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Abstract
Gahcho Kué is a diamond mine in the Northwest Territories of Canada that opened in 2016. This is the
first study into the morphology, N systematics, and stable isotope (C and N) composition of the Gahcho
Kué diamonds, and the mineral chemistry of the associated inclusions. The resulting data are used to
provide insight into the poorly understood and characterised mantle of the Southern Slave Craton, and the
mantle conditions that gave rise to the diamond association within the area. Results from 88 inclusionbearing diamond samples show that diamond formation beneath the Gahcho Kué mine occurred primarily
in depleted peridotitic mantle (84%), with some minor contribution from eclogitic (15%) and websteritic
(1%) mantle. Assessment by geothermobarometry revealed relatively cold lithospheric conditions
compared to other diamondiferous localities within the Slave craton. The trace element chemistry of
associated garnets revealed the standard sinusoidal pattern of depletion and re-enrichment by
metasomatic fluids/melts in peridotitic source regions, and the pattern of LREE-depletion typical of
eclogitic mantle sources. Temperature estimates from the assessment of N concentrations and aggregation
states show largely consistent temperatures between mantle residence and formation conditions. Stable
isotope data are largely within the expected mantle ranges for δ13C, whilst δ15N values are largely
enriched relative to mantle values. Rare more negative δ13C and positive δ15N values were found,
reflecting the influence of a subduction-related component, including a specimen with the highest δ15N
value observed to date (+25.12‰) in a diamond.

Acknowledgements
Thank you to my supervisors, Professor Thomas Stachel and Professor Graham Pearson for giving me
the opportunity to work on such a fascinating project in such an interesting field. Your help, patience and
guidance has changed the way I think about, and do science.
I would also like to thank Professor Bob Luth, for being part of my examining committee, and Professor
Jeffrey Harris for his invaluable advice on how to write and structure my thesis, which saved me from
weeks of worrying.
A huge thank you to Dr Ingrid Chinn, both for supplying me with the samples that formed the core of
this project, and for her constant faith, encouragement, and guidance in my academic and personal life.
None of this would have been possible without your mentoring, support and inspiration, and the
opportunity to work alongside you in South Africa will always be a highlight of both my professional
and personal life.
Special thanks are due to Dr Andrew Locock, for his assistance and coaching on the electron
microprobe, Dr Richard Stern, for helping with sample preparation, CL imaging and SIMS analyses, and
Dr Yan Luo, for her help on the LA-ICP-MS. Thank you all for being such patient and exceptional
teachers, it was a pleasure to learn from all of you.
Members of Team Diamond and its alumni were critically important throughout my Masters. Thank you
so much to Nicole Meyer and Matt Hardman for your help and patience in explaining to me the ins and
outs of the field, your guidance with writing a thesis, and for your friendship ever since I arrived at the
University of Alberta. Dr Theetso Motsamai and Mei Yan Lai; thank you for helping me during the data
collection stages, and for your advice about acclimatising to Edmonton as fellow international students.
Finally, I have to thank my Mum and Dad, as well as my friends from home and out here in Canada for
their support and love throughout my Masters - especially Jonti, my brother, who never allowed me to
give up on myself.

Table of Contents
Chapter 1: Introduction

1

1.1: Introduction

1

1.2: Diamond Formation Background

2

1.2.1: The Craton-Diamond Relationship

2

1.2.2: Formation of Diamonds within the Mantle

2

1.3: Petrology and Geochemistry Background

4

1.3.1: Lithospheric Mantle Petrology

4

1.3.2: Sublithospheric Mantle Petrology

6

1.3.3: Geochemistry of inclusions in Diamond

6

1.3.4: Geochemistry of Diamond

8

1.4: Thesis Goals and Objectives

10

Chapter 2: Geological Background

11

2.1: The Slave Craton

11

2.1.1: Introduction

11

2.1.2: Geology of the Slave Craton

11

2.1.3: Formation of the Slave Craton

13

2.1.4: Plutonism in the Slave Craton

14

2.2: The Slave Craton Mantle

15

2.2.1: Introduction

15

2.2.2: Northern Slave Mantle

17

2.2.3: Central Slave Mantle

17

2.2.4: Southern Slave Mantle

17

2.3: Kimberlite Geology

18

2.3.1: Slave Craton Kimberlites

18

2.3.2: Gahcho Kué Kimberlites

19

Chapter 3: Methodology

22

3.1: Introduction

22

3.2: Diamond Crushing and Polishing

22

3.3: Electron MicroProbe Analysis (EMPA)

23

3.3.1: Introduction

23

3.3.2: Methodological Approach

23

3.3.3: Notes

24

3.4: Fourier Transform InfraRed Spectroscopy (FTIR)

24

3.4.1: Introduction

24

3.4.2: Methodological Approach

25

3.5: Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS)

26

3.5.1: Introduction

26

3.5.2: Methodological Approach

26

3.6: Secondary Ion Mass Spectrometry (SIMS)

26

3.6.1: Introduction

26

3.6.2: Methodological Approach

27

Chapter 4: Results

28

4.1: Inclusion analysis: Major Element Chemistry

28

4.1.1: Olivine

28

4.1.2: Garnet

28

4.1.2.1: Peridotitic Garnet

29

4.1.2.2: Eclogitic Garnet

29

4.1.2.3: Majoritic Garnet

30

4.1.3: Clinopyroxene

30

4.1.4: Orthopyroxene

31

4.1.5: Mg-Chromite

31

4.1.6: Sulfides

31

4.2: Inclusion analysis: Geothermometry

32

4.2.1: Al and Cr in Olivine Geothermometer

32

4.2.2: Olivine-Garnet Geothermometer

32

4.2.3: Orthopyroxene Geothermometer

33

4.2.4: Clinopyroxene Geothermobarometer

33

4.2.5: Ni-in-Garnet Geothermometer

33

4.2.6: Majoritic Garnet Geobarometer

34

4.3: Inclusion Analysis: Trace Element Chemistry
4.3.1: Peridotitic Suite

34
34

4.3.1.1: Harzburgitic Paragenesis

34

4.3.1.2: Lherzolitic Paragenesis

35

4.3.2: Eclogitic Suite
4.4: Diamond Analysis: Physical Characteristics
4.4.1: Introduction

35
36
36

4.4.1.1: Colour

36

4.4.1.2: Morphology

37

4.5: Diamond Analysis: N Content and Aggregation State

39

4.5.1: Introduction

39

4.5.2: Platelets

40

4.5.3: Hydrogen

41

4.5.4: Mantle Residence Conditions and History

41

4.6: Diamond Analysis: In Situ N Content and δ13C and δ15N Analyses

42

4.6.1: Nitrogen Concentration

42

4.6.2: Stable Isotope Composition

42

4.6.2.1: δ13C

42

4.6.2.2: δ15N

43

4.6.2.3: Internal Variation of Stable Isotopes

44

Chapter 5: Discussion

69

5.1: Composition, Origin, and Evolution of the Mantle Source Region for Gahcho Kué
Diamonds

69

5.1.1: Major Element Chemistry of Inclusions

69

5.1.2: Trace Element Chemistry of Garnets

72

5.2: Geothermobarometry

74

5.3: Characteristics of Diamonds from Gahcho Kué

76

5.3.1: Physical Characteristics

76

5.3.2: Diamond Stable Isotope Compositions

77

Chapter 6: Conclusion

80

References

82

Appendix A: Data Tables

108

Section 1: Major Element Chemistry of Inclusions

108

Table A.1.1: Settings for quantitative EMPA analysis of major elements
in silicate inclusions

108

Table A.1.2: Settings for quantitative EMPA analysis of major elements
in sulfide inclusions

109

Table A.1.3: Electron Microprobe analysis of extracted inclusions from
the Gahcho Kué diamond suite

110

Table A.1.4: Electron Microprobe analysis of extracted chromite inclusions
from the Gahcho Kué diamond suite

113

Table A.1.5: Electron Microprobe analysis of extracted garnet inclusions
from the Gahcho Kué diamond suite

114

Table A.1.6: Electron Microprobe analysis of extracted orthopyroxene
inclusions from the Gahcho Kué diamond suite

115

Table A.1.7: Electron Microprobe analysis of extracted clinopyroxene
inclusions from the Gahcho Kué diamond suite

115

Table A.1.8: Electron Microprobe analysis of extracted sulfide inclusions
from the Gahcho Kué diamond suite

116

Table A.1.9: Minerals and their absolute relative abundance within the
Gahcho Kué sample suite.
Section 2: Temperature Estimates from Inclusion Geothermometry

116
117

Table A.2.1: Temperature estimates from Al and/or Cr in olivine
geothermometers

117

Table A.2.2: Temperature estimates from the Ni-in-garnet
geothermometers

117

Table A.2.3: Temperature estimates from the paired olivine-garnet
geothermometer
Section 3: REEN Chemistry of Garnet Inclusions

118
119

Table A.3.1: C1 normalised REEN patterns of peridotitic garnets from
the Gahcho Kué suite analysed by LA-ICP-MS

119

Table A.3.2: C1 normalised HFSE patterns of peridotitic garnets from
the Gahcho Kué suite analysed by LA-ICP-MS

119

Table A.3.3: C1 normalised REEN patterns of eclogitic garnets from
the Gahcho Kué suite analysed by LA-ICP-MS

120

Table A.3.4: C1 normalised HFSE patterns of eclogitic garnets from
the Gahcho Kué suite analysed by LA-ICP-MS
Section 4: Host Diamond Data

120
121

Table A.4.1: Diamond classification scheme for all samples in the
Gahcho Kué suite
Table A.4.2: FTIR data for diamonds of the Gahcho Kué suite

121
123

Table A.4.3: N aggregation and time-averaged temperature data of
Gahcho Kué diamonds
Section 5: Stable Isotope Data from Host Diamonds of Gahcho Kué

124
126

Table A.5.1: Stable isotope data for peridotitic diamonds from the
Gahcho Kué suite obtained by SIMS

126

Table A.5.2: Stable isotope data for eclogitic diamonds from the Gahcho
Kué suite obtained by SIMS

129

Table A.5.3: Stable isotope data for diamonds of unknown paragenesis
from the Gahcho Kué suite obtained by SIMS
Appendix B: Photographic Examples of Gahcho Kué Diamond Features
Section 1: Colour of Host Diamonds
Figure B.1.1: Examples of brown diamonds from Gahcho Kué

130
131
131
131

Figure B.1.2: Examples of white/colourless diamonds from
Gahcho Kué
Figure B.1.3: Examples of yellow diamonds from Gahcho Kué
Section 2: Morphologies of Host Diamonds

132
133
134

Figure B.2.1: Octahedral morphology diamonds from Gahcho Kué

134

Figure B.2.2: Dodecahedral morphology diamonds from Gahcho Kué

135

Figure B.2.3: Irregular morphology diamonds from Gahcho Kué

136

Section 3: Surface and Structural Features of Diamonds from Gahcho Kué

137

Figure B.3.1: Trigonal etch pits

137

Figure B.3.2: Corrosion sculptures/Shallow depressions

138

Figure B.3.3: Hexagonal etch pits

139

Figure B.3.4: Tetragonal etch pits

139

Figure B.3.5: Micro pits/ Elongate hillocks

140

Section 4: Plastic Deformation Features of Gahcho Kué Diamonds

141

Figure B.4.1: Ruts

141

Figure B.4.2: Slip lines

142

Section 5: The Gahcho Kué Inclusion Suite

143

Figure B.5.1: Olivine inclusions

143

Figure B.5.2: Chromite inclusions

144

Figure B.5.3: Peridotitic garnet inclusions

145

Figure B.5.4: Eclogitic garnet inclusions

146

Figure B.5.5: Clinopyroxene inclusions

147

Figure B.5.6: Sulfide inclusions

148

List of Figures
Figure 1.1: Cross section cartoon of lithospheric conditions in various tectonic settings

3

Figure 1.2: PT graph of the graphite-diamond transition

4

Figure 1.3: Ternary diagram of major upper mantle rock types

5

Figure 1.4: Cr2O3/CaO plot used for classifying garnets

7

Figure 2.1: Lithological map of the Slave Craton

11

Figure 2.2: Stratigraphy of the Slave Craton

12

Figure 2.3: Location map of kimberlites on the Slave craton

16

Figure 2.4: Cross section detailing kimberlite structures in Canadian terranes

18

Figure 2.5: Kimberlite pipe model for Gahcho Kué

20

Figure 4.1: Olivine magnesium number histogram

45

Figure 4.2: Magnesium number vs NiO content in olivines

46

Figure 4.3: Magnesium number vs CaO content in olivines

46

Figure 4.4: Cr2O3/CaO plot for Gahcho Kué and Slave Craton garnets

47

Figure 4.5: Magnesium number vs TiO2 in peridotitic garnet inclusions

48

Figure 4.6: Magnesium number vs chromium number peridotitic garnet inclusions

48

Figure 4.7: Na2O vs TiO2 content in eclogitic garnet inclusions

49

Figure 4.8: Na vs Ti cations in eclogitic garnet inclusions

49

Figure 4.9: The Si+Ti versus Al+Cr cation content for sampled majoritic garnets

50

Figure 4.10: Aluminium + Cr vs Na cations in clinopyroxene inclusions

50

Figure 4.11: Magnesium number vs CaO content in orthopyroxene inclusions

51

Figure 4.12: Chromium and NiO content vs Mg# for Gahcho Kué and Slave Craton
orthopyroxene against the worldwide database

52

Figure 4.13: Truncated Fe-Ni-S ternary diagram for classifying sulfide inclusions

53

Figure 4.14: Histograms for temperature estimates from inclusion geothermometry

54

Figure 4.15: Geotherm plot identifying the Gahcho Kué geotherm from PT estimates

55

Figure 4.16: C1-normalised REEN plot for harzburgitic garnets from the Gahcho Kué
inclusion suite

56

Figure 4.17: C1-normalised HFSE trace element plot for harzburgitic garnets from the
Gahcho Kué inclusion suite

56

Figure 4.18: C1-normalised REEN and HFSE plot for lherzolitic garnet inclusions from the
Gahcho Kué suite
Figure 4.19: Zirconium vs Y plot for harzburgitic garnet inclusions

57
58

Figure 4.20: C1-normalised REEN and HFSE plot for eclogitic and pyroxenitic garnet
inclusions from the Gahcho Kué suite

59

Figure 4.21: Photographs of the range of body colours present in diamonds from
Gahcho Kué

60

Figure 4.22: Pie chart of the proportions of diamond body colours within the Gahcho Kué
sample suite

60

Figure 4.23: Photographs of the crystal habits present in studied diamonds from
Gahcho Kué

61

Figure 4.24: Pie chart of the proportions of diamond crystal habits within the Gahcho Kué
sample suite

61

Figure 4.25: Diamond surface features observed on studied diamonds from Gahcho Kué

62

Figure 4.26: Histogram of N contents in diamonds from Gahcho Kué assessed by FTIR and
SIMS

62

Figure 4.27: Nitrogen aggregation states and residence temperatures of inclusion-bearing
diamonds from Gahcho Kué

63

Figure 4.28: Platelet peaks vs B centre concentration in diamonds from Gahcho Kué

64

Figure 4.29: Nitrogen content vs H peak size in diamonds from Gahcho Kué

64

Figure 4.30: Nitrogen content values in Gahcho Kué diamonds from FTIR vs SIMS

65

Figure 4.31: Histogram of N aggregation temperatures in Gahcho Kué diamonds

65

Figure 4.32: Histogram of δ13C values in host diamonds from Gahcho Kué

66

Figure 4.33: Histogram of

δ15N

values in host diamonds from Gahcho Kué compared with

the worldwide eclogitic database
Figure 4.34: δ13C vs δ15N values in host diamonds from Gahcho Kué

67
67

Figure 4.35: Cathodoluminescence photos of host diamonds from Gahcho Kué with
notable internal variation in δ13C

68

Figure 4.36: Cathodoluminescence photos of host diamonds from Gahcho Kué with
notable internal variation in δ15N

68

Figure 5.1: Pie chart of the proportions of each mantle lithology within the Gahcho Kué
sample suite compared with Snap Lake

69

Figure 5.2: REEN patterns for harzburgitic garnet inclusions from the Gahcho Kué suite
compared with REEN patterns for harzburgitic garnet inclusions from the
Snap Lake suite

72

Figure 5.3: REEN patterns for eclogitic garnet inclusions from the Gahcho Kué suite
compared with REEN patterns for eclogitic garnet inclusions from the Snap
Lake suite
Figure 5.4: H-peak area versus total N B-centre content in measured host diamonds

73
75

List of Abbreviations
‰

Per Mille

at.ppm

Atomic Parts per Million

CAD

Canadian Dollars

CL

Cathodoluminescence

CSBC

Central Slave Basement Complex

EMPA

Electron Micro Probe Analysis

FTIR

Fourier Transform Infrared

Ga

Billions of years before present

GK

Gahcho Kué

GPa

Gigapascals

ha

Hectares

HREE

Heavy Rare Earth Elements

HREEN

Heavy Rare Earth Elements (normalised to C1 chondrite values)

IR

Infra Red

LREE

Light Rare Earth Elements

LREEN

Light Rare Earth Elements (normalised to C1 chondrite values)

mW/m2

Milliwatts per metre squared

NWT

North West Territories

Opx

Orthopyroxene

P

Pressure

pfu

Per Formula Unit

REE

Rare Earth Elements

REEN

Rare Earth Elements (normalised to C1 chondrite values)

SCLM

Sub-continental Lithospheric Mantle

SIMS

Secondary Ionisation Mass Spectrometry

SL

Snap Lake

T

Temperature

TKB

Tuffisitic Kimberlite Breccia

VPDB

Vienna Pee Dee Belemnite

wt%

Weight Percent

YK

Yellowknife

Chapter 1: Introduction
1.1 Introduction
Diamond is an economically valuable mineral with a range of source parageneses (Stachel, 2014). It is
the high P allotrope of C, and forms in nature at significant depth (Tappert and Tappert, 2011), although
microdiamonds are known to form in impact craters and metamorphic terranes (Pattison and Levinson,
1995). Diamond is characterised by its extreme Mohs hardness (10), octahedral cleavage, high thermal
conductivity, high refractive index (2.417), and high relative density (3.51g/cm3) (Field, 1992; Stachel,
2014).
The diamond industry has been an important contributor to the Northwest Territories (NWT) economy
since 81 diamonds were discovered in the Lac de Gras area by Dia Met Minerals in 1991 (De Beers
Group, 2017). In the 29 years since then, Canada has become the third largest diamond producer in the
world by value, with claims staked across 70 million acres, the majority being in the NWT (Government
of Northwest Territories, 2019). Of the three active diamond mines within the NWT, Gahcho Kué is the
most recent (opened September, 2016). The mine is situated on a 10,353 acre site ~300 km due NE of
Yellowknife, and is projected to have an in-situ diamond value of ~$7 billion CAD (Mountain Province
Diamonds, 2016). This thesis is the first attempt to classify the diamonds of Gahcho Kué by their
inclusion contents, N aggregation state, and stable isotope values (previous studies on the locality
focussed on assessing the composition and formation mechanism of the kimberlites comprising the mine
(Heaman et al. 2003; Caro et al. 2004; Hetman et al. 2004)).
As C is a trace element within the Earth’s mantle (Trull et al. 1993; Matthews et al. 2017), diamonds form
only where C has been concentrated (typically by the action of redox fronts, fluids, and melts (Palyanov
et al. 2007; Stachel and Luth, 2015)), and where PT conditions favour diamond formation (Cartigny,
2005). The majority of natural diamonds originate within the Earth’s mantle, typically at depths >150 km
(Shirey and Shigley, 2013): the mechanism of crystallisation is debatable (Jablon et al. 2016).
Mantle areas with diamond-forming conditions are sampled by ascending kimberlites or lamproites
(Torsvik et al. 2010), which form at depths ≥300 km (Pasteris, 1984). Of these transport mediums,
kimberlites are the most important diamond host rocks, with ~30% of worldwide kimberlites being
diamondiferous (Gurney et al. 2010). Kimberlite/lamproite associated diamonds occur in concentrations
of <1 ppm in the transporting rock (Boyd and Gurney, 1986).
Diamonds may contain micrometre-scale inclusions. Inclusions within diamonds represent mantle
minerals that formed prior, during, and/or after diamond formation (Meyer and Boyd, 1972). Inclusions
are effective indicators of mantle composition as, barring fracturing or other processes that could expose
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an inclusion to alteration, they represent pristine pieces of crystallised mantle (Harris, 1992). This is
because the chemical inertness and material resistance of diamond protects any associated inclusions
from processes that could alter their mineral chemistry during mantle storage and subsequent exhumation
to the surface (eg. metasomatism) (Richardson et al. 1984). Where inclusions are preserved, information
can be obtained that enables evaluation of the mantles composition and conditions.

1.2 Diamond Formation Background
1.2.1 The Craton-Diamond Relationship
Archean-age cratons are the typical hosts of primary diamond deposits (in diamondiferous kimberlites)
(Menzies et al. 1993), an association known as Clifford’s rule (Clifford, 1966; Janse, 1991). Cratons
represent sections of crustal rocks (Bleeker, 2002) that have remained stable for over 2.5 Ga (Stachel and
Harris, 2009). Cratons overlie highly depleted (Boyd, 1989), and stratified, sub-continental lithospheric
mantle (Kopylova and Russell, 2000) which extends from ~40 km depth down to 200-300 km (Jordan,
1978; Ritsema et al. 2004). Lithospheric mantle formation occurred during the Archean as a result of
extreme melt extraction (Stachel and Harris, 2009), producing a highly depleted buoyant residue in the
cratonic keels (Pearson and Wittig, 2008) (the chemically distinct, highly depleted “root” of the craton
(Pearson and Wittig, 2008)). Conditions in this depleted mantle favour the formation of diamonds, due to
depletion of heat-producing radiogenic elements (such as K) (Pollack and Chapman, 1977) and overall
lower temperatures (Carlson et al. 2005). This lower T suppresses the pressure required for the graphitediamond transition, causing it to ascend to shallower depths (Stachel, 2014). It is within this shallower
area (known as the “diamond window”) that diamonds typically form (Figure 1.1). Suppression of the
graphite-diamond transition to shallower depths enables kimberlites to ‘sample’ the lithospheric diamond
window as they ascend (Rudnick and Nyblade, 1999).
The average conditions for diamond formation occur along 36-42 mW/m2 geotherms that intersect with
the graphite-diamond transition (3.2-7.5 GPa, 950-1350℃) (Figure 1.2; Stachel and Harris, 2007;
Hasterok and Chapman, 2011). In cratonic regions, the lithosphere is markedly thicker, resulting in a
lower geothermal gradient (36-42 mW/m2), which results in widespread stable conditions for diamond
formation (Pollack and Chapman, 1977). Although higher T diamond origins are known, they are
assumed to reflect thermal disturbance of the mantle system (Navon, 1998).

