The age of the sedimentary rocks in the Lake Harbour

Group is Paleoproterozoic, as detrital zircons from this suc-

cession yield ages of 2.2–1.6 Ga and were deposited after

1934 ±2 Ma, the age of the youngest detrital zircon (Scott

and Gauthier, 1996). Granulite-facies metamorphism of the

Lake Harbour Group at ca. 1840 Ma (Scott, 1997) may be

coeval with Paleoproterozoic charnockite (Sanborn-Barrie

et al., 2008). Mafic and ultramafic sills of unknown age in-

trude the Lake Harbour Group and charnockite.

Deposit descriptions

The Tatsituya and Tatsitui Tiniiniya carving stone deposits

are located along the northwestern coastline of Aberdeen

Bay, approximately 160 km west of the hamlet of

Kimmirut, Nunavut (Figure 1). The Tatsituya deposit is

considered to be one of Nunavut’s foremost carving stone

quarries and community carvers have worked this site for

more than 50 years (Gustavison, 1999). The Tatsitui

Tiniiniya deposit is an undeveloped resource located ap-

proximately 1.25 km northwest of the Tatsituya quarry

(Beauregard et al., 2013). Along this coast, a marble layer

~15 m by 1 km in the middle of the Lake Harbour Group is

intruded by younger Paleoproterozoic felsic rocks, possi-

bly associated with the Cumberland Batholith, and ultra-

mafic rocks.

Tatsituya deposit

The excellent-quality green serpentinite from the Tatsituya

deposit is located at the intersection of a steep, east-west–

trending, sinistral, strike-slip fault (Figure 2a) with the

marble layer in the middle of the Lake Harbour Group.

The marble (sample AB-18) with a white-grey weathered

surface is homogeneous and medium to coarse grained.

Thin laminations caused by variations in grain size and

composition mark the north-striking vertical foliation.

Calcsilicate boudins are distributed throughout the marble

and typically range from 5 to 30 cm in diameter, but may be

as large as 50 cm (Figure 2b). The presence of calcsilicate

boudins with marble foliation wrapping around the boudins

indicates that the calcsilicate rocks acted competently dur-

ing deformation. The primary granulite- or amphibolite-fa-

cies mineral assemblage within these rocks includes diop-

side and forsterite within a calcite-dolomite matrix (Cam-

acho et al., 2015)4.

Partially serpentinized marble (sample AB-12) surrounds

the green carving stone deposit. Forsterite and diopside are

largely replaced by serpentine and exhibit a typical mesh

texture (Figure 3a). Serpentine also fills fractures and rims

calcsilicate nodules (Figure 2b). Phlogopite forms clusters

and is not extensively altered to serpentine. Magnetite is

present in trace amounts and is associated with serpentine

that infills internal fractures. The calcsilicate nodules (sam-

ple AB-12) consist of diopside and are extensively frac-

tured and partially replaced by serpentine and calcite. Veins

of serpentine and chlorite that are several centimetres thick

(samples AB-13, -15) appear to be more common in the

vicinity of the deposit.

Serpentinite forms the carving stone deposit and is re-

stricted to the zone where the fault intersects the marble.

Traditional carvers distinguish between two types of carv-

ing stone: the apple-green, fine-grained serpentinite (sam-

ple AB-20) is an excellent-quality stone (Beauregard et al.,

2013), and the lime-green, coarser grained serpentinite

(sample AB-21) is considered to be good quality. Both of

these rock types consist of primarily serpentine, brucite and

calcite. Serpentine kernels, with mesh texture, are sur-

rounded by radiating crystals of Al-lizardite and brucite

(Figure 3b). Clots of brucite, calcite and subhedral chlorite

grains appear to fill voids (Figure 3b). Veins filled with per-

pendicular-layered brucite cut across mesh textures (Fig-

ure 3c, d). The higher proportion of Al-lizardite rimming

lizardite kernels appears to distinguish good-quality carv-

ing stone from excellent-quality carving stone.

The main fault contains evidence for different stages of

fluid infiltration and high-strain deformation, and is best

observed in the granite (sample AB-11). At least three

stages of deformation are observed. The first stage is asso-

ciated with the infiltration of silica-rich fluids that precipi-

tated quartz along veins and altered biotite to chlorite.

These veins are overprinted by thin high-strain zones that

brecciate the rock (Figure 3e) and in turn are cut by another

stage of quartz veining. The fault also contains graphite but

it is uncertain as to which deformation event the graphite is

related. In the serpentinite samples affected by the fault

(sample AB-19), a similar chronology of events has been

not established, as the last stage of deformation extensively

altered and fractured the serpentinite (Figure 2a). A vein

~5 cm thick in the fault zone (sample AB-19) is different

from other sampled veins as the fault-zone vein contains

tremolite and talc.
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A second fault system, with an approximate north-south

trend, occurs at the marble-granite interface. This fault sys-

tem is extremely rich in graphite and contains coarse-

grained lath-shaped epidote and chlorite.

