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Abstract

This study is part of the Canada-Nunavut Geoscience Office’s Hall Peninsula Integrated Geoscience Program, a multiyear

bedrock and surficial geology mapping program with associated thematic studies. The Chidliak kimberlites, located 120 km

northeast of Iqaluit, on the Hall Peninsula, southern Baffin Island, tap mantle source regions of unknown paragenesis, age

and history; the recently discovered kimberlites have proven to be diamondiferous. Of the 44 kimberlites (out of 62) tested

for diamonds, 41% of the kimberlites contained commercial-sized diamonds. Approximately 740 microdiamonds

(�600 �m) have been provided by Peregrine Diamonds Ltd. for this study, of which 102, within the size range of 210 to

600 �m, are presented in this paper. Microdiamonds were separated from the kimberlite by SRC Geoanalytical Laboratories

of Saskatoon, Saskatchewan, using crushing techniques and caustic fusion. The microdiamonds were then sorted into sieve

sizes (600 �m, 425 �m, 300 �m, 210 �m, 150 �m, 106 �m).

This project will focus on microdiamond characteristics, such as morphology, colour, carbon isotopic composition, nitro-

gen concentration and nitrogen aggregate states, to constrain the upper-mantle source, the microdiamond residence time in

the mantle and the conditions of diamond formation. After the physical description of the microdiamonds, the principle fo-

cus for this study will be to fingerprint their possible mantle source regions. This will be done by determining the nitrogen

characteristics and carbon isotope compositions of the microdiamond samples using spatially highly resolved (15 �m spot

size) analyses obtained via the state-of-the-art Cameca IMS1280 ion microprobe. Here we report preliminary findings on

the microdiamonds from two kimberlite samples (P5500 and P6807) on the Hall Peninsula.

Résumé

Cette étude fait partie du Programme géoscientifique intégré de la péninsule Hall, du Bureau géoscientifique Canada-

Nunavut, un programme pluriannuel de cartographie du substratum rocheux et de la géologie de surface accompagnée

d’études thématiques connexes. Les kimberlites de Chidliak, situées à 120 km au nord-est d’Iqaluit, sur la péninsule Hall

dans le sud de l’île de Baffin, puisent dans des régions d’origine mantellique dont on ignore la paragenèse, l’âge et l’histoire;

les kimberlites récemment découvertes se sont avérées diamantifères. Des 44 kimberlites (sur 62) soumises à l’essai pour les

diamants, 41 % contenaient des diamants de taille commerciale. Environ 740 microdiamants (= 600 ìm) ont été fournis par

la Peregrine Diamonds Ltd., aux fins de cette étude, dont 102, dans la plage de taille de 210 à 600 ìm, font l’objet du présent

article. Les microdiamants ont été séparés de la kimberlite aux SRC Geoanalytical Laboratories de Saskatoon (Saskatche-

wan) au moyen de techniques de broyage et de fusion caustique; les microdiamants ont ensuite été classés au tamis (600 ìm,

425 ìm, 300 ìm, 210 ìm, 150 ìm, 106 ìm).

Ce projet mettra l’accent sur les caractéristiques des microdiamants, notamment la morphologie, la couleur, la composition

isotopique du carbone, la concentration en azote et les états d’agrégation des ions d’azote, en vue de circonscrire la source

du manteau supérieur, le temps de séjour des microdiamants dans le manteau et leurs conditions de formation. Une fois la

description physique des microdiamants établie, cette étude cherchera à localiser leurs éventuelles régions d’origine
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mantellique. Pour ce faire, il s’agira de déterminer les caractéristiques de l’azote et la composition isotopique du carbone

dans les échantillons de microdiamants en utilisant les analyses d’images à haute résolution spatiale (taille du point : 15 ìm)

réalisées à l’aide d’une microsonde ionique perfectionnée de marque Cameca IMS1280. Nous présentons ici les résultats

préliminaires pour les microdiamants provenant de deux échantillons de kimberlite (P5500 et P6807) provenant de la

péninsule Hall.