1.2.2 Formation of Diamonds within the Mantle
Diamonds are mainly believed to originate by redox reactions occurring in the mantle at high pressures
(Harte, 2010). These reactions are metasomatic; occurring between a C-O-H-bearing fluid or melt and
their mantle wall-rocks. This is consistent with the presence of the concentric growth patterns often
observed in diamonds under cathodoluminescence (CL) (Sunagawa, 1981). Alkaline carbonate-fluids or
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Figure 1.1: Cross section cartoon defining lithosphere conditions in various tectonic settings, and the
effects these settings and their associated conditions have on the graphite-diamond transition (from
Stachel and Harris, 2008).
melts are considered the most likely medium for natural diamond formation (Palyanov et al. 1999). The
main diamond-associated lithologies are eclogite, lherzolite, and harzburgite (the latter two being subcategories of peridotite)(Stachel and Harris, 2009). A widely accepted theory of diamond formation is by
a CHO fluid or melt reacting with the mantle wall rock, causing C to precipitate out (Simakov, 1998).
Alternate theories postulate diamond formation by isochemical reactions in CHO fluids, with minimal, to
no, wall rock influence due to the poor capacity of cratonic peridotites for buffering oxygen fugacity
(Stachel and Harris, 2009; Luth and Stachel, 2014). Models for this later theory posit diamond
crystallisation occurring within a closed system, and have been tested exclusively within peridotitic
substrate due to its strong diamond association (Stachel and Harris, 2009).
No accurate estimates exist for oxygen fugacity in eclogite, as their composition prevents constraining of
silica activity by conventional oxybarometers (Stachel, 2014). Lherzolitic and eclogitic diamonds form
largely from carbonaceous species transported by melts or fluids, which may be CO2, CH4, or C2H6
(Luth, 1993; Stachel and Luth, 2015). Analysis of C (and N) isotopes in diamond can provide
geochemical insight into the geological processes involved in diamond formation.
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1.3 Petrology and Geochemistry Background
1.3.1 Lithospheric Mantle Petrology
Mantle heterogeneity arises as a result of plate tectonics and melt depletion (Anderson, 2006). In
addition, mineral compositions and structures vary with increasing depth (Perrillat et al. 2006). Diamond
inclusions offer rare insights into mantle processes occurring within the diamond formation window, and
can also help determine the paragenesis of the inclusions host diamond (Stachel and Harris, 2008).
Analysis of inclusion-bearing diamonds has revealed diamond formation conditions can vary depending
on the lithology of the surrounding subcontinental lithospheric or, rarely, sublithospheric mantle (Harte,
2010), with the majority of diamonds originating from the sub-continental lithospheric mantle beneath
cratons at depths of 150-200 km (Boyd and Gurney, 1986).
Diamond inclusions are classified based on the rock type they most resemble. These types are typically
subdivided into peridotitic (P-type), eclogitic (E-type), and websteritic suites (Stachel and Harris, 2009).
Peridotitic mantle is most commonly associated with inclusion-bearing diamonds (65% of diamonds),
and is followed by eclogitic (33%), and (less so) by websteritic mantle (2%)(Stachel, 2014).

Figure 1.2: PT graph showing the position of the graphite-diamond transition (Day, 2012)
relative to different geotherms (Hasterok and Chapman, 2011).
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Peridotite is an ultramafic rock with a composition of >40 vol% olivine, and is theorised to be the
dominant mantle-forming rock (Maaløe and Aoki, 1977). Subdivisions exist within this group, relating to
the proportion of olivine compared with other associated minerals, specifically clinopyroxene (cpx) and
orthopyroxene (opx) (Figure 1.3) (Le Bas and Streckeisen, 1991). Lherzolite is the most abundant rock
type in the upper mantle, and consists primarily of olivine with opx and cpx components (Haggerty,
1995). Where production of basaltic melt depletes the initial lherzolitic mantle of cpx, the remaining
residue has a harzburgitic composition. Harzburgitic rock types consist mainly of olivine, and
orthopyroxene (minor clinopyroxene may still remain) (Kelemen et al. 1992). Harzburgites are generally
associated with greater depths (150-200km) (Haggerty, 1995) than lherzolites, and are typical of cratonic
root zones (Aulbach, 2012). Further melt depletion exhausts harzburgitic mantle of opx, and results in a
dunite (>90% olivine). In peridotite, garnet generally occurs at pressures >15 kbar (Haggerty, 1995).

Figure 1.3: Major upper mantle peridotitic rock types, classified by their mineral proportions
(eclogitic rock is not shown, but consists of garnet and omphacitic pyroxene). After Haggerty,
(1995), after Le Maitre, (1989).
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Eclogite rock is widespread in the upper mantle (Anderson, 1979), and represents basaltic protoliths that
have undergone extensive high pressure metamorphism. It consists primarily of Cr-poor grossularalmandine-pyrope garnets, and omphacitic clinopyroxene (which varies in composition from jadeite
(NaAlSi2O6) to diopside (CaMgSi2O6)) (Haggerty, 1995). Minor accessory phases such as coesite,
kyanite, rutile, and sanidine have also been observed (Rossman and Smyth, 1990).
Websterite is a poorly understood peridotitic rock that typically has a shallow origin (<100 km), and often
occurs in rift-associated alkali basalts (Haggerty, 1995). In terms of diamond source paragenesis,
diamond associated websteritic mantle is somewhat related compositionally to classic pyroxenites (with
some overlap in compositions observed). However, experimental work suggests websteritic mantle
sources arise from infiltration of peridotitic mantle by silicic and incompatible element-rich partial melts
of eclogites (Rapp et al. 1999), likely derived from subducting oceanic slabs (Aulbach et al. 2002).

1.3.2 Sublithospheric Mantle Petrology
Rare mineral inclusions in diamonds suggest formation at greater depths within the transition zone
(410-660 km), asthenospheric and/or lower mantle (Scott-Smith et al. 1984; Moore and Gurney, 1985).
Sublithospheric mantle components are largely determined by the presence of included majoritic garnet
in diamond. Majoritic garnet forms at depths >250 km, and represents the solid solution between garnet
and pyroxene, producing a high pressure, garnet-structured crystal with pyroxene stoichiometry (Stachel
et al. 2005). Majoritic garnet is characterised by its high proportion of Si cations (3.05-3.54 p.f.u)(Tappert
et al. 2005), and persists up to 26 GPa, after which it transitions almost completely to perovskite (Irifune
and Ringwood, 1987). The majority of majorite garnets are observed to be eclogitic (Stachel, 2001), but
some studies have observed high-Cr majorites, suggesting peridotitic sources are also possible
(Pokhilenko et al. 2001).

1.3.3 Geochemistry of Inclusions in Diamond
Mineral inclusions in diamonds form at depths >140 km in the lithospheric mantle beneath cratons
(Stachel and Harris, 1997). The composition of these inclusions reflects the mantle source, and can be
used to infer information about the diamond window. The most widely used distinguisher for diamond
paragenesis is garnet (Grütter et al. 2004). Peridotitic garnets have a high Cr2O3 content (>1 wt%, and
typically >4 wt%) and Mg# (>83), and are separated into harzburgitic and lherzolitic parageneses by CaO
content, relative to overall Cr2O3 content (Stachel and Harris, 2008). These chemical differences occur
due to melt depletion, as basaltic magma extraction depletes the peridotitic mantle in CaO, Al2O3, Na2O,
SiO2 and TiO2 (Haggerty, 1995). Eclogitic garnets have a low Cr content (<1.0), and a markedly lower
Mg# (McDonough and Rudnick, 1998). Eclogitic garnets are sub-divided into low (<6 wt%) and high (>6
wt%) Ca-garnets, and are generally rich in Na2O (>0.07 wt%) (McCandless and Gurney, 1989).
Websteritic inclusions in diamond are rare (~1% of inclusions in some localities (Motsamai et al. 2018)),
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and have features characteristic of both P and E-type suites; eg: intermediate Mg# and Cr2O3 content
between P and E-type compositions (Aulbach et al. 2002).
Using Cr2O3-CaO plots for garnet compositions allows the degree of melt-depletion to be traced, and the
composition of the mantle source region to be determined (Grütter et al. 2004) (Figure 1.4). Garnets have
considerable chemical variability, with obvious colour differences depending on composition (P-type
garnets have purple to red colours, whereas E-type garnets are typically orange), and so colours are
commonly used to distinguish the paragenesis of diamond substrates (Grütter et al. 2004). When plotting
Cr-Ca content of lherzolitic and harzburgitic garnets, lherzolitic garnets fall into a narrow field of
relatively Ca-rich compositions, compared with other peridotitic mantle source rocks. This is caused by
clinopyroxene “buffering”(Sobolev et al. 1973). Conversely, harzburgitic garnets are generally Ca-poor
(0.09-6.4 wt%), reflecting the exhaustion of clinopyroxene in the substrate induced by melt extraction
(Kopylova et al. 1999a).
The effectiveness of inclusions in classifying the timing of diamond growth was thought to be restricted
by the relative timing of growth of the host diamond and its associated inclusion (Richardson et al. 1984;
Nowicki et al. 2008). Syngenetic inclusions (forming contemporaneously with the host diamond) were

Harzburgitic

Unclassified

Lherzolitic

Wehrlitic

Pyroxenitic
Megacrystic

Pyroxenitic

Eclogitic

Figure 1.4: Compositional limits for garnet classification by Cr2O3/CaO contents
(Grütter et al. 2004).
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thought to be the only type valid for assessing mantle conditions during diamond growth, whilst
protogenetic (forming before the host) or epigenetic (forming after the host) inclusions were believed to
be ineffective (Prinz et al.1975; Taylor et al. 2000). Inclusions were designated syngenetic when they
were observed to have crystal habits similar to those of the host diamond (the habits having been imposed
on the growing inclusion by the enclosing diamond) (Bulanova, 1995). Recent research, however, has
shown that some diamond inclusions are protogenetic, evidenced by similar growth habits and
orientations of minerals that occur both as diamond inclusions and as distinct crystals adjacent to
diamonds in mantle xenoliths (Nestola et al. 2017).

1.3.4 Geochemistry of Diamond
Carbon has two stable isotopes; 12C and 13C, with the ratio between these isotopes being expressed as ‰
(per mille) (Cartigny, 2005). Carbon isotope ratios are measured relative to the Vienna PeeDee Belemnite
international standard. Due to the variable compositions of diamond associated rocks, the reactions that
induce diamond precipitation can vary, producing distinct C isotope compositions within the host
diamond (Kirkley et al. 1991). Negative δ13C‰ values arise when samples are depleted in
positive values reflect

13C

13C,

whilst

enrichment relative to the belemnite standard (Cartigny, 2005).

Diamond δ13C values have a mode at -5±1‰ which equates to the inferred δ13C value for the mantle
(Cartigny, 2005). This value is thought to reflect the fact that most diamond-forming fluids are mildly
reducing, with methane as the dominant C-species, and CO2 as a minor component (Stachel et al. 2017).
By comparing δ13C values to this mantle baseline, the presence of 13C depleted or enriched diamonds can
be determined. Eclogitic diamonds are often theorised to be sourced from subduction-related C sources
(forming by hydrothermal alteration of oceanic crust)(Kirkley et al. 1991; Li et al. 2019). Eclogitic
diamonds have been observed with significantly more negative δ13C values than peridotitic diamonds
(Galimov, 1991; Cartigny et al. 1998). This is inferred to have arisen by several possible processes; such
as metasomatism involving separation of a free CO2 fluid during open system fractionation (Cartigny et
al. 2001), or subduction of organic C (from which diamonds subsequently grew)(Kirkley et al. 1991). The
reaction of CO2-based fluids are impossible in peridotitic substrates, as any CO2 present is buffered by
olivine, which reacts to form magnesite (MgCO3) and enstatite (MgSiO3) rather than diamond (Wyllie
and Huang, 1976). As such, peridotitic diamond-forming C is thought to be sourced from within the
mantle (Kirkley et al. 1991).
Isotopic differences between diamond types are frequently observed; P-type diamonds show narrower
ranges of δ13C values (-26.4 to +0.2‰ , although values below -10% are rare) than values observed for
E-types (-41 to +2.7‰ )(Cartigny, 2005). Most peridotitic diamonds fall into the narrow range of -8 to
-2‰, whilst eclogitic diamonds show similar values accompanied by a prominent tail to δ13C depletions
(down to -41‰).
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Nitrogen is the most common impurity in diamond lattices, because it has a charge and ionic radius
similar to C. This allows N to easily substitute for C in the diamond lattice (Stachel, 2014). Most natural
diamonds have N concentrations from below detection limit to 3000 at.ppm (Tian et al. 2009). The
presence of N generates lattice defects of configurations that are used to ascribed diamond type
nomenclature (Davies et al. 1992). It is thought that N is incorporated as dispersed, single atoms. Heating
diamonds bearing single N atoms (C centres) to ~1,700℃ under stabilising pressures causes N atoms to
migrate, coming together to form A-centres (a pair of substitutional nitrogen atoms) (Evans and Harris,
1989). Type A aggregates start to disappear and type B aggregates (four nitrogens surrounding a lattice
vacancy) and platelets formed experimentally when T exceeds 2,300℃ (Kiflawi et al. 1998). All N
aggregation stops at temperatures <900℃ (Mainwood, 1994). The extent of A defect conversion to the
aggregated B form is a function of the diamond’s thermal history, [approximate] mantle residence time,
and the diamond’s overall N concentration: it hence provides geologically relevant time/temperature
information when evaluating new diamond prospects (Taylor et al. 1990). Nitrogen content and
aggregation state of the host diamond thus provides information on diamond mantle storage conditions.
The main use of this technique is as a geothermometer; some studies have used N aggregation as a
geochronometer as well (Evans and Harris, 1989), but evidence shows the N aggregation mechanism is
more sensitive to temperature than time (Taylor et al. 1990). This method can be used in conjunction with
δ13C and δ15N values to help constrain the mantle substrate within the diamond window, as P-type
diamonds have a lower N content (median = 82 at.ppm) than E-type diamonds (median = 494 at.ppm),
and to identify different diamond populations that cannot have grown and/or resided in the mantle under
the same conditions (Stachel, 2014).
Diamonds can be classified by the type and abundance of N defect centres present. Type Ia diamonds
represent those with aggregates of N present (Collins, 1980), whilst Type Ib diamond has only single
isolated N defects (known as C centres) (Dyer et al. 1965). Type Ia diamonds are classified based on the
proportion of A-centres (paired N-substitutions)(Davies et al. 1992), and B-centres (N atoms in a
tetrahedral arrangement surrounding a lattice vacancy)(Taylor et al. 1996) within the lattice. Type IaA
diamonds have >90% aggregated nitrogen in A-centres, Type IaAB have 10-90% B-centres, and Type IaB
have >90% B-centre N (Field, 1992).
Nitrogen has two stable isotopes (14N and 15N) that can be used to track sources of N within geological
systems (Cartigny, 2005). The ratio of these isotopes ( δ15N) is measured relative to atmospheric N gas
(the international standard for N isotope systematics)(Mariotti, 1983). Low N content in the upper mantle
(Cartigny et al. 1997), and the high extent of N recycling during subduction allow δ15N to be used as a
tracer for mantle processes (Cartigny, 2005). δ15N values are sensitive to the mixing of distinct isotopic
reservoirs; mantle δ15N is −5 ± 2‰ (Nadeau et al. 1990), whilst crustal reservoirs are characterised by
positive δ15N values (Cartigny and Marty, 2013). As such, a proportion of a subduction-derived N
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component can be traced in mantle related magmas, and so δ15N values can be used to assess the
contribution of recycled crustal material in the diamond forming mantle (Cartigny et al. 1998).

1.4 Thesis aims and objectives
This thesis presents the results of a study of 88 diamonds and their inclusions with the aim of determining
the mantle conditions beneath the Gahcho Kué mine.
The aims of this thesis are to:
1). Assess the content and aggregation states of N, as well as C and N stable isotope compositions, within
each diamond in order to provide an assessment of the residence conditions within the mantle beneath
Gahcho Kué, and hence to propose models for the origins of C and N sources within the diamond
window.
2). Analyse (i) the major element composition of the mineral inclusions in the host diamonds, and (ii) the
trace element chemistry of extracted garnet inclusions in order to characterise mantle conditions,
lithologies, and metasomatic events that occurred within the mantle beneath Gahcho Kué.
3). Compare and contrast host diamond and mineral inclusion data from Gahcho Kué with data from
other diamonds and mineral inclusions from other localities within the Southern Slave Craton in order to
(i) define mantle conditions and the geological history of the Southern Slave cratonic mantle, and (ii)
contribute to our understanding of the formation processes and storage conditions of diamonds associated
with the SCLM of the Southern Slave craton.
In addition to the above aims, data collected from this study will benefit subsequent research into
diamondiferous deposits and mantle studies worldwide.
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Chapter 2: Geological Background
2.1 The Slave Craton
2.1.1 Introduction
The Slave craton is a late Archean-age structural province covering ~213,000 km2 of the Northwest
Territories in Canada, and forms part of Laurentia (Padgham and Fyson, 1992). It is bounded by the
Thelon orogen (2.0-1.9 Ga) in the east, and the Wopmay orogen (1.9-1.8 Ga) in the west (Hoffman et al.
1989). The northern limits of the Slave craton are bounded by the Bathurst fault zone, and are overlain by
the slightly deformed Palaeoproterozic-age rocks of the Coronation supergroup (Hildebrand et al. 2010),
and the overlapping Proterozoic and younger supracrustal rocks of the Bear province and Arctic platform
(Griffin et al. 1999). The southern section of the Slave craton borders the McDonald fault (Figure 2.1),
which separates it from the Talston magmatic zone (Hoffman et al. 1989).

2.1.2 Geology of the Slave Craton
The Slave craton consists of Archean granites and
gneisses, with a high proportion of associated
metasedimentary (typically meta-turbidites),
metavolcanic, and plutonic rocks (James and
Mortenson, 1992). The majority of granitoids,
gneisses, and metasediments predate the formation
of associated volcanic belts of the Slave and
represent some of the oldest known terrestrial
rocks; the Acasta gneisses are ~4.03 Ga (Stern and
Bleeker, 1998; Reimink et al. 2014). Plutonic rocks
cover >50% of the craton’s surface area, consisting
of 2.62-2.61 Ga tonalite-granodiorite plutons, and
2.60-2.58 Ga syn/late-kinematic granites (Davis
and Bleeker, 1999). The oldest plutonic rocks have
compositional characteristics typical of arc-related
plutons, with diorite intrusives having LREEenriched, high Mg andesitic compositions. This
suggests input from an arc setting (Davis et al.
2003). The later-forming intrusive units are
inferred to relate to lithospheric delamination
occurring within the area (Jones et al. 2001). The

Figure 2.1: Lithological map of the Slave Craton
displaying foliation and structural boundaries. From
Padgham and Fyson, (1992).
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Figure 2.2: Stratigraphy of basement granitoids and overlying sedimentary rocks within the Slave
craton. From Bleeker et al. (2004).
metamorphic grade of the Slave basement rocks increases towards the Thelon Front zone (Helmstaedt,
2009).
The Slave craton is divided into several geologically distinct sections. The Central Slave Basement
Complex (CSBC) consists of a basement terrane of dioritic-tonalitic gneisses (Bleeker et al. 1999). The
core of this complex is associated with the Acasta gneisses, and other similarly ancient deposits, such as
Point Lake (>3.5 Ga) (Bleeker et al. 2004). The CSBC contains younger quartzite rocks of 3.40-2.83 Ga
(Sircombe et al. 2001), and is unconformably overlain by the Yellowknife supergroup, a series of
volcanic and turbiditic rocks dated at 2.71-2.65 Ga (van Breemen et al. 1992). These rocks are
supracrustal, and occur in discontinuous, northerly trending belts, with volcanic rocks at the margins, and
sedimentary rocks toward the centre (Jenner et al. 1981).
The Yellowknife supergroup consists of the Cover group, the Kam group, and a sequence of
volcaniclastics, argillites, and turbidites. The Cover group consists of a thin (100-200 m) sequence of
fuchsitic quartzite and banded iron formations, and formed during the onset of Neoarchean supracrustal
development (Bleeker et al. 1999). The Kam group is a sequence of tholeiitic basalts, with minor
interbedded rhyolite tuffs and komatiites, which is assumed to have formed following rifting of the
basement complex (Bleeker et al. 2004). Basaltic volcanism and rifting occurred across the craton from
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2.69-2.66 Ga, producing a series of volcaniclastic rocks and basalts, predominantly in the eastern section
of the craton (Bleeker et al. 2004). This was contemporaneous with sedimentation that occurred during
the development of the Burwash Basin, depositing turbiditic sequences up to 10 km thick (Bleeker,
2002). Late-kinematic conglomerates and sandstones were then uncomformably deposited atop this
sequence from 2.60-2.58 Ga (Bleeker, 2002) (Figure 2.2). Significant deformation is associated with the
Yellowknife supergroup, with two major fold generations that occurred post 2.66 Ga (Davis and Bleeker,
1999).