Tatsitui Tiniiniya deposit

An altered ultramafic unit hosts the Tatsitui Tiniiniya de-

posit, ~1.25 km northwest of the Tatsituya quarry. This unit

has a fabric subparallel to the orientation of the main strike-

slip fault exposed in the Tatsituya deposit to the south. Two

samples of good-quality stone were collected: a dark-green,

almost black serpentinite situated near the shore (sam-

ple AB-22) and dark-green, specular serpentinite found on

the rock ledge of a tidal flat (sample AB-23).

The primary igneous assemblage of forsterite, phlogopite

and Cr-magnetite is common to both samples, and

clinoenstatite is present only in sample AB-22 (Camacho et

al., 2015). The higher content of phlogopite in sample AB-

23 accounts for its specular appearance. Serpentine is the

dominant alteration phase, pseudomorphs forsterite and

exhibits a typical mesh texture (Figure 4a, b). The rock is

extensively fractured, and serpentine and magnetite fill ir-

regular fractures in primary mineral grains and veins (Fig-

ure 4a). Chlorite alteration appears to be confined to phlog-

opite (Figure 4c, d).

Mineral chemistry of alteration minerals

Tatsituya deposit

X-ray diffraction patterns indicate that the serpentine carv-

ing stone comprises mainly lizardite-1T and Al-lizardite. In

sample AB-21, kernels of lizardite are layered by several

generations of Al-lizardite growth with the Al content in-

creasing outward from the edges of the kernels (Figure 3b).

Vein serpentine grains contain mainly lizardite and some-

times contain antigorite.

Chlorite (pycnochlorite-ripidolite) in fault rocks derived

from the granitoid are relatively low in Mg-Si and high in

Al-Fe when compared with chlorite (penninite) in veins in

the altered metasedimentary rocks (Camacho et al., 2015).

In addition, Cr2O3 contents in both the fault rocks and ser-

pentinite are essentially below detection. The chlorite

geothermometer of Zang and Fyfe (1995) produces temper-

ature estimates of ~280°C for the fault rocks and ~180°C

for the veins.

Brucite, a form of magnesium hydroxide, is essentially

pure, contains <1 wt. % FeO and has only been identified in

the carving stone samples as clots (samples AB-20, -21).

Calcite associated with brucite clots contains essentially no

magnesium.

Tatsitui Tiniiniya deposit

X-ray diffraction patterns reveal that the serpentines in the

two samples from this deposit are different. Sample AB-23

contains antigorite and lizardite-1T, whereas sample AB-

22 contains chrysotile-2Mc1. There is no Al-serpentine in

either sample. A thin compound vein in sample AB-22

shows that the last fluid event precipitated serpentine that is

slightly more aluminous than the first generation (Fig-

ure 4c).
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Figure 2: Photographs of the Tatsituya deposit showing a) the fault
zone, view to the east and b) a calcsilicate nodule with a rind of ser-
pentinite and calcite in partially serpentinized marble.
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Figure 3: a) Partially serpentinized marble (sample AB-12) showing pseudomorphs of serpentine after olivine, and relatively unaltered car-
bonate and phlogopite, crossed polars; b) excellent-quality serpentinite (sample AB-20) showing partially replaced serpentine along frac-
tures by veins of brucite and Al-serpentine, crossed polars; c) backscattered electron image of the centre of the previous image showing the
electron microprobe spot analyses, values represent Al content in serpentine; d) serpentine kernels (sample AB-21) surrounded by con-
centric ribbons of fibrous Al-serpentine, brucite, chlorite and calcite fill the interstitial space, values represent Al content in serpentine,
crossed polars; e) quartz vein in the fault that has been deformed by thin, cataclastic shear bands (sample AB-11), crossed polars. Abbrevi-
ations: Al-Srp, aluminum serpentine; Brc, brucite; Chn, chondrodite; Crn, corundum; Eck, eckermannite; Ol, olivine; Phl, phlogopite; Srp,
serpentine.



Chlorite (clinochlore) is only found as an alteration product

of phlogopite. The chlorite geothermometer of Zang and

Fyfe (1995) returns temperature estimates of ~240°C.

The magnetite that infills the fractures (Figure 4a) is an-

other product of serpentinization. It is essentially pure with

Cr2O3 content below the detection limit.