Introduction

The Hall Peninsula Integrated Geoscience Program

(HPIGP) is being led by the Canada-Nunavut Geoscience

Office in collaboration with the Government of Nunavut,

Aboriginal Affairs and Northern Development Canada,

Dalhousie University, University of Alberta, Université

Laval, University of Manitoba, University of Ottawa, Uni-

versity of Saskatchewan, Nunavut Arctic College and the

Geological Survey of Canada. It is supported logistically

by several local, Inuit-owned businesses. The study area

comprises all or parts of six 1:250 000 scale National Topo-

graphic System map areas north and east of Iqaluit (NTS

025I, J, O, P, 026A, B).

In the summer of 2012, fieldwork was conducted in the

southern half of the peninsula (NTS 025 I, J, O, P) between

June 22 and August 8. Fieldwork was supported by a 20–25

person camp located approximately 130 km southeast of

Iqaluit. The focus was on bedrock mapping at a scale of

1:250 000 and surficial-sediment mapping at a scale of

1:100 000. A range of thematic studies was also supported.

This included Archean and Paleoproterozoic tectonics, geo-

chronology, landscape uplift and exhumation, detailed

mapping in mineralized areas, microdiamonds, sedimen-

tary rock xenoliths and permafrost. Summaries and prelim-

inary observations for all of these studies can be found in

this volume.

Starting in 2005, extensive work on the Hall Peninsula re-

sulted in the discovery of the diamondiferous Chidliak

kimberlite field. At Chidliak micro- and macrodiamonds

were recovered during initial kimberlite sampling. Chid-

liak microdiamonds were sorted into 600 �m, 425 �m,

300 �m, 210 �m, 150 �m and 106 �m size classes; for the

purpose of this study, a microdiamond is defined as

�600 �m in size, because there is no 500 �m size class.

Microdiamond studies are a powerful tool to characterize

the mantle sources of cratonic roots and to gain insights into

conditions of diamond formation and preservation beneath

the Hall Peninsula. The Canada-Nunavut Geoscience Of-

fice (CNGO) is leading research in Canada’s north; the

Chidliak project is currently the largest diamond explora-

tion project in Nunavut, and the Hall Peninsula is a new dia-

mond district (Pell et al., 2012).

Diamond may crystallize in two primary forms: the octa-

hedron and the related macle (spinel twin), and the cube and

re-entrant cube (e.g., Robinson 1978; Reutsky and

Zedgenizov 2007). Octahedral and cubic diamonds may

show both growth-related primary surface features and sec-

ondary surface features. Diamond may experience resorp-

tion during mantle residence and kimberlite ascent; the ex-

tent of resorption can be identified through characteristic

morphologies and surface features: octahedral and cubic

diamonds gradually convert to dodecahedral morphologies

(Robinson et al., 1989).

Diamond is one allotrope of carbon, in which the carbon at-

oms are bonded by strong covalent bonds in the diamond

lattice. Molecular impurities present in the diamond lattice

include nitrogen and, less commonly, boron. Fourier-trans-

form infrared spectroscopy (FTIR) is employed to deter-

mine nitrogen concentrations and aggregation states of

Chidliak microdiamonds. This will be used to constrain

their residence history and time-averaged mantle residence

temperature. Subsequently, spatially highly resolved (15 �m

spot size) analyses of nitrogen concentrations and carbon

isotope compositions via secondary-ion mass spectrometry

(SIMS) will be conducted to fingerprint the possible mantle

source regions of these microdiamonds.

The focus of this study will be lithospheric microdiamonds

from Chidliak; lithospheric diamonds form in the subconti-

nental lithospheric mantle (SCLM) and are associated with

mantle peridotite, eclogite and sometimes pyroxenite

(Gurney et al., 2010). Microdiamond characteristics, car-

bon isotopes, nitrogen concentrations and nitrogen aggre-

gate states will be used to constrain the upper-mantle

source, the microdiamond residence time in the mantle and

the conditions of formation. The benefits of this study lie in

providing a first order assessment as to what the likely man-

tle sources of these diamonds are and how they are situated

in a worldwide context. It will provide the first direct con-

straints on diamond sources in the deep lithosphere beneath

the Hall Peninsula.