2.1.3 Formation of the Slave Craton
Rocks of the CSBC form the basement of the Slave craton crust, but due to their extensive geological
history of magmatic and deformational events, the precise nature of their paragenesis is poorly
constrained (Ketchum et al. 2004). These rocks are overlain by the Archean greenstone belts of the
Central Slave Cover group. These belts are high strain zones that show evidence for significant thrusting
over the associated basement complex, and are thought to represent parautochthonous or allochthonous
rock (Bleeker et al. 1999). The associated siliciclastics are typical of Archean platform successions in the
Western Superior province, and likely represent a continental shelf assemblage (Ketchum et al. 2004).
The Kam group overlies this, and consists of a submarine igneous sequence of tholeiitic mafic and
subordinate felsic volcanic rock (Cousens, 2000), which are compositionally similar to an Archean island
arc (Kusky, 1989), and are thought to have accompanied rifting following an increase in plume activity
(Bleeker et al. 2004). These two rock units form the Yellowknife supergroup; alternatively called the
Yellowknife Greenstone Belt. These geologically distinct units collided and accreted into the initial Slave
craton (Kusky, 1989), and were later overlain by the sedimentary Jackson Lake formation following the
end of cratonisation (Mueller et al. 2002).
Observations of similarities with the Indian Dharwar craton, Southern Africa Zimbabwe craton, and N.
American Wyoming craton led Bleeker (2003) to propose that these four cratons were formerly part of
the Sclavia supercontinent. This theory is supported by the presence of rifted margins at the limits of the
Slave craton (Ernst and Bleeker, 2010). This supercontinent existed 2.60-2.20 Ga, and gradually rifted
apart over a 200 myr period (Bleeker, 2003). Intra-continental rifting resulted in an increase in plume
activity, and was accompanied by widespread emplacement of mafic dykes (French and Heaman, 2010).
U-Pb age dating of the contemporaneous dyke swarms has allowed for time constraints of the breakup of
the Sclavia supercontinent to be established at 2.22-2.18 Ga (French and Heaman, 2010). Following the
breakup, a portion would eventually form a section of the Slave craton, which would later collide (2.0
Ga) with the Rae craton in the E-SE, resulting in an underthrusting of the Thelon tectonic zone beneath
the central Slave (Henderson et al. 1990). This was later followed by accretion of the Hottah terrane (a
continental magmatic arc) on the Slave cratons western margin, producing the Wopmay orogen 1.9 Ga
(Hildebrand et al. 2010). This formed the nucleus of what would later form Laurentia through accretion
(Buchan et al. 2016).
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2.1.4 Plutonism in the Slave Craton
Stabilisation and tectonic evolution of late Archean cratons often culminates in the intrusion of granitoid
plutons (Davis et al. 1994). This is due to volatile loss in the SCLM, coupled with large scale-intracrustal
melting, which generates high-K granite (Kröner, 1991). This causes depletion in the SCLM in heat
producing elements (Kröner, 1991). This prevents mantle thermal erosion and tectonic processes from
destroying the craton, and serves to stabilise it (Heaman and Pearson, 2010).
In the Slave craton, plutonism occurred in three stages over a ~110 myr period between 2.69-2.58 Ga
(van Breemen et al. 1992), producing three groups of plutonic rocks with distinct chemistries, as
documented by Davis et al (1994). The Group 1 sequence intruded 2.69-2.65 Ga, and consists of low
Al2O3 trondhjemites, and high Al2O3 diorites, which form the Central Belt Suite (Davis et al. 1994).
Group 2 rocks intruded 2.61-2.60 Ga, and consists of monzodiorite through granodiorite, with some
associated trondhjemites, forming the Concession and Siege Suites (Davis et al. 1994). Finally, Group 3
rocks intruded 2.60-2.58 Ga, and consists of post-deformational muscovite-biotite granites of the
Contwoyto suite, and biotite granites of the Yamba suite (Davis et al. 1994). Group 1 and Group 2 plutons
are calc-alkaline in composition, with trace element characteristics consistent with modern subduction
zone settings (Davis et al. 1994). The Group 3 plutons are considered to represent the final stage of craton
stabilisation (Isachsen and Bowring, 1994), with the later forming plutons of this group representing postorogenic, Proterozoic K-U-Th granites (Griffin et al. 1999). All of the plutonic bodies in the Slave are
associated with deformation, which is inferred to be synchronous with the igneous intrusions (Isachsen
and Bowring, 1994).
In addition to these plutons, numerous distinct Palaeoproterozoic mafic dyke swarms have been
documented across the Slave craton (Buchan et al. 2016). These dykes are theorised to have formed as a
result of mafic magmatism following the onset of Palaeoproterozoic rifting (Sheen et al. 2019).
Magmatism in the Proterozoic occurred across the Slave craton and its margins from 2.23-1.87 Ga (Ernst
and Bleeker, 2010).
Initial dyke intrusion occurred in the northern regions of the Slave, producing the Malley and MacKay
dykes as a result of weakening in the Slave’s eastern margin ~2.21 Ga. This was followed by the onset of
a Large Igneous Province (LIP) in the SW, producing the Dogrib, and Duck Lake intrusive dykes ~2.18
Ga, and a sequence of alkaline complexes around the Blachford, Squalus, and Big Spruce Lakes (Ernst
and Bleeker, 2010). The next magmatic event produced the Lac de Gras dyke swarm and the Booth River
intrusive complex at the base of the Kilohigok sedimentary basin (Ernst and Bleeker, 2010). Both of these
intrusions are assumed to have formed following the creation of this basin (Bowring and Grotzinger,
1992), and are contemporaneous with the volcanogenic rocks of the Coronation Supergroup (Ernst and
Bleeker, 2010). Hearne mafic dykes were formerly thought to be significantly older, in the range of
2.45-2.10 Ga (Berman et al. 2007), but have more recently been dated at 1.90 Ga, and potentially relate to
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a mantle plume centre associated with the Snowbird LIP (Ernst and Bleeker, 2010). Finally, dyke
intrusion culminated between 1.88-1.87 Ga, following the intrusion of the Ghost dykes and Compton
laccoliths, coupled with additional volcanism that formed the Coronation Supergroup. This magmatism
was contemporaneous with the Calderian orogeny, and is assumed to relate to this event (Ernst and
Bleeker, 2010).

2.2 The Slave Craton Mantle
2.2.1 Introduction
Cratonic mantle composition is inferred primarily by geochemical assessment of xenoliths from
associated kimberlites, but also by geophysical surveying. Assessment by xenoliths allows for a broad
idea of mantle composition, as they form and subsequently reside in an open system (Burgess and Harte,
2004). Whilst this can provide evidence for cratonic mantle processes (e.g., melt depletion), they have
likely also experienced metasomatic alteration, which can potentially obscure chemical features
pertaining to mantle rock formation (Pearson and Wittig, 2008). Geophysical assessment characterises
mantle based on the physical properties of associated mantle rock, such as electrical resistivity, and the
velocities of P and S-waves (Jordan, 1979). This allows for broad assessment of the chemistry of cratonic
mantle, but provides little information that can be usable on the locality scale.
The Slave Craton mantle has a bulk composition typical of cratonic peridotites, with significant depletion
relative to primitive mantle compositions (Heaman and Pearson, 2010). Eclogitic xenoliths are frequently
observed in association with cratonic kimberlites worldwide (Kopylova et al. 1999). These xenoliths are
interpreted as remnants of subducted, metamorphosed oceanic crust (Jacob, 2004), and are observably
younger than mantle peridotites (reflecting their formation during subduction events (Canil, 2008)).
Assessing the abundance of mantle eclogite is difficult however, due to preferential disaggregation of
eclogitic xenoliths (Pearson et al. 2003). Seismography of the area identifies a well developed and
partially anisotropic mantle stratigraphy beneath the craton, with distinct boundaries at 75, 135, and 195
km depths (Bostock, 1997). Enhanced mantle conductivity across the Slave craton (representing
metasomatic refertilisation) suggests pervasive metasomatism has occurred throughout the cratons history
at 150-220 km depths (Snyder et al. 2014).
The Slave craton sub-continental lithospheric mantle has been observed to be heterogeneous, with
notable differences in bulk composition between the Northern and Southern regions (McCammon and
Kopylova, 2004). This represents variable degrees of melt depletion within these areas (Kopylova and
Russell, 2000; Kopylova and Caro, 2004). The Slave craton terrane is unique in that harzburgite rock
forms the shallow layer of the lithospheric section. This is more typical of highly depleted ophiolites from
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Drybones Bay

Figure 2.3: Map detailing the positions of diamondiferous Slave craton kimberlite clusters within
Northern Canada. From Hetman et al. (2004).
convergent margin settings, and is assumed to relate to the accretion of the Hackett and Contwoyto
terranes during the formation of the Slave craton (Griffin et al. 1999).
Lithospheric mantle of the Slave craton has three compositionally distinct ENE-trending domains; the
northern, central, and southern Slave zones (Grütter et al. 1999), each with varying proportions of these
mantle components. This was determined by combined geophysical (Jones et al. 2003) and geochemical
studies (Grütter et al. 1999), and reflects the varying degrees of depletion and heat production across the
craton. In addition to this, a progressive thickening of the lithosphere is observed trending toward the
southernmost domain (Heaman and Pearson, 2010). The northern Slave is estimated to have a shallow
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lithosphere (160-190 km (Kopylova et al. 1998)), thickening in the central Slave around Lac de Gras
(~200 km (Griffin et al. 1999)), and peaking beneath Gahcho Kué in the southern Slave (220-250 km
(Kopylova and Caro, 2004).

2.2.2 Northern Slave Mantle
The northern Slave mantle was identified by its abundance of eclogitic garnets, and notably lower
proportion of harzburgitic garnets than in the central Slave Lac de Gras field (Grütter et al. 1999). Mantle
zone composition in this zone was largely assessed by xenoliths associated with the Jericho kimberlite
(Figure 2.3) (Davis et al. 2003). Mantle xenoliths suggest stratified lherzolite-dominated mantle with a
high relative proportion of eclogitic and pyroxenitic lithologies (Kopylova et al. 1998). Mantle
composition is stratified into an upper layer of older, depleted spinel peridotite (down to 80-100 km
depth), with an underlying fertile garnet peridotite extending to 200 km. Below this, a pyroxenite-rich
basal layer exists (Kopylova and Russell, 2000). Northern Slave mantle was observed to have the
typically cold geotherm of cratonic settings (38-40mW/m2) (Kopylova et al. 1998).

2.2.3 Central Slave Mantle
Geophysical studies identified a significant zone of low electrical resistivity at 80-120 km, known as the
Central Slave Mantle Conductor (CSMC) anomaly, coincident with the kimberlite fields of Diavik and
Ekati (Jones et al. 2003). This zone likely represents an ultra-depleted harzburgitic layer (Jones et al.
2003), and is separated at 140-150 km depth from an underlying lherzolitic layer (Jones et al. 2001). The
presence of the ultra-depleted layer is theorised to represent shallow subduction of oceanic or arc-related
lithosphere (Cook et al. 1999; Snyder et al. 2014).
Kimberlites from Lac de Gras (Figure 2.3) provide geochemical constraints on mantle compositions, and
support geophysical evidence for the presence of ultra-depleted harzburgite (Grütter et al. 1999). As noted
by Griffin et al. (1999), at shallow (<145 km) depths, sampled garnets show a predominantly harzburgitic
affinity (60%), with a significant lherzolite component (40%). Deeper layers (>145 km) conversely show
a significantly higher ratio of lherzolite to harzburgite (80-85%, versus 15-20%, respectively). Shallow
harzburgitic garnets are notable in that they display ultra-depletion in Y, Zr, and Ti, reflecting significant
melt extraction (Griffin et al. 1999). Slave Craton-associated eclogite (such as that sampled from Diavik),
occurs infrequently, and is theorised to represent the products of high pressure crystallisation of basaltic
magmas (Heaman and Pearson, 2010).

2.2.4 Southern Slave Mantle
The southern Slave Craton is broadly similar in composition to the other lithospheric domains of the
Slave Craton, with a lithospheric upper mantle predominantly composed of chemically depleted
peridotite (Kopylova and Caro, 2004). The mantle beneath Gahcho Kué (from which the majority of
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assessed mantle xenoliths in the literature are taken) is defined by its unusually thick (220-250 km), cool
(T = 600-1300℃) lithosphere and is predominantly lherzolitic (Kopylova and Caro, 2004). Notable
eclogitic and harzburgitic components are present also, but to a significantly lesser degree than in the
central Slave (Griffin et al. 1999; Jones et al. 2001). Despite this, the observation of ultra-depleted
harzburgite in the Drybones Bay kimberlite (SW Slave; Figure 2.3) suggests that the extremely depleted
mantle present in the central Slave in parts extends into the southern Slave SCLM (Carbno and Canil,
2002). However, significant metasomatic alteration of this layer has occurred, resulting in re-enrichment
of Ca and REE (Carbno and Canil, 2002). Mantle domains for the southern Slave are poorly constrained
both geochemically and geophysically, with geophysical data yielding similarly low conductivity results
as the rest of the craton (Jones et al. 2001).

2.3 Kimberlite Geology
2.3.1 Slave Craton Kimberlites
Kimberlites were periodically emplaced into the Slave craton, coincident with many other kimberlite
emplacement events in N. America, although the precise origin of Slave kimberlites remains unclear
(Heaman et al. 2003). Magmatic events associated with kimberlite emplacement in the Slave craton span
a 500 myr period from the Precambrian, Cambrian, late Ordovician, middle Jurrasic, late Cretaceous,
through to the Eocene, creating a diverse range of deposits (Pell, 1997). These kimberlites show distinct
spatial correlation with specific periods of kimberlite magmatism, which has allowed for classification of
kimberlite domains (Heaman et al. 2003). The SW Slave domain consists of Siluro-Ordovician
kimberlites, the SE Slave domain of Cambrian kimberlites, a central Slave domain of Cretaceous and

Figure 2.4: Cartoon cross section of Canada detailing the variation in kimberlite lithologies
across associated terranes. From Hetman et al. (2004), after Field and Scott-Smith, (1999).
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Eocene kimberlites and a northern domain containing kimberlites from the Permian to the Jurassic
(Heaman et al. 2004). Observed variations in kimberlite facies are attributed to the variability of the
country rock, and differing emplacement processes for each kimberlite pulse (Field and Scott-Smith,
1999) (Figure 2.4).
Of the kimberlites associated with the Slave craton, diamondiferous members are generally situated
around Lac de Gras, within crater-type and massive, hypabyssal kimberlite facies (Pell, 1997). The
diamond-associated kimberlites at Lac de Gras show associated U-Pb and Rb-Sr ages in a continuum
from 81-52 Ma (Heaman et al. 2004), suggesting emplacement occurred throughout the late Cretaceous
to the Eocene, respectively, although older diamondiferous kimberlites are known (Pell, 1997). Diamonds
are present in the northern Slave in the Jericho kimberlite, where diamond genesis is thought to have
occurred from a hydrous, K-rich metasomatic fluid bearing isotopically light C (De Stefano et al. 2009).
The emplacement age for this kimberlite is 173.1±1.3 Ma, and its mantle source is inferred to have had a
notably complex history of metasomatism, metamorphism, and thermal perturbation (Smart et al. 2009).
Diamondiferous kimberlites of the southern Slave largely occur around Gahcho Kué, which consists of a
series of Cambrian-age kimberlite pipes emplaced 538±2.5 Ma (Hetman et al. 2004).

2.3.2 Gahcho Kué Kimberlites
The Gahcho Kué mine is a series of Cambrian-age kimberlite pipes intruded into the Archean granitoids
of the Slave craton (Seghedi et al. 2009). It is located near Kennady lake in the Northwest territories
(Figure 2.1). As with other diamondiferous deposits within the area (such as Snap Lake, ~80 km due
NW), kimberlites and associated diamonds derive from the Southern Slave craton SCLM (with some
diamonds originating from greater depths) (Griffin et al. 1998). Several studies have been conducted into
the geology of the mantle in this area, as the Gahcho Kué kimberlite cluster represents some of the oldest
kimberlite activity on the Slave Craton, with an early Cambrian emplacement age of ~538.6±2.5 Ma
(Heaman et al. 2004). As this mine has only been active since 2016, little information regarding the
associated diamonds is available.
Gahcho Kué is located in the SE region of the craton, ~80 km SSE of the Snap Lake mine. Crustal
xenoliths within the kimberlites are entirely of igneous origin, consisting of either xenoliths of country
rock, or infrequent volcanogenic xenoliths, suggesting there was no sedimentary cover within the area
during kimberlite emplacement (Kamenetsky et al. 2009). Entrained mantle peridotites are of the low T
suite, forming at 600-1300℃, and under pressures of 25-80 kbars in thick lithosphere (220-250 km)
(Hetman et al. 2004). As is common with most Slave craton terranes, the shallow upper mantle beneath
Gahcho Kué has significant chemical depletion, with a predominantly lherzolitic underlying mantle, and
associated eclogitic and harzburgitic garnets with moderate-to-high Cr2O3 content (Kopylova and Caro,
2004). Gahcho Kué kimberlite pipes are notable as they are structured differently to other diamondiferous
Canadian kimberlite deposits (Hetman et al. 2004). Associated kimberlite facies are more typical of those
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Figure 2.5: Composite kimberlite model for the Gahcho Kué kimberlite
pipes relative to Archean basement rock (From Hetman et al. 2004).
in Kimberley, South Africa, with features such as textural variations in the pipe zone, high xenolith
content in TK units, and significant fracturing in adjacent country rock (Hetman et al. 2004). These
features are assumed to reflect closed system degassing, resulting in kimberlite breakthrough and pipe
development (Skinner, 2008).
Currently mined kimberlites include the 5034, Tesla, Hearne and Tuzo kimberlites, each being discrete
pipes. Each of these pipes is steep-sided and formed by the aggregation of several distinct kimberlite
phases (Figure 2.5). The 5034 pipe is composed of kimberlite with fresh olivines amidst a monticellite,
phlogopite, perovskite, serpentine and carbonate groundmass (Caro et al. 2004). The Hearne pipe is
divided into northern and southern lobes, with the N lobe consisting of a narrow, elongated pipe
composed predominantly of hypabyssal kimberlite and tuffisitic kimberlite breccia (TKB), whilst the S
lobe is more circular and solely composed of TKB rocks. The Tuzo pipe is similarly filled with TKB
units, but is structured into three overlapping zones that descend to ~300 m depth (Mountain Province
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Diamonds inc., 2016). The Tesla pipe is the least studied of the four pipes and has no developed internal
model. It is theorised that this pipe consists predominantly of TKB (Hetman et al. 2004).
Rocks infilling the Gahcho Kué pipes typically bear macrocrystic textures and two generations of olivine;
up to 5 mm anhedral macrocrysts, and anhedral to euhedral primary olivine phenocrysts (<0.5 mm).
Some olivines display strain features (undulose extinction, kink bands, some recrystallisation), and are
thought to represent mantle-derived xenocrysts, alongside observed P- and (to a lesser extent) E-type
garnet. Chrome-diopside, spinel, and ilmenite are rare or absent (Hetman et al. 2004).
The 5034 kimberlite is the most studied pipe, and is an intermediary between a Group I and Group II
kimberlite. Group I features include common monticellite, calculated Sr-Nd values indicating both an
asthenospheric magma source and a similar composition to the Group I Kaapvaal kimberlites (Smith et
al. 1984), whilst Group II features include poikilitic phlogopites with low Al concentrations, and the
presence of Cr/Ti-rich spinel, diopside, and melilite. The 5034 kimberlite shows a strong overall
enrichment in incompatible elements and a notable K depletion: typical of both kimberlite groups when
normalised to primitive mantle (Caro et al. 2004). The presence of Group II features is attributed to
incorporation of entrained granites, but not in sufficient quantities to classify it as a contaminated
kimberlite. The 5034 kimberlite has a published Rb-Sr age of 538.6±2.5 Ma (Heaman et al. 2003). Age
estimates for the other three kimberlites remain unpublished, but Ar-Ar dating of phlogopites suggests
ages of 542±6, 531± 6 and 534± 11 Ma, for the 5034 and Hearne pipes respectively (Hetman et al. 2004).
The four pipes are of similar sizes, with surface areas ranging from 1.2-1.7 ha, with depth extension by
drilling having confirmed their extension to ~300 m. Few studies involve the Tesla pipe, as the other three
are generally considered to have better economic potential.
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Chapter 3: General Methodology
3.1 Introduction
This study was conducted on 88 inclusion-bearing diamonds (totalling 49.11 carats) taken from run-ofmine production of the Hearne and 5034 kimberlite pipes from the Gahcho Kué mine. Each diamond was
between 3-5 mm in diameter, and hosted at least one mineral inclusion 100-200 µm in length. The sample
suite diamonds were morphologically classified following the schemes outlined by Tappert and Tappert
(2011). All 88 diamonds were photographed, and had their internal and external features described, such
as; the observed diamond habit, colour, etch features, plastic deformation textures, and the number of
visible inclusions present. In subsequent analysis of data, the significance and degree of correlation
between the measured variables was determined by use of the Pearson's test. Pearson's R is the
correlation coefficient and ,when expressed as R2, this statistic equals the proportion of variation in one
axis explained by variation in the other axis. The correlation between the two data sets is statistically
significant when the value of P generated by the Pearson's test falls below 0.05 (values > 0.05 indicating
no statistical significance in the relationship).

3.2 Diamond Crushing and Polishing
Inclusions in the diamonds were liberated by use of a custom-made steel crusher. This enabled extraction
and preservation of inclusions in usable sizes for analysis. Care was also taken to ensure that fragments of
the host diamond were preserved in usable sizes for FTIR and SIMS analysis. Fragments of the host
diamond that were suitably large and “flat” (ie, opposing sides of the fragment were roughly parallel, to
minimise refraction of the IR beam) were used to obtain FTIR spectra. In total, 35% (n = 31) of the
diamond sample had existing fracture surfaces prior to breakage (see Appendix A, Table A.3.1).
Of the 88 diamonds crushed, nine diamonds did not yield recoverable inclusions. During the mounting
process, inclusions for another nine diamonds were lost or unusable for analysis. From the 70 diamonds
remaining, 118 inclusions were successfully liberated (see Appendix). Inclusions that fragmented as a
result of the crushing process were noted, as smaller inclusions are less easily analysed due to the limited
spatial resolution of some of the techniques used in this study.
Following their extraction, inclusions were mounted and set with two-part epoxy resin (West System
105/206 Resin© and Slow Hardener©) in brass pips, which were subsequently cured overnight on a
hotplate set to 55℃. Set samples were then ground to a topography of 1 µm using a succession of
progressively finer grit buffing wheels (240, 600, 800), and culminating in a silk cloth with MetaDi

22

(1 µm) diamond suspension. Care was taken during this to ensure usable quantities of the inclusion were
preserved, and that “doming” did not occur, which can interfere with the element signal in the
microprobe. Sulfide samples were prepared in a similar way, but with a finer (0.75 µm) corundum-based
polishing solution being used on a silk cloth in the latter stages, so as to better preserve the mass of the
inclusion (as diamond suspensions more readily erode the soft sulfide than corundum). After the
inclusions were ground and polished to specifications, they were washed in petroleum ether to remove
any oil adhering to the surface, before being washed in an ultra-sonic bath in warm water for 5-10
minutes. As the inclusions are electrically insulating, after cleaning, each pip was C coated to ensure
conduction of the beam electrons away from the sample.