Although both deposits have similar alteration mineral as-

semblages, there are some marked differences. The FeO

and Cr2O3 contents in serpentine are significantly higher in

the serpentinized ultramafic rock than in the serpentinized

marble. Similarly, chlorite has elevated amounts of Cr2O3

in the serpentinized ultramafic rock (Camacho et al., 2015).

Geochemistry of whole-rock samples

The protolith of extensively altered rocks is difficult to de-

termine due to the mass transfer of chemical constituents.

Some studies have shown that high-field-strength elements

(HFSEs; e.g., Ti and Zr), and transition elements such as Cr

and Ni tend to be conserved (i.e., are immobile) during hy-

drothermal alteration of basaltic rocks at greenschist-facies

metamorphism (e.g., Humphris and Thompson, 1978).

Nevertheless, in each study area, immobility of element

pairs should be tested rather than assumed (MacLean and

Barrett, 1993). In this study, element mobility is compared

during hydrothermal alteration of marble (Tatsituya) and

ultramafic rock (Tatsitui Tiniiniya). Representative chemi-
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Figure 4: a) Onshore ultramafic unit (sample AB-22) showing grains of olivine (high relief) partly replaced along fractures by veins of ser-
pentine; the image also shows magnetite outlining fracture patterns and possible former grain boundaries, plane-polarized light; b) same
field of view as a) in crossed polars; c) backscattered electron image of a serpentine vein in sample AB-22 showing concentric ribbon tex-
ture of subparallel ribbons of fibrous serpentine; clinoenstatite is extensively fractured and filled with veins of serpentine, whereas the
chrome spinel appears to have not been affected; d) backscattered electron image of phlogopite and mesh texture serpentine in sam-
ple AB-23; phlogopite is mainly altered to chlorite. Abbreviations: Chn, chondrodite; Cr-Mag, chromium magnetite; Mag, magnetite; Ol, ol-
ivine; Opx, orthopyroxene; Phl, phlogopite; Srp, serpentine.



cal analyses of rocks from Aberdeen Bay are presented in

Camacho et al. (2015). Samples from the Tatsituya deposit

include unaltered marble (sample AB-18), partially serpen-

tinized marble (sample AB-12) and completely serpen-

tinized marble (samples AB-20, -21); samples from the

Tatsitui Tiniiniya deposit include extensively serpentinized

ultramafic rock (samples AB-22, -23).

From the Tatsituya deposit, sample AB-18 has 5 wt. %

MgO and sample AB-12 has 18.32 wt. % MgO. These val-

ues are substantially lower than the ~40 wt. % MgO in the

serpentinites. It is difficult to conceive how such rocks re-

flect the protolith unless there was considerable volume

loss and element mobility (especially Ca, C, Si and Mg)

during hydrothermal alteration. The alternative is that sam-

ple AB-18, the unaltered marble, represents a calcite-rich

layer within the mainly dolomitic marble. More work

clearly needs to be done to address this issue.

When the chemistry of the serpentinites in the Tatsituya and

Tatsitui Tiniiniya deposits are compared, several differ-

ences become evident (Camacho et al., 2015). Notably, the

contents of transition elements (Cr, Ni and Co) are much

higher, and HFSEs, light rare-earth elements, U and Th are

lower in the serpentinized ultramafic rock from Tatsitui

Tiniiniya deposit than in the serpentinized marble in the

Tatsituya deposit.

These differences become significant considering that both

sites appear to have been affected by the same fault system

with the orientation of the late structures being the same;

therefore, the same fluidizing events seem to have affected

both sites.

Economic considerations

Understanding the characteristics and features of high-

quality carving stone has economic implications for carvers

of Nunavut, as those attributes can be used to explore for

additional high-quality carving stone resources. The stone

should typically show little deformation, as pervasive

planes of weakness are detrimental to carving. Geochemi-

cal, microstructural and textural features, and isotopic sig-

natures can be used to determine attributes that constitute

high-quality stone, allowing for scientific characteristics to

add to the carver-derived classifications developed by

Beauregard et al. (2013) for potential carving stone quar-

ries. Examining the effects of metasomatism will indicate

which geological settings are ideal for the formation of

good- to excellent-quality carving stone.

The distribution of carving stone in Aberdeen Bay is

patchy, and the deposits occur in sites where specific rock

types were extensively hydrated by fluids flowing along

fractures. The chemistry of alteration minerals and altered

rocks is different between the deposits, and these differ-

ences can be used to discriminate among source rocks,

making exploration more efficient. The authors plan to fur-

ther test these findings and this hypothesis on the Opingivik

quarry, the Korok Inlet quarry (Kangiqsukutaaq) and the

Hall Peninsula ultramafic deposit (Ikatuyak).
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