Geological background

The microdiamonds used for this study come from kim-

berlites from the Chidliak Project area (Figure 1), 120 km

northeast of Iqaluit, located on the Hall Peninsula, southern

Baffin Island (Pell, 2008; Pell and Farrow, 2012). Specifi-

cally, this study will focus on microdiamonds from two

kimberlites, CH-7 (sample P5500) and CH-6 (sample

P6807). Kimberlite bodies were identified after a suite of

kimberlite indicator minerals (KIMs) were discovered dur-

ing the 2005 field season; subsequently, in 2008, a helicop-
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ter-borne magnetic/electromagnetic survey was flown, to-

talling 11 700 line-kilometres, leading to the discovery of

kimberlite bodies (Pell, 2009).

The Hall Peninsula may be a microcontinent that was

accreted during a three-way collision between the Superior,

Rae and North Atlantic cratons, although there are other

speculations for its origins, including the possibility that it

is part of the Nain/North Atlantic craton or reworked

Archean gneisses of the Nagssugtoqidian Orogen of Green-

land (Scott, 1996; Snyder, 2010; Pell, et al., 2012). The Hall

Peninsula is separated from northern Baffin Island by the

Baffin suture; it also contains the eastern edge of the

Paleoproterozoic Cumberland Batholith, which is in con-

tact with Paleoproterozoic supracrustal rocks to the east

(St. Onge, 2001; Pell and Farrow, 2012). After completion

of the 2012 field season, the total number of kimberlites

identified was 64 (61 at Chidliak; 3 at the neighbouring

Qilaq project), of which 7 have proven to be distinctly dia-

mondiferous with characteristics that are consistent with

economic Arctic diamond deposits (Pell, et al., 2012).

Based on U-Pb perovskite age-determinations from

29 kimberlites, Heaman et al. (2012) demonstrated that

kimberlite emplacement took place from 156 to 138 Ma,

spanning approximately 18 m.y.

Physical descriptions

State of knowledge

Microdiamond physical characterization is carried out us-

ing a binocular microscope, following the guidelines and

terminology of McCandless et al. (1994) and Robinson

(1979), while adhering to rules from Harris et al. (1975).

Microdiamonds are characterized based on morphology,

surface features, colour, breakage and extent of resorption.

In Harris et al. (1975), rules are applied to aid in classifying

diamond into primary divisions. These rules state that if

50% of the diamond remains it will be classified based on

the observed shape, if <50% of the diamond remains it will

be classified as broken or irregular (Harris et al., 1975).

Other diamond classification schemes and observations

were considered, (e.g., Orlov, 1977; Gurney, 1989; Tappert

and Tappert, 2011), but not utilized for this study.

Diamond growth can be complex; growth layers may be

stepped, and the edges may be stepped or kinked. Changes

in the environment during crystal growth can also cause

complex shapes and features (Wilks and Wilks, 1991). If

the diamond has grown in a spiral growth mode as a regular

lattice of atoms, the crystals often have sharp edges and flat

faces (Wilks and Wilks 1991). The final morphology of a

diamond will be determined by the planes which grow out-

ward most slowly, because the quickest growing faces will

eventually disappear (Wilks and Wilks, 1991). Based on

observations made during high pressure, high temperature

synthesis of diamond, it appears that octahedral diamonds

form at higher temperatures than cubes (Gurney, 1989).

Primary surface features found on octahedral diamonds in-

clude smooth octahedral surfaces, triangular plates (single

and imbricated) and shield-shaped laminae (Robinson,

1979). Secondary surface features include negative tri-
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Figure 1: Simplified regional geological map of southern Baffin Island (after St-Onge et. al., 2006; Whalen et. al.,
2010), showing the location of the Hall Peninsula Block (purple) and the Chidliak project area (light blue box; Pell
et al., 2012).



gons, positive trigons, hexagonal pits and serrate laminae

(Robinson, 1979; McCandless et al., 1994). These features

are not all seen on every octahedral diamond, nor are they

always seen together. For cube diamonds, secondary sur-

face features include negatively and positively oriented tet-

ragonal pits, crescentic steps and pointed plates (Robinson,

1979).