3.3 Electron MicroProbe Analysis (EMPA)
3.3.1: Introduction
EMPA analysis is a non-destructive analytical technique that involves bombarding a solid sample with
electrons and measuring the resulting x-rays emitted by the elements present in the sample. The ratio of
sample x-ray intensity relative to a given standard of known composition is known as a k-ratio, which in
turn is used to calculate the concentration of each element within the sample via a series of algorithms.

3.3.2 Methodological approach
Major element data and compositional analyses for extracted inclusions in diamonds were acquired in
house at the University of Alberta on a Cameca SX100 electron microprobe equipped with five
wavelength dispersive spectrometers. Operating conditions were a 40° takeoff angle and a beam energy
of 20 keV. The beam current was 20 nA, and the beam diameter was fully focussed. Each result
represents a single point of analysis on the face of the analysed inclusion. The number of points on each
crystal and their diameter was varied depending on the size of the inclusion, and the overall extent of the
“flat” surface, respectively (errors from polishing often resulted in uneven topography, producing
erroneous readings). On average, each inclusion would generate three analyses, with the resulting values
being averaged to ensure accurate representation of the sample. Where samples were sufficiently large, or
were observed to have interesting features, additional analyses were taken. Detection limits varied
depending on the minerals being analysed. Initial sessions analysed olivine, garnet, and clinopyroxene,
with detection limits for the main associated elements (Si, Fe, Al, Mg, Ca, O) ranging from 0.005-0.026
wt%. Later sessions analysed sulfides and a novel mineral identified as the K-bearing form of Loparite.
For the former, detection limits ranged from 0.015-0.022 wt%, whilst the latter ranged from 0.006-0.042
wt%.
Count times were 30 seconds for the major rock-forming elements, and 60 for Na, as were the off-peak
background count times. Corrections were applied for unknowns, standard intensities, and interference.
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Any readings that yielded element totals of <98% or >101% were discarded. Initial assessment of the
major element chemistry of the inclusions was used to determine the identity of each of the 118
inclusions that were liberated from the diamond suite, and provided data for subsequent application of
any viable geothermobarometers. Element wt% values were acquired using analysing crystals LLIF, PET,
and TAP, with standards varying depending on the materials analysed (see Appendix A, table A.1.1-2).
Two additional sessions were conducted to assess the Al content of the olivine inclusions for
geothermometry, for which detection limits of 0.001 wt% for Al and Cr were achieved (as Al and Cr are
effectively trace elements in mantle olivine). This study utilised the Al in olivine thermometer of
Bussweiler et al. (2017), and the Al and Cr thermometers of De Hoog et al. (2010), (due to the paucity of
paired inclusions within single diamonds and appropriate single grain thermometers). Typically, a single
olivine from each olivine-hosting diamond was used (with the assumption that any additional olivines
within the sampled diamond would have equilibrated under similar conditions). Where diamonds bore
multiple analysed olivines, the inclusion that had yielded totals closest to 100% on the initial run was
used preferentially for trace element analysis. In total, 28 different olivine grains were assessed for trace
Al and Cr contents by EMPA, with an average of 3 readings taken from different points on the crystal
surface, which were then averaged for subsequent evaluation.

3.3.3 Notes
Within the inclusion suite, one specimen was notable in that the host diamond was fractured such that an
eclogitic inclusion within was exposed, and showed notable alteration features. Upon liberation, the
inclusion crumbled into weathered and unweathered fragments. Attempts to measure this specimen
proved ineffective, as analytical totals were well below the <98.5 wt% cutoff. As such, this sample is
included in the overall inclusion assemblage for the sample suite, but has no related analyses.

3.4 Fourier Transform InfraRed Spectroscopy (FTIR)
3.4.1. Introduction
FTIR is a non-destructive method of analysis used to obtain an infrared spectrum of absorption from a
fragment of a host diamond. When infrared radiation from a given source is passed through a sample of a
host diamond, atomic defects such as N centres and platelets absorb infrared radiation at different
frequencies. This is measured by an infrared spectrometer and subsequently de-convoluted by the
computer-generated process of Fourier transformation, which generates an infrared spectrum for the host
diamond that can be subsequently interpreted in terms of compositional features.
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3.4.2. Methodological approach
Fragments of the host diamonds were analysed by FTIR spectroscopy for their N content, and N
aggregation state. This enabled assessment of the mantle residence time or the mantle residence
temperature. Nitrogen content and aggregation state of host diamonds were measured by a Thermo-Fisher
(Nicolet) Nexus 470 FTIR Spectrometer (bench) coupled to a Continuum IR microscope. In this process,
inclusion-free diamond fragments ~1 mm in thickness, with roughly parallel flat faces were set on a
motorised stage before having IR radiation passed through them to obtain a spectrum. Two to three
spectra were obtained per diamond (up to five in rare cases where multiple diamond fragments met the
necessary specifications), with spectra being taken from a different point each time. These spectra had a
background spectrum subtracted from them to correct for any interference from environmental
conditions. These background readings were obtained roughly every three hours following the cooling of
the MCT-A detector by liquid N in order to reduce the effects of drift. During use, a constant rate of
mixed N and O purge gas flow was maintained within the machine to remove the influence of
atmospheric CO2 and H2O on the detector.
Of the 88 diamonds sampled, only 66 provided fragments that were of suitable size and shape for
analysis. Of these 66, 56 diamonds yielded usable N data, with significant noise present in the spectra of
the other 10 fragments preventing their data from being used. Multiple readings were taken from different
fragments for each diamond where possible to quantify variation within the diamonds. As such, 81
readings in total were recorded for this sample set. Where readings were broadly similar, they were
averaged, but in instances where notable variation was observed in N content and/or aggregation state,
they were left as individual values, as they were inferred to reflect different stages of diamond growth.
Spectra were analysed and de-convoluted by use of the DIAMAP software devised by Howell et al.
(2012). This programme allows automatic processing and deconvolution of IR spectra, whilst
simultaneously providing data on the constituent N impurities (specifically the concentration and
aggregation states of included N), H impurities, and platelet content within the diamond being analysed.
The software also automatically normalises the generated spectra to a Type IIa reference spectrum, which
serves to normalise the observed absorbance values to a sample thickness of 1 cm, thereby converting
absorbance to absorption coefficient values. As no fibrous diamonds were included within the sample
suite, this method of deconvolution has a high degree of accuracy.
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3.5 Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LAICP-MS)
3.5.1: Introduction
LA-ICP-MS is a destructive and highly sensitive analytical method for assessing element contents of a
given sample. A focussed laser beam of set diameter is fired at the sample surface in a specific spot,
generating fine particles by ablating the surface. These particles are subsequently ionised in a plasma
torch and measured by an attached mass spectrometer to assess the elemental composition.

3.5.2 Methodological approach
From the 14 diamonds that yielded garnets, 23 garnets were obtained (with four diamonds bearing
multiple separate garnet crystals). For this study, trace element compositions of 19 of the 23 garnet
inclusions extracted from the sample suite were analysed by LA-ICP-MS. The remaining four were
unusable for assessment due to their small size preventing accurate spot analysis. Trace element data of
the 19 analysed garnets were obtained using in situ laser ablation coupled with sector field inductively
coupled plasma-mass spectrometry (LA-SF-ICP-MS) in the Arctic Resources Laboratory at the
University of Alberta (see Appendix A, Table A.2.1). Trace element concentrations were measured for Si,
Ca, Ti, Mn, Ni, Sr, Y, Zr, Nb, and Ba, and rare earth elements (REEs: La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, and Lu). Samples were measured against in-house garnet standards Gst612, PHN1, and
PN. Due to the variable sizes of the garnets extracted, laser spot sizes had to be scaled to an appropriate
scale for the samples. Three runs were performed at 23, 33, and 50 µm, with one point being measured
per sample. The majority of runs were performed with a 50 µm beam diameter. In total, REE data for 19
of the 23 garnets were obtained, as four garnets produced no usable data within the run, as their small size
(<15 µm) prohibited accurate measurement of their LREE content. This was due to the poor resolution of
the laser when the beam is focussed to a diameter <23 µm.

3.6 Secondary Ion Mass Spectrometry (SIMS)
3.6.1 Introduction
SIMS analysis involves use of a positive or negative ion beam focussed onto a sample surface to generate
ions that can be analysed by mass spectrometry to assess isotopic, elemental, or molecular composition.
Ionisation occurs under vacuum, with the composition of the primary beam utilising Cs+ ions (if negative
ions are being measured) or O2- ions (if positive ions are being measured).
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3.6.2 Methodological approach
Mount preparation and secondary ion mass spectrometry (SIMS) were carried out within the Canadian
Centre for Isotopic Microanalysis (CCIM), University of Alberta. Fragments from the cracked diamonds
were cast into a 25 mm diameter epoxy disk, before being ground and polished. Four such disks were
sawed into ~5 mm square blocks, and pressed into a single indium mount (M1543) along with reference
materials (in this case, diamond S0270 and vitreous carbon S0233A). Each sample was coated with a
25 nm Au film prior to SEM analysis to assess growth zonation patterns by cathodoluminescence. The
mount was subsequently coated with an additional 75 nm Au film prior to SIMS analysis.
All diamond samples were analysed by SIMS for δ13C and N at.ppm content, with δ15N being measured
only where the N content was >75 at.ppm. A minimum of two points per sample were taken, although
additional points (up to six) were taken when cathodoluminescence revealed significant growth zonation
within the sample. In total, 196 points were generated. Of these, 84 points had N contents >75 at.ppm.
The readings were not averaged, so as to better assess the internal stable isotope variation across each
sample. Carbon isotopes (13C/12C), N abundances, and N-isotopes (15N/14N) were determined in separate
sessions using the IMS-1280 multi-collector ion microprobe. For this study, the methods and reference
materials detailed by Stern et al. (2019) were used with slight modifications (as noted here). Primary
beam conditions utilised 20 keV 133Cs+ ions focussed to a beam diameter of ~12 µm, and beam currents
of ~1.5 nA, 0.7 nA, and 2.5 nA for respective analyses. A primary beam was rastered across a 20 x 20 µm
area prior to analysis to remove Au and any contaminants, and also to implant Cs. C-isotopes were
analysed first, with subsequent N-abundance and isotope measurements done directly from the same spot
location (Stern, 2019).
Following data collation, diamonds from the Gahcho Kué suite and their associated inclusions were
compared to a worldwide database maintained by the DRG. This database contains analyses from
diamonds and associated inclusions from existing literature, and unpublished academic studies. These
analyses are referenced in Stachel and Harris (2008), and have been continuously updated with data from
more recent relevant studies.
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Chapter 4: Results
4.1 Inclusion analysis: Major Element Chemistry
4.1.1 Olivine
Magnesium-rich olivine accounted for the majority of inclusions in diamond from the Gahcho Kué
sample suite (53%, n = 62). Analysed olivine inclusions show high molar Mg# (100*Mg/[Mg+Fetotal]),
and low Al2O3, and CaO contents. The Mg# of samples peaks in the 92.5-93.0 bin on the constructed
histogram (Figure 4.1), which is within the expected range for cratonic mantle sources (Bernstein et al.
2007). A mean Mg# of 92.7 for the sample suite equals the “unknown paragenesis” of worldwide olivine
inclusions (Stachel and Harris, 2008). This likely reflects a near equal mix of harzburgitic and lherzolitic
sources (Stachel and Harris, 2008). Where co-existing olivine and garnet inclusions occur, definitive
classification is possible, as mineral pairs are inferred to be in equilibrium (Tomlinson et al. 2006;
Koornneef et al. 2017). In the Gahcho Kué inclusion suite, three olivine-garnet pairs occurred; two
harzburgitic, and one lherzolitic.
Figure 4.2 shows consistent NiO concentrations of 0.34-0.44 wt%, within the expected range of
peridotitic mantle (Sato, 1977). CaO contents ranged from below detection limit (<0.02 wt%) to 0.05
wt% (Figure 4.3), typical of peridotitic mantle (Stachel and Harris, 2008). Two outliers were observed
with high CaO contents ≥0.07 wt%, indicating equilibration at unusually high temperatures or in an opxfree environment, typical of wehrlitic olivine (Stachel and Harris, 2008). Cr2O3 contents were all <0.1
wt%, as is commonly observed (Meyer and Boyd, 1972). Two samples have Na2O contents above the
LOD (>0.022 wt%), but only one (GK84a; Na2O = 0.19 wt%) fell outside the expected range of Na2O
contents for harzburgitic olivine (<0.04 wt%, Stachel and Harris, 2008). The presence of Na has
previously been demonstrated to affect the partition coefficient of Ca into olivines (Borisov et al. 2008).
This specimen however showed no CaO depletion relative to the rest of the sample (GK84a = 0.032 wt%
CaO; mean CaO = 0.034 wt%).

4.1.2 Garnet
Garnets accounted for 19% of the Gahcho Kué inclusion suite, with 23 successfully extracted from 11
diamonds for subsequent analysis. Garnets were classified in accordance with the Cr-Ca scheme devised
by Grütter et al. (2004) (Figure 4.4). This revealed an even split between peridotitic (lherzolitic and
harzburgitic), and eclogitic (G3 and G4) suites.
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4.1.2.1 Peridotitic Garnet
Nine harzburgitic, and two lherzolitic garnets were recovered from 11 diamonds. This predominance of
harzburgitic garnet is broadly similar to other Slave Craton localities (which also record a predominance
of harzburgitic garnets in the peridotitic sample suite). The Gahcho Kué garnet inclusions showed Cr2O3
contents ranging from intermediate to high (4.7-18.2 wt%). The majority of samples plotted within
similar Cr/Ca space to other peridotitic garnet inclusions from the Slave craton (Pokhilenko et al 2001;
Stachel et al. 2003; Davies et al. 2004; Pokhilenko et al 2004; Donnelly, 2006; Cartigny et al. 2009). A
single high Cr2O3 outlier (GK34b; Cr2O3 = 18.2 wt%, Mg# = 86.4) plotted outside previously established
limits (max 15.7 wt% Cr2O3; Donnelly et al. 2007) for the Slave craton.
The Gahcho Kué garnet inclusions have high Mg#, ranging from 86.4 to 89.8, with lherzolitic garnets and
the single very high Cr harzburgitic garnet forming the low Mg# end of the spectrum. Measured TiO2
contents ranged from BDL (<0.04) to 0.16 wt%; the latter being an unusually high value (Figure 4.5). The
majority of harzburgitic garnets recorded low TiO2 contents, and a significant negative correlation was
observed between Cr2O3 and TiO2 (R2 = 0.45, P = <0.05, when the high Cr garnet is excluded). Low TiO2
contents in peridotitic garnet reflect mantle depletion (McDonough and Rudnick, 1998), whilst high TiO2
contents indicate metasomatic re-enrichment (Griffin and Ryan, 1995).
No significant positive correlation was observed between Mg# and Cr# (Cr# = 100*atomic Cr/[Cr+Al])
for peridotitic garnet (R2 = 0.48, P = <0.05, with high Cr# member excluded) (Figure 4.6). Using isobars
on the Cr-Ca plot of Grütter et al. 2004, garnet GK34b plots within the ~7 GPa field (Grütter et al. 2006).
With 3.02 cations of Si per formula unit (based on [O] = 12), the garnet is not majoritic, despite the high
pressure estimate. Another harzburgitic garnet (GK35) shows CaO contents typical of the “ultradepleted” field (CaO<1.8 wt%, Grütter et al. 1999).

4.1.2.2 Eclogitic garnet
Eclogitic garnets from Gahcho Kué were chiefly high CaO (G3: 9-12.1 wt%) eclogitic garnets, with a
secondary population of low CaO (G4: 2.1-2.2 wt%) garnets (Grütter et al. 2004). Cr2O3 contents were
generally low, with all samples containing <0.4 wt% (typical of 98% of worldwide eclogitic garnets
(Stachel and Harris, 2008)). Measured Cr2O3 contents >0.2 wt% were observed for the three low-Ca
garnets only. All eclogitic garnets were Na2O-rich (0.17-0.33 wt%). High Na2O contents reflect a high
pressure origin of eclogitic garnets (Sobolev and Lavrentyev, 1971). The characteristic significant
positive correlation of Na2O and TiO2 was observed (R2 = 0.70, P = <0.05; Figure 4.7) (Stachel and
Harris, 2008), indicative of a coupled substitution mechanism. On a cation basis, there was an excess of
Na over Ti for a few garnets, as previously described by Stachel and Harris, (2008; Figure 4.8), reflecting
the formation of these garnets under greater pressure (Bishop et al. 1978). A significant negative
correlation between Na content and Mg# was observed (R2 = 0.78, P = <0.05; Figure 4.9) and may be
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related to bulk rock chemistry (with more magnesian eclogites being Na poor; Grütter and Quadling,
1999). All specimens showed low MnO contents (0.21-0.42 wt%).

4.1.2.3 Majoritic garnet
A subset of garnets from Gahcho Kué of both peridotitic and eclogitic composition can be classified as
having majoritic components, where they have Si cations exceeding the accepted analytical error (Si pfu
≥3.03). In the peridotitic suite, GK62 and GK64a potentially have a minor majoritic component, with Si
pfu at 3.04, 3.03, respectively. In the eclogitic suite, sample GK82a, 88a and 88b have Si pfu of 3.05,
3.04, and 3.03 respectively, and so are also inferred to have a majoritic component. These garnets were
assessed by the Locock (2008) spreadsheet to determine proportions of majoritic garnet present. The
Locock spreadsheet shows a narrow range of majorite proportions in each garnet, ranging from 3.3-4.6%.
Eclogitic garnets GK82a and 88a show the highest proportions (4.6, and 4.0%, respectively). Plotting of
the Si+Ti versus Al+Cr cations (Figure 4.9) in the manner of Kiseeva et al. (2013) shows a definite
negative correlation between these two factors, indicative of the enstatite substitution trend (Kiseeva et al.
2013).

4.1.3 Clinopyroxene
Only three diamonds yielded clinopyroxene inclusions (~3%, n = 3). All specimens occurred as isolated
minerals within their diamond host. One was an eclogitic omphacite, (characterised by elevated Al and
Na contents (Morimoto, 1988); GK33: Al2O3 >1 wt%, Na2O >2 wt%), one a peridotitic “Crdiopside” (GK75a, a lherzolitic augite with Ca/[Ca+Fetotal+Mg] of 42.5; Mg# >90), and the last a
websteritic augite (GK52a, Mg# of 84.3). The websteritic paragenesis is regarded as compositionally
transitional between peridotitic and eclogitic chemistries (Deines et al. 1993). A websteritic paragenesis
was defined by high Cr2O3 (0.58 wt%, too high for an eclogitic origin), and a Mg# below the range of
peridotitic suites (84.3) (Aulbach et al. 2002). All observed samples have low K2O contents (<0.1 wt%).
Plotting Na cations against Al+Cr cations for GK33 (omphacite) revealed a near 1:1 ratio (Figure 4.10).
For eclogitic cpx, this indicates a jadeite component (NaAlSi2O6) (Morimoto,1988; Stachel and Harris,
2008). Assessment by winPyrox software (Yavuz, 2013) confirms an average jadeite component of
21.5%. The sample’s low overall K2O content (0.06 wt%) classifies it as a Group II cpx (McCandless and
Gurney, 1989; Jacob, 2004). Utilising the eclogitic cpx classification scheme of Coleman et al. (1965),
this omphacite is classed as a Group B cpx.
Figure 4.10 shows that the lherzolitic cpx GK75a falls on the 1:1 line for the two factors, indicating that
Cr is accommodated as a kosmochlor component (Morimoto, 1988). No Tschermaks component (excess
of Al over Na, Gasparik, 1989) was observed within GK75. However, the websteritic sample GK52a
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showed notable excess of Al+Cr cations over Na, at low K values, suggesting a minor Tschermaks
component is present.

4.1.4 Orthopyroxene
A single orthopyroxene (enstatite) was extracted. The measured Al2O3 (0.70 wt%) and CaO (0.49 wt%)
contents, and Mg# (93.9 wt%) were near the worldwide mean for a peridotitic enstatite inclusion. Based
on its CaO-Mg# relationship (Figure 4.11), the inclusion is transitional between lherzolitic and
harzburgitic compositions (Stachel and Harris, 2008). This enstatite was associated with olivine
inclusions with Mg# from 92.4-93.1. Orthopyroxene Cr2O3 (0.39 wt%) and NiO (0.13 wt%) contents fall
within typical ranges for the worldwide database (Figure 4.12; see Stachel and Harris, 2008, and
references therein). Low Na2O contents (BDL: <0.02 wt%) indicate formation from a depleted mantle
source (Lappin and Smith, 1978).

4.1.5 Mg-Chromite
Mg-chromites were extracted from 10 diamond samples, and accounted for 19% (n = 23) of the total
inclusion suite. Measured Mg#’s range from 60.9-71.2. Similarly, Cr2O3 contents were within the
worldwide distribution of 61-67 wt% (Stachel and Harris, 2008), and all Cr# are >80 (81.3-89.8).
Measured SiO2 contents ranged between 0.06-0.33 wt%, with all samples with SiO2 >0.25 wt% being
considered unusually Si-rich. Most samples had TiO2 contents within the typical range of worldwide
values (<0.5 wt%, Stachel and Harris, 2008). Five samples showed unusually high TiO2 contents (>1
wt%). These high TiO2 specimens were not coincident with high Cr2O3, or low Al2O3 contents. This is
similar to previous observations of mantle-derived Mg-chromite (Cawthorn et al. 1991). Ferric iron ratios
(100*Fe3+/[Fe3++Fe2+]) calculated using stoichiometry showed a notable degree of variability, ranging
from 6.0-23.1.

4.1.6 Sulfides
Sulfides accounted for 6% (n = 7) of the inclusion population recovered from the sample suite. Three of
the sampled sulfides were extracted from the same host diamond. Based on their Ni content, six sulfides
were of eclogitic paragenesis (Ni <12 wt%) (Yefimova et al. 1983), and the remaining sulfide (GK76A)
fell just outside the expected range of peridotitic sulfide Ni contents (20 wt% Ni, rather than the typical
22-36 wt%)(Figure 4.13)(Bulanova et al. 1996). However, based on co-existence with an olivine
inclusion, this sulfide is likely peridotitic. Two of the “eclogitic” sulfide-bearing diamonds occurred in
association with high Mg# olivines (92.38-93.74). This poses the question as to whether they represent
disequilibrium assemblages, or if only the Ni-poor portion of exsolved sulfides was analysed.

