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This work was part of the 2012–2014 Hall Peninsula Integrated Geoscience Program (HPIGP), led by the Canada-Nunavut Geoscience
Office (CNGO) in collaboration with the Government of Nunavut, Aboriginal Affairs and Northern Development Canada, and the Geolog-
ical Survey of Canada. It involved strong contributions from the universities of Alberta, Dalhousie, Laval, Manitoba, Ottawa and Sas-
katchewan, and the Nunavut Arctic College. It has benefited from support by local and Inuit-owned businesses and the Polar Continental
Shelf Program. The focus is on bedrock (1:250 000 scale) and surficial (1:100 000 scale) geology mapping. In addition, a range of thematic
studies is being conducted that includes Archean and Paleoproterozoic tectonics, geochronology, landscape uplift and exhumation,
microdiamonds, sedimentary-rock xenoliths and permafrost. The goal is to increase the level of geological knowledge and better evaluate
the natural-resource potential in this frontier area.
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Abstract

The physical description, scanning electron microscope imaging and initial results on nitrogen content and aggregation

state (determined by Fourier-transform infrared spectroscopy) of the Chidliak diamonds were presented in CNGO’s 2012

Summary of Activities. Here we provide an update on the diamond residence history based on nitrogen concentration-aggre-

gation relationships, and carbon and nitrogen isotopic characteristics.

Résumé

Le Sommaire des activités paru en 2013 faisait état de la description physique, des images obtenues au microscope électron-

ique à balayage et des résultats préliminaires du contenu en azote, et de son état d’agrégation (ces derniers établis au moyen

de la spectroscopie infrarouge à transformée de Fourier), des diamants de Chidliak. Le but de la présente étude est de faire le

point sur les antécédents de la période de résidence des diamants en fonction des rapports observés entre les taux de concen-

tration et d’agrégation de l’azote, ainsi que des caractéristiques isotopiques du carbone et de l’azote.

Introduction

The Chidliak kimberlites are located, 120 km northeast of

Iqaluit on the Hall Peninsula, southern Baffin Island, Nun-

avut. Many of the discovered kimberlites have proven to be

diamondiferous; currently, there are 67 kimberlites identi-

fied in the Chidliak kimberlite field, 64 in the area covered

by the Chidliak project and 3 at the neighbouring Qilaq

project. Diamonds were recovered during kimberlite sam-

pling that was part of an intensive period of diamond explo-

ration in this region that began in 2005; approximately 740

have been provided by Peregrine Diamonds Ltd., of which

210 (size range from 212 to 600 �m) have been utilized for

geochemical analyses. In this study, the stones were subdi-

vided into two groups, from �425 to 600 �m and from �212

to <425 �m; diamonds <212 �m were not included.

The purpose of this paper is to update Nichols et al., (2013),

which was published in CNGO’s inaugural Summary of Ac-

tivities volume. The paper includes an update on the carbon

isotopic compositions and nitrogen characteristics of Chid-

liak diamonds, which will be used to constrain diamond

sources in the cratonic root and determine the diamond man-

tle residence history, as well as conditions of diamond for-

mation and preservation beneath the Hall Peninsula.
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Methods and results

A Zeiss EVO 15 scanning electron microscope, equipped

for cathodoluminescence (CL) imaging, was used to char-

acterize polished diamonds and to identify internal growth

structures prior to ion-probe analysis. The diamonds im-

aged by CL were not oriented crystallographically, due to

mounting procedures. Mounting of the diamonds includes

sorting them according to weight and size, then placing

them on double-sided thermal tape, followed by casting of

epoxy pucks and finally polishing. Polishing is done in or-

der to expose the diamond; the imaged surfaces are ran-

domly oriented and, as a consequence, do not necessarily

show systematic growth layers. Octahedral, cuboid and ag-

gregate growth patterns were identified, in addition to ex-

tremely complex internal growth structures (Figure 1).

Carbon stable isotope compositions and nitrogen contents

were measured in situ (multicollector–secondary-ion mass

spectrometry, MC-SIMS) for 94 diamonds at high spatial

resolution (~15 �m spot size). The �13C value, defined as:

�13C(sample) = ([{13C/12C}sample/{
13C/12C}std] – 1) x 1000,

ranges from –1.3 to –28.6‰, with a primary mode about –

6‰; the accepted mantle value of carbon is –5‰ ±1‰

(e.g., Deines et al., 1980; Cartigny, 2005). Chidliak dia-

monds show a second minor mode about –15‰ (Figure 2).