Dodecahedral diamonds are a product of resorption of the

primary forms of diamond; any primary features observed

would therefore have to be internal growth features or

growth features due to regrowth after resorption (Robin-

son, 1979). Secondary surface features observed due to re-

sorption are terraces, hillocks, corrosion sculpture, shallow

depressions, micro-disk patterns and patterns of micro-pits

(Robinson, 1979). There are also surface features that are

not restricted to any particular diamond form. These fea-

tures include lamination lines, ruts, inclusion cavities,

knob-like asperities, pitted disks, frosting and graphite

coatings (Robinson, 1979). It is also possible to determine

subpopulations of microdiamonds based on the identified

surface features and morphologies.

Fragmental diamonds are identified based on how much of

the original crystal remains; if <50% of the original dia-

mond remains, it is classified as a fragment based on domi-

nant surface features observed on the crystals primary sur-

faces (e.g., octahedral fragment; McCandless et al., 1994).

If the diamond has been broken, and no features are visible

on a primary surface, it is classified as a fragment; whereas

diamonds with complex shapes showing no dominant pri-

mary surface features are classified as irregular. Breakage

is also noted, especially whether the breakage surface has

been resorbed or not. This is important because it will en-

able us to identify the extent of diamond breakage due to

processing procedures, and will also aid in a rough assess-

ment of conditions during mantle residence and ascent.

Chidliak diamonds

Currently the physical descriptions show that irregular is

the most abundant microdiamond shape at Chidliak, fol-

lowed by octahedral fragments and partially resorbed

microdiamonds (>50% of the shape is characteristic of the

dodecahedral morphology); two stones show pseudohem-

imorphic resorption (‘half resorbed’). At Chidliak, the

number of broken microdiamonds with resorption features

(i.e., broken prior to emplacement) is almost equivalent to

the number of microdiamonds that show breakage, but are

not resorbed. The majority of the microdiamonds are col-

ourless, although colour can be difficult to identify in mic-

rodiamonds due to their thinness. For a summary of the

identified characteristics, see Table 1 and Figure 2.

A JEOL 6301F scanning electron microscope (SEM) was

used to capture an image of a representative sample set of

microdiamonds at high resolution to aid in identification of

surface features and to provide insight into features uniden-

tifiable using a binocular microscope. The characteristics

identified using an SEM confirm those seen with the binoc-

ular microscope. Figure 3 shows an example of one of the
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Table 1: Summary table of the identified physical characteristics of 102 Chidliak microdiamonds from
kimberlite samples P5500 and P6807.



images obtained of microdiamond CH6-18 from kimberlite

sample P6807.

Nitrogen characteristics and carbon isotopes

Currently, Fourier-transform infrared spectroscopy (FTIR)

has been completed for 102 microdiamonds. Determina-

tion of nitrogen concentrations and aggregation states were

carried out using a Thermo Scientific Nicolet FT-IR spec-

trometer. 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

deconvoluted into A, B and D components using software

provided by D. Fisher (The Diamond Trading Company).

Since carbon and nitrogen have a similar ionic radius, nitro-

gen substitutes and bonds very strongly with carbon in the

crystal structure (Cartigny, 2005), which is why nitrogen is

by far the most abundant substitutional impurity (and ele-

mental impurity) in diamond, with values as high as 0.55%

(Sellschop et al. 1980). Nitrogen concentrations can be

used to obtain broad constraints on possible upper-mantle

diamond sources since the median nitrogen content for a per-

idotitic source is only 70 atomic ppm and for an eclogitic

source it is 370 atomic ppm (Stachel et al., 2009). Diamond

can be classified into different types based on the presence

and aggregation state of nitrogen impurities; on the basis of

infrared (IR) absorption spectroscopy, two main types of

natural diamond have been recognized, Type I and Type II

(Harris, 1987). Type I has nitrogen present and Type II has

no detectable nitrogen (Harris, 1987). Type I diamonds can

be further subdivided based on whether the nitrogen is sin-

gle substitutional (Type Ib), or if it has aggregated within

the carbon lattice (Type Ia; Evans and Qi, 1982; Harris,

1987). Nitrogen enters the crystal lattice as single substit-

utional atoms, but during mantle residence these single ni-

trogen atoms aggregate into pairs of nitrogen atoms (Acen-
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Figure 2: Pie charts showing the shape and colour distribution described in Ta-
ble 1.