31

4.2 Inclusion analysis: Geothermometry
Major element analyses of individual or coexisting minerals can be used for geothermobarometry. This
allows for inferences to be made of temperature and pressure conditions in the mantle (Gurney et al.
2010). Geothermometers and geobarometers are based on element exchange reactions that are sensitive to
the ambient conditions of the mantle (Powell and Holland, 2008). This allows reconstruction of the
conditions in the diamond window for Gahcho Kué, as well as estimation of the local palaeogeotherm.
Where mineral inclusions occur as single phases, any associated PT values are indicative of the formation
conditions for the host diamond(Stachel, 2014). Where touching or inter-grown mineral pairs exist, they
are inferred to have re-equilibrated at the storage conditions during their mantle residence time, assuming
the inclusions were trapped during the same growth event (Stachel, 2014).
The olivine-garnet thermometer of O’Neill and Wood, (1979), the clinopyroxene geothermobarometer of
Nimis and Taylor (2000) (where measured cpx passed the Grütter (2009) and Ziberna et al. (2016) tests),
and the Ca-in-orthopyroxene thermometer of Köhler and Brey, (1990) were used to assess mantle
conditions (Figure 4.14). Geothermobarometry estimates were obtained from major element
compositions in conjunction with use of the 2018 PTEXL spreadsheet. In addition to this, the Ni in
garnet geothermometers of Canil (1999) and Griffin et al. (1989), and the majoritic garnet geobarometer
of Beyer and Frost (2017) were used (although the latter is considered somewhat unreliable, and so is
used sparingly).

4.2.1 Al and Cr in Olivine Geothermometery
Aluminium in olivine was measured at a higher beam current and longer count time than the other major
elements measured during EMPA analysis. This is because Al constitutes a trace element in olivine, and
has a temperature-controlled concentration (Bussweiler et al. 2017). From these results, temperatures
were obtained by use of the Al in olivine geothermometers devised by De Hoog et al. (2010), and
[separately] by Bussweiler (2017), along with the Cr-in-olivine thermometer of De Hoog (2010). Al-inolivine based equilibration temperatures show a temperature range of 1025-1275℃, with mean
temperatures of 1150 ±60°C (Bussweiler et al. 2017) and 1180±60°C (De Hoog et al. 2010). The Cr-inolivine thermometer (Figure 4.14) gives a similar temperature range (1060-1270°C) with a mean of 1160
±50°C.

4.2.2 Olivine-Garnet Geothermometer
Three diamonds in the sample suite contained coexisting olivine and peridotitic garnets, enabling use of
the O’Neill and Wood (1979) geothermometer. From these three samples, a range of values was obtained,
assuming fixed pressures of 55 kbar as the average pressure of diamond formation (Stachel and Luth,
2015). All host diamonds with this mineral pair bore a single olivine and a single associated non-touching
garnet inclusion. Garnets from diamonds GK03 and GK84b were harzburgitic, whilst diamond GK51
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yielded a lherzolitic garnet. GK03 recorded relatively high temperatures of 1365°C, whilst GK51 and
GK84b had more comparable temperatures in the range of 1150-1195°C. GK03 records an unusually high
temperature assuming equilibration occurred during mantle residence at 55 kbar. The other two samples
yield temperatures comparable to those obtained from olivine geothermometry, and other
geothermometry estimates.

4.2.3 Orthopyroxene Geothermometer
The single orthopyroxene extracted allows for assessment of temperature by the Köhler and Brey (1990)
Ca-in-opx thermometer. Temperature estimates from this calibration show temperatures around 1090°C,
within the standard deviation of established olivine formation temperatures, and comparable to the Oli-Gt
geothermometry estimates. However, as a lherzolitic paragenesis is not firmly established for this
inclusion, the derived temperature represents a minimum estimate only.

4.2.4 Clinopyroxene Geothermobarometer
The single clinopyroxene geothermobarometer of Nimis and Taylor, (2000) is applied to the sample suite
to produce estimates for formation pressures and temperatures. Use of the Grütter (2009) and Ziberna et
al. (2016) constraints on cpx composition enables suitable samples for geothermobarometry to be
selected. GK33 is excluded from geobarometry calculations as it is of eclogitic composition.
Formation conditions for peridotitic GK75 are 1040°C and 49 kbar (averaged over three data points),
whilst websteritic GK52a produces values of 1160°C and 43.5 kbar (averaged over three data points),
outside the diamond formation window, and so must be discounted. Using the geotherm plot of Hasterok
and Chapman (2011; Figure 4.15), GK75 plots along a 37mW/m2 geotherm (within the diamond window,
with associated errors of ±50°C and 2.3 kbar). This is similar to inclusion-based geothermobarometry
values for Snap Lake (Pokhilenko et al. 2001).

4.2.5 Ni-in-Garnet Geothermometer
The Ni-in-garnet geothermometers of Canil, (1999) and Griffin et al. (1989) were used to assess
formation temperatures of peridotitic garnet inclusions. This geothermometer assumes olivine in
association with the garnets being assessed had a Ni concentration of 2900 ppm (Griffin et al. 1989),
typical of the worldwide average (Sand et al. 2009). Due to discrepancies between these two systems,
with Canil (1999) underestimating and Griffin et al. (1989) overestimating temperatures at the high T
end, resulting temperatures were averaged, producing more reliable estimates (Lazarov et al. 2009; Shu
and Brey, 2015). Both systems revealed temperatures in the range of 1210-1370°C. T estimates using the
olivine-garnet geothermometer for GK03 (1360-1370°C) are comparable to the Ni-in-Garnet temperature,
whilst Ni-in-garnet temperatures from GK51a and 84b show T 100-200°C higher than the olivine-garnet
estimates (although T estimates from the Canil thermometer are broadly consistent for the latter two).
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When the Ni contents of the sample suite are used instead of the worldwide average of 2900 ppm,
negligible differences in temperature estimates (<50°C) are observed.

4.2.6 Majoritic Garnet Geobarometer
Assessment of garnets with possible majorite components by the Beyer and Frost (2017) geobarometer
allows for approximate depth constraints to be assessed. The two peridotitic (GK62 and 64a), one low-Ca
eclogitic (GK82a), and two high Ca eclogitic garnets (GK88a/b) with majoritic components were
assessed by this geobarometer. Peridotitic garnets show comparable pressures of 54.7-55.6 kbar, whilst
eclogitic garnets show notably higher pressures of 70.7-90.0 kbar. Assuming 1 km of depth is equivalent
to 3.15 kbar, and an error of the pressure estimates of ±2.7 kbar (Beyer and Frost, 2017), depth estimates
can be obtained. Using this method, depth of formation for the peridotitic garnets is 172-175 km, and the
eclogitic garnets form at 223-283 km. As majoritic garnet typically begins to form at depths >250 km
(Tappert et al. 2005), it can be inferred that the peridotitic garnets do not contain majorite components.
Conversely, the upper limits for formation depths from the eclogitic garnets are within the expected range
for majoritic component formation, suggesting some legitimate majorite components are present.

4.3 Inclusion Analysis: Trace Element Chemistry
Of the 19 garnets analysed using LA-ICPMS (the remaining three being unusable due to their small size),
nine were of the peridotitic suite (one lherzolitic, and eight harzburgitic), and five of the eclogitic suite
(four G3 (high Ca) eclogitic, and one G4 (low Ca) eclogitic). Where multiple readings were taken from
the same garnet fragment, the values obtained were averaged to obtain a more accurate representation of
trace element contents. Trace element data for REEs and HFSEs were normalised (denoted by subscript
N) to the C1-chondrite composition of McDonough and Sun (1995). Where multiple garnets were
recovered from the same host diamond, the individual garnets are denoted by incremental letters (e.g.,
GK64a-d). Where multiple fragments of a single garnet were measured, the results for each fragment
were averaged to produce a single REE curve.

4.3.1 Peridotitic suite
4.3.1.1 Harzburgitic Paragenesis
The REEN patterns observed for harzburgitic garnets were sinusoidal. Enrichments in LREE up to Nd
were observed, before plateauing and steadily decreasing through MREE to HREE around Ho-Tm, with a
slight increase thereafter (Figure 4.16). The exceptionally Cr-rich garnet GK34b differs notably by
showing extreme degrees of LREE enrichment and HREE depletion. This produced a more pronounced
sinusoidal pattern than the other harzburgitic garnets. In GK35 (the only sample where multiple points
were measured), no significant differences were observed within the crystal, suggesting negligible
internal variation in REEN throughout.
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Non-REE trace elements showed similar trends in C1-normalised spider diagrams, from strong Ba
depletion, followed by progressive increase up to Nb, before sequential troughs and spikes for Ti, Zr, and
Y (Figure 4.16). GK34b again shows a more extreme enrichment pattern. It displays superchondritic Sr
contents, and subchondritic Ti and Y. Garnets from GK35-1 and 82b display a differing pattern, without
major troughs and spikes from Nb to Y (Figure 4.17). When individual trace elements were plotted
against major element features of the harzburgitic garnets, trends were observed that largely follow those
of the worldwide database (Stachel et al. 2004). Chrome number and La show a significant positive
correlation (R2 = 0.82, P = <0.05). Yttrium and Al content show no significant correlation(R2 = 0.30, P =
>0.05 (0.21)), as do Yb and Cr# (R2 = 0.25 , P = <0.05 (0.25).

4.3.1.2 Lherzolitic Paragenesis
REEN patterns in the single measured lherzolitic garnet were mildly sinusoidal, with a trough at EuN. This
differs from typical lherzolitic garnet patterns (Stachel et al. 2004), due to a steep positive slope from
subchondritic Eu to about 8 times chondritic Lu (Figure 4.18a). A LaN/YbN of 0.03 documents extreme
levels of relative LREEN depletion.
Non-REE trace elements showed an approximately one order of magnitude stronger depletion of Ba and
Sr compared to the harzburgitic population, followed by overall lower HFSE concentrations. In
particular, compared to the harzburgitic garnets, instead of a positive peak at superchondritic Zr, a trough
was observed at subchondritic Zr (Figure 4.18b).
Observed Y and Zr contents in both types of peridotitic garnet were consistent with a depleted substrate
(Zr<<30ppm, Y<<10ppm), with the exception of a single harzburgitic garnet that plots within the field of
low T phlogopite-style metasomatism (Griffin and Ryan, 1995). This is not an uncommon feature, as
increased Zr contents are typical of the more intense fluid metasomatism that harzburgitic garnet
inclusions experience (Stachel & Harris, 2008). A strong positive Y-Zr correlation was observed in the
harzburgitic specimens (R2 = 0.92, P = <0.05) that suggest a trend intermediate between low-T and melt
metasomatism (Figure 4.19).

4.3.2 Eclogitic Suite
All specimens of the high-Ca garnet population showed the typical pattern for eclogitic REEN (Stachel et
al. 2004), with all values plotting within the expected ranges for worldwide garnet samples (Davies et al.
2004; Prompatred et al. 2004; Donnely, 2006; De Stefano et al 2009). Depleted LREE concentrations (La
~0.1 times chondritic abundance) were followed by a steep positive slope to about 10 times chondritic
Eu, and then a more gradual increase to 18-39 times chondritic Er levels. Tm-Lu maintain these
superchondritic levels, showing 17-35 times chondritic levels (Figure 4.20a). This results in extremely
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low LaN/LuN ratios in the sample suite, ranging from 0.001 to 0.006. Overall, whilst the majority of G3
specimens showed superchondritic HREE enrichments (>1 after C1 normalisation, Eggins et al. 1997),
they were, nonetheless, lower than the worldwide average of 30 times chondritic abundance. GK48
however showed slightly higher HREE values (34-39). No Eu anomalies were observed in the eclogitic
samples.
The REEN patterns for the low-Ca suite garnet were broadly similar to the high-Ca garnets, with the same
progressive increase from subchondritic LREEN to superchondritic HREEN, flattening out towards the
end (Figure 4.20a). The main difference is that all measured values were lower. This puts the REE
concentrations in the garnets extracted from GK82 well below the worldwide average, with La contents
plotting outside of the known limits for Slave craton garnets (Davies et al. 2004; Prompatred et al. 2004;
Donnely, 2006; De Stefano et al 2009).
Non-REE trace elements in the high-Ca eclogitic garnet suite showed Sr at chondritic levels, and Nb
depletions, (unlike for the peridotitic garnets) particularly in GK57c-1. In addition to this, no positive Zr
anomaly was present, unlike in peridotitic garnets (Figure 4.20b). The C1 normalised non-REE trace
elements patterns for low-Ca garnets are similar to those of the high-Ca garnets, particularly with regards
to the HFSEs. The observable differences were in the LFSEs (Ba and Sr), wherein the two measured G4
garnets showed significant depletions in Sr in both samples. Niobium showed a notable depletion, but Nb
values from both garnets are limited by significant analytical uncertainty.

4.4 Diamond Analysis: Physical Characteristics
4.4.1 Introduction
A sample suite of 88 diamonds from Gahcho Kué was utilised for this study. All diamonds were 3-5 mm
in diameter (+11 sieve size). Every sample was photographed (see appendix B), and categorised by its
colour, habit, and inclusion content. Where present, surface features relating to resorption or plastic
deformation were also photographed. Diamonds were described and categorised for morphology and
colour using the terminology outlined by Tappert and Tappert (2011). Surface feature classifications were
determined by nomenclature outlined by Fedortchouk (2015).

4.4.1.1 Colour
Colour in diamonds is influenced by the presence of colour centres, impurities, deformation within the
lattice, and (rarely) irradiation (Nassau, 1978). This results in a range of colours being possible in
diamond, although most diamonds are typically yellow, brown, or clear/colourless (Tappert and Tappert,
2011). Yellow diamonds arise through N impurities within the lattice, with an intensity dependant on total
N concentration, and the type/s of N aggregation centre present within the lattice (Evans and Phaal,
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1962). The N3 centre is considered the main cause of yellow colour centres in diamond (Collins, 2003).
Brown colours occur as a result of plastic deformation of the lattice at high temperatures and pressures in
the mantle, which dislocate constituent C atoms within the lattice (Fisher et al. 2009). Brown colour
centres often concentrate within deformation lamellae. Some brownish-yellow diamonds are thought to
get their colour from H-impurities within the lattice (Fritsch, 1998; Honsoume et al. 2006; Jones, 2009).
True colourless diamonds are rare, with most “colourless” diamonds having a faint hue upon closer
inspection, which can alter the diamonds transparency (Tappert and Tappert, 2011). This is typically
caused by the presence of lattice impurities creating colour centres within the crystal in such low
concentrations that colouration is subtle and less easily identified (Tappert and Tappert, 2011).
The diamonds from Gahcho Kué were predominantly clear/colourless (70%, Figure 4.21a). A notable
proportion of the population displayed brown body colours (22%) (Figure 4.21b). Yellow specimens were
observed (Figure 4.21c), and accounted for 8% of the diamond population (Figure 4.22).

4.4.1.2 Morphology
Diamond habits are variable, and largely dependent on the mantle conditions during growth and
residence. Primary growth forms are octahedra, cubes, or [more rarely] rhombic dodecahedra (Deines,
1980). Rounded dodecahedral habits are inferred to form as a result of crystal resorption during residence
in the mantle and/or kimberlite entrainment, and can arise from both cubic and octahedral diamonds
(Harris et al. 1975).
Three types of diamond morphology have been recognised, each reflecting a variable growth mechanism;
monocrystalline, fibrous, and polycrystalline (Tappert and Tappert, 2011). Monocrystalline diamonds
represented a single identifiable crystal (although aggregates and twins are known to also form
monocrystalline diamonds) (Tappert and Tappert, 2011). Fibrous diamonds typically represent either an
initial “seed” of monocrystalline diamond coated in a layer of micron scale elongate diamond fibres, or
an indistinct mass of fibrous diamond (Broadley et al. 2018). These diamonds are inferred to form from
carbonate-bearing, oxidised high density fluids (Weiss et al. 2015). Polycrystalline diamonds represent
aggregates of diamond crystals as a single indistinct mass (Kurat and Dobosi, 2000). Diamond habit
reflects the conditions in the growth medium, e.g; cubic diamonds form at low temperature-high pressure
conditions (Tappert and Tappert, 2011). Experimental work shows that a change from cubic to cubooctahedral, and then octahedral habits relates to increasing crystallisation temperatures (Yamaoka et al.
1977). The Gahcho Kué diamonds are typically single crystals, or aggregates of multiple crystals
(Sunagawa, 1981).
The sampled diamonds were all monocrystalline, and showed a high proportion of resorbed forms (Figure
4.23). In total, 63% (n = 55) of crystal habits showed resorption at the corners and edges of the crystal.
The majority of the sample population were transitional between octahedral and dodecahedral habits
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(48%, n = 42; Figure 4.23a), as described by Tappert and Tappert (2011). Dodecahedral crystals
accounted for 15% (n = 13) of the total population, with significant rounding of the crystals present
(Figure 4.23b). No cubic crystals were observed in the sample suite. Un-resorbed octahedral diamonds
made up 11% of the total sample (n = 10) (Figure 4.23c). Where macles (contact twins) are observed,
they were characterised based on the observed degree of resorption, typically as transitional octa/
dodecahedra. Irregular diamonds accounted for 26% (n = 23) of the population. Few of these samples
were “true” irregular diamonds that lacked an identifiable habit (Deines, 1980), with the majority
representing diamonds fractured during transport/processing (Figure 4.23d)(Figure 4.24). In some cases,
resorption was present on the fracture surface of these broken irregular diamonds. This breakage occurred
during, or prior to, transport within the kimberlite, with the broken surface subsequently being resorbed.
During residence in the mantle, or entrainment by, and subsequent ascent in a kimberlite/lamproite,
diamonds can become etched and/or resorbed (Robinson et al. 1989; Gurney and Zweistra, 1995). This is
due to oxidation and/or dissolution of the crystal (Fedortchouk et al. 2007). These processes occur due to
T increases, or the action of volatiles or transition metal components (typically Fe) in a metasomatic
fluid/melt (respectively), causing breakdown of the lattice (Khokryakov and Palyanov, 2015). No
correlation has previously been observed between volume resorption and surface etching (McCammon et
al. 2001; Fedortchouk et al. 2005). Resorption can lead to changes in the original crystal habit, from
cuboids/octahedra to dodecahedra (typically where the surrounding kimberlite/fluid is H2O-rich), and can
generate novel features on the crystal facets (Khokhryakov and Palyanov, 2015).
Diamonds from the Gahcho Kué mine showed a remarkably high proportion of severely etched crystals,
with surface textures characteristic of both those formed by the action of a free fluid (trigons, tetragons,
hexagons, and micro pits (Figures 4.25a-d)), and those formed by direct resorption within the fluid-free
host kimberlite itself (such as corrosion sculptures, and shallow depressions (Figure 4.21e))
(Fedortchouk, 2015). In addition to this, the majority of diamonds (77%) displayed plastic deformation
features, such as slip lines (Figure 4.25f). These represent glide planes that formed within the diamond
along octahedral planes following deformation (De Vries, 1975; Gurney, 1989).
Diamonds are classified as irregular when the crystal habit bears a unique habit (outside of known
permutations of classically defined habits, ie; elongated octahedra), or >50% of the total crystal habit has
been fractured (Tappert and Tappert, 2011). Ruts occurred on 78% (n = 69) of the crystals (Figure 4.25g).
These features represent gaps between layers in the {111} plane in the diamond lattice that were
excavated by etching (Emara and Tolansky, 1957; Varma, 1967). Fracture surfaces were observed on 35%
(n = 31) of the sampled diamonds (Figure 4.25h). These features, as described by McKenna et al. (2004),
represent lattice breakage as a response to extreme mechanical stress (Telling et al. 2000), which can
occur during mantle residence (often indicated by dissolution features on the fracture surface) or during
processing of the sample.
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4.5 Diamond analysis: N Content and Aggregation State
4.5.1 Introduction
Nitrogen is the most common impurity in diamond lattices, where it readily substitutes for C (Stachel,
2014). Natural diamonds largely have a N concentration from below detection limit, to 3000 at.ppm (Tian
et al. 2009). Nitrogen enters the diamond lattice as a single substitutional atom, producing a C-centre.
With increasing temperatures, N impurities migrate within the lattice, aggregating with other N atoms.
Diamonds can be classified based on N aggregation state, and N content of the diamond (Harris, 1987).
Type I diamonds are N-bearing, whilst Type II diamonds have N contents below the detection limit of
FTIR spectrometers (Breeding and Shigley, 2009). Of the N-bearing diamonds, further classification
pertains to the style of N substitution. Type Ib diamonds contain single N atoms, whilst Type Ia diamonds
contain N aggregates (Evans and Qi, 1982). Type Ia diamonds can be further classified as Type IaA
(where >90% of N occurs as a paired substitution of N-atoms (Evans and Harris, 1989)), Type IaAB
(10-90% A-centres), and Type IaB (where >90% of N occurs as four N atoms around a lattice vacancy
(Evans, 1992)).
In total, 56 diamonds were analysed by FTIR. The remaining 32 either produced no usable fragments for
assessment, or produced spectra with significant noise that prevented meaningful evaluation, and were
thus not considered in this study. All specimens had N contents above the limit of detection (~10 at.ppm),
in the range of 12-1416 at.ppm. The N content of the sample population showed an inverse correlation
between N content and frequency (Figure 4.26a), as is often observed within natural diamonds (Stachel,
2014). In this sample, the majority of the diamonds plot within the 0-200 ppm bins of a histogram, with a
median of 88 at.ppm. The presence of samples with high N introduces a high degree of skewness, and so
the mean and standard deviations (252.6±314) are not considered. Infrequent dips are observed
occasionally in some bins of the plotted histogram (such as 600-700 ppm), likely as a result of sampling
bias, or the limited number of samples in this study.
The diamonds measured were classified based on the relative proportion of A and B centres (expressed as
%B = NB/[NA+NB]) recorded by the FTIR assessment (as no C centres were observed). Diamonds were
classified as Type IaA if %B>10, Type IaAB if %B <90 and >10, and as Type IaB if %B >90 (Field,
1992). Aggregation states in diamonds were shown to be highly variable, ranging from 0 to 96 B%, with
occasional fully aggregated Type IaB diamonds. In total, the population consists of 20% IaA, 70% IaAB,
and 10% IaB (Figure 4.27). Where multiple FTIR analyses were conducted on the same host diamond,
type classifications were mostly consistent, as was the total N content. Internal variations rarely exceeded
20 at.ppm N, with the exception of diamond GK69, where a difference of 250 at.ppm of N was observed
between the two measured points. With regards to Type classification, GK27 was shown with different
points indicating a Type IaAB (82%B), and a pure Type IaB diamond (100%B).
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When comparing Gahcho Kué diamonds against other Slave craton diamonds, values for total N content
and aggregation states showed a similar range and distribution. However, no Type II diamonds were
observed in the Gahcho Kué sample suite, maximum N content was less extreme, and median values for
total N were lower (186 at.ppm versus 417 at.ppm) than those from DO27, Jericho, Ekati, and Diavik
diamonds (Davies et al. 1998; Pokhilenko et al. 2001; Stachel et al. 2003; Davies et al. 2004; Pokhilenko
et al. 2004; Banas, 2005; Tappert et al. 2005; Donnelly et al. 2007; De Stefano et al. 2009). The median
value for Gahcho Kué diamonds was comparable to that of the worldwide database (160 at.ppm)(Stachel,
2014).