The �13C distribution of eclogitic diamonds from world-

wide sources is well documented as having a main mode

about –5‰ with a skewness toward lower �13C values (e.g.,

McCandless and Gurney, 1997; Cartigny et al., 2001;

Stachel et al., 2009). Diamonds of peridotitic paragenesis

have carbon isotopic compositions showing a much nar-

rower range (from ~0 to –10‰) than eclogitic diamonds

(from +5 to –40‰; e.g., Kirkley et al., 1991; Stachel et al.,

2009). The �13C distribution of Chidliak diamonds is very

similar to that of the well-known eclogitic diamond distri-

bution, and compares well with eclogitic diamonds from

Canada and from worldwide sources (Figure 2).

Nitrogen was subsequently measured on the same spot lo-

cations as the carbon isotopes. Chidliak diamonds have ni-

trogen contents ranging from 0.2 to 3830 atomic ppm (at.

ppm), with a median of 1130 at. ppm (Figure 3).
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Figure 1: Cathodoluminescence images of diamonds from Hall Peninsula, Nunavut: a) octahedral growth layers, b)
cuboid growth layers, c) centre-cross pattern caused by competition between octahedral and cuboid growth, d) dia-
mond aggregate.



Determination of nitrogen concentrations and aggregation

states were carried out using a Thermo Scientific Nicolet

FT-IR spectrometer. Spectra were collected for 200s; after

subtraction of a 1 cm pure Type II diamond spectrum, the

spectra were converted into absorption coefficients. The

spectra were then deconvoluted into A, B and D compo-

nents using software provided by D. Fisher (The Diamond

Trading Company). Diamonds yielding high quality spec-

tra show similar nitrogen contents to SIMS measurements,

ranging from below the limit of detection (~10 at. ppm) to

3360 at. ppm, with a median nitrogen concentration of 1100

at. ppm.

Assuming a mantle residence time of 1 b.y., it is possible to

use the measured nitrogen abundance and aggregation to

calculate time-averaged mantle residence temperatures (Tay-

lor et al., 1990; Leahy and Taylor, 1997). Only high quality
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Figure 2: Carbon isotopic composition of Chidliak di-
amonds (Hall Peninsula, Nunavut) compared to Ca-
nadian and worldwide eclogitic diamond distribu-
tions from the database of Stachel and Harris (2008).

Chidliak diamonds have a range in �
13

C from –1.3 to
–28.6‰, with a primary mode about –6‰ and a sec-
ondary mode about –15‰. The larger diamond size

fraction (�425 to 600 �m) is separated from the finer

size fraction (<425 �m) and shows similar trends.

Figure 3: Averaged nitrogen content of Chidliak diamonds (Hall
Peninsula, Nunavut) compared to the worldwide eclogitic and per-
idotitic database of Stachel and Harris (2008). The Chidliak dia-
monds are nitrogen rich, with a median value of 1130 at. ppm and
include 28 diamonds containing >1500 at. ppm. The larger dia-

mond size fraction (�425 to 600 �m) is separated from the finer size

fraction (<425 �m) and shows similar trends.



infrared spectra are used in determining temperature. For

diamonds that are pure Type IaA (0% nitrogen in the B cen-

tre), an assumed value of 0.5% B was used for the tempera-

ture calculations (i.e., calculated temperatures for these di-

amonds represent a maximum value). The temperatures

derived by this method are usually comparable to those ob-

tained by inclusion geothermobarometry (Leahy and Tay-

lor, 1997). The Chidliak diamonds show a range in tem-

perature from ~980 to 1410°C for an assumed mantle resi-

dence time of 1 b.y. (Figure 4); ranges in temperature for

different diamond types are as follows: Type IaA: 978–1130°C,

Type IaAB: 1038–1209°C, Type IaB: 1246–1408°C. When

projected onto the local paleogeotherm of Pell et al. (2012),

this corresponds to a depth range of formation at ~150–

190 km (Figure 5).

Economic considerations

Since the diamonds in the �425 �m and <425 �m size ran-

ges have similar characteristics they can be considered to-

gether in this study. Chidliak diamonds formed at mantle

residence temperatures of approximately 980–1410°C and

corresponding depths of approximately 150–190 km. The

�13C distribution of Chidliak diamonds, showing a distinct

skewness toward 13C depleted compositions, and overall

high nitrogen contents, suggest that there is a strong eclo-

gitic component in the Chidliak diamond suite. This would

lead to a suggested approach for future exploration work

that targets eclogitic kimberlite indicator minerals when ex-

ploring for kimberlite pipes in the region.
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