tre), then into groups of 4 atoms surrounding a vacancy (B

centre). The aggregation state of nitrogen found in the dia-

mond crystal lattice is directly related to the residence tem-

perature in the Earth’s mantle (Harris, 1987). The process

of nitrogen aggregation stops once diamond emplacement

in the Earth’s crust occurs (Allen and Evans, 1981; Evans

and Qi, 1982; Stachel, 2007). Diamonds with >90% of the

total nitrogen in the A centre are classified as Type IaA. In-

termediate diamonds with 10–90% of their total nitrogen

content in the B centre are categorized as Type IaAB. Dia-

monds with >90% of the total nitrogen in the B centre are

Type IaB, and are completely aggregated.

Chidliak microdiamonds have nitrogen contents ranging

from no detectable nitrogen to 3356 atomic ppm, with an

average nitrogen concentration of 1237 atomic ppm. Two

analyses were carried out for each of the microdiamonds.

The microdiamonds from kimberlite sample P6807 show

an approximate 50/50 split between Type IaAB and

Type IaA diamonds; there are ~5% of Type II diamonds.

The microdiamonds from kimberlite sample P5500 are pre-

dominantly Type IaA, with ~10% Type II diamonds. The

percentage of Type II Chidliak microdiamonds observed is

less than that of the worldwide database for lithospheric di-

amonds (20%; Stachel, 2007). None of the analyzed

microdiamonds are fully aggregated Type IaB.

Using an assumed mantle residence time (e.g., 3 or 1 b.y.), it

is possible to use the measured nitrogen abundance and ag-

gregation to identify time-averaged mantle residence tem-

peratures (Figure 4; Taylor et al., 1990; Leahy and Taylor,

1997). The Chidliak microdiamonds show a range in tem-

perature from ~960 to 1260�C. Only high quality spectra

are used to determine temperature; for microdiamonds that

are pure Type IaA(0% nitrogen in the B centre), an assumed

value of 0.5% B was used for the temperature calculations

(i.e., calculated temperatures for these diamonds represent

a maximum value).

Later this year, the carbon isotopic composition of 100

Chidliak microdiamonds will be analyzed using SIMS at

high-spatial resolution, thus removing the need for conven-

tional analysis of carbon isotopes. Conventional analysis

involves the combustion of diamonds, thereby averaging

isotopic heterogeneities. The nitrogen content has to be

measured again during SIMS analyses (in addition to previ-

ous FTIR work) to obtain it at the exact same location

where carbon isotopes are measured, as this will allow the

investigation of co-variations between the two parameters.

118 Canada-Nunavut Geoscience Office

Figure 3: An SEM photograph of microdiamond CH6-18 from a
pseudohemimorphic (half-resorbed) octahedral microdiamond.

Figure 4: Time-averaged mantle-residence temperatures for
microdiamonds from kimberlite samples P5500 (blue squares)and
P6807 (green triangles), isotherms are calculated using assumed
mantle residence times of 3 and 1 b.y., after Taylor et al., 1990 and
Leahy and Taylor, 1997. Total N is in atomic ppm, nitrogen aggrega-
tion is expressed as %B, i.e., the relative proportion of nitrogen in
the B centre.



A Zeiss EVO 15 scanning electron microscope will be used

to characterize the samples through cathodoluminescence

(CL) imaging, which will reveal the internal structure of the

microdiamonds prior to ion-probe analysis. Mounting of

the microdiamonds includes sorting them according to

weight and size and placing them on double-sided thermal

tape, then mounting them in epoxy pucks and subsequently

polishing the pucks.

Economic considerations

The conclusions of this study will provide valuable initial

information to constrain the upper-mantle source, the time-

averaged mantle residence temperature, the conditions of

formation, and the preservation of microdiamonds found

on the Hall Peninsula, in Nunavut’s largest diamond explo-

ration project. This preliminary study on microdiamonds,

part of a new CNGO led regional geosciences initiative on

the Hall Peninsula, will provide a first order assessment of

the Chidliak diamonds, and how they are placed in a world-

wide context. Research will aid in the modern interpreta-

tion and understanding of the diamond mantle sources be-

neath the Hall Peninsula, and ultimately contributes to the

economic development of Nunavut’s mineral resources.
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