4.5.2 Platelets
Platelets are impurities that occur within Type Ia diamonds, and are produced simultaneously with the
formation of nitrogen B-centres in diamond. They are principally composed of interstitial C and some N
impurities that align in a zig-zag pattern along a given defect line (Olivier et al. 2018), on the nano to
micrometre scale along the {001} axis (Lang, 1964). It is thought that their growth mechanism involves a
thermally activated release of vacancies from platelets (Goss et al. 2003). The presence of platelets within
a diamond produces an FTIR peak at 1358-1378 cm-1 (Clackson et al. 1990). The strength of this peak
correlates with the size and concentration of platelets within the host diamond (Evans et al. 1981).
Experimental results have shown a positive linear correlation between N concentration in B-centres and
the total platelet peak area in FTIR, that can help distinguish between so-called regular and irregular noncuboid diamonds (Woods and Charles, 1986). Regular diamonds will follow the correlation trend, whilst
irregular diamonds will plot below it (i.e; their platelet peak is smaller than predicted) and show no linear
correlation. Irregular diamonds represent diamonds that have experienced significant platelet degradation
following heating or deformation events (Evans et al. 1995). Diamonds that plot beneath the linear array
of these two factors are classed as irregular; those that plot along it, are termed regular (Woods and
Charles, 1986).
It was previously observed that platelets form at a significantly reduced rate in cuboid diamond sectors
(Howell et al. 2012). Hence, this method cannot be used on cubic diamonds. As no cuboid diamonds were
present in the measured sample, the relationship between N in B centres and platelet contents can be
assessed. Of the 81 data points taken from 59 diamonds analysed, 15 data points had no measurable
platelet defects (<1cm-2 peak area). All measured Type IaA diamonds had a measurable platelet peak in at
least one spot. When NB is plotted against I(B’), only 9% (n = 7) of the data points plot within the area of
“irregular” diamonds, with the remaining 91% plotting on or in close proximity to the “regular”
classification line (Figure 4.28).
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4.5.3 Hydrogen
Hydrogen impurities in natural diamonds are common, and occur in concentrations of 500-3500 ppm
(Hudson and Tsong, 1977; Briddon et al. 1988). H impurities produce FTIR spectra peaks at 3107 and
1405 cm-1 (Kiflawi et al. 1996). These twin peaks are thought to correspond to the presence of a H
impurity within the diamond, which generates a C=CH2 bond. This results in C-H stretch vibrations
which produce the 3107 cm-1 peak. The 1405cm-1 peak in turn relates to the bending mode of this same
initial vibration (Woods and Collins, 1983). Hydrogen occurs as an impurity only in Type Ia diamonds,
with known concentrations in the range of 500-3500 ppm, and is thought to concentrate along internal
surfaces, such as microscopic internal cavities or at inclusion interfaces.
Previous studies have suggested a linear correlation between total N content and the area of the 3107 cm-1
H-related peak in diamond (Fritsch et al. 2007). The absorption centre responsible for the 3107 cm-1 peak
likely is N3VH, a nitrogen N3 centre surrounding a vacancy decorated by a hydrogen atom (Goss et al.
2014). Correlations between nitrogen content and absorption strength at 3107 cm-1 have been employed
to infer the diamond growth medium: Low H and high N diamonds were suggested to grow from a N2rich source, while more H-rich samples relate to ammonium/ammonia-bearing fluids (Iakoubovskii and
Adriaenssens, 2002). No relationship was observed between total N content and the 3107 cm-1 H-peak
area from the Gahcho Kué sample suite (Figure 4.29).

4.5.4 Mantle Residence Conditions and History
As a diffusion-based process, aggregation rates of N within diamond are determined by the time-averaged
temperature of the surrounding mantle, the total N content of the diamond, and [less so] the total
residence time within the mantle (Leahy and Taylor, 1997). Readings from measured diamonds with
similar values were averaged (where multiple data points were taken), whilst diamonds with notable
variation were left as individual values (as diamonds can often display distinct N systematics when
multiple growth events have occurred), and then N content and total %B were plotted over defined
isotherms (Taylor et al. 1989) (Figure 4.27). Unaggregated Type IaA diamonds were assumed to have
0.5% B-centres, and fully aggregated Type IaB diamonds were assumed to have 99.5% B-centres, to
enable calculation of temperature and residence time (Nichols et al. 2012). The N aggregation and
content data obtained by FTIR show mantle residence temperatures consistent with the estimates obtained
from the measured inclusion suite, with temperatures within the range of 1050-1250°C (Figure 4.31).
However, in instances where host diamonds produced both usable N data, and hosted inclusions suitable
for geothermometry, several samples showed mantle residence conditions hotter than the formation
conditions estimated from inclusions, typically by ~100±5°C. Measured pure Type IaB diamonds are
inferred to have aggregated at high temperatures of ≥1400°C, and potentially relate to sublithospheric
conditions.
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With regards to residence times, N aggregation is known to be more sensitive to temperature than it is to
time (Taylor et al. 1990). This study utilises N aggregation data only to constrain mantle residence
temperatures. With regards to residence time, previous studies have observed that the majority of
diamonds from the Slave craton are ~3 Ga (Schmidberger et al. 2005; Smart et al. 2011). The Gahcho
Kué diamonds are thus assumed to have similar residence ages of ~3 Ga. Where multiple N aggregation
values were obtained from the same diamond, temperature estimates were largely consistent.

4.6 Diamond analysis: In Situ N Content and δ13C and δ15N Analyses
All diamonds within the sample suite were measured by SIMS for C and N isotope ratios and N
concentrations. Where host diamonds fragments were assessed by FTIR, the resulting values for both
instruments are compared (Figure 4.26b). Ideally, a 1:1 ratio should be observed between the two
measurements (Figure 4.30). At least two spots were analysed on individual diamond fragments, with the
total number varying depending on the degree of internal variation observed with respect to N at.ppm. On
average, three spots were analysed per diamond, up to a maximum of six (see Appendix A, Table A.5.1).

4.6.1 Nitrogen Concentration
Nitrogen concentrations determined by SIMS are more variable than those revealed by FTIR, ranging
from 1.6 to 2407 at.ppm. When plotted, average N concentrations determined via SIMS and FTIR fell
close to a 1:1 correlation for the majority of samples. Numerous outliers, however, existed between the
two methods, with NSIMS being significantly higher than NFTIR in a number of cases (Figure 4.26b; Figure
4.30). This reflects the higher spatial resolution of SIMS (12 µm beam diameter sampling the upper 1 µm
of the sample (Stern et al. 2019)) versus that of the FTIR (100 µm beam transmitted through the entire
sample), and that FTIR only measures infra-red active N, whilst SIMS that measures all N present (such
as the N3 centre). As with FTIR assessment, an inverse correlation between N abundance and frequency
was observed, albeit with a significantly more prominent representation of concentrations <100 at.ppm
(Figure 4.26b). Despite the notable variation in concentrations, mean N contents were comparable (~250
at.ppm for both methods), but a lower median of 63.0 at.ppm was observed in samples measured by
SIMS. This further attests to the abundance of diamonds with <100 at.ppm of N.

4.6.2 Stable Isotope Composition

4.6.2.1 δ13C
Carbon has two naturally occurring stable isotopes;

12C

and

13C,

with abundances of 98.9% and 1.1%,

respectively (Cartigny, 2005). The ratio of these isotopes has been used to derive constraints on the origin
of C within diamonds, due to different C sources having distinct C signatures (Deines, 1980). The ratio of
these isotopes is typically expressed as ‰ of δ13C with respect to the VPDB (Vienna Pee Dee Belemnite)
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standard (Kendall and Doctor, 2003). Worldwide, diamonds display δ13C isotope signatures in the range
of -41 to +5‰ (Cartigny, 2005). About ~72% of these samples plot within the “mantle” range of -8 to
-2‰ (Deines, 1980), peaking at -5‰ (Javoy et al. 1986; Kirkley et al. 1991; Cartigny et al. 1998).
Diamonds of both eclogitic and peridotitic paragenesis have modes in δ13C of -5±1‰. Peridotitic
diamonds have δ13C ranges predominantly between -10 and -1‰ (Kirkley et al. 1990), although more
extreme values of δ13C depletion (up to -26.4‰) and enrichment (+0.2%) are known (Cartigny, 2005).
Conversely, eclogitic diamonds have a wider range of δ13C values from -38.5 to +2.7‰ (Cartigny, 2005).
Stable isotope analysis of Gahcho Kué diamonds showed δ13C values largely consistent with mantle
values (Cartigny et al. 1998), between -8 ‰ and -2 ‰, with a mode of -5.9 ‰. More negative values
were present in the range of -13.5 ‰ to -26.8 ‰ (Figure 4.32), within the known ranges for both
peridotitic and eclogitic diamonds (Cartigny, 2005). For 58 of the 88 analysed diamonds, their inclusion
content allowed them to be assigned to either the eclogitic (n = 9) or the peridotitic suite (n = 47).
In total, four of the eclogitic diamonds had δ13C values within the expected mantle range, with the other
seven falling between -13.5 and -26.8 (Figure 4.32). Peridotitic diamond values were less diverse, with
only four data points from two diamonds falling outside the known mantle range (GK16 and GK56;
which contained an olivine inclusion, and a chromite inclusion, respectively) (Figure 4.30). Similar trends
were observed in the “unclassified” diamond group, albeit with a larger proportion (10%, n = 3)
displaying δ13C values outside the mantle range (Figure 4.32).

4.6.2.2 δ15N
As with C, N has two stable isotopes;

14N

and

15N

with abundances of 99.6%, and 0.4%, respectively

(Cartigny, 2005). The ratio of these two isotopes can be used to trace sources of N within geological
systems, and is measured relative to an international standard (atmospheric N)(Mariotti, 1983). Nitrogen
isotopes from upper mantle sources (eg; diamond and MORB) show modal values in the range of –5 ±
3‰ (Cartigny, 2005). Nitrogen from upper mantle and [meta]sedimentary sources is isotopically distinct.
Sedimentary δ15N values are positive (mean = +6‰)(Cartigny, 2005). These sedimentary N values
become further enriched as a result of devolatilisation during metamorphism, which decreases

14N

content and enriches 15N as metamorphism proceeds (Haendel et al. 1986). Using SIMS, δ15N values can
only be assessed in diamonds with N contents >50 at.ppm.
The N isotope composition was determined for 48 of the 88 diamonds sampled, with 82 data points
plotted in total. The majority of data points are δ15N-enriched (60% >-2‰ (n = 49)) relative to the
expected mantle range (-5±3‰) (Cartigny, 2005). The remaining values were divided between

15N-

depleted (10%, n = 9), and standard mantle values (30%, n = 24) diamonds. δ15N values form a near
Gaussian distribution when plotted on a histogram, with a modal value in bin -1 to 0 (Figure 4.33). One
notable outlier (GK15) showed a more positive δ15N value than has previously been reported in the
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literature. When separated by inclusion assemblage, peridotitic diamonds show a mode between -2 and
-4, with a range of -20 to +14‰ (Figure 4.33), whilst only three eclogitic diamonds bore N
concentrations high enough to determine N isotope composition. From the five (total) spot values
obtained for Gahcho Kué eclogitic diamonds, all were within the narrow range of -0.4 to 1.4‰.
Plotting δ15N against δ13C (Figure 4.34) showed a clustering around mantle values for both isotope
systems. Several outliers were observed, most notably three specimens with significant
two of which record significant

15N-enrichment.

The most

15N-depleted

13C-depletion,

samples plot within expected

mantle values for δ13C (Figure 4.34). Diamonds with the highest N content also plotted within expected
mantle values.

4.6.2.3 Internal Variation of Stable Isotopes
Cathodoluminescence images were taken of every diamond fragment in the sample suite to assess growth
zonation. This allows identification of different periods of diamond growth, and aids subsequent
assessment of internal variations of stable isotopes in the sample. In cases where diamond fragments
show defined crystal edges, they are inferred to represent the outermost region of growth. This enables
[rough] characterisation of core-to-rim variation (Harte et al. 1999).
Of the 88 diamonds analysed, 17 diamonds showed significant growth zonation, identified by use of the
2σ intersession error on δ15N, which varies in accordance with the N concentration. The δ13C values
showed little variation between points in the majority of analysed samples, with the exception of GK08
and 16 (both peridotitic diamonds, Figure 4.35). The former showed a single, more negative δ13C value of
-6.0‰ compared to the other two analytical spots (both -4.2). The latter diamond yielded four points
within the expected mantle ranges, and two that were significantly more negative (-23.0‰). Preservation
of the crystal rim of both crystals enabled assessment of core-to-rim variation. GK08 showed more
negative δ13C values toward the rim. GK16 cannot be characterised in this way, as no reference crystal
edge exists to orient the fragments against each other.
Only five diamonds recorded sufficiently high N values throughout (>50 at.ppm) to assess the
homogeneity in N isotope composition. Two samples were observed with δ15N values that indicated
significant internal variation; GK26 and GK55 (Figure 4.36). Internal variations were more significant in
the former, ranging from -2.9 to -10.2 (although some overlap is observed between associated errors for
two of the points). GK55 has measurable δ15N values for only two of the points, with both of these points
falling within the expected values for mantle N when factoring in the 2σ intersession error.
Conversely, 65 of the 88 diamonds sampled displayed significant (>2σ ) variations in N content between
points. The degree of variation was inconsistent between samples; some samples showed small variations
<50 at.ppm, whilst others showed larger variations (up to 685 at.ppm)(see Appendix A, Table A.4.1-2).
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Lherzolitic
Harzburgitic
Unknown

Figure 4.1: Histogram of the average Mg# from individual olivine inclusions from the Gahcho Kué
suite.
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Figure 4.2: Mg# vs NiO content of olivine inclusions.

Figure 4.3: Mg# vs. CaO content of olivine inclusions. All measured inclusions display
values within the expected mantle range.
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Figure 4.4: Cr-Ca plot (After Grütter et al. 2004, with the 7 GPa isobar from Grütter et al. 2006)
detailing the compositions and classifications of garnet inclusions from the Gahcho Kué suite
against other measured garnet inclusions from the Slave Craton (from Davies et al. 1999; Davies et
al. 2004; Donnely, 2006; De Stefano et al. 2009; Pokhilenko et al. 2001; Pokhilenko et al. 2004;
Stachel et al. 2003; Tappert et al. 2005).
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Figure 4.5: Mg# vs TiO2 in peridotitic garnet. An even distribution is observed between
Lhz and Hzb garnets between low and high TiO2 (delineated by dashed line).

Figure 4.6: Mg# vs Cr# for peridotitic garnet inclusions.
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Figure 4.7: Na vs Ti cations in eclogitic garnet (majoritic composition garnets excluded).
Sodium in eclogitic garnets (majoritic garnets being excluded) is strongly correlated with Ti
content but on a cation basis a slight excess of Na over Ti is commonly observed.

Figure 4.8: Magnesium number of eclogitic garnet vs Na2O content. A negative
correlation is observed, likely relating to the bulk rock chemistry of the initial basaltic/
gabbroic protolith.
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Figure 4.9: The Si+Ti versus Al+Cr cation content for sampled majoritic garnets.

Figure 4.10: The Al+Cr cation content versus Na cations for sampled clinopyroxenes.
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Intermediate composition
(Lhz-Hzb)

Harzburgitic composition

Figure 4.11: Mg# vs CaO of opx, enabling distinction of source paragenesis.

51

Figure 4.12: Comparison of Gahcho Kué orthopyroxene with orthopyroxene
inclusions from the Slave craton and the worldwide database for Cr and Ni content.
Overlap between sampled inclusions and the worldwide database is apparent.
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Figure 4.13: Truncated Fe-Ni-S ternary diagram displaying the composition of measured
sulfide inclusions (based on the atomic wt% of each element).

53

Figure 4.14: Histogram displaying temperature estimates from the inclusion geothermometers utilised
during this study (O’Neill and Wood, (1979); Nimis and Taylor (2000), Köhler and Brey, (1990);
Canil (1999); Griffin et al. (1989).
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Figure 4.15: Geotherm plot of Hasterok and Chapman (2011), with data from Slave Craton localities
plotted. As can be seen, data from the single Cpx geobarometer of Nimis and Taylor (2000) plots upon a
37mW/m2 geotherm, similar to data points from the Central Slave.
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Figure 4.16: REEN for harzburgitic garnets from the Gahcho Kué inclusion suite normalised to
the C1-chondrite concentrations of McDonough and Sun (1995). Sample GK34b-1 represents
the unusually deep-formed harzburgitic garnet.

Figure 4.17: HFSE trace elements of harzburgitic garnet inclusions in Gahcho Kué
diamonds normalised to the C1-chondrite abundances of McDonough and Sun (1995).
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Figures 4.18 a-b: C1-chondrite normalised patterns of REEN (top) and HFSE (bottom) trace
elements in the lherzolitic sample GK51A from the Gahcho Kué inclusion suite.
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Figure 4.19: Zr/Y ratios in harzburgitic garnets from Gahcho Kué indicating possible
metasomatic pathways (after Griffin and Ryan, 1995).
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Garnet/C1-Chondrite
Garnet/C1-Chondrite
Figures 4.20a-b: C1-normalised REEN patterns (top) and non-REE trace elements (bottom)
for eclogitic and pyroxenitic garnet inclusions from the Gahcho Kué inclusion suite.
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Figures 4.21a-c: Photographs detailing the range of body colours observed in diamonds from
the Gahcho Kué suite. Left to right; clear/colourless, brown, and pale yellow.

Figure 4.22: Pie chart showing the proportions of each diamond colour represented within the
sample population of the Gahcho Kué sample suite.
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Figures 4.23a-d: Habits observed within the Gahcho Kué sample suite. Top left-bottom
right: Partially resorbed octahedra, octahedra, dodecahedra, and irregular diamond habits.

Figure 4.24: Pie chart displaying the diamond habits observed within the Gahcho Kué
sample suite.
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Figures 4.25a-h: Surface features observed within the Gahcho Kué suite. Top leftbottom right; trigons, tetragons, hexagons, micro pits, corrosion sculptures, slip lines,
ruts, and fractures.

Figures 4.26a-b: Histogram detailing the range of averaged N contents observed in diamonds
from the Gahcho Kué sample suite by FTIR (a: left) and SIMS (b: right)
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Figure 4.27: N-aggregation states in Gahcho Kué diamonds and the inferred residence
temperatures associated with each sample. A 3 Ga residence time is assumed for every sampled
diamond.

63

Figure 4.28: Platelet peaks vs B centres in Gahcho Kué diamonds. The solid line indicates the
linear relationship between plate peak area and nitrogen abundance in B aggregates (after Woods,
1986).

Figure 4.29: Total N content (ppm) versus H (3107 cm-1) in Gahcho Kué diamonds. Little
correlation between the two factors is observed in the measured sample suite.
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Figure 4.30: N content (at.ppm) values from diamonds measured by FTIR versus SIMS.
Straight line indicates a 1:1 ratio between measured values.

Figure 4.31: Histogram of N aggregation temperatures in Gahcho Kué diamonds.
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Figure 4.32: Histogram showing δ13C values of diamonds from the Gahcho Kué sample suite.
The modal value is within the expected range of mantle values (Cartigny, 2005), with rare, more
negative samples.
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Figure 4.33: Histogram displaying the δ15N values for each diamond in the Gahcho Kué suite,
compared with diamonds from the worldwide database (Hogberg et al. 2016).

GK15

GK56

Figure 4.34: δ15N against δ13C from sampled Gahcho Kué diamonds. The majority of sampled
diamonds show δ13C values within the expected mantle ranges, with several more notable
outliers, whilst δ15N values are largely enriched relative to mantle values.
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Figure 4.35: Cathodoluminescence photos of GK08 and GK16-1 and 2 (L-R, all peridotitic
diamonds), with measured data points indicated in red. Notable internal variation in δ13C
was observed within when the different zones within were measured.

Figure 4.36: Cathodoluminescence photos of GK26 and GK55, the only diamonds in the
suite that record notable internal variation in δ15N, with measured data points indicated in
red. Both samples are of peridotitic paragenesis.
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Chapter 5: Discussion
5.1 Composition, Origin, and Evolution of the Mantle Source Region for
Gahcho Kué Diamonds
5.1.1 Major Element Chemistry of Inclusions
Geochemical data for kimberlite-derived xenocrystic garnets across the Slave Craton shows evidence for
notable mantle heterogeneity (Grütter et al. 1999), with compositionally distinct terranes trending ENE
(Helmstaedt, 2009), and the mantle beneath the southern region being the most depleted (Grütter et al.
1999). Estimates of mantle composition from the Southern Slave Craton were initially obtained by
assessment of inclusions in diamonds from the Snap Lake dike (Pokhilenko et al. 2004). This study
revealed a predominantly peridotitic mantle source (94.7%), largely of harzburgitic composition, with a
minor eclogitic component (5.3%)(Figure 5.1). The harzburgitic origins were characterised by low CaO
contents (3.7-5.8 wt%) and high Cr2O3 content Cr-pyrope garnets (7.7-12.8 wt%)(Pokhilenko et al.
2004).
EMPA analysis revealed the chemistry of the diamond inclusion suite from Gahcho Kué to be
predominantly peridotitic (89%, n = 96), with notable eclogitic (10%, n = 11) and minor websteritic (1%,
n = 1) components (Figure 5.1). Peridotitic origins were inferred by the high proportion of high Mg#
olivine (median and mean Mg# 92.7), and predominantly harzburgitic (82%, n = 9) garnet inclusions with
a minor lherzolitic component (18%, n = 2) (see Figure 4.4). An enstatite of unknown paragenesis was

5%

95%

Figure 5.1: Pie charts of the proportions of each mantle lithology recorded within the Gahcho Kué (left)
and Snap Lake (right) mineral inclusion suites (from Pokhilenko et al. 2001).
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also observed, with a lower Na2O content (BDL; ≤0.022 wt%) than the median Na2O content for
peridotitic Opx (0.04 wt%; Stachel and Harris, 2008). This suggests equilibration in low fertility mantle
(Lappin and Smith, 1978).
This predominance of peridotitic inclusions is similar to that observed in the neighbouring Snap Lake
diamond deposit (Figure 5.1; Pokhilenko et al. 2004). However, a larger proportion of eclogitic
paragenesis inclusions was observed in Gahcho Kué than at Snap Lake. Comparison of mean Mg# for
olivine inclusions from Gahcho Kué and Snap Lake shows largely similar values (92.7 versus 92.6,
respectively), suggesting similar compositions for the mostly harzburgitic peridotitic mantle. The high
Mg#’s are consistent with depleted, (most likely harzburgitic) cratonic mantle sources (Bernstein et al.
2007). Comparison to inclusions in diamond from elsewhere on the Slave craton shows higher Mg#
olivines exist in the southern Slave than in central deposits (Stachel et al. 2003), attesting to the more
depleted origin of inclusions sourced from the southern Slave mantle. Comparison with the Kaapvaal
Craton shows some overlap with the low Mg# end of the spectrum, but overall a higher mean Mg# is
observed for Kaapvaal olivine inclusions, suggesting the Slave Craton is less depleted than the Kaapvaal
Craton, as previously suggested by Stachel et al. (2003).
The predominance of harzburgitic garnets included in the Gahcho Kué diamonds further suggests
sourcing from strongly depleted mantle (Grütter et al. 2004). Peridotitic garnets are classified into low(<0.04 wt%) or high-(>0.04 wt%) TiO2 groups (Stachel and Harris, 2008). The low-Ti group represents
“truly” depleted substrates, (which have experienced relatively little metasomatic activity), whilst high Ti
garnets reflect re-enriched substrates (Stachel and Harris, 2008). The majority of harzburgitic garnets
(71%, n = 5) are classified as low-Ti, whereas the lherzolitic members have an equal split between the
low-Ti and high-Ti groups (see Figure 4.5). The high-Ti garnets are inconsistent with substrates that were
so intensely melt-depleted as to produce the observed high Cr2O3 contents in the harzburgitic garnets, and
so at least the high-Ti harzburgitic garnets reflect secondary re-enrichment of Ti in the diamond substrate
by the action of a metasomatic fluid/melt.
One peridotitic garnet (GK34b) is notable for its unusually high Cr2O3 content (18.2 wt%), which in
accordance with Grütter et al. (2006), suggests a minimum formation pressure of ~7 GPa (equivalent to a
minimum cratonic lithosphere thicknesses of ~220 km). This [rough] depth estimate approaches
conditions where garnet becomes majoritic (≥250km, (Stachel, 2001)), however EMPA analysis revealed
the Si cation contents for garnet GK34b were below the threshold for majoritic garnet (<3.03). Cr-pyrope
garnet inclusions in diamonds from Snap Lake have been observed with notable majoritic components
(3.12 and 3.17 Si PFU, corresponding to 11.6 and 16.8 mol% majorite) and Cr2O3 contents of 11.8-12.8
wt%, and are inferred to originate from depleted ultramafic rocks at depths >300 km (Pokhilenko et al.
2004). A similar origin is inferred for GK34b, albeit at a shallower depth than is suggested by the Snap
Lake majoritic Cr-pyrope garnets.
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Garnet GK35 has a CaO content of 1.55 wt%, typical of formation in ultra-depleted harzburgitic to
dunitic mantle (<1.8 wt%, Grütter et al. 1999). Previous studies suggest ultra-depleted peridotitic garnets
form in shallow formation depths (~120km), where they are less likely to interact with percolating
metasomatic fluids/melts (Gibson et al. 2013). However, the diamond facies nature, and high Cr2O3
content of this garnet suggest formation at a minimum depth of 150 km (Grütter et al. 2006). The
unusually low CaO content is likely a result of extraction of up to ~50% komatiitic melt within the spinel
stability field, and reflects extreme depletion in the associated restite (Bulatov et al. 1991). The high Mg#
of this garnet (89.1) gives further credence to this statement.
Two Mg-rich augites (GK52a, and GK75; classified after Morimoto, 1988) are inferred to originate from
the “On Craton” garnet peridotite field in the Cr2O3 vs Al2O3 classification scheme of Ramsay and
Tompkins, (1994). The relatively low Cr2O3 contents (0.6 wt%) and Mg# (84.3) in GK52a suggest a
websteritic origin (Cameron and Papike, 1981; Stachel and Harris, 2008), whilst GK75 has a peridotitic
origin (Mg# = 93.0, Cr2O3 = 0.9 wt%). Previous mineralogical studies suggest websteritic minerals are
products of in situ fractional crystallisation of basaltic melt within the mantle (Scribano, 1987).
Eclogitic minerals from this sample suite consist of low- and high-Ca garnet (4%, n = 4), sulfides
(7%, n = 6), and a single omphacitic clinopyroxene (<1%). Eclogitic sulfides are characterised by Ni
contents <12 wt% (Yefimova et al. 1983). The single observed eclogitic clinopyroxene with a high jadeite
component (21.5%) suggests the presence of plagioclase in the initial protolith, and precludes an origin
from a high pressure magma cumulate (Pearson et al. 2003). The low K2O content (0.06 wt%), suggests a
low pressure and/or a high temperature origin, or formation in a low K2O substrate (Edgar and
Vukadinovic, 1993). This is a feature commonly observed in eclogitic cpx included in diamond, and is
characteristic of non-diamondiferous Group II eclogites from the Roberts Victor Mine (McCandless and
Gurney, 1989; Jacob, 2004). Utilising the eclogitic cpx classification scheme, this omphacite can be
classified as a Group B cpx (Coleman et al. 1965), suggesting formation from a crustal basaltic protolith
that experienced some partial melting, which served to deplete the rock in K (Taylor and Neal, 1989).
With regards to majoritic garnets, assessment of Si+Ti versus Al+Cr trends suggests the majoritic garnets
follow the enstatite substitution trend (2Al3+ = Si4+ + M2+, where M2+ represents Mg, Fe, Ca, or Mn;
Kiseeva et al. 2013). This feature is somewhat unusual, given the presence of eclogitic majorites, which
will more typically follow the jadeite substitution trend (M2+ + Al3+ = Na+ + Si4+; Kiseeva et al. 2013).
This suggests that the Gahcho Kué majoritic garnets have derived from low Na lithologies of
intermediate compositions between ultrabasic and basic; likely reflecting the mixing of carbonated slab
melts with the surrounding mantle (Thomson et al. 2016).
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5.1.2 Trace Element Chemistry of Garnets
Prompatred et al. (2004) assessed the REEN patterns of garnet inclusions from Snap Lake diamonds. The
results indicated the patterns were typical of the garnets source lithologies; with harzburgitic garnets
displaying sinusoidal REEN patterns, and eclogitic diamonds displaying strongly LREEN-depleted
patterns (Prompatred et al. 2004). The harzburgitic signature is inferred to reflect depleted mantle garnets
being re-enriched in LREE by a metasomatic fluid (Prompatred et al. 2004; Stachel et al. 2004). The
eclogitic signature reflects depletion of LREE within the mantle as a result of dehydration and partial
melting of subducting oceanic slabs (Stachel and Harris, 2008).
Regarding REEN patterns of Gahcho Kué garnet inclusions, broadly similar trends to Snap Lake garnets
are observed (Figures 5.2 and 5.3), with some exceptions. Harzburgitic garnets display the typical
sinusoidal patterns of worldwide diamond inclusion garnets, with low LREE/HREE ratios and the
distinctly sinusoidal shapes commonly observed, as with the Snap Lake deposit. A notable outlier to this
pattern is GK34; a high Cr harzburgitic garnet which shows a highly sinusoidal shape with high LREEN/
HREEN ratio and strongly superchondritic enrichments in LREEN (La-Nd; LaN/YbN = 46.0). The high Cr
content of this harzburgitic garnet is similar to a high-Cr garnet inclusion observed included in diamond
from the Birim field, Ghana (Stachel and Harris, 1997); shown as G303-305 in Fig 5.2, right. In this
study, the extreme LREEN-enrichment in garnet was inferred to relate to LREE concentrations increasing
with depth (closer to the base of the lithosphere), due to changes in partition coefficients with increasing
pressures (Yurimoto and Ohtani, 1992). A similar origin may have produced the REEN signature of
GK34b, albeit to a lesser degree, as the Birim Field garnet had a majoritic component, and thus formed at
a greater depth than GK34b.

Figure 5.2: REEN patterns for harzburgitic garnet inclusions from the Gahcho Kué suite compared
with harzburgitic garnet inclusions from Snap Lake (from Prompatred et al. 2004). As can be
seen, patterns are largely consistent between the two Southern Slave Craton localities.
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Figure 5.3: REEN patterns for eclogitic garnet inclusions from the Gahcho Kué suite compared with
eclogitic garnet inclusions from Snap Lake (from Prompatred et al. 2004; grey lines indicate garnet
inclusions in diamonds from Siberia).
Two lherzolitic garnets were observed, however, only one was of a suitable size for analysis by LA-ICPMS. This garnet recorded a low LREEN/HREEN ratio, (similar to the majority of observed Gahcho Kué
harzburgitic garnets) but had the highest HREEN contents of the measured peridotitic garnet suite. This is
typical of lherzolitic garnet REEN patterns world wide, which often show HREEN enrichment relative to
harzburgitic specimens (Stachel and Harris, 2008). This probably reflects a different re-enrichment
mechanism in lherzolitic substrates compared to harzburgitic substrates, likely via a less LREEN-, and
more HREEN- enriched metasomatic melt (Stachel and Harris, 2008).
Sinusoidal REEN patterns are common in garnets from peridotitic substrates, and are inferred to reflect a
continuum of metasomatic fluid/melt interaction with the initial substrate (Stachel et al. 2004). This
continuum represents a transition from fluid to melt-dominated metasomatism, with the highly sinusoidal
shape of the “deep” harzburgitic garnet representing solely fluid influenced systems, and the lherzolitic
sample representing a solely melt influenced system (Stachel et al. 2004). The bulk of the observed
harzburgitic garnets are inferred to represent metasomatic agents approaching the fluid end-member
(Stachel et al. 2004).
Regarding non-REE trace elements, the low elemental contents of Zr, Y, and Ti in the majority of
measured peridotite garnets (Figures 4.16, and 4.17b) are characteristic of low T metasomatic
assemblages (Griffin et al. 1999b). Where the specimens are firmly within the depleted field (Figure
4.18), the associated low Y, and Zr contents are inferred to relate to formation in a substrate in
equilibrium with carbonatitic melts (Griffin et al. 1992).
Similarities between the Gahcho Kué and Snap Lake eclogitic garnets (which were shown to be within
the typical range for worldwide garnets (Prompatred et al. 2004)) are apparent in the datasets (Figure
5.2). Measured Gahcho Kué eclogitic garnets displayed the “normal” pattern typical for meta-basaltic
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substrates with low LREEN/HREEN ratios throughout the measured sample suite. This observed LREEdepletion in eclogitic garnets from Gahcho Kué diamonds and cratonic eclogites worldwide is generally
attributed to secondary partial melting of meta-basaltic protoliths during subduction (Aulbach et al.
2017). Patterns are broadly consistent between the low and high Ca groups, with the exception of notable
HREEN enrichment in the high Ca garnet GK48, and overall lower REEN concentrations in the low Ca
suite.
Non-REE trace elements of eclogitic garnets showed notably low LFSE/HFSE ratios (Figure 4.19), due
to relative enrichments in Ti, Zr, and Y over Ba and Sr (and Nb) in both types of eclogitic garnet. These
enrichments are often inferred to result from interaction between the mantle substrate and low volume
alkaline melts (Pearce, 2008), in addition to fractional crystallisation. In this case however, LFSE
depletion due to partial melting (Aulbach et al. 2017), is the likely cause of depleted LFSE-HFSE ratios.

5.2 Geothermobarometry
The average pressure of formation of peridotitic diamonds (55 kbar; Stachel and Luth, 2015), which
coincides with previous pressure estimates from Gahcho Kué kimberlite xenoliths (~55 kbar; Kopylova
and Caro, 2004), was used as the assumed pressure for geothermometry calculations. Results from the
combined usage of the paired olivine-garnet geothermometer of O’Neill & Wood (1979), and the Al-Cr in
olivine (Bussweiler et al. 2017; de Hoog et al. 2010), Ni-in-garnet (Griffin et al. 1989; Canil, 1999), Ca in
opx (Köhler and Brey, 1990), and single cpx (Nimis and Taylor, 2000) geothermometers result in
equilibration temperatures at 1020-1370°C.
Temperature estimates for mantle residence conditions of the host diamonds (obtained by use of the N
geothermometer of Taylor et al. 1990, with the updates of Taylor et al. 1996) revealed comparable values
of 1050-1250°C. Where FTIR-measured diamonds also contained mineral inclusion(s) usable for
geothermometry, residence conditions (TN) are typically ~100°C hotter than formation conditions.
Similar temperature discrepancies are often observed elsewhere (Stachel and Harris, 2008, and references
therein), and have previously been attributed to transient heating events, plastic deformation, and/or
impurities within the diamond lattice potentially acting to enhance N aggregation (Taylor et al. 1990).
These values are broadly consistent with previous temperature estimates from Slave Craton diamonds and
their associated mineral inclusions (Pokhilenko et al. 2004; Tappert et al. 2005; Donnely, 2006). More
recently however, it has been shown that the effects of mantle heating on diamonds are rarely constant,
and can result in extreme changes to N aggregation in short periods of time (Kohn et al. 2016). This can
produce temperature estimates that are not representative of the complex thermal history experienced by
the diamonds (Kohn et al. 2016).
A geobarometry estimate from the Gahcho Kué sample suite was calculated using single clinopyroxene
geothermobarometry (Nimis and Taylor, 2000). Results from the clinopyroxene geothermometer indicate

74

N B-centres (ppm)

H-peaks (3107cm-1)
Figure 5.4: H-peak area versus total N B-centre content in measured host
diamonds.
a temperature of 1050°C for a single lherzolitic cpx, similar to other temperature estimates from other
methods. The cpx geobarometer puts the formation pressure for this inclusion in the diamond window at
49 kbar. Results could only be obtained from the single peridotitic cpx present. Assuming a pressure
gradient of 3.15 kbar per kilometre of depth, the peridotitic clinopyroxene measured is inferred to have
formed at 160 km depth. Overlaying these data onto the Hasterok and Chapman (2011) geotherm plot
suggests a 37 mW/m2 Palaeogeotherm for Gahcho Kué (Figure 4.14). The depth indicated, and the
suggested geotherm are consistent with previous studies, with the data supporting existing evidence of a
cold, high pressure mantle interior within the Slave Craton (Pearson et al. 1998), and a geotherm similar
to that observed in the Snap Lake system (Pokhilenko et al. 2004).
Where eclogitic garnets displayed a minor majoritic component (Si cations ≥3.03), depth estimates from
the Beyer and Frost (2017) geobarometer for majoritic garnet (where eclogitic garnets had a notable
majorite component) put formation conditions at 77-90 kbar (240-295 km depth). Given that Si excess
was barely above the 1σ error interval, these results should be interpreted with caution. Mildly majoritic
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peridotitic-suite garnets were also observed in Snap Lake (Pokhilenko et al. 2004), suggesting a possible
depth extent of the lithospheric mantle beneath the southern Slave to depths ≥300 km during the time of
diamond formation.

5.3 Characteristics of Diamonds from Gahcho Kué
5.3.1 Physical Characteristics
Multiple populations of diamond are present within the Gahcho Kué sample suite. This is evidenced by
the presence of regular-, and irregular-type diamonds, as identified by the platelet/nitrogen B-centre
relationship (Speich et al. 2018). Of the diamonds measured by FTIR, 19% of readings (n = 15) were
shown to have no measurable platelet peak. Of the samples with measurable platelet defects, 9% (n = 7)
were irregular. Irregular diamonds indicate episodes of significant platelet degradation as a result of
transient thermal events (Evans et al. 1995), or deformation (Woods and Collins, 1986). Previous studies
have shown eclogitic diamonds commonly have higher N contents than peridotitic diamonds (Smart et al.
2011; Stachel, 2014). Evidence for this is observed in the Gahcho Kué suite, as the most nitrogenous
sample measured by FTIR is eclogitic. In addition to this, the median N content for measured eclogitic
inclusion-hosting diamonds is significantly higher than for peridotitic-inclusion hosting diamonds (747
ppm, versus 84 ppm, respectively).
Many Gahcho Kué diamonds are severely etched crystals (see Appendix B, Section 3). Surface textures
are largely characteristic of those formed by the action of a free fluid (Mendelssohn and Milledge, 1995).
Several distinct etching episodes were inferred, as hexagons form in oxidising conditions associated with
high CO2 (Fedortchouk et al. 2005), whilst negative trigons indicate etching by a deep magmatic fluid (Li
et al. 2018). Similarly, resorption features typical of direct resorption within the host kimberlite itself
(corrosion sculpture, etc), were observed (Fedortchouk, 2015). The high proportion of resorbed habit
diamonds, and the severity of etching on diamond facets suggest etching occurred under high
temperatures (1150-1500℃) in fluid dominated systems, as experimental evidence has shown higher
temperatures increase the rate of surface etching in fluid saturated systems (Fedortchouk et al. 2007).
Measured diamond fragments were shown to be mostly Type IaAB (70%, n = 37), with sub-populations
of Type IaA and IaB (20% and 10%, respectively) when analysed by FTIR. B-centre contents in Gahcho
Kué diamonds range from 0.5-100%, with a mean of 51%. In total, 25% of the measured diamonds have
high (>80% B) aggregation states. This is comparable with previous studies on Slave Craton diamonds;
the JDE 25 diamonds from the Jericho mine show 56% B-centres (Smart et al. 2011), and Lac de Gras
D0-27 shows a bimodal distribution with a notable population between 40-80% B-centres (Davies et al.
1998). In total, 25% (n = 13) of the measured diamonds have high (>80%B) aggregation states.
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Usable FTIR readings for H-peaks (at 3107cm-1) were produced for 40 of the measured diamonds.
Plotting the 3107cm-1 peak area against B-centre concentrations shows no correlation (R2 = 0.14; Figure
5.4). As such, no evidence exists for the theory of diamond growth from a NH3/NH4+-rich source (where
H and N are related; Iakoubovskii and Adriaenssens, 2002).

5.3.2. Diamond Stable Isotope Compositions
The δ13C isotope ratios for 86% (n = 169) of the measured points on the Gahcho Kué diamond suite
showed normal mantle values (-7 to -3‰; Cartigny et al. 2014), with a mean value of -5.9‰, and a
median of -4.6‰. This narrow range for the bulk of samples is similar to previous studies of diamonds
from the Slave Craton (Pokhilenko et al. 2004; Donnelly, 2006), and most likely indicates a mantle origin
for the associated C (Cartigny, 2005). The remaining sample values represent

13C-depleted

specimens,

ranging from -13.4 to -26.8‰ (11%, n = 22), and (few) slightly 13C-depleted specimens ranging from -2.9
to -2.4‰ (3%, n = 5). Where the measured 13C-enriched diamonds bore mineral inclusions diagnostic of
specific mantle parageneses, this sub-population consists of one peridotitic (GK56; δ13C = -23.1‰), and
three eclogitic diamonds (GK31, 60, and 88; δ13C = -13.5 to -26.8‰), in addition to two unclassified (no
associated inclusions were recovered) diamonds (GK15, and 43; δ13C = -19.6 to -22.6‰). These samples
suggest multiple C reservoirs contributing to diamond genesis. These more negative δ13C values are
unusual in peridotitic samples (more negative δ13C values are more typical of eclogitic diamonds
(Cartigny, 2005)), particularly in the Central and Southern Slave Craton, where peridotitic diamonds are
typically within the expected mantle range (Pokhilenko et al. 2001; Donnelly, 2006). Comparison of N
content with δ13C values shows agreement with the Cartigny et al. (2001) limit sector curve, which
implies evolving diamond-forming mantle melts/fluids during differentiation (Cartigny et al. 2001). This
evolution trend has been suggested to involve loss of N2 and CO2 during the separation of a fluid phase
from a carbonate-bearing melt, prior to diamond formation (Cartigny et al. 2001).
Similar δ13C isotope ranges to Gahcho Kué have been observed in peridotitic Lac de Gras diamonds
(Davies et al. 2004: Donnelly, 2006). However, GK16_2 shows a more negative value (-23.1‰) than the
most

13C-depleted

peridotitic diamond at Lac de Gras (-18.7‰). At Lac de Gras, the observed strongly

negative δ13C values were inferred to originate from C sourced from greater depths within the layered
central Slave mantle, or to result from overgrowth of eclogitic diamond around an initial peridotitic
diamond. GK16_2 shows consistent δ13C values in all measured points throughout the crystal, and so
eclogitic diamond overgrowth seems unlikely. In addition to this, current evidence suggests that the
SCLM beneath Gahcho Kué is largely homogenous lherzolitic mantle (Kopylova and Caro, 2004), with
pockets of extremely depleted mantle (Carbno and Canil, 2002), with some contribution from an eclogitic
source.
The negative δ13C (-23.1) and low N (14-23 at.ppm) signature of peridotitic diamond GK16_2, is
comparable to a specimen originating from the Kalahari Craton (KW32b; δ13C = -34.5; N = 66.8 at.ppm;
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Motsamai, 2019). In that case, to explain the additional observation of olivine and coesite as inclusions,
the low δ13C signature was theorised to originate from extreme local CO2 fluxing, likely from a
subduction related fluid source (Motsamai, 2019). A similar process possibly occurred in Gahcho Kué,
but to a lesser degree.
Gahcho Kué eclogitic diamonds have δ13C values of -26.8 to -4.1‰. These values are within the known
limits of worldwide eclogitic diamonds (–38.5 to+2.7‰;Cartigny, 2005), and show comparable ranges to
inclusions in diamonds from DO27 (-21.1 to -3.7‰; Davies et al. 1999), and A154 (Donnelly, 2006) in
the Lac de Gras area. The observed trend of decreasing N content with decreasing δ13C values in the
eclogitic diamonds is common in eclogitic diamond from both the Slave and world-wide sources
(Hogberg et al. 2016). It is suggested to indicate formation from a δ13C-depleted reservoir, likely as a
result of subducted material (Hogberg et al. 2016). During subduction, carbonaceous material undergoes
devolatilisation, causing remaining material to become more δ13C-depleted (Cartigny et al. 2001; Li et al.
2019). At DO27, the observed δ13C isotope range for eclogitic diamonds is assumed to result from a sublithospheric origin, where associated C was largely sourced from originally crustal material. Alternative
theories suggest accumulation of subducted crustal material beneath the cratonic root following the
Thelon and Wopmay orogens (Davis and Bleeker, 1999). The observation of several eclogitic garnet
inclusions with minor majorite components (3.3-4.6% majorite; GK88b and 82a, respectively) seems to
support an origin in eclogitic material at the base of the SCLM for these diamonds.
Diamonds from Gahcho Kué indicate a predominantly enriched 15N mantle source (60% (n = 49), with a
mean of +0.5, outside the -5±3‰ mantle range), with remaining values divided between

15N-depleted

(10%, n = 9), and the mantle range (30%, n = 24), encompassing a total range from -18.0 to +25.1‰.
Diamonds from Gahcho Kué show similar ranges to diamonds from the Chidliak mine in Nunavut
(Hogberg et al. 2016), excepting the more 15N-depleted samples, and the extremely 15N-enriched diamond
GK15 (δ15N = +24.5 to +25.1‰, the largest

15N-enrichment

recorded in the literature). The bulk of

measured values are comparable to established ranges for diamonds (-25 to +15‰; Cartigny, 2005). Rare
δ15N-depleted peridotitic diamonds (down to -25‰) are known from Fuxian, China, and are theorised to
originate due to a contribution from δ15N-depleted N reservoirs sourced from the lower mantle (Cartigny
et al. 1997). These reservoirs are thought to represent the contribution of enstatite chondrites to the
mantle during early Earth history (Cartigny et al. 1997). However, the study’s authors (Cartigny et al.
1997) highlight that this is the simplest hypothesis for explaining the observed depletion. Alternate
theories suggest a residual 15N-depleted reservoir in a section of upper mantle (Cartigny et al. 1997).
The

15N-enriched

samples likely result from crustal sources, combined with fractionation of N isotopes

during subduction. NH4+ substitutes for K+ in K-bearing minerals that become entrained during
subduction (Li et al. 2007). Further
devolatilisation of

14N

15N-enrichment

is inferred to occur as a result of heat-driven

from this subducted material (Haendel et al. 1986). The extreme positive

15N-

enrichment of GK15 likely relates to contributions from subducted material; subducting altered oceanic
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crust is an important N-reservoir, and becomes

15N-enriched

as a result of metamorphism-driven

fractionation (Li et al. 2019). Degassed mantle and/or basaltic N2 can react with H2 to form ammonia
under reducing conditions (Li et al. 2007). This can lead to

15N-enrichment

combination of these processes can potentially produce the extreme

(Li et al. 2007). A

15N-enrichment

observed in GK15,

although the lack of data for 15N-enriched samples precludes any definitive conclusions. The fact that this
extremely

15N-enriched

diamond also shows extreme δ13C depletion (-22.5 to -22.6) gives further

credence to a subduction related origin, as such low δ13C values are too low to have originated by
fractionation of mantle-derived C (Smart et al. 2011).
Analysis of diamonds by cathodoluminescence indicates multiple episodes of diamond growth (Figures
4.33 and 4.34). Under CL imaging, compositional differences are apparent within many of the measured
diamond fragments. This indicates episodic diamond growth, producing concentric zones of varying N
content. With regards to stable isotope compositions, only nine diamonds that displayed notable internal
variation in N content also showed variable N isotope compositions. Five of the 48 diamonds that were
analysed for their δ15N showed significant differences in δ15N between successive layers. Nitrogen
sources for the diamonds of Gahcho Kué are isotopically more variable than C sources, with the
differences in δ15N composition being notably higher than variations in δ13C, and showing input from
sources outside the expected mantle range. This suggests C has been largely sourced from the mantle
during diamond formation, whilst N sources are more variable (although multiple growth episodes are
likely, given the observed disparity between C and N isotope compositions). This is consistent with
previous data that has shown the sources for diamond-forming C and N are often decoupled (Hogberg et
al. 2016). Where diamonds are 13C-depleted, they are often coincident with 15N enrichments, and so these
values have likely originated from subduction-related sources.
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Chapter 6: Conclusion
The chemistry of mineral inclusions in diamonds from Gahcho Kué indicates a peridotitic mantle source
with a minor contribution from eclogitic mantle. Similar compositions have been observed for inclusions
in Snap Lake diamonds, suggesting a similar mantle system beneath these neighbouring southern Slave
craton localities and also for localities within the central Slave (such as Lac de Gras). High Mg# olivines
and high Cr2O3 peridotitic garnets suggest that the diamond-bearing peridotitic mantle beneath Gahcho
Kué is predominantly harzburgitic in composition, indicating a largely depleted mantle source. The
observation of associated lherzolitic and eclogitic garnets gives credence to the theory of a layered mantle
structure within the Slave craton, although the lack of sufficient PT estimates precludes a conclusive
assessment.
Geothermobarometry estimates from mineral inclusions produce temperatures in the range of
1025-1370°C, and a single pressure estimate of 49 kbar. Comparison with host diamond N aggregation
temperatures (assuming residence times of 3 Ga) shows agreement with inclusion temperature estimates,
with any variation assumed to result from transient heating and/or plastic deformation events affecting the
host diamond. Projection of the calculated temperature/pressure estimate onto Hasterok and Chapman
(2011) model geotherms suggests a local 37 mW/m2 palaeogeotherm for the Gahcho Kué system. This,
coupled with the majorite geobarometers (250-300 km) provides further evidence for an “unusually cold,
thick lithosphere” of the southern Slave craton first assumed by Pearson et al. (1998) and further
suggested by PT estimates for Snap Lake inclusions in diamond (Pokhilenko et al. 2004).
Stable isotope measurements of C show values predominantly within the expected mantle range (89%,
n = 174), suggesting mantle-derived C is the primary C source for Gahcho Kué diamonds. The remaining
11% (n = 22) of measured diamonds with δ13C outside of the mantle ranges represent isotopically light
specimens (-26.8 to -13.5‰) of eclogitic, peridotitic, and unknown paragenesis. Isotopically light
eclogitic specimens are inferred to have a subduction-related origin. The single isotopically light
peridotitic sample is unusual, and is inferred to have originated from extreme local CO2 fluxing from a
subduction-related fluid source.
Measured δ15N systematics show the majority (60% (n = 28) of measured diamonds are enriched relative
to the expected mantle range, with the remaining diamonds showing standard mantle values (δ15N =
-5±3‰; 30%, n = 14) relative to mantle values, and a smaller proportion (10%, n = 5) showing
depletion.

15N

15N

enrichments are commonly observed in the Slave craton, and are inferred to relate to

subduction-related fractionation of N isotopes within altered oceanic crust. The diamonds that are
depleted have δ13C values within the expected mantle range, and thus the

15N-depleted

15N-

signature is

inferred to reflect a lower mantle contribution.
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In this thesis I have shown:
1). Nitrogen contents in Gahcho Kué diamonds does not differ from other samples from the Southern
Slave craton, and N aggregation states show the majority of diamonds are Type IaAB (as with other
Southern Slave diamonds). Stable isotope compositions of C fall within the expected mantle ranges, with
only a few specimens outside of this range, whilst stable isotopes of N are mostly enriched relative to the
mantle range. Specimens with isotopically light C reflect a contribution of C relating to subduction (in
eclogitic diamonds), and extreme local C fluxing (in peridotitic diamonds). Specimens with enriched N
contents reflect subduction-related sources, whilst diamonds with depleted N values are of uncertain
origin.
2). Major element chemistries indicate a predominantly peridotitic mantle source, with a minor
contribution from eclogitic mantle. High Mg# olivines and high Cr2O3 peridotitic garnets suggest the bulk
of peridotitic mantle beneath Gahcho Kué is of harzburgitic composition. Results from
geothermobarometry indicate temperature ranges of 1025-1370°C, with a single obtained pressure
estimate of 49 kbar, suggesting a geotherm of 37 mW/m2 for Gahcho Kué. Trace element contents from
assessed garnets are typical of the source lithologies, with the exception of a single harzburgitic garnet
which has a more pronounced sinusoidal shape that reflects a greater depth of origin.
3). Mineral inclusion and host diamond data from Gahcho Kué show some similarities to previously
assessed localities within the Southern Slave Craton, most notably Snap Lake. Similar major element
chemistry compositions suggest similar mantle compositions to other diamondiferous localities within the
Southern Slave craton, and geothermobarometry estimates provide further evidence for an “unusually
cold, thick lithosphere” beneath the southern Slave craton.
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Table A.1.1: Settings for quantitative EMPA analysis of major elements in silicate inclusions.

Appendix A: Data Tables

Section 1: Major Element Chemistry of Inclusions
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Table A.1.2: Settings for quantitative EMPA analysis of major elements in sulfide inclusions.
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Table A.1.3: Electron Microprobe analysis of extracted olivine inclusions from the Gahcho Kué diamond suite.
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Table A.1.3: (cont.)
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Table A.1.3: (cont.)
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Table A.1.4: Electron Microprobe analysis of extracted chromite inclusions from the Gahcho Kué diamond suite.
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Table A.1.5: Electron Microprobe analysis of extracted garnet inclusions from the Gahcho Kué diamond suite.

Table A.1.8: Electron Microprobe analysis of extracted sulfide inclusions from the Gahcho Kué
diamond suite.

Table A.1.9: Minerals and their absolute relative abundance within the Gahcho Kué sample
suite.

Mineral

Number of specimens

Percentage of population

Olivine

62

53

Chromite

23

19

P-type Garnet

8

7

E-type Garnet

4

4

Orthopyroxene

1

1

Clinopyroxene

3

3

Sulfides

7

6

108

100

Total
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Table A.1.7: Electron Microprobe analysis of extracted clinopyroxene inclusions from the Gahcho Kué diamond suite.

Table A.1.6: Electron Microprobe analysis of extracted orthopyroxene inclusions from the Gahcho Kué diamond suite.

Table A.2.2: Temperature estimates from the Ni-in-garnet geothermometers from Gahcho Kué garnet inclusions.

Table A.2.1: Temperature estimates from Al and/or Cr in olivine geothermometers from Gahcho Kué olivine inclusions.

Section 2: Temperature Estimates from Inclusion Geothermometry
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Table A.2.3: Temperature estimates from the paired olivine-garnet geothermometer (O’Neill and Wood,
1979), from the Gahcho Kué inclusion suite.
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Section 3: REEN Chemistry of Garnet Inclusions

Table A.3.1: C1 normalised REEN patterns (after McDonough and Sun, 1995) of
peridotitic garnets from the Gahcho Kué suite analysed by LA-ICP-MS.

Table A.3.2: C1 normalised HFSE patterns (after McDonough and Sun, 1995) of peridotitic
garnets from the Gahcho Kué suite analysed by LA-ICP-MS.
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Table A.3.3: C1 normalised REEN patterns (after McDonough and Sun, 1995) of eclogitic
garnets from the Gahcho Kué suite analysed by LA-ICP-MS.

Table A.3.4: C1 normalised HFSE patterns (after McDonough and Sun, 1995) of eclogitic
garnets from the Gahcho Kué suite analysed by LA-ICP-MS.
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Section 4: Host Diamond Data
Table A.4.1: Classification scheme for every diamond in the Gahcho Kué suite.
Sample

Ruts

Slip
lines

Colour

Morphology

Brown

DO

GK02

Brown

DO

x

GK03

Yellow

OD

x

GK04

Brown

O

GK05

Colourless

I

GK06

Colourless

OD

GK07

Colourless

OD

GK08

Brown

OD

GK09

Colourless

D

GK10

Colourless

OD

GK11

Colourless

D

GK12

Colourless

I

GK13

Yellow

OD

GK14

Colourless

I

GK15

Colourless

OD

GK16

Colourless

I

GK17

Colourless

I

GK18

Colourless

D

GK19

Colourless

I

GK20

Yellow

D

GK21

Colourless

D

GK22

Colourless

D

GK23

Colourless

I

GK24

Colourless

DO

GK25

Colourless

I

GK26

Colourless

DO

GK27

Colourless

I

GK28

Colourless

I

GK29

Colourless

I

GK30

Colourless

OD

GK31

Colourless

I

GK32

Colourless

D

GK33

Colourless

DO

GK34

Colourless

I

GK35

Colourless

D

GK36

Colourless

OD

GK37

Yellow

I

GK38

Colourless

O

GK39

Colourless

I

GK40

Colourless

DO

GK41

Colourless

O

GK42

Colourless

OD

GK43

Colourless

O

x

x
x

GK44

Colourless

D

x

x

GK01

Photo

x
x

Fracture

Ribbing

x
x

x
x

x
x

x

x

x
x

x

x

x

x

x
x

x
x

x

x

x

x
x
x

x
x

x

x

x

x

x
x

x
x

x

x

x

x
x

x

x
x

x

x

x

x

x
x

x
x
x

Trigons

x
x

Hexagons

Tetragons

Micro
pits

Growth
plates

x

x
x

x

x

x
x

x

Chromite

x

x
x

N/A

x

Olivine

x

x

x

x

x

x
x

x

x

x

x
x
x
x
x
x

x

Olivine

x
x

N/A

Olivine

x

x

x

x
x

Chromite

Olivine

E-garnet

x
x

x

x

x

x
x
x

x
x

x
x

x

x

x

x

x

x

x

Olivine

Chromite

N/A

x

x

Olivine

N/A

Olivine

x

x
x

x

x
x

x

x

x

Olivine

x

x
x

x

Cpx

x
x

x

x

x

E-garnet

N/A

Sulfide

x

x
x

Hzb-garnet

x
x

x

x

Olivine

x

x
x

x

x
x

x

x

x

x

x
x

x
x

Hzb-garnet

Olivine

x

x
x

x

N/A

N/A

x

x

x

N/A

x

x
x

Olivine

Lhz-garnet

x

x

Chromite

N/A

x

x

Olivine

x

x

x

x

x
x

x

x
x
x

Olivine

x

x

x
x

Olivine

Olivine, Hzb-garnet

x

x

Olivine

x

x
x
x

Inclusions

Olivine

x

x

Shield lams

x

x

x

Hillocks

x

x
x

Terracing

x

x

x

Corrosion
sculptures

x

x

Chromite

x

E-type

x

x

Olivine

x

N/A

x
x
x

Chromite

N/A

x

x

Olivine
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Table A.4.1: Continued (“?” in the GK87 row denotes a hitherto unknown mineral
not considered in this study).
Ruts

Slip
lines

x
x

x
x

OD

x

x

Colourless

O

x

Colourless

I

x

GK50

Colourless

D

x

x

GK51

Colourless

I

x

x

GK52

Colourless

DO

GK53

Colourless

DO

GK54

Colourless

DO

GK55

Colourless

O

GK56

Colourless

OD

GK57

Yellow

O

GK58

Brown

DO

GK59

Brown

DO

GK60

Colourless

OD

x

GK61

Brown

OD

GK62

Colourless

GK63

Colourless

GK64
GK65

Colour

Morpholog
y

GK45

Colourless

OD

GK46

Colourless

OD

GK47

Colourless

GK48
GK49

Sample

Photo

Fracture

Trigons

Hexagons

Tetragons

Micro
pits

Corrosion
sculptures

Growt
h
plates

x
x

x

x

x

Hillocks

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

Chromite

x

E-garnet

x

x

x
x

x

Lhz-garnet

x

x

Cpx

x

x

Olivine

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

DO

x

x

DO

x

x

x

x

x

x

Colourless

I

x

x

x

x

x

x

x

Colourless

OD

x

x

x

x

x

x

GK66

Colourless

I

x

x

GK67

Brown

OD

x

x

x

x

GK68

Brown

O

x

x

x

x

GK69

Brown

DO

x

x

x

x

GK70

Brown

DO

x

x

x

x

GK71

Brown

DO

x

x

x

x

GK72

Brown

DO

x

GK73

Brown

OD

x

x

GK74

Yellow

D

x

GK75

Brown

OD

GK76

Brown

GK77

Brown

GK78

x
x

x

x

N/A

Chromite

x

x

x
x

x

x

E-garnet

x

N/A

x
x
x

Olivine

x

Sulfide

x

x

x

x

x

x

x

x

x

x

x

O

x

OD

x
x

Chromite

x

x

x

Olivine

Chromite

x

x

Inclusion
s
Olivine

x

x

x

Shield
lams

Olivine

x

x

Terracing

x
x

x
x

Ribbing

x

x

Olivine, Opx,
Sulfide

x

x

Hzb-garnet

x

Olivine

Hzb-garnet

x

N/A

x

N/A

x

N/A

x

Olivine

Olivine

x

Olivine

x

Olivine

x

Olivine

x

Olivine

x

x

Olivine

x

x

x

Cpx

x

x

x

x

Sulfide

x

x

x

x

x

x

Olivine

x

x

x

Olivine

x

x

x

Olivine

x

x

x

x

x

x

N/A

Brown

OD

GK79

Colourless

I

x

GK80

Brown

DO

x

GK81

Colourless

I

x

x

x

x

x

GK82

Colourless

DO

x

x

x

x

x

GK83

Colourless

D

x

x

x

x

GK84

Yellow

I

x

x

x

x

GK85

Colourless

DO

x

x

x

x

GK86

Colourless

I

x

x

x

x

GK87

Colourless

I

x

x

x

x

?

GK88

Colourless

OD

x

x

x

x

E-garnet

x
x

x

x

Olivine

x
x
x

x
x

x

E-garnet

x

Olivine

Olivine, Hzbgarnet

N/A

x

Sulfide
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Table A.4.2: FTIR data for diamonds of the Gahcho Kué suite. Na indicates the proportion of N in the A-centre, Nb the proportion of N in the Bcentre, and N total the total N content in the diamond. %IaB indicates the proportion of N b-centres within the diamond. H (3107 cm-1) and H (1405
cm-1) are the H impurities present within the diamond, and Area I (B’) cm-2 is the total content of platelets within the diamond.

Table A.4.3: N aggregation and time-averaged temperature data of Gahcho Kué diamonds.
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Table A.4.3: Cont.
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Section 5: Stable Isotope Data from Host Diamonds of Gahcho Kué

Table A.5.1: Stable isotope data for peridotitic diamonds from the Gahcho Kué suite obtained by
SIMS.
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Table A.5.1: Cont.
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Table A.5.1: Cont.
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Table A.5.2: Stable isotope data for eclogitic diamonds from the GK suite obtained by SIMS.
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Table A.5.3: Stable isotope data for diamonds of unknown paragenesis from the GK suite
obtained by SIMS.
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Appendix B
Section 1: Colour of Host Diamonds

GK04

GK02

1mm

1mm

1mm

1mm

GK68
GK70
Figure B.1.1: Examples of brown body colour diamonds from Gahcho Kué.
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GK07

GK15

1mm

1mm

1mm

GK49
1mm

GK33

Figure B.1.2: Examples of white/colourless diamonds from Gahcho Kué.
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GK59

GK65

1mm
1mm
GK71

1mm

GK67

1mm

Figure B.1.3: Examples of yellow diamonds from Gahcho Kué.
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Section 2: Morphologies of Host Diamonds

GK01

GK02

1mm

1mm

1mm

GK40

1mm
GK26

Figure B.2.1: Examples of octahedral diamonds from Gahcho Kué.
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GK03

1mm

GK47

1mm

GK44

GK45

1mm

1mm

Figure B.2.2: Examples of dodecahedral diamonds from Gahcho Kué.
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GK31

1mm

GK58

1mm

GK31

1mm

1mm

GK53
Figure B.2.3: Examples of irregular diamonds from Gahcho Kué.
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Section 3: Surface Features of Diamonds from Gahcho Kué

GK57

1mm

GK58

GK53

0.5mm

0.5mm

0.5mm

GK36
Figure B.3.1: Trigonal etch pits on the octahedral faces of Gahcho Kué diamonds. All trigonal
pits observed were negatively oriented.
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0.5mm

GK15

GK49

0.5mm

GK13

0.5mm

GK47

0.5mm

Figure B.3.2: Corrosion sculptures and shallow depressions on Gahcho Kué diamonds,
likely formed by etching by a melt.
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Figure B.3.3: The sole example of hexagonal etching on a Gahcho
Kué diamond, formed by reaction of the diamond with a free fluid
dominated by CO2.

GK86

0.5mm

Figure B.3.4: Examples of tetragonal etching on Gahcho Kué diamonds, formed by etching by
a free fluid on a cubic face of the host diamond.
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GK84

200µm

GK56

200µm

Figure B.3.5: Micro pitting and elongate hillocks on the surfaces of
Gahcho Kué diamonds.
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Section 4: Plastic Deformation Features of Gahcho Kué Diamonds

Figure B.4.1: Examples of ruts (etched cracks) on the surfaces of Gahcho Kué diamonds.
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Figure B.4.2: Examples of slip lines on Gahcho Kué diamonds, representing glide planes within
the diamond along octahedral planes following deformation.
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Section 5: The Gahcho Kué Inclusion Suite

Figure B.5.1: Olivine inclusions within diamonds from the Gahcho Kué suite.
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Figure B.5.2: Chromite inclusions within diamonds from the Gahcho Kué suite.
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Figure B.5.3: Peridotitic garnet inclusions within diamonds from the Gahcho Kué suite.
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Figure B.5.4: Eclogitic garnet inclusions within diamonds from the Gahcho Kué suite.
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Figure B.5.5: Clinopyroxene inclusions within diamonds from the Gahcho Kué suite.
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Figure B.5.6: Sulfide inclusions within diamonds from the Gahcho Kué suite